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Abstract:  This work conducted an Energy Optimization Assessment at 
Akizuki, Sagami General Depot, Sagamihara Family Housing, and Camp 
Zama Japan as a part of the International Energy Agency (IEA) Energy 
Conservation in Buildings and Community Systems (ECBCS) initiative to 
identify energy inefficiencies and wastes and propose energy-related 
projects. The study was conducted by an Energy Team composed of the 
Construction Engineering Research Laboratory (ERDC-CERL) researchers 
and other subject matter experts. The scope of the Annex 46 Energy 
Optimization Assessment included a Level I study of the central energy 
plants (CEPs) and associated steam distribution systems providing heat to 
representative administrative buildings, laundry, dining facilities, and 
other buildings; and an analysis of their building envelopes, ventilation air 
systems, and lighting. The study identified 45 different energy 
conservation measures (ECMs). If all these ECMs were implemented they 
would result in approximately $8.5 million savings/yr (4810 MWh/yr in 
electrical energy savings, 286,178 MMBtu/yr in thermal savings (mostly 
fuel oil) in addition to $1.7 million/yr in maintenance savings). 
Implementation of these projects would require an additional investment 
of $33 million and will yield an average simple payback of 4 years. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

This work conducted an Energy Optimization Assessment at Akizuki, Sa-
gami General Depot, Sagamihara Family Housing, and Camp Zama Japan 
as a part of the Annex 46 showcase studies to identify energy inefficiencies 
and wastes and propose energy-related projects with applicable funding 
and execution methods that could enable the installation to better meet 
the energy reduction requirements mandated by Executive Order 13423 
and EPACT 2005. The study was limited to the Level I assessment of most 
opportunities and a limited Level II assessment of central heating plants 
including distribution systems. The scope of the study included an analysis 
of building envelopes, ventilation air systems, controls, central plants, in-
terior and exterior lighting and evaluation of opportunities to use renewa-
ble energy resources. 

The study identified a total of 45 different potential energy conservation 
measures (ECMs) (Table ES1).  

Table ES2 groups the ECMs into:  Building Envelope, Central Energy 
Plants (CEPs), Controls, HVAC, Lighting, P&O, and Water. If all these 
ECMs were implemented they would result in approximately $8.5 million 
savings/yr (4810 MWh/yr in electrical energy savings, 286,178 MMBtu/yr 
in thermal savings (mostly fuel oil) in addition to $1.7 million/yr in main-
tenance savings). Implementation of these projects would require an addi-
tional investment of $33 million and will yield an average simple payback 
of 4 years. 

The Building Envelope category is also believed to have many oppor-
tunities for energy and cost savings, but they were not well quantified in 
this study since the Pacific Northwest Laboratories had already done a 
separate study. 

Implementation of Planning and Operational changes can be done at 
very little to no additional cost, and offer significant potential savings of 
$136K/yr at Sagami Depot and $100K/yr at Camp Zama. 
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Table ES1.  Potential ECMs. 

ECM # ECM Description  

Electricity Savings 

$/yr 
Thermal 
MMBtu/yr $/yr 

Labor  
& Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/yr 

Investment 
($) 

Simple 
Payback 
(yrs) Notes MMBtu/Yr KWh/yr kW Dem 

BE #1 Roof Insulation and Cool Coating Retrofit Example  Bldg 642 4.8 1,404   $183   $0   $183 $15,600 85.5  

BE #2 – Not Proposed Opaque Wall Insulation Various Buildings  0 0 $0 0 $0 $0 $0 $0 0  

BE #3 Window Weatherstripping Bldgs 101, 102, 642, 734, and, 
1050 

106 31,000   $4,030 6,740 $308,552 $0 $312,582 $3,614,180 11.6  

BE #4 Decrease Infiltration at Doors and Entrances Various Buildings 0.0 0 0 $0 0 $0 $0 $0 $0 0  

P&O #1SD Planning And Operational Considerations – Sagami Depot - 0     6,703 $135,022 $0 $135,022    

P&O #2Z Planning And Operational Considerations – Camp Zama  0     4,954 $99,788  $99,788    

CON #1Z Implement a Base Wide Energy Management & Control Sys-
tem (EMCS) 

          1 

CON #2Z Implement Automatic Adjustment Of Heating Hot Water Supply 
Temperature Setpoint In Response To Building Loads 

428 125,381   $16,516 2,148 $37,873   $54,389 $110,500 2.0  

CON #3Z Implement demand ventilation control of outside air intake in 
response to building occupancy/usage 

97 28,283   $3,677 420 $8,122   $11,799 $27,480 2.3  

CON #4Z Implement volumetric control in response to building 
loads/occupancy – Bldgs 267, 500, 505 

457 133,926   $17,410       $17,410 $20,475 1.2  

CON #5Z Install Variable Frequency Drives For Systems That Incorporate 
Variable Volume Supply 

118 34,721   $4,514   $0   $4,514 $10,920 2.4  

CON #6Z Implement Demand Limiting Control Of Air-conditioning Com-
pressors For Buildings Served By Dedicated Equipment 

    443 $8,125       $8,125 $32,500 4.0 3 

CON #7Z Scheduled Operation of HVAC Systems to Match Building 
Occupancy 

  734,620     6,246 $125,811   $125,811 $28,500 0.2  

CEP #1SD – Option 1 Convert The Steam Boiler To A Hot Water With 10% Replace-
ment Of The Distribution System CEP 174 

0 0 0 $0 57,829 $1,032,662 $166,200 $1,198,862 $4,093,845 3.4  

CEP #1SD – Option 2 Convert The Steam Boiler To A Hot Water With 90% Replace-
ment Of The Distribution System CEP 174 

0 0 0 $0 55,272 $1,033,000 $0 $1,033,000 $11,307,000 10.9  

CEP #2SD Sagamihara Family Housing Central Energy Plants – Modifica-
tion of Generation Facilities and Distribution 

0 0 0 $0 11,750 $258,000 $325,000 $583,000 $2,338,000 4.0  

CEP #3Z Change CEP131 From Steam Generation To Hot Water Gener-
ation And Absorption Cooling System To Electrical Chiller 
System 

0 0 0 $0 6,876 $163,036 $185,233 $348,269 $814,200 2.3  

CEP #4Z – Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
10% Distribution System Central Energy Plant 350 

0 -351,597 0 -$47,268 85,189 $1,535,482 $400,000 $1,888,214 $5,816,189 3.1  

CEP #4Z – Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
90% Distribution System Central Energy Plant 350 

0 0 0 -$47,268 105,433 $1,649,733 $400,000 $2,002,465 $12,668,498 6.3  
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ECM # ECM Description  

Electricity Savings 

$/yr 
Thermal 
MMBtu/yr $/yr 

Labor  
& Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/yr 

Investment 
($) 

Simple 
Payback 
(yrs) Notes MMBtu/Yr KWh/yr kW Dem 

CEP #5Z Replace Boilers and Distribution System Central Energy Plant 
1024 and Connect Incinerator Heat 

0 0 0 $0 1,500 $27,150 $100,000 $127,150 $227,930 1.8  

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And CEP 
131 

0 0 0 $0   $687,960 $481,982 $1,169,942 $10,344,400 8.8  

HVAC #1K Add dedicated outdoor air supply (DOAS) Unit to Housing Unit, 
Bldg 200 

  -102,900   -$14,700     $10,000 -$4,700 $203,000 -43.2 2 

HVAC #2K Demilitarization System Heat Recovery         111 $2,245   $2,245 $13,000 5.8  

HVAC #3K Renovation Building Heat Recovery System, Building Kawa-
kami – Bldg 2677 

  -1,160   -$170 384 $7,730   $7,560 $76,000 10.1  

HVAC #4K Install Radiant Heating in Shop Areas -, Akizuki Bldg 440, Hiro 
Bldg 1227 & Kawakami Bldg 2705 

        -22 -$740 $2,436 $1,696 $82,700 48.8  

HVAC #5K Bunker Humidity Control           1 

HVAC #6SD Improve HVAC Controls Bldg 161-1 Sagami Depot   391,000   $50,830 4,890 $107,231   $158,061 $300,000 1.9  

HVAC #7SD Optimize De-humidification of Medical Warehouses, Sagami 
General Depot 

  -276,000   -$36,000 13,589 $298,229   $262,229 $141,400 0.5  

HVAC #8SD Laundry Heat Recovery   -89   -$160 331 $6,680   $6,520 $45,400 7.0  

HVAC #9SD Use Excess Heat from Air Compressor, Directorate of Logistics 
(DOL) Warehouse, Sagami General Depot 

        180 $3,950   $3,950 $4,000 1.0  

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama   110,359   $14,347 23,417 $471,682   $486,028 $242,456 0.5  

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama   65,226   $8,479 1,320 $26,588   $35,067 $71,906 2.1  

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama   363,582   $47,266 13,080 $263,475   $310,741 $204,296 0.7  

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama   23,356   $3,036 1,135 $22,872   $25,908 $170,712 6.6  

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama   40,410   $5,253 1,545 $31,123   $36,376 $112,338 3.1  

HVAC #15Z Install a Pool Cover in Bldg 205 266 78,000   $10,000 300 $13,200   $23,200 $30,000 1.3  

HVAC #16Z Reduce Space Temperature in Bldg 683, Directorate Morale, 
Welfare, and Recreation (DMWR) Warehouse  

     $0 1,344 $27,000   $27,000   0.0  

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven 
Equipment – Bldgs 131, 205, 642, 585, 795 & 1050  

230 67,532 35.6 -$321,700 33,203 $668,000 $29,200 $375,500 $1,520,903 4.1 5 

HVAC #18Z Use Ice Storage to Reduce Electrical Demand Charges – Bldgs 
131, 205, 642 & 1050 

-286 -83,700 860 $153,917   $0   $153,917 $1,796,925 11.7 5 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers 
Having Ice Storage– Bldgs 131, 205, 642, 1050, 585 & 795 

230 67,532 35.6 -$175,425 33,203 $668,000 $29,200 $521,775 $1,826,663 3.5 5 

HVAC #20Z Improve Summer Working Conditions, Bldg 645    -$2,250   $10,625 $8,375 $144,000 17.2  
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ECM # ECM Description  

Electricity Savings 

$/yr 
Thermal 
MMBtu/yr $/yr 

Labor  
& Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/yr 

Investment 
($) 

Simple 
Payback 
(yrs) Notes MMBtu/Yr KWh/yr kW Dem 

ELCE#1Z Electric domestic hot water (DHW)  Heaters at Bldgs 101, 238     13.6 $2,337       $2,337 $12,600 5.4  

LI #1SD Sagami Depot Lighting 3,013 883,004 297 $148,345       $148,345 $624,855 4.2  

LI #3Z Camp Zama Lighting 5,893 1,727,133 533 $253,889   $0   $253,889 $954,396 3.8  

WAT #1Z Low Flow Faucets Bldgs 743, 1050 and 642 plus others at 
Camp Zama 

       1,015     $46,500 $14,700 0.3  

Totals  10,613 4,810,384 1,322 322,264 286,178 6,368,723 1,710,676 8,448,162 32,769,140 3.9 6 

1Inadequate information available to analyze economics 
2Costs are greater than savings, but comfort is improved 
3This is the minimum viable system.  A Level II analysis is required to determine base-wide opportunity, which would be much larger. 
4CEP ECMs used a cost of $2.5/gal whereas others used $2.82/gal 
5Can do HVAC 17Z, 17Z and 18Z, or just 19Z 
6Totals assume CEP #15D, CEP #4Z, and HVAC #19Z are implemented 

 

Table ES2.  Group Summary of ECMs. 

ECM Category # ECMs 

Electrical Savings Thermal 
Labor & Other 
$/yr 

Total Savings: 
Electrical Use, Elec 
Demand, Thermal, 
and Maint ($) 

Investment 
yrs 

Simple 
Payback KWh/yr $/yr MMBtu/yr $/yr 

Building Envelope 4 32,404 $4,213 6,740 $308,552 $0 $312,765 $3,629,780 11.6 

Controls 7 1,056,931 $50,242 8,814 $171,806 $0 $222,048 $230,375 1.0 

Central Energy Plant 8 -351597 -$47,268 163,144 $3,704,290 $1,658,415 $5,315,437 $23,634,564 4.4 

HVAC 21 759,316 -$87,157 94,808 $1,949,265 $52,261 $1,914,369 $3,680,470 1.9 

Lighting 3 2,610,137 $402,234 0 $0 $0 $402,234 $1,579,251 3.9 

Planning & Operations 2 0 $0 $11,657 $234,809 $0 $234,809 $0 0.0 

Water 1 0 0 1,015 0 0 46,500 14,700 0 

Total 46 4,810,384 322,264 286,178 6,368,723 1,710,676 8,448,162 32,769,140 3.9 
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The Central Energy Plant category consists of eight ECMs, two of which 
were presented with the option of replacing either 10 or 90 percent of the 
distribution systems. Replacing only 10 percent of the distribution system 
has the best payback in both cases. In total, the six projects require a capi-
tol investment cost of approximately $24 million, which would return 
thermal savings of 163,144 MMBtu/yr and maintenance savings of $1.7 
million/yr, for a total of $5.4 million/yr in savings and a simple payback of 
4 years. This assumes that the ECMs with options implement the option 
with the best payback. 

The Controls category consists of seven ECMs involving multiple build-
ings for each ECM. They would save 1057 MWh/yr in electrical use and 
8814 MMBtu/yr in heating loads for a total of $222K savings/yr. The in-
vestment cost of $230K results in a quick simple payback of 1 year. 

The HVAC ECM group consists of 21 ECMs. If all HVAC ECMs were im-
plemented, they would save 759,316 KWh/yr in electrical use and 94,808 
MMBtu/yr in thermal savings (mostly fuel oil), and $52K in maintenance 
savings, resulting in a total of $1.9 million savings/yr. The investment cost 
of $3.7 million results in a simple payback of 1.9 years. 

The Lighting ECM group consists of two ECMs. If all were implemented, 
they would save 2610 MWh/yr of electrical use. The investment cost of 
$1.6 million results in a simple payback of 3.9 years. 

Kure Area 

Five ECMs were identified at installations in the Kure area (Table ES3). 
The best opportunity found involves heat recovery from the DMIL facility. 

Sagami Depot 

Nine ECMs were identified at Sagami Depot Table ES4). The central heat-
ing systems were found to have the largest paybacks, due largely to the op-
eration of heating plants as a source of steam for absorption chillers dur-
ing the summer, which is very inefficient. If all ECMs were implemented, 
they would save 997,915 KWh/yr in electrical use and 95,272 MMBtu/yr in 
thermal savings (mostly fuel oil) resulting in a total of $2.5 million in sav-
ings/yr. The investment cost of $7.5 million results in a simple payback of 
3 years. 
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Table ES3.  Kure Area ECMs. 

ECM # ECM Description 

Electricity Savings Thermal 
Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, Elec 
Demand, Thermal, 
and Maint 
($) 

Investment 
(yrs) 

Simple  
Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

HVAC #1K Add DOAS Unit to Housing Unit, Bldg 200 -102,900 -$14,700 0 $0 $10,000 -$4,700 $203,000 -43.2 

HVAC #2K Demilitarization System Heat Recovery 0 $0 111 $2,245 $0 $2,245 $13,000 5.8 

HVAC #3K Renovation Building Heat Recovery System, Building Kawakami – Bldg 2677 -1,160 -$170 384 $7,730 $0 $7,560 $76,000 10.1 

HVAC #4K Install Radiant Heating in Shop Areas -, Akizuki Bldg 440, Hiro Bldg 1227 & Kawakami Bldg 2705 0 $0 -22 -$740 $2,436 $1,696 $82,700 48.8 

HVAC #5K Bunker Humidity Control         

Totals   -1,160 -170 473 9,235 2,436 11,501 171,700 14.9 

Table ES4.  Sagami Depot ECMs. 

ECM # ECM Description 

Electrical Savings Thermal 

Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint ($/yr) 

Investment 
($) 

Simple 
Payback 

(yrs) (KWh/yr) ($/yr) 
(MMBtu/y

r) ($/yr) 

P&O #1SD Planning and operational considerations - Sagami Depot 0 $0 6,703 $135,022 $0 $135,022   

CEP #1SD - Option 
1 

Convert the steam boiler to a hot water with 10% replacement of the 
distribution system CEP 174 

0 $0 57,829 $1,032,66
2 

$166,200 $1,198,862 $4,093,845 3.4 

CEP #1SD - Option 
2 

Convert the steam boiler to a hot water with 90% replacement of the 
distribution system CEP 174 

0 $0 55,272 $1,033,00
0 

$0 $1,033,000 $11,307,00
0 

10.9 

CEP #2SD Sagamihara family housing CEPs – modification of generation facilities 
and distribution 

0 $0 11,750 $258,000 $325,000 $583,000 $2,338,000 4.0 

HVAC #6SD Improve HVAC controls Bldg 161-1 Sagami Depot 391,000 $50,830 4,890 $107,231 $0 $158,061 $300,000 1.9 

HVAC #7SD Optimize de-humidification of medical warehouses, Sagami General Depot -276,000 -$36,000 13,589 $298,229 $0 $262,229 $141,400 0.5 

HVAC #8SD Laundry heat recovery -89 -$160 331 $6,680 $0 $6,520 $45,400 7.0 

HVAC #9SD Utilize excess heat from air compressor, DOL Warehouse,  
Sagami General Depot 

0 $0 180 $3,950 $0 $3,950 $4,000 1.0 

LI #1SD Sagami Depot Lighting 883,004 $148,345 0 $0 $0 $148,345 $624,855 4.2 

Totals   997,915 163,015 95,272 1,841,774 491,200 2,495,989 7,547,500 3.0 

Note:  Totals assume Option 1 for CEP #1SD. 
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Camp Zama 

Twenty-seven ECMs were identified at Camp Zama (Table ES5). If all were 
implemented, they would save 3800 MWh/yr in electrical use and 287,781 
MMBtu/yr in thermal savings and $1.6 million maintenance resulting in a 
total of $7.8 million savings/yr. The investment cost of $35.7 million re-
sults in a simple payback of 4.6 years. Controls were found to have signifi-
cant savings potential, so a Level II analysis for this is recommended. 
CEPs were also found to have significant potential. 

The Level I analyses of multiple complex systems conducted during the 
Energy Optimization Assessment are not intended to be (nor should they 
be) precise. The quantity and quality of the systems improvements identi-
fied suggests that significant potential exists. 

Recommendations 

All types of ECMs were found to have paybacks of less than 5 years. Fund-
ing should be sought for implementation. Some of the more complex 
projects such as those involving CEPs require a more detailed Level II 
study. Others such as those involving Controls are not necessarily com-
plex, but require an investigation into the details yet to be determined; a 
study to determine a partial design is recommended. Planning and Opera-
tions opportunities require minimal additional investment and should be 
implemented. Table ES6 groups the ECMs with good paybacks into four 
categories: Operational, Controls, CEPs, and Lighting. It is suggested that 
the operational ECMs be pursued with internal operational procedures 
and investment. The Controls ECMs could be pursued as a single installa-
tion wide building controls improvement project. This is estimated to have 
a cost of $1.7 million for the buildings identified, yielding $1.5 million an-
nual savings resulting in a quick simple payback of just over 1 year. Simi-
larly upgrade of the CEPs, if pursued as one large project would cost ap-
proximately $39.6 million and have annual savings of $8.2 million and a 
simple payback of under 5 years. Lighting improvements identified would 
cost approximately $1.6 million, yield savings of $402K per year, and have 
a simple payback of under 4 years. 
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Table ES5.  Camp Zama ECMs. 

ECM # ECM Description 

Electrical Savings Thermal Labor & 
Other 
$/Yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/Yr 

Investment 
$ 

Simple 
Payback 
yrs KWh/yr $/Yr MMBtu/Yr $/Yr 

CON #1Z Implement a Base Wide Energy Management & Control System (EMCS) —- —- — — — — — — 

CON #2Z Implement Automatic Adjustment Of Heating Hot Water Supply Temperature Setpoint In Response To 
Building Loads 

125,381 $ 16,516 $ 2,148 $ 37,873 $ 0 $ 54,389 $ 110,500 2.0 

CON #3Z Implement demand ventilation control of outside air intake in response to building occupancy/usage 28,283 $ 3,677 $ 420 $ 8,122 $ 0 $ 11,799 $ 27,480 2.3 

CON #4Z Implement volumetric control in response to building loads/occupancy – Bldgs 267, 500, 505 133,926 $ 17,410 $ 0 $ 0 $ 0 $ 17,410 $ 20,475 1.2 

CON #5Z Install Variable Frequency Drives For Systems That Incorporate Variable Volume Supply 34,721 $ 4,514 $ 0 $ 0 $ 0 $ 4,514 $ 10,920 2.4 

CON #6Z Implement Demand Limiting Control Of Air-conditioning Compressors For Buildings Served By Dedicat-
ed Equipment 

0 $ 8,125 $ 0 $ 0 $ 0 $ 8,125 $ 32,500 4.0 

CON #7Z Scheduled Operation of HVAC Systems to Match Building Occupancy 734,620 $ 0 $ 6,246 $ 125,811 $ 0 $ 125,811 $ 28,500 0.2 

CEP #3Z Change CEP131 From Steam Generation To Hot Water Generation And Absorption Cooling System To 
Electrical Chiller System 

0 $0 $6876 $163036 $185233 $348269 $814200 2.3 

CEP #4Z – Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 10% Distribution System Central Energy 
Plant 350 

351596.8 -$47268 $85189 $1535482 $400000 $1888214 $5816189 3.1 

CEP #4Z – Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 90% Distribution System Central Energy 
Plant 350 

0 -$47268 $105433 $1649733 $400000 $2002465 $12668498 6.3 

CEP #5Z Replace Boilers and Distribution System Central Energy Plant 1024 and Connect Incinerator Heat 0 $0 $1500 $27150 $100000 $127150 $227930 1.8 

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And CEP 131 0 $0 $0 $687960 $481982 $1169942 $10344400 8.8 

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama 110,359 $ 14,347 $ 23,417 $ 471,682 $ 0 $ 486,028 $ 242,456 0.5 

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama 65,226 $ 8,479 $ 1,320 $ 26,588 $ 0 $ 35,067 $ 71,906 2.1 

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama 363,582 $ 47,266 $ 13,080 $ 263,475 $ 0 $ 310,741 $ 204,296 0.7 

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama 23,356 $3,036 $1,135 $22,872 $0 $25,908 $170,712 6.6 

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama 40,410 $5,253 $1,545 $31,123 $0 $36,376 $112,338 3.1 

HVAC #15Z Install a Pool Cover in Bldg 205 78,000 $10,000 $300 $13,200 $0 $23,200 $30,000 1.3 

HVAC #16Z Reduce Space Temperature in Bldg 683, DMWR Warehouse  0 $0 $1,344 $27,000 $0 $27,000 $0 0.0 

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven Equipment – Bldgs 131, 205, 642, 585, 795 
& 1050  

67,532 -$321,700 $33,203 $668,000 $29,200 $375,500 $1,520,903 4.1 

HVAC #18Z Use Ice Storage to Reduce Electrical Demand Charges – Bldgs 131, 205, 642 & 1050 -83,700 $153,917 $0 $0 $0 $153,917 $1,796,925 11.7 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers Having Ice Storage– Bldgs 131, 205, 642, 
1050, 585 & 795 

67,532 -$175,425 $33,203 $668,000 $29,200 $521,775 $1,826,663 3.5 

HVAC #20Z Improve Summer Working Conditions, Bldg 645  -$2,250   $10,625 $8,375 $144,000 17.2 

ELCE#1Z Electric DHW Heaters at Bldgs 101, 238 0 $2,337 $0 $0 $0 $2,337 $12,600 5.4 
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ECM # ECM Description 

Electrical Savings Thermal Labor & 
Other 
$/Yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/Yr 

Investment 
$ 

Simple 
Payback 
yrs KWh/yr $/Yr MMBtu/Yr $/Yr 

LI #2Z Camp Zama Lighting 1,727,133 $253,889 0 $0 $0 $253,889 $954,396 3.8 

P&O #2Z Planning And Operational Considerations – Camp Zama 0 $0 4,954 $99,788 $0 $99,788   

WAT #1Z Low Flow Faucets Bldgs 743, 1050 and 642 plus others at Camp Zama 0 $0 1,015 $0 $0 $46,500 $14,700 0.3 

Totals   3,800,425 $276,555 287,781 $5,831,895 $1,607,040 $7,761,990 $35,682,583 4.6 

 

Table ES6.  ECMs with exceptionally good paybacks. 

ECM # ECM Description 

Electrical Savings Thermal 
Labor & Other 

($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

Operational 

BE #4 Decrease Infiltration at Doors and Entrances Various Buildings 0 0 0 0 0 0 0 0 

HVAC #16Z Reduce Space Temperature in Building 683, DMWR Ware-
house  

0 0 1,344 27,000 0 27,000 0 0 

HVAC #9SD Utilize Excess Heat from Air Compressor, DOL Warehouse, 
Sagami General Depot 

0 0 180 3,950 0 3,950 4,000 1 

CON #7Z Scheduled Operation of HVAC Systems to Match Building 
Occupancy 

734,620 0 6,246 125,811 0 125,811 28,500 0 

Total - Controls   734,620 0 7,770 156,761 0 156,761 32,500 0.2 

Controls 

CON #5Z Install Variable Frequency Drives For Systems That Incorporate 
Variable Volume Supply 

34,721 4,514 0 0 0 4,514 10,920 2 

CON #4Z Implement volumetric control in response to building 
loads/occupancy - Buildings 267, 500, 505 

133,926 17,410 0 0 0 17,410 20,475 1 

CON #3Z Implement demand ventilation control of outside air intake in 
response to building occupancy/usage 

28,283 3,677 420 8,122 0 11,799 27,480 2 

CON #6Z Implement Demand Limiting Control Of Air Conditioning Com-
pressors For Buildings Served By Dedicated Equipment 

0 8,125 0 0 0 8,125 32,500 4 

HVAC #6SD Improve HVAC Controls Bldg 161-1 Sagami Depot 391,000 50,830 4,890 107,231 0 158,061 300,000 2 

HVAC #21Z Electric DHW Heaters at Bldgs 101, 238 0 2,337 0 0 0 2,337 12,600 5 
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ECM # ECM Description 

Electrical Savings Thermal 
Labor & Other 

($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

HVAC #2K Demilitarization System Heat Recovery 0 0 111 2,245 0 2,245 13,000 6 

WAT #1Z Low Flow Faucets Buildings 743, 1050 and 642 plus others at 
Camp Zama 

0 0 1,015 0 0 46,500 14,700 0 

HVAC #7SD Optimize De-humidification of Medical Warehouses, Sagami 
General Depot 

-276,000 -36,000 13,589 298,229 0 262,229 141,400 1 

HVAC #15Z Install a Pool Cover in Building 205 78,000 10,000 300 13,200 0 23,200 30,000 1 

CON #2Z Implement Automatic Adjustment Of Heating Hot Water Supply 
Temperature Setpoint In Response To Building Loads 

125,381 16,516 2,148 37,873 0 54,389 110,500 2 

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama 65,226 8,479 1,320 26,588 0 35,067 71,906 2 

CON #3Z Implement demand ventilation control of outside air intake in 
response to building occupancy/usage 

28,283 3,677 420 8,122 0 11,799 27,480 2 

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama 40,410 5,253 1,545 31,123 0 36,376 112,338 3 

CON #6Z Implement Demand Limiting Control Of Air Conditioning Com-
pressors For Buildings Served By Dedicated Equipment 

0 8,125 0 0 0 8,125 32,500 4 

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama 23,357 3,036 1,135 22,872 0 25,909 170,712 7 

HVAC #8SD Laundry Heat Recovery -89 -160 331 6,680 0 6,520 45,400 7 

HVAC #3K Renovation Building Heat Recovery System, Building Kawakami 
– Building 2677 

-1,160 -170 384 7,730 0 7,560 76,000 10 

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama 110,359 14,347 23,417 471,682 0 486,028 242,456 0 

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama 363,582 47,266 13,080 263,475 0 310,741 204,296 1 

Total - CONTROLS   1,145,279 167,262 64,105 1,305,172 0 1,518,934 1,696,662 1.1 

Central Plants 

CEP #5Z Replace Boilers and Distribution System CEP 1024 and Con-
nect Incinerator Heat 

0 0 1,500 27,150 100,000 127,150 227,930 2 

CEP #3Z Change CEP131 From Steam Generation To Hot Water Genera-
tion And Absorption Cooling System To Electrical Chiller System 

0 0 6,876 163,036 185,233 348,269 814,200 2 

CEP #4Z - Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
10% Distribution System CEP 350 

351,597 -47,268 85,189 1,535,482 400,000 1,888,214 5,816,189 3 

CEP #1SD - Option 1 Convert The Steam Boiler To A Hot Water With 10% Replace-
ment Of The Distribution System CEP 174 

0 0 57,829 1,032,662 166,200 1,198,862 4,093,845 3 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers 
Having Ice Storage– Buildings 131, 205, 642, 1050, 585 & 
795 

67,532 -175,425 33,203 668,000 29,200 521,775 1,826,663 4 
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ECM # ECM Description 

Electrical Savings Thermal 
Labor & Other 

($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

CEP #2SD Sagamihara Family Housing CEPs – Modification of Generation 
Facilities and Distribution 

0 0 11,750 258,000 325,000 583,000 2,338,000 4 

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven 
Equipment – Buildings 131, 205, 642, 585, 795 & 1050  

67,532 -321,700 33,203 668,000 29,200 375,500 1,520,903 4 

CEP #4Z - Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
90% Distribution System CEP 350 

0 -47,268 105,433 1,649,733 400,000 2,002,465 12,668,498 6 

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And CEP 
131 

0 0 0 687,960 481,982 1,169,942 10,344,400 9 

Total - CEP   486,660 -591,661 334,983 6,690,023 2,116,815 8,215,177 39,650,628 4.8 

Lighting 

LI #1SD Sagami Depot Lighting 883,004 148,345 0 0 0 148,345 624,855 4 

LI #2Z Camp Zama Lighting 1,727,133 253,889 0 0 0 253,889 954,396 4 

Total - Lighting   2,610,137 402,234 0 0 0 402,234 1,579,251 3.9 
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Unit Conversion Factors 

Multiply By To Obtain 

Acres 4,046.873 square meters 

British thermal units (Btu, International Table) 1,055.056 joules 

MMBtu  0.293 MWh 

cubic feet 0.02831685 cubic meters 

cubic inches 1.6387064 E-05 cubic meters 

cubic yards 0.7645549 cubic meters 

degrees (angle) 0.01745329 radians 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

Feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

Inches 0.0254 meters 

miles (U.S. statute) 1,609.347 meters 

miles per hour 0.44704 meters per second 

square feet 0.09290304 square meters 

square inches 6.4516 E-04 square meters 

square miles 2.589998 E+06 square meters 

square yards 0.8361274 square meters 

tons (2,000 pounds, mass) 907.1847 kilograms 

tons (2,000 pounds, mass) per square foot 9,764.856 kilograms per square meter 

Yards 0.9144 meters 
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1 Introduction 
1.1 Background 

1.1.1 Camp Zama and Sagami Depot 

The Camp Zama community is comprised of three main housing areas on 
mainland Japan:  Camp Zama, Sagamihara, and Sagami Depot. According 
to 2008 real property data, Camp Zama has roughly 10 million sq ft of 
buildings with floor areas of at least 1000 sq ft. According to 2008 real 
property data, Sagami Depot has roughly 8 million sq ft of buildings that 
are at least 1000 sq ft. All three are located in Kanagawa Prefecture, about 
25 miles southwest of Tokyo. There are also several satellite locations lo-
cated in Yokohama, Kure, Tokyo and other areas. The military community 
comprises a very small percentage of the prefecture population. The 
weather is similar to that in North Carolina. 

Several small tenant activities are located on Sagami Depot (SGD). The in-
stallation houses a transportation motor pool, Facility Engineers, Military 
Police Security guard element, Fire Station, and maintenance activity to 
provide installation support for the Environmental Health and Engineer 
Agency, 74th Test Measurement and Diagnostic Equipment element, De-
fense Reutilization and Marketing Organization (DRMO), and a Military 
Auxiliary Radio System (MARS). 

At present, approximately 800 Japanese employees and 100 U.S. Military 
and Civilian personnel work at SGD (Globalsecurity.org 2005). There are 
150 various types of buildings (> 500 sq ft) with a combined floor area of 
3,100,000 sq ft on 530 acres. See Table A5 (in Appendix A to this report) 
for details. 

Working hours at SGD are Mon–Fri, 0800–1700 only. The Family hous-
ing area in the southwestern Area at SGD (Blocks 70, 80, and 90) was de-
commissioned a few years ago. 

The U.S. Army Japan (USARJ) is the Army Component Command of U.S. 
Forces, Japan (USFJ). Stationed at Camp Zama, USARJ is a key element 
in upholding the 1960 Treaty of Mutual Cooperation and Security between 
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the United States and Japan, the most important U.S. bilateral relation-
ship in the region and the key to maintaining western Pacific regional sta-
bility. The 9th Theater Support Command (TSC), based out of Fort Bel-
voir, VA, is a multi-component unit with an active-duty element based on 
Camp Zama. U.S. Army Garrison Japan (USAG-J) executes Garrison oper-
ations to provide installation management, programs and services; en-
hance well-being of Soldiers, civilians, and family members in support of 
mission readiness and execution. Several tenant units are also based at 
Camp Zama. 

Mainland Japan has roughly 4000 Soldiers, civilians, contractors and fam-
ily members assigned to different areas, with slightly higher numbers of 
civilians and contractors than military. Japanese Nationals comprise over 
half of the work force. 

1.1.2 Akizuki 

Akizuki, has three small facilities in the area of Kure, which mainly deal 
with munitions transport and storage. 

1.2 Objectives 

The objectives of this study were to identify energy inefficiencies and 
wastes at installations in Japan and to propose energy-related projects 
with applicable funding and execution methods that could enable the in-
stallations to better meet the energy reduction requirements mandated by 
Executive Order 13423 and EPACT 2005. 

1.3 Engineering Energy Analysis Program (EEAP) project team and 
summary of activities 

1.3.1 ERDC-CERL 

ERDC/CERL implemented an Energy Assessment methodology, which 
was previously developed as part of the “Industrial Process Modeling and 
Optimization” program under the auspices of the IEA ECBCS Programme 
Annex 46 “Holistic Assessment Toolkit on Energy Efficient Retrofit Meas-
ures for Government Buildings (EnERGo).” The protocol is designed to 
assist energy managers and Regional Energy Managers to develop energy 
conservation projects (self-help for energy managers). 
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1.3.2 Private contractors 

Private contractors with various areas technical of expertise were a vital 
part of the Energy Team. Experts in HVAC, building envelope, central 
plants, and lighting rounded out the contractor portion of the team. 

1.4 Approach 

1.4.1 General 

This study was conducted using an Energy Assessment Protocol developed 
by CERL. 

1.4.2 Energy assessment protocol 

This study was conducted using an Energy Assessment Protocol developed 
by CERL in collaboration with a team of government, institutional, and 
private sector parties as a part of the IEA ECBCS Program Annex 46* This 
protocol is based on the analysis of information available from the litera-
ture, training materials, the documented and non-documented practical 
experiences of contributors, and previous successful showcase energy as-
sessments conducted by a diverse team of experts at U.S. Army facilities. 

The Energy Assessment Protocol addresses technical and non-technical 
organizational capabilities required to make a successful assessment 
geared to identifying energy and other operating cost reduction measures 
without adversely impacting Indoor Air Quality, product quality, or (in the 
case of repair facilities) safety and morale. 

A critical element for energy assessment is a capability to apply a “holistic” 
approach to the energy sources and sinks in the audited target (installa-
tion, building, system, and their elements). The holistic approach sug-
gested by the protocol includes the analysis of opportunities related to the 
energy generation process and distribution systems, building envelope, 
lighting, internal loads, HVAC, and other mechanical and energy systems. 
A useful way of visualizing the energy flows within a facility or process is 
the Sankey diagram (Figures 1 and 2). 

                                                                 
* Accessible through URL:  https://kd.erdc.usace.army.mil/projects/ecbcs/ 

https://kd.erdc.usace.army.mil/projects/ecbcs/�
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Figure 1.  Example Sankey diagram of energy usage, waste, and inefficiencies for an Army 
installation. 

 

Figure 2.  Example Sankey diagram of energy usage, waste, and inefficiencies for a building 
with production process. 
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The Protocol addresses several different scopes (building stock, individual 
building, system, and component) and levels of assessment. It distinguish-
es between the pre-assessment phase (Level 0: selection of objects for 
Energy Assessments and required composition of the audit team) and 
three levels of energy audits with differing degrees of rigor. Each of these 
three levels may be implemented in different ways: simplified or more de-
tailed assessments, depending on the availability of energy consumption 
information and other data. 

During the selection phase, one can choose from a building stock those fa-
cilities that have the most promising energy saving potential. Similarly, 
one can select from a specific building the systems to be audited or, from a 
system, the components to be considered for more detailed analysis. 

The scope and depth of the assessments differ in their objectives, metho-
dologies, procedures, required instrumentation, and approximate duration 
(Figure 3). 

 

Figure 3.  Scope and depth of energy assessments. 

LEVEL 0LEVEL 0
= = Pre-assessment phase
•• Selection of objects for energy audits Selection of objects for energy audits

LEVEL ILEVEL I
 Screening = Preliminary energy & process  Screening = Preliminary energy & process 
 optimization optimization assessment, qualitative analysis assessment, qualitative analysis
•• Walk-through audit Walk-through audit
•• Analysis of consumption figures & documents Analysis of consumption figures & documents
•• List of possible energy saving opportunities List of possible energy saving opportunities

LEVEL IILEVEL II
 = In-depth quantitative analysis to verify Level I results = In-depth quantitative analysis to verify Level I results
•• Full energy audit Full energy audit
•• Measurements Measurements
•• List of measures for funding & implementation List of measures for funding & implementation

LEVEL IIILEVEL III
 = Detailed engineering analysis = Detailed engineering analysis
•• Implementation Implementation
•• Performance measurement & verification Performance measurement & verification
•• Continuous commissioning Continuous commissioning
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1.4.3 Level I audit 

A Level I audit (qualitative analysis) is a preliminary energy and process 
optimization opportunity analysis consisting primarily of a walk-through 
review to analyze and benchmark existing documents and consumption 
figures. The Level I audit takes from 2 to 5 days, and identifies the bottom-
line dollar potential of energy conservation and process improvements. No 
engineering measurements using test instrumentation are made. If the 
consumption figures are not available (e.g., due to the absence of meter-
ing), which is typical for many industrial facilities and manufacturing 
processes, the Level I audit can be based on analyses and estimates by ex-
perienced auditors. 

A Level I audit would normally recommend that the installation perform 
some metering, which could be followed by a Level II audit to verify the 
Level I assumptions, and to more fully develop the ideas from the Level I 
screening analysis. 

1.4.4 Level II audit 

A Level II audit (quantitative analysis) includes an analysis geared towards 
funds appropriation; this analysis uses calculated savings and partial in-
strumentation measurements with a cursory level of analysis. The Level II 
study typically takes 5 to 10 times the effort of a Level I, and could be ac-
complished over a 2- to 6-month period, depending on the scope of the ef-
fort. The Level II effort includes an in-depth analysis in which the most 
crucial assumptions are verified. The end product will be a group of “ap-
propriation grade” energy and process improvement projects for funding 
and implementation. 

1.4.5 Level III audit 

Finally, the Level III audit (continuous commissioning) is a detailed engi-
neering analysis with implementation, performance measurement and ve-
rification (M&V) assessment, and fully instrumented diagnostic measure-
ments (long term measurements). This level takes 3 to 18 months to 
accomplish. For Energy Savings Performance Contract (ESPC) projects, 
the Level III audit is prolonged until the end of the contract to guarantee 
that all installed systems and their components operate correctly over 
their useful lifetimes. 
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1.4.6 Keys to a successful audit 

The key elements that guarantee success of the Energy Assessment are: 

· Involvement of key facility personnel and their on-site contractors who 
know what the major problems are, where they are, and have already 
thought of many potential solutions; 

· The facility personnel’s sense of “ownership” of the ideas, which encou-
rages a commitment to successful implementation; and 

· A focus on site-specific, critical cost issues. If solved, the greatest poss-
ible economic contribution to a facility’s bottom line will be realized. 
Major potential cost issues can include: facility utilization (bottle-
necks), mission, labor (productivity, planning & scheduling), energy 
(steam, electricity, compressed air), waste (air, water, solid, hazard-
ous), equipment (outdated or state-of-the-art). 

From a strictly cost perspective, process capacity and labor utiliza-
tion/productivity and soldiers’ well-being can be far more significant than 
energy and environmental concerns. All of these issues, however, must be 
considered together to accomplish the facility’s mission in the most effi-
cient and cost-effective way. 

1.4.7 General overall process 

The overall process follows these steps: 

1. Make an initial site visit to determine the Site’s major energy issues and 
familiarize the EEAP team with installation and operations 

2. Assemble a team of SMEs with expertise in technical areas relating to 
those identified in the initial site visit 

3. Make a technical assessment visit with the SMEs to make building specific 
Energy Conservation Measure (ECM) evaluations 

4. Analyze findings and develop implementation strategies. 

1.5 Scope 

The scope of this Annex 46 Energy Optimization Assessment included a 
Level I study of the central energy plant (CEP)and associated steam distri-
bution system providing heat to representative administrative buildings, 
warehouses, and small repair shops; and an analysis of their building en-
velopes, HVAC systems, and lighting. 
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1.6 Mode of technology transfer 

The results of this work will be presented to IMCOM, the Assistant Chief of 
Staff for Installation Management (ACSIM), and the installations visited 
for their consideration for implementation and funding and as the basis 
for other studies currently being conducted, related to planning for a new 
CEP and use of renewable energy sources. It is anticipated that the results 
of this work will contribute to an enhanced awareness within IMCOM, the 
U.S. Army Corps of Engineers and its Districts, and other Army organiza-
tions of opportunities to improve the overall energy efficiency of Army in-
stallations. This information will also be disseminated through workshops, 
presentations, and professional industrial energy technology conferences. 
This report will also be made accessible through the World Wide Web 
(WWW) at: http://www.cecer.Army.mil 

1.7 Installation energy use rates and historic use 

Table 1 lists the energy usage and costs that the installations reported for 
Fiscal Year 2008 (FY08). Note that where costs were reported in $, a con-
version rate of 107 Yen per $ was used. Table 2 lists energy unit prices. 

Table 1.  Energy use rates. 

Installation 
Electric Use 

kWh 
Electric Cost 

Yen 
Oil Use 
Gallons 

Oil Cost 
Yen 

Camp Zama 41,296,080 559,362,065 1,664,125 530,648,845 
SGD 10,831,140 157,998,933 401,456 142,125,532 

Table 2.  Energy unit prices. 

Energy Type Unit Price 

Electricity Usage $0.13/KWh 

Electrical Demand $14.32/kW 

Fuel Oil $2.82/Gal 

Figures 4 and 5 show the electrical energy costs and use for Camp Zama 
and Sagami Depot for FY08. The electricity cost used for most ECMs is the 
blended rate averaged over the year. However, slightly modified costs were 
used for various ECMs to account as accurately as possible for the various 
factors affecting the true cost such as time of day variations, usage and 
demand charges, and distribution efficiencies (central heating). While 
costs in the Kure area were slightly less, the costs for Camp Zama were 
used to allow for escalation of costs and to keep the analysis consistent. 

http://www.cecer.army.mil/�
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Figure 4.  Camp Zama electrical use, October 2007 to September 2008. 

 

Figure 5.  Sagami Depot electrical use, October 2007 to September 2008. 
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2 Building Envelope — General Observations 
and Recommendations 

2.1 General architectural observations 

At Camp Zama and the Sagami General Depot, several cast-in-place con-
crete buildings appear to be plagued by cracking of (what is appears to be) 
a cementitious finish coat applied to the concrete exterior surface. In some 
cases, repairs have been attempted, but the degree of success of these re-
pairs was not evident and not all buildings with this problem have been 
repaired. Note that, in the long term, it is cost effective to repair such 
problems early to avoid more serious structural damage. 

The exterior envelope of Depot Bldg 173 S (the Furniture Repair Shop, 
Figure 6) is in poor condition. The building envelope of this facility, which 
appears to contain asbestos materials in the exterior components, has de-
teriorated (Figure 7). It is likely that the remediation of these conditions 
will disrupt ongoing activity in this facility. To limit disruption, it may be 
appropriate to move the Furniture Repair Shop to another facility with 
better energy performance, retrofitted to contain that activity. 

 

Figure 6.  Furniture Repair Shop, Bldg 173 at Depot. 
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Figure 7.  Deteriorated window, Bldg 173. 

Many of the buildings on Sagami General Depot (SGD) site contain signifi-
cant amounts of what appear to be asbestos-containing materials (ACM). 
Recommendations for revisions to the mechanical or architectural compo-
nents of these buildings must take this condition into careful considera-
tion. ACM remediation can be a serious matter; it is very expensive and 
disruption to occupancy. In some cases, it may be more cost effective to 
avoid work on these buildings. 

In addition to addressing issues related to specific building systems, and 
issues directly related to energy usage and cost, it is also important to con-
sider energy savings and overall service life of a building system or an en-
tire building through proper maintenance and upkeep, which can save sig-
nificant energy and lower costs over time. 

2.2 Site considerations 

Site conditions of most existing buildings, while important to the build-
ing’s energy requirements, cannot be radically modified. This is especially 
true for the buildings in any secure installation such as a military base. 

However, when it becomes necessary to design new facilities, several pos-
sibilities can and should be considered. Buildings should be located close 
to their function. In the case of SGD, for example, there may be an oppor-
tunity to relocate functions to different locations on the same site to save 
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both time and fuel currently expended in travel between facilities. Reduc-
ing these distances may yield significant savings in the distribution of ser-
vices, such as hot water or steam. In the design of new facilities, the fol-
lowing are recommended: 

· Consider building orientation. Heat gain through windows can be sig-
nificantly increased or reduced by careful solar orientation. 

· Use vestibules at main building entries to reduce air exchange between 
the building interior and the exterior environment. 

· Avoid direct exposure to extreme wind conditions by careful use of site 
plantings and topography. Winds can significantly increase heat loss in 
buildings. 
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3 Lighting — General Observations and 
Recommendations 

3.1 Introduction 

Lighting configurations should be comprehensive and uniform throughout 
the Garrison. Standardizing lighting configurations on a set of lamp types 
helps to eliminate the possibility of replacing efficient lamps with ineffi-
cient ones. For example, all T10/T12 lamps and magnetic ballasts in all 
types of fixtures in all buildings should be replaced with identical high lu-
men F32T8s and high performance electronic ballasts. High pressure so-
dium, metal halide, and mercury vapor hi-bays should also be replaced 
with new fixtures that have F32T8s and ballasts. 

3.2 General observations 

3.2.1 Linear fluorescent lamps 

Four-ft lamps are by far the most common; they come in combinations of 
36W & 40W F40T10/T12, and the much more efficient 32W F32T8 lamps. 
T8 lamps have 1-in. diameters; T10 lamps, 1.25-in.; and T12 lamps, 1.5-in. 
The color tone of lamps, which is expressed in “Kelvin” span a very wide 
range (3000, 3500, 4100, 5000 and 6400 – 6500 Kelvin). The 3000K 
have an orange/yellow appearance, similar to incandescents. 6400 – 
6500K lamps have much more white and blue content. Some halo-
phosphor lamps (just one phosphor) observed in this study typically have 
only about 60 – 76 CRI (color rendering index). The “bluish” lamps in the 
Post Exchange (PX) are probably halo-phosphor 6400 – 6500K. Some of 
the T8 lamps may be tri-phosphor, which means 80 – 86 CRI. For exam-
ple, tri-phosphor 6400 – 6500K are much whiter, with only a tint of blue. 
Some American style T8 and T12 lamps are manufactured by General 
Electric (GE), Philips, or Sylvania. 

Most of the T8 T10/T12 lamps noted in this study were coded in non-
English languages (Japanese, Chinese, etc.) American lamps typically state 
7 for CRI in the 70s and 8 for CRI in the 80s and 30, 35, 41, 50 and 65 for 
Kelvin (the suffixed “00” is implied). The coding found on these non-U.S. 
lamps is believed to have the following meaning: Near the end of the lamp 
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codes, W stands for 4100K, N stands for 5000K and D stands for 6400 – 
6500K. Initial and mean lumens, CRI, rated life and other specs in English 
on these lamps, while not necessary would be very helpful. 

3.2.2 Ballasts for 4-ft fluorescent lamps 

T10/T12 lamps appear to have all magnetic ballasts, which are not as effi-
cient as electronic ballasts. None of the lamps seen had English labels, but 
they were assumed to be “energy saving” versions. T8 lamps have electron-
ic ballasts. The relatively new 2 x 4-ft fixtures have American type ballasts, 
which were generic standard 0.88 BF (ballast factor) “instant start.” Most 
of the ballasts were of Oriental manufacture, with no English on labels, so 
exact wattage and BF (ballast factor) are unknown. Detailed information 
on these ballasts in English, while not necessary, would be very helpful. 

3.2.3 Fixtures for 4-ft fluorescent lamps 

By far the most common fixture type is the 1 x 4-ft lensed (recessed) troffer 
(Figure 8). These fixtures have two or three 4-ft T8 or T10/T12 lamps. 
These fixtures do not have very good “fixture efficiency,” i.e., the percen-
tage of light that comes out of the fixture compared to total amount of light 
coming from bare lamps, for these reasons: 

· Many of these fixtures have no angled ballast cover or reflector be-
tween lamps, substantial light is wasted when light from one lamp is 
directed at another lamp, or reflected from the fixture housing, and is 
the directed at another lamp—instead of shining (or reflecting) directly 
on the occupied or task area. 

· Since these fixtures are designed to handle up to three T10/T12 lamps, 
the fixture width is relatively wide at the top; its long sides angle 
slightly toward the middle or are totally vertical so much of the light re-
flects repeatedly off the interior fixture sides before reaching the occu-
pied or task area. With each reflective “bounce,” about 15 percent of 
light is lost. 

· Some of these fixtures have white lenses, which typically block about 
30 percent of the light, compared to only about 10 percent for clear 
prismatic or “random bump” lenses. 
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Figure 8.  Lensed troffer (1 x 4 ft). 

Many halls have similar lensed fixtures, about 6-in. wide that contain one 
lamp, which are only slightly more efficient than wider troffers because, 
again, the interior sides are relatively vertical. 

Some buildings have many 6-in. and 1-ft wide fixtures fitted with pull 
cords for office workers and maintenance people to turn fixtures on and 
off as needed. 

Also, Building 205 has some very wide (18-in.) lensed fixtures that contain 
four F10/F12 lamps in one open cavity with relatively vertical interior 
sides, which is an inefficient configuration. 

3.2.4 2-ft fixtures 

There are numerous 2-ft fixtures with one or two F20T8/T10/T12 lamps 
and magnetic ballasts, which may have external starters. These lamp and 
ballast systems are not efficient. 

3.2.5 Controls 

At this site, manual controls are a good working addition to interior fluo-
rescent fixtures. Office workers and maintenance staff do an excellent job 
of turning off lighting when not needed (e.g., in halls, restrooms, closets, 
individual offices, and open offices, Figure 9). 
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Figure 9.  Bldg 642 example of office workers turning off fixtures above their office areas. 

3.2.6 Exit signs 

Most of the exit signs seen at these Army installations in Japan are much 
larger than those used in the United States (Figure 10). The contain one 
10, 15, or 20W linear fluorescent lamp and magnetic ballast, which draws 
approximately 5W more. A few exit signs, which were even larger (up to 
80 Watts), were observed in the community club Bldg 457 at Camp Zama. 

The DPW has already started replacing some of these very large and ener-
gy inefficient exit signs with much smaller red light emitting diode (LED) 
exit signs. Installing these smaller units sometimes requires some patching 
and painting of walls or ceilings. 

   

Figure 10.  Large exit signs used in Japan. 
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3.2.7 Hibays and other interior HID fixtures 

All of the existing hibays and other HID (high intensity discharge) interior 
fixtures have HPS (high pressure sodium), MV (mercury vapor) or stan-
dard MH (metal halide) lamps and magnetic ballasts (Figures 11 — 14). Al-
though HPS is fairly efficient, the light is unpleasant yellow with only 
about 20 CRI. MV was the first HID and is not very efficient. Although 
standard MH is about twice as efficient as MV, it is still not very efficient. 
All of these HID sources have long warm up and restrike times, which 
makes them difficult to turn on and off (both manually and automatically) 
during work shifts. 

 

Figure 11.  Bldg 314, Camp Zama Youth Center in unoccupied gym. 

   

Figure 12.  Bldg 205, Yano Fitness Center gym suspended hibays, pool uplights and kids pool 
recessed lowbays. 
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Figure 13.  Bldg 915 Camp Zama High School gym and unoccupied weight room. 

 

Figure 14.  Bldg 913 Camp Zama Middle School core area. 

Several warehouses, the Motor Pool, and Commissary also have HID hi-
bays. There was no access to the Commissary because of construction. 

3.2.8 Incandescent light bulb 

Although not very many incandescents were seen, Bldg 550 Lodging does 
have a number of these energy-inefficient bulb in halls. It is likely that 
other similar buildings also have incandescents. 

3.2.9 Exterior 

Street and parking lot pole fixtures typically have 220, 270, 180, and 110W 
yellow light HPS; of these, 180 and 110W fixtures are the most common. In 
some cases (e.g., Figure 15), exterior lights are obscured by vegetation. 
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3.2.10 Recycling costs 

The Garrison is paying $0.69/lb for recycling, which converts to approx-
imately: 

· $0.44–$0.48 for each approximate 0.64–0.70 lb 4-ft T12 lamp 
· $0.26–$0.35 for each 0.386–0.50 lb 4-ft T8 lamp. 

3.3 Recommendations — general 

3.3.1 Workhorse lamps: High lumen 80 – 85 CRI 5000 – 6500K F32T8s 

High lumen 80–85 CRI 5000–6500K F32T8s lamps are great “work-
horse” lamps that replace existing T10/T12s, T8s, and interior HID lamps. 

The Garrison can decide to standardize on either all 5000K, or all 6400–
6500K lamps, depending on availability, color tone preference, and price. 
In the United States, 5000K lamps are much more popular and less ex-
pensive, but tastes and markets may differ in Japan. As stated earlier, tri-
phosphor 80+ CRI 6400 – 6500K lamps do not look overly blue like the 
halo-phosphor T10/T12s in the PX. 

 

Figure 15.  Bldg 600 with tree blocking light from wall flood. 
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Table 3.  S/P Info for 32W F32T8s and 34W F34T12s. 

lamp 
mean photopic 
(catalog) lumens S/P ratio 

Brightness 
P(S/P).5 

Paper 
P(S/P).78 

Computer 
P(S/P)1.0 

F34T12 CW 2300 1.50 2817 3156 3450 
F34T12 WW 2350 1.00 2350 2350 2350 
F32T8 730 2650 1.19 2891 3035 3154 
F32T8 735 2650 1.30 3021 3252 3445 
F32T8 741 2650 1.56 3310 3749 4134 
F32T8 830 2nd 2800 1.29 3180 3415 3612 
F32T8 835 2nd 2800 1.41 3325 3661 3948 
F32T8 841 2nd 2800 1.62 3564 4079 4536 
F32T8 830 3rd 2950 1.29 3351 3598 3806 
F32T8 835 3rd 2950 1.41 3503 3857 4160 
F32T8 841 3rd 2950 1.62 3755 4298 4779 
F32T8 850 3rd 2860 1.95 3994 4815 5577 
F32T8 865 2750 2.20 4079 5087 6050 
F32T8 880 2518 2.50 3981 5146 6295 
notes: 
Lumens and S/P ratios can vary among lamps and manufacturers. 
Listed F32T8 865 is Sylvania XPS. Listed F32T8 880 is Sylvania Skywhite XP. 
Prepared by Stan Walerczyk, www.lightingwizards.com, 10/24/07 version 

The data in Table 3 indicate that 5000K lamps have higher catalog or pho-
topic lumens, but with a higher scotopic/photopic ratio, and that 6500K 
lamps have more task-modified lumens. The paper task column is the 
most important. In the United States, only Sylvania makes the 8000K 
lamps. (It is not recommended to use lamps that have only one source.) 

Recommended American 5000K F32T8s are: 

· GE F32T8/XL/SPX50/HL/ECO (3.95 mg of mercury) 
· Philips F32T8/ADV850/ALTO (1.75 mg of mercury) 
· Sylvania FO32/850/XPS/ECO (3.50 mg of mercury). 

Recommended American 6400 – 6500K F32T8s are: 

· Philips F32T8/TL865/PLUS/ALTO (1.75 mg of mercury) 
· Sylvania FO32T8/865/XP/ECO (3.50 mg of mercury). 
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Japanese, Chinese and other 5000K or 6400 – 6500K lamps with the 
same or better initial and mean catalog lumens, CRI and rated life, would 
also be acceptable. 

3.3.2 Ballasts for T8s: Extra efficient parallel wired program start 

Extra efficient program start ballasts (lamp cathodes are pre-heated for 
about 0.75 seconds before lamp comes on) consume about 3–6 Watts less 
than equivalent generic rapid and program start ballasts. 

Although extra efficient instant start ballasts cost about $5 – $6 less and 
typically use 1–2 less Watts, extra efficient program start ballasts yield 
longer lamp life. 

Program start ballasts are typically recommended when lights are turned 
on and off more than an average of three times per day. 

For ballasts driving more than one lamp, parallel wiring is specified; when 
one lamp fails, these ballasts keep the remaining lamp(s) functioning 
normally. 

American extra efficient program start ballasts are available in 0.71, 0.78, 
0.88, 1.00, and 1.15 BFs. 

The following American extra efficient multi-lamp parallel wired program 
start ballasts for T8s currently meet recommended specifications: 

· GE Ultrastart 
· Sylvania QHE PS (currently only available with 1.15 BF, but Sylvania 

will expand line later this year) 
· Advance/Philips expect to have availability by July or August 2009. 

The following American extra efficient single-lamp program start ballasts 
for T8s currently meet recommended specifications: 

· Advance/Philips Optanium PS 
· GE Ultrastart 
· Sylvania PSX. 

If the Garrison wants to change the preference from extra efficient pro-
gram start to extra efficient instant start ballasts, specs and wattages could 
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be changed in accompanying Microsoft® Excel® audit file. Extra efficient 
instant start ballasts are also parallel wired and are available in a similar 
range of BFs. Approved American extra efficient instant start ballasts in-
clude Advance/Philips Optanium IS, GE Ultrastart, Sylvania QHE IS, and 
Universal ULT8. Japan, China, and Korea may have similar products. 

All ballasts should have 5 year parts and labor warranty with existing line 
voltage and hertz. 

All above approved extra efficient program and instant start ballasts are on 
Consortium of Energy Efficiency (www.cee1.org) list, on which many rebate 
programs in the United States are based. The National Electrical Manufac-
turers Association (www.cee1.org) also label these ballasts as “Premium.” 

3.3.3 internal battery back-ups 

If the existing battery back-ups are more than 5 years old, it is recom-
mended that they be replaced. Existing battery back-ups may not work 
with the new T8 electronic ballasts. Parts and labor would be extra for new 
battery back-ups. 

3.3.4 De-lamping when feasible 

Although wattage can be saved going lamp for lamp with high lumen T8s 
and 0.71 BF ballast, the most wattage can be saved by de-lamping. An ad-
ditional benefit of de-lamping is that there are fewer lamps to buy, stock, 
recycle, and replace. 

In discussions during the survey, Camp personnel expressed agree to the 
concept of de-lamping 1x4 2-lamp lensed troffers by just using the right or 
left side lamp holders, which easily maintains existing pull cord switches 
and emergency lighting cords and avoids the parts and labor costs for ref-
lector kits. (More wattage could be saved with reflector kits, because they 
would make the fixtures more efficient, so a lower BF could be used) 

Other fixtures can be de-lamped in a symmetrical way without reflectors, 
such as 1x4 3-lamp lensed troffers, which two lamps can go in outboard 
lamp holders. When de-lamping is not feasible because it would create 
dark spots, low BF ballast will be used. Examples are 1-lamp fixtures and 
the 8-in. x 4-ft louvered troffers in Bldg 642. 

http://www.cee1.org/�
http://www.cee1.org/�
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3.3.5 New Fixtures 

Existing fixtures will be retrofitted as often as feasible, because retrofitting 
costs much less than buying and installing new fixtures. But it is probably 
best to replace some fixtures. 

The 2x4 louvered surface mounts in the PX are inefficient and cannot be 
de-lamped. Figure 16 shows two such fixtures, one with two very diverse 
Kelvins. Although these fixtures could be retrofitted with four F32T8s and 
low BF ballast, it is recommended that each be replaced with a new 2x4 
high performance, lensed, surface-mount fixture. 

All of the HID hibays should be replaced with new T8 hibays, which will 
reduce wattage by at least half. Additionally, “instant on” and “no restrike 
time” features will allows these fixtures to be turned on and off frequently, 
cutting hours of operation substantially in many buildings. It is important 
that T8 hibays fixtures have reflector coves are at least 4-in. wide for each 
lamp, and that the bottom of each reflector be below bottom of lamp. An 
approved manufacturer of these fixtures is “1st Source Lighting.” 

It is common for warehouses to have numerous 4-ft hooded industrials 
with two lamps and white reflectors that are old, dirty, and/or rusty. Al-
though in the United States, it is usually more cost effective to retrofit with 
new hooded industrial reflectors, investigation should be done to deter-
mine whether, in Japan, it would be easier and less expensive to retrofit-
ting or install new fixtures. 

Figure 16.  PX lighting. 
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3.4 How to get lighting projects done 

When ready to proceed on a large lighting project, the Garrison should 
procure either an in-house or hired auditor, lighting retrofit contractor, or 
Energy Service Company (ESCO) to do investment grade room-by-room 
audits of selected (preferably all or most) buildings, including ones not in-
cluded in this report. Existing lamp and ballast types should be verified. 

Also as mentioned below, LED exterior lights, skylights, LED task lights, 
etc. could also be included. 

George Wong at Corp of Engineers in Bldg 205, said that their group has 
tried to find Japanese lighting retrofit contractors, but could not find any. 
Regular electrical contractors are typically too expensive to do lighting re-
trofit work. 

Two companies that are well suited to do lighting retrofit and other energy 
projects in Japan, and that could also provide positive cash flow financing, 
so there would be no or little out of pocket money from the Garrison, Army 
or U.S. government, are: 

· Advanced Energy Innovations based in California, www.nrgadvocates.com, 
Ken Patterson, 951-679-3483, ken@nrgadvocates.com 

· Energy Industries based in Hawaii, www.energy-industries.com, Jay Filer, 509-
462-5483 x 303, jay.filer@energy-industries.com. 

ESCOs are an option, but it is strongly advised to compare their prices, fi-
nancing, etc. with lighting retrofitters, because ESCOs typically subcon-
tract lighting and other work. 

If funding is limited, simply converting to T10/T12 to T8 retrofits and 
maybe HID to T8 hibays could be done first. However, attempting to do 
T8 to better T8 retrofits by themselves later may not provide a sufficient 
financial return. 

3.5 New construction and remodels 

First of all, it would be good to know the T8 Kelvin and grade of lighting 
that will be installed. 

http://www.nrgadvocates.com/�
mailto:ken@nrgadvocates.com�
http://www.energy-industries.com/�
mailto:jay.filer@energy-industries.com�
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The band and education buildings are currently under construction; the 
lighting specifications are therefore “locked in.” After these buildings are 
completed, the Garrison could cost effectively retrofit at least several fix-
ture types, including hibays and 1x4 troffers with two and three F32T8s. If 
exit signs are not LED, they could be retrofitted or replaced with LED. 

The middle school is planned to be remodeled this summer. If lighting 
specs are also locked in, many fixtures could also be cost effectively retro-
fitted or replaced right after completion. 

It is recommended that future new construction and remodel projects will 
have more efficient 1x4 troffers with typically one premium grade F32T8 
and extra efficient ballast, no dimming ballasts, no MH hibays, no exterior 
HID fixtures, etc. 

3.6 Big picture energy efficient lighting opportunities 

Although these are not included in accompanying Microsoft® Excel® audit 
file, the technologies described in the following sections could be very cost 
effective for new construction, remodels, and retrofits. Specific listed 
manufacturers and models meet minimum performance levels. 

3.7 Exterior lights 

Even without rebates, it may be cost effective to replace existing MH, HPS 
and mercury vapor fixtures with LED fixtures if maintenance savings are 
included, because LED fixtures have long lifetimes, at least 50,000 hrs and 
probably over 100,000 hrs, while maintaining 70 percent of initial lumens: 

50,000 hrs / 4000 hrs/yr = 12.5 years 
100,000 hrs / 4000 hrs/yr = 25 years. 

Good LED fixtures are full cut-off and can aim light in far corners of each 
area, without providing excessive light directly underneath fixtures. Good 
LED fixtures can reduce maximum wattage by about 50 percent. Good 
LED fixtures can have optional wet location occupancy sensors, so it can 
be bright when there is personal or vehicle movement, and low level when 
the area is unoccupied, which may save an additional 50 percent kWh. 
Sensors could be considered in parking lots and storage areas, but not on 
roads. 
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Additional Information on LED lighting can be found in a search using key 
words “DOE SSL.” A gateway demonstration report is on bi-level LED fix-
tures at a Raley’s supermarket, which shows very good performance and 
cost effectiveness with the Beta Lighting LED fixtures. This website also 
has reports on street lighting. 

Although there are a number of exterior LED fixture manufacturers, many 
are not very good. In looking for other manufacturers, it is suggested that 
attention be paid to the optical and thermal performance and have been 
LM70 and LM80 tested by a U.S. Department of Energy (DOE) certified 
lab. Two such manufacturers are Beta Lighting (www.betaled.com) and Leotek, 
(www.leotek.com). 

Since LED fixture pricing is falling about 25 percent/yr and lumens per 
Watt are increasing at about the same rate, the garrison could consider 
waiting a few years before replacing existing HID fixtures with LED fix-
tures. 

LED pole fixtures are especially good in new construction, because they 
could obviate the cost of typical HID fixtures. Also, fewer LED pole fix-
tures are typically required than HID fixtures, which lowers total initial 
cost. 

There are also good LED wall floods, wall packs, bollards, etc. 

There may be very good Japanese exterior LED fixtures, but they should 
be tested using LM79 and LM80 procedures by independent labs, certified 
by the DOE. Then those results could be compared to Beta Lighting’s and 
Leotek’s lab results. 

For exterior lighting, a rate less than $0.135 kWh should be used. 

http://www.betaled.com/�
http://www.leotek.com/�
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3.7.1 Skylights 

Skylights in new construction and existing 
buildings can be very cost effective in ware-
houses, hangars and vehicle repair garages 
and top floors of office buildings. Many of the 
new generation of skylights have multiple 
layers of plastic and air spaces, so they do not 
increase net heating and air-conditioning 
loads. Although there are numerous manu-
facturers, Solatube may be the most ad-
vanced. www.solatube.com (Figure 17). 

3.7.2 Task ambient lighting 

“Ambient lighting” refers to lighting from re-
cessed ceiling or pendant-hung fixtures that 
provides relatively low footcandles, which is 
sufficient for walking around, making copies, and doing computer work. 
For typical offices, 15–20 footcandles is the target for ambient lighting. 

Task lighting provides extra light in modular offices and private offices 
when people are doing paperwork or other tasks that require more light. 
For example, a 6W LED desk-mount task light provides almost 50 foot-
candles directly underneath the lamp with no other electric light and no 
daylight. The Illuminating Engineering Society of North America (IESNA) 
recommends 30–50 footcandles, which can be achieved by a combination 
of task and ambient lights. 

One big reason that task ambient lighting is so much more efficient than 
ambient lighting alone is that footcandles are reduced exponentially as dis-
tance increases. It is much easier to get 50 footcandles on a desk from a 
task light 1.5 to 2.0 ft above the task than from a ceiling fixture that is 5 ft 
or higher above the desk. 

Task ambient lighting is typically the most cost effective solution for: 

· low power densities 
· good lighting 
· good control flexibility. 

 

Figure 17.   Solatube skylight. 

http://www.solatube.com/�
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Figure 18 shows some award winning Finelite LED task lights, which can 
be controlled by occupancy sensors. www.finelite.com 

3.7.3 LED recessed cans and kits 

The “2007 Lighting for Tomorrow Grand Prize” winner was the LR6, 
which can typically outperform low wattage Compact Fluorescent Lamp 
(CFL) and incandescent recessed cans (Figure 19). This kit is currently on-
ly available for 120V. Pricing has been coming down substantially since 
last year. Several distributors are selling this unit at $75 to $80. There is 
even a new model for 4-in. recessed cans available from CREE LED Light-
ing.* Although the LR6 is not currently included in the audit file recom-
mendations, it could be added, and could be considered for new construc-
tion. Note that several high performance LED recessed can fixtures should 
become available later this year. 

 

Figure 18.  Finelite LED task lights. 

                                                                 
* http://creelighting.com/index.aspx. 

http://www.finelite.com/�
http://creelighting.com/index.aspx�
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Figure 19.  LED recessed cans and kits. 

It is recommended that the Garrison buy only interior or exterior LED 
products (whether American, Japanese or other manufacture) that have 
been tested with LM79 (lumens per Watt out of the fixture at steady state 
temperature) and LM80 (rated life at expected temperature range main-
taining 70 percent of initial lumens) by a certified lab approved by the 
DOE. 

3.7.4 Incandescent light bulb 

Incandescent light bulb, e.g., those found in common areas of Bldg 550 
Lodging, could be replaced with CFLs or LEDs, saving up to 75 percent 
wattage and extending lamp life. This could easily be done in-house with-
out a contractor. 

3.7.5 Contracting notes 

It is recommended that, before contracting a lighting retrofit, the installa-
tion consider the following: 

· Bidding contractors should provide unit pricing, in case listing quanti-
ties are not exact. 

· Unit pricing should include all costs, including parts, tax, shipping, 
permit/license, insurance, labor, lamp recycling, other disposal, travel, 
per diem, etc. 

· All unused lamp holders shall be removed or made unusable to qualify 
for de-lamping rebates. 

· All work needs to be done, when not interfering with any activities 
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· When retrofitting existing fixtures, all reflective surfaces and lenses 
shall be wet cleaned. 

· When converting to 5000K T8, each room shall be completed by the 
end of the day. 

· The Fort may require proof of lamp recycling. 
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4 Kure Area ECMs 
4.1 HVAC #1K Add DOAS unit to Bldg 200 

4.1.1 Existing conditions 

There is problem controlling humidity inside the living quarters in the 
lodging building at Kure (Figure 20). The two-story building is located ad-
jacent to a ship harbor so the proximity to water results in high humidity 
year-round. The building is cooled using a chiller supplying chilled water 
to fan coil units in each room. The chiller is slightly undersized and has 
trouble keeping space temperatures comfortable in the summer. 

There are 30 rooms in 
this building used as liv-
ing quarters. All have 
bathroom exhausts, and 
12 rooms also have 
kitchens that require ad-
ditional exhaust air. 
There is no supply air-
handling unit that pro-
vides air to these ex-
haust systems. When the 
bathroom is being ex-
hausted, outside air is 
drawn into the fan coil units from an outside air opening. Twelve rooms 
have small kitchen areas with an exhaust fan; turning these fans on creates 
a greater demand for outdoor air. Such activities as taking showers, fixing 
coffee, and cooking also greatly add to the moisture level in the soldiers’ 
rooms. Moreover, the rooms are served by fan coil units inadequate to 
properly dehumidify the outside air. The cooling coils in these units are 
not deep enough to remove high amounts of water vapor from the air. 
Such small chillers are undersized for the building, and worsen the humid-
ity problem. Similar situations seen at other Army sites have resulted in 
mold growth and associated clean-up costs. 

 

Figure 20.  Bldg 200 at water’s edge. 
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4.1.2 Solution 

Install a dedicated outdoor air system (DOAS) and duct the cooled dry air 
throughout the building to each living area. The unit can be located on the 
building’s roof and air can be ducted above the ceilings of the central hall-
ways. This unit will provide dry air to pressurize the building and satisfy 
the building’s exhaust and will remove a significant cooling load from the 
existing chiller. The DOAS will have an estimated cooling capacity of 50 
tons (175 kW). This unit should deliver approximately 120 cubic feet per 
minute (CFM) into each soldiers’ living quarters that will be dehumidified 
to a dew point of 40 °F. This would be 15 °F lower than the design dew 
point of air leaving the fan coil units. This dryer air will reduce the mois-
ture levels in the rooms to more comfortable levels. An additional 130 
CFM for the kitchen exhaust will be supplied in the 12 rooms with kitchens 
for a total DOAS air flow of 5160 CFM. 

The DOAS unit will use air cooled by direct expansion (DX) refrigeration 
equipment. The unit will have an initial DX coil to drop the air tempera-
ture to approximately 55 °F. Additional cooling is accomplished by using 
another DX cooling coil and then a reheat coil will raise the 40 °F air to a 
more comfortable condition using the condenser heat from the compres-
sor serving one of the two DX cooling coils. Air from the DOAS should be 
ducted to each soldier’s room, which makes it easier to maintain the air 
flow balance in these spaces. 

With the addition of the DOAS unit, the existing fan coil units will be used 
to control the temperature of the soldier’s rooms. The removal of most of 
the moisture load from these units will increase their ability to control 
temperature. 

4.1.3 Savings 

The addition of the extra dehumidification provided by the DOAS unit will 
result in more comfortable conditions for the residents of this building. 
The very dry air will be able to absorb moisture given off by showering and 
cooking, greatly reducing the potential for mold growth in these living 
quarters and avoiding much of the mold clean-up costs that barracks expe-
rience today. Using the experience at Fort Stewart, GA on similar barracks, 
an annual savings of $10,000 will result. 
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Operating the DOAS will result in an additional electrical energy use of 
102,900 kWh at a cost of $14,700. The system will then have a increased 
operating cost of $4700/yr: 

Cooling Energy Use = 50 tons x 1 kW/ton x 1182 EFLH/yr = 59,100 kWh/yr 
Unit Fan Use = 5 kW x 8760 hrs/yr = 43,800 kWh/yr 
Total electrical use = 102,900 kWh/yr 
Electrical cost = 102,900 kWh/yr x 13.75 yen/kWh = 1,415,000 yen/yr or $14,700/yr. 

4.1.4 Investment 

The estimated cost of installing a DOAS unit to provide 40 °F dew point 
dry air to this building is $121,000. This cost includes placing a DX cooling 
coil followed by a warm condensing coil to reheat the air. The cost of the 
duct distribution system that will deliver conditioned air to each room is 
$82,000 for a total system cost of $203,000. These costs are based on cost 
information contained in RS Means estimating guide and experience with 
a similar installation at Fort Stewart, GA. 

4.1.5 Payback 

Since the operating cost is greater than any projected savings, there is no 
project payback. There will be a considerable improvement of the quality 
of life to the soldier’s living spaces. It also should increase the time periods 
between major building renovations; the cost for these renovations is not 
included in the analysis. 

4.2 HVAC #2K Demilitarization system heat recovery 

4.2.1 Existing conditions 

The Army’s Kawakami site has an APE 1236 M2 incinerator that is used to 
destroy munitions (Figure 21). This unit is not one of the larger ones; max-
imum size of the ammunition shell it can handle is 20 mm. The process 
works as follows. Ammunition scheduled for destruction is placed on a 
conveyor belt that takes it to a rotating steel drum about 30 ft long. A 
burner located at the opposite end of the drum heats the interior of the 
drum to over 1200 °F. As the ammunition moves through the drum toward 
the burner end, it explodes and burns. 
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Figure 21.  Demilitarization system incinerator with feed end to left and the dust collector on 
the right 

By the time the burnt shells reach the end of the drum, the remaining ash 
and melted metal parts are dumped onto a conveyor that delivers them to 
large drums. Later, the contents of the drum are sorted, and melted metal 
components are removed from the ash for recycling. The heated air that 
moves through the rotating drum is captured at the feed end of the drum 
and ducted to an incinerator. Here the gas stream is heated to approx-
imately 1600 °F to destroy any harmful products. Downstream from the 
incinerator, a dust collector removes particulates created by the process. 
After the dust collector, the system fan and a stack release the gas stream 
into the atmosphere. 

Since the dust collector has a maximum high temperature lower than the 
temperature in the incinerator, a long length of uninsulated duct before 
the dust collector is used to reduce the temperature by ~400 °F. When this 
process was observed, the air leaving the incinerator was 1596 °F; the air 
entering the dust collector was 1005 °F; and the air leaving the dust collec-
tor was 667 °F. The gas temperature in the stack was approximately 
600 °F. 
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This operation uses fuel oil in the burners to maintain the hot tempera-
tures. These hot gases contain a large quantity of energy that could be re-
covered, that could reduce fuel oil use. The operation in the rotating drum 
is set up for the specific munitions being destroyed where temperature and 
time of travel are both important to the destruction activity. This part of 
the process should not be interrupted with a heat recovery subsystem. 
There is a potential to recover heat after the incinerator, but placing such a 
unit in the gas stream would change the flow characteristics of the exhaust 
gases affecting flow of heat in the rotating drum. This may pose additional 
risks as to the complete destruction of the munitions. A safer location for 
heat removal is at the stack downstream of the dust collector, where the 
gas stream should be fairly clean, reducing the potential to clog the heat 
exchanger. The process could reuse this heat by preheating the air used for 
combustion in the after burner of the incinerator. Here again, the injection 
of heat is downstream from the operation destroying the munitions. 

4.2.2 Solution 

Place a heat recovery heat exchanger in the systems exhaust stack (Figure 
22). There is 2750 SCFM (standard cubic feet per minute) at a tempera-
ture of approximately 605 °F being released to the atmosphere at this 
point. Air would be preheated to approximately 330 °F before it is used in 
the after burner. The suggested heat recovery device is a metal plate type 
heat exchanger, which is placed in the stack air stream. Stainless steel 
ductwork will connect the outlet of the heat exchanger to the intake of the 
combustion air blower. 

4.2.3 Savings 

The estimated combustion air flow to the after burner is 250 scfm. The 
heat exchanger will raise the temperature of this air to 330 °F. The energy 
in the exhaust air stream that will be recovered is 111 million Btu/yr or 796 
gal/yr of fuel oil for an annual savings of $2245: 

Energy savings = 1.08 x 250 scfm x (330 °F – 55 °F) x 6 hrs/day x 250 days/yr  
= 111 million Btu/yr 

Gallons of oil = 111 million Btu/yr/140,000 Btu/gal = 796 gal/yr 
Energy cost savings = 796 gal/yr x $2.82/gal = $2245/yr 
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Figure 22.  Proposed heat recovery system showing existing equipment on 
left and the new heat recovery unit and duct to incinerator burner on right. 

4.2.4 Investment 

Based on cost information contained in RS Means estimating guide, the 
estimated cost of the heat exchanger and associated ductwork is $13,000. 

4.2.5 Payback 

The resulting payback for the total project is 5.8 years. 

4.3 HVAC #3K  Renovation building heat recovery system, 
Kawakami – Bldg 2677 

4.3.1 Existing conditions 

Bldg 2677 is used to clean up and/or repackage munitions that are still 
within their useful life, but have slightly deteriorated during storage. One 
of the operations is adding new paint to the outside of the shells. This 
process creates fumes that are exhausted and there is a need to supply 
heated air to the area where painting is occurring. Two air-handling units 
located on the side of Bldg 2677 each provide 6820 CFM (17,580 cubic me-
ters/hr) of air to the painting operation. There are four painting operation 
exhausts from this same area (Figure 23). 
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Figure 23.  Bldg 2677 showing exhaust stacks and two supply air units placed 
on side of building. 

Each exhaust removes an assumed 3500 CFM at a reported temperature of 
82 °F (28 °C). These four exhaust stacks are very close to the two heating 
and ventilating units; the heat in the exhaust could be recovered to heat 
the supply air. 

4.3.2 Solution 

Place heating coils in the four exhaust stacks and transfer the recovered 
heat to coils placed in the two heating and ventilating units (Figure 24). 
Two such systems are proposed, one for each supply air unit. 

 

Figure 24.  Layout of proposed heat recovery system. 
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4.3.3 Savings 

It is estimated that half the energy found in the exhaust air can be trans-
ferred to the supply air units. The equipment operates 8.75 hrs per day 5 
days/wk. With a 30-week heating season, this equals 1313 hrs/yr. The es-
timated savings of the recovered energy is $7730/yr. The new pumps will 
use electrical energy and the addition of coils in the duct systems will in-
crease the fan electrical use. The total estimated increase in electrical use 
is 1160 kWh. The net energy cost savings is $7560/yr: 

Energy recovered = 1.08 x 2 x 6820 CFM x 0.5 (75 °F – 50 °F) 8.75 hrs/day  
x 150 days/yr = 242 million Btu/yr 

Energy Saved = 242 million Btu/yr/0.63 = 384 million Btu/yr 
Gal fuel oil = 384 million Btu/yr/140,000 Btu/gal = 2740 gal/yr 
Fuel oil Energy cost savings = 2740 gal/yr x $2.82/gal = $7730/yr 
Additional electrical use = 653 kWh/yr (pump) + 507 kWh/yr (fan) = 1160 kWh/yr 
Additional Electrical cost = 1160 kWh/yr x 13.75 yen/kWh = 15,950 yen/yr or $170/yr 
Total cost savings = $7,560/yr 

4.3.4 Investment 

The estimated cost of installing heat recovery coils, the interconnecting 
piping to transfer the hot water from the exhaust to the supply units and 
the pumps is $76,000. These costs are based on cost information con-
tained in RS Means estimating guide. 

4.3.5 Payback 

The resulting payback for the total project is 10.1 years. 

4.4 HVAC #4K Install radiant heating in shop areas – Akizuki Bldg 
440, Hiro Bldg 1227 & Kawakami Bldg 2705 

4.4.1 Existing conditions 

There is insignificant heating for the occupants in the shop areas of the 
buildings at Hiro, Akizuki, and Kawakami. The Hiro shop area of Bldg 
1227 is about 1000 sq ft with no heat available. Large vehicles are repaired 
in this area. The Akizuki shop area of Bldg 440 has two maintenance bays 
that use electric resistance heaters (Figure 25). 
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Figure 25.  Bldg 440 At Akizuki with high bay maintenance area. 

One was operating on a day when it was 55 °F outdoors. At the Kawakami 
maintenance area in Bldg 2705, heating (Figure 26) is provided by hot wa-
ter unit heaters located near the ceiling (Figure 27). All the shop areas are 
approximately 20 ft high. These spaces have two or four large (12 x 14-in. 
or bigger) roll-up truck doors that open to the outside. Since it is difficult 
to seal tightly around these doors, these spaces get cold in the winter due 
to the infiltration of outside air. In two of the maintenance spaces, there 
are roll-up doors on opposite side of the building, which makes it more dif-
ficult to control the infiltration of outdoor air. The inadequate heating sys-
tems in these spaces make it more difficult for the occupants to perform 
their tasks; their productivity suffers. It is estimated that a 5 percent im-
provement of productivity will occur with an improved heating of the 
maintenance spaces. 

4.4.2 Solution 

Replace the existing heating systems with a radiant heating system that is 
located near the ceiling of these areas. Two of the maintenance areas have 
skylights so the radiant heating panel would need to avoid these ceiling 
locations. At the Hiro shop, heat is available from the hot water boiler in 
the local heating plant so a propane-fired radiant heating system is pro-
posed. 
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Figure 26.  Bldg 2705 at Kawakami with maintenance area in high bay section. 

In this unit, heated air passes 
down a steel tube, which is lo-
cated in the ceiling space. At the 
end of the tube, the hot gases are 
exhausted outside. The hot tube is 
designed to radiate heat down to 
the workspace. A hot water ra-
diant heating system is proposed 
for both the Akizuki and Kawa-
kami shop areas. Radiant panels 
will be placed in the ceiling spaces 
and heat will be directed down-
wards making the workers below 
more comfortable. 

4.4.3 Savings 

Since these areas are quite cold in 
the winter, there is an assumed 
loss of productivity of 5 percent 
over the 3-month winter period. 
Assuming that two maintenance men work in these shop areas, this prod-

 

Figure 27.  Bldg 2705 maintenance area 
interior showing unit heaters and skylights. 
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uctivity loss equals $1080/yr. The Hiro facility has limited use, so the es-
timated productivity loss is discounted to one-fourth that of the other 
buildings ($270/yr). There would also be a heating energy savings of 
~20 percent of the current annual use of an estimated 50,000 Btu per sq ft 
building area: 

Winter time loss in productivity = 4000 yen/hr x 5 percent x 8 hrs/day x 65 days/yr = 
104,000 yen/yr or $1083/yr 

Heating savings = 
Akizuki Bldg 440 = 1786 sq ft x 50,000 Btu/sq ft x 20% = 17.9 million Btu/yr 
Gal fuel oil = 17.9 million Btu/yr/140,000 Btu/gal = 128 gal/yr 
Fuel oil Energy cost savings = 128 gal/yr x $2.82/gal = $360/yr 
Kawakami Bldg 2705 = 1512 sq ft x 50,000 Btu/sq ft x 20% = 15.1 million Btu/yr 
Gal fuel oil = 15.1million Btu/yr/140,000 Btu/gal = 108 gal/yr 
Fuel oil Energy cost savings = 108 gal/yr x $2.82/gal = $300/yr. 

There was no heating system in Bldg 1227 at Hiro. The addition of heat 
would have an estimated annual energy use of 50 million Btu/yr. This 
equals to 549 gal of propane, which, at a cost of $2.50, would equal ap-
proximately $1400/yr for heating this area: 

The total estimated savings for Bldg 440 at Akizuki is $1,443/yr. 
The total estimated savings for Bldg 2705 at Kawakami is $1,383/yr. 
The total estimated savings for Bldg 1227 at Hiro is -$1,130/yr. 
The total estimated savings for the three building areas is $1,656/yr. 

4.4.4 Investment 

Based on a cost of $120 per sq ft for the radiant heating panels, the cost for 
Bldg 440 at Akizuki is $39,000 and for Bldg 2705 at Kawakami is 
$33,000. The cost for a gas-fired heating radiant system is $10,700 for 
Bldg 1227 at Hiro. The estimated cost for the radiant heating systems for 
the three building areas is $82,700. 

The subject costs include the radiant heating panels, piping supports, and 
controls. Costing information was obtained from RS Means estimating 
guide and experience on past radiant system cost. 
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4.4.5 Payback 

The resulting payback for the total project is 26 years. The payback for 
each building is: 

· Bldg 440 at Akizuki = 27 years 
· Bldg 2705 at Kawakami = 24 years 
· Bldg 1227 at Hiro does not have a savings. 

4.5 HVAC #5K Bunker humidity control 

4.5.1 Existing conditions 

Kawakami has a number of concrete underground bunkers that are used to 
store munitions (Figure 28). The bunkers have concrete floors, walls, and 
roof. Even the roof is covered by several feet of dirt. There is no heating or 
other means of humidity control of the space inside the bunker. A slight 
amount of ventilation occurs in the bunker by air entering two 6- x 24-in. 
openings adjacent to the door and air leaves the bunker through an open-
ing approximately 12-in. in diameter high in the opposite wall (Figures 29 
and 30. Moisture can migrate into the bunker through the concrete floor 
and walls and by the ventilation air. 

 

Figure 28.  Ammunition storage bunkers. 
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Figure 29.  Bunker entrance in background 
and ventilation air stack located at rear of 

bunker in foreground. 

Figure 30.  View inside bunker showing 
ventilation grille in upper rear wall. 

High moisture levels in the bunker cause corrosion of the metals used to 
contain the munitions. Over time, this makes the munitions unusable. 
Highly corroded munitions are repackaged in a nearby facility. A solution 
needs to be found to better control the moisture levels in the bunkers. 

4.5.2 Solution 

There are two methods being considered from improved humidity control. 
The first method uses Electro-Osmotic Pulse (EOP) technology, which ap-
plies electric pulses to reverse moisture migration through concrete struc-
tures such as the walls and floor. The second method is to use a heated air 
stream flowing into the bunker to absorb any moisture that has entered. 

These methods will be tested in four bunkers to determine their effective-
ness. The first bunker will be outfitted with the EOP technology system. 
The second system will be placed in the second bunker. In the third bunk-
er, both systems will be placed. In a fourth bunker, there will be no new 
systems, and measurements from this bunker will represent the moisture 
levels of the base case (where nothing is done). 

To properly record the results of this investigation, the following should be 
measured: 

· temperature and moisture level in the air in three locations, dry bulb 
and dew point 

· temperature and moisture level at the surface of the concrete floor and 
walls, dry bulb, and dew point 
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· air movement through the bunker, CFM 
· humidity of entering air, dew point 
· temperature of entering air 
· amount of rain/snow that has occurred. 

To control the heating system the following is required: 

· measurement of the temperature and humidity levels in the bunker air 
and on the concrete surfaces of the floor and walls 

· outside air temperature 
· heating energy used. 

4.5.3 Savings 

The savings would be the avoided cost of rehabilitation the munitions. 

4.5.4 Investment 

The required investment will depend on the system chosen after the test 
(Table 4). 

4.5.5 Payback 

Due to inadequate information a simple payback cannot be calculated. 
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Table 4.  Summary of Kure Area ECMs. 

ECM # ECM Description 

Electricity Savings Thermal 
Labor & Other 

($/yr) 

Total savings: 
electrical use, 
elec demand, 
thermal, and 

maint 
($/yr) 

Investment 
($) 

Simple 
Payback 

(yrs) KWh/yr $/yr MMBtu/yr $/yr 

HVAC #1K ADD DOAS Unit to Housing Unit, Bldg 200 -102,900 -$14,700 0 $0 $10,000 -$4,700 $203,000 -43.2 

HVAC #2K Demilitarization System Heat Recovery 0 $0 111 $2,245 $0 $2,245 $13,000 5.8 

HVAC #3K Renovation Building Heat Recovery System, 
Building Kawakami – Bldg 2677 

-1,160 -$170 384 $7,730 $0 $7,560 $76,000 10.1 

HVAC #4K Install Radiant Heating in Shop Areas -, 
Akizuki Bldg 440, Hiro Bldg 1227 & Kawa-
kami Bldg 2705 

0 $0 -22 -$740 $2,436 $1,696 $82,700 48.8 

HVAC #5K Bunker Humidity Control         

Totals   -1,160 -170 473 9,235 2,436 11,501 171,700 14.9 
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5 Sagami General Depot ECMs 
5.1 Central energy plants 

The Sagami General Depot (SGD) has two central energy plants (labeled 
BP in Figure 31), CEP 154-7 & CEP 174-1. Figure 31 shows their locations. 

Although not currently available, natural gas is currently under considera-
tion and may become available in the upcoming years. In some of the 
nearby cities, natural gas is already available thru Tokyo Gas Company. 

Fuel Oil is the only current source of fuel available to SGD. From 2006 to 
2008, the data for total fuel oil consumption and total fuel cost for SGD 
(BP154 and BP174) were gathered and summarized (Figure 32). 

 

Figure 31.  Land use map. 
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Figure 32.  SGD annual fuel consumption and cost. 

Even though the fuel consumption from 2006 is 2008 is steadily decreas-
ing, the rising fuel oil prices increased the fuel cost by about 40 percent. 
Between January 2008 and December 2008, CEP 174-1 consumed 
650,222 gal of FJ-1 fuel oil and BP154 used 80,427 gal. At an average cost 
of about $3.43 per gallon, the total annual fuel oil cost for both plants was 
$2,464,930. 

There is a 100,000 gal FJ1 aboveground storage tank (AST) next to CEP 
174-1 and 2 x 13,000 gal ASTs nest to CEP 154-7. 

Electricity for SGD is supplied by two transformer substations, where it is 
metered and supplied by Tokyo Electric Power Co. Inc. Figure 33 shows 
the monthly electrical demand in kW and monthly consumption in MWh. 
The 2007 total consumption was 10,627 MWh, for a total price of 
$155,229, which comes to 14.61 ¢/kWh. 

The often seen summer peak in electrical demand at SGD does not show in 
the 2008 demand shown in Figure 33. A reason for this may be the large 
warehouse facilities, in which only the smaller office portions are air-
conditioned. Air-conditioned demand does not appear to be as much of a 
dominate factor as in other facilities. 



ERDC/CERL TR-10-20 48 

 

 

Figure 33.  SGD electrical demand and consumption (total). 

5.2 ECM CEP #1SD Convert the steam boiler to hot water with 
partial replacement of the distribution system CEP 174 

5.2.1 Generation 

The central boiler plant in Bldg. 174-1 (Figure 34) supplies steam for space 
heating and domestic hot water generation for about 150 buildings in SGD. 

CEP174 consists of two fire-tube boilers, one a 564-hp unit (built in 1990) 
with an output of 19,200lb/hr steam, and the other a 282-hp unit (built in 
1991) with an output of 9600lb/hr steam. The system currently has a con-
densate tank and a deaerator tank. Facility personnel and boiler logs indi-
cate that the system returns about 80 percent of its condensate. The con-
densate enters the condensate tank at about 180 °F. The condensate tanks 
are vented and set to atmospheric pressure. 
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Figure 34.  CEP174. 

Make up city water at 50 °F enters a steam-injected water softener, where 
the water is heated up to 70 °F. The water from the softener enters the 
condensate tank along with the condensate return from the various plants. 
The condensate from the plants enters the condensate tank at 130 °F 
where it mixes with the made up city water of 70 °F. Water exits the con-
densate tank at 120 °F, where it is then pumped through a filter and into 
the deaerator tank. The deaerator has an 8-psig-steam injection system. 
The deaerator tank is not pressurized, but still contains some level of pres-
sure at the feed water outlet. Water exits the deaerator at 125 °F due to the 
preheating effects of the steam injection. The boilers are estimated to blow 
down 2 percent of the feed water rate. 

The boiler logs provided data for both BP154 and BP174 daily, including 
weekends. This data included average steam pressure, steam production of 
each boiler, total fuel consumption, average outside temperature, feed wa-
ter information, flue gas temperature, and boiler efficiency. 

Table 5 lists the operational schedule of all four boilers. These boilers do 
not operate continuously, but are alternately or intermittently fired up de-
pending on the time of day and day of the week. This industrial boiler size 
require 24/7 day a week attendants. This may require at least two person-
nel in a boiler plant if it is considered a hazardous materials space. A staff 
of four to eight operating personnel may be needed just to meet the atten-
dance and safety regulations. 
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The boilers are at least 30 years old and are nearing performance limits. 
The older, less reliable boilers have higher maintenance costs and in-
creased potential for failure, increasing the need to consider either re-
placement of a new boiler or modernization of the existing unit. The heat-
ing plant has about six employees that, in total, work 24 hrs/day, 7 
days/wk. All the employees are trained and licensed to operate steam boi-
ler facilities. 

5.2.2 Distribution 

CEP 174 supplies about 150 buildings of SGD through three major steam 
distribution lines with a total length of approximately 36,000 ft 
(11,000 m). Figure 35 shows a breakdown of the diameter, length, loca-
tion, and type of piping. 

Table 5.  Operational schedule for all boilers. 

Operational time/day 
Number of 

Boilers Boiler 
Average Steam 

Production 

Winter weekday during working 
hours 0600.–1700. 

2 1 and/or 2 300,000 lb/day 

Winter: weekend and after work-
ing hours 1700 – 1800 

1 3 or 4 170,000 lb/day 

Summer weekday during working 
hours 0800–1700. 

1 3 or 4 110,000 lb/day 

Summer weekend and after work-
ing hours 1700–0800. 

1 3 or 4 100,000 lb/day 

 

Figure 35.  Distribution lines for CEP 174. 
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5.2.3 Steam distribution line A 

Steam Line A leaves the boiler plant to the north, supplies mainly big 
Warehouses in the northeastern part of SGD. It is about 7550 ft (2300 m) 
long. The steam pipe leaves the boiler plant through an 8-in. supply line 
and returns via a 4-in. condensate pipe. 

5.2.4 Steam distribution line B 

Steam Line B leaves the boiler plant to the south and southwest, supplying 
buildings in the southeastern part of SGD. It is about 7800 ft (2380 m) 
long. The steam pipe leaves the boiler plant through a 6-in. supply line and 
returns via a 3-in. condensate return pipe. 

5.2.5 Steam distribution line C 

Steam Line C, is the largest line, it leaves the boiler plant to the west, sup-
plies most buildings in the middle and western part of SGD. It is about 
13,900 ft (4230 m) long. The steam pipe leaves the boiler plant through an 
8-in. supply line and returns via a 4-in. condensate pipe. 

The aboveground lines exiting CEP174 seemed to be in good shape, with-
out taking into account the internal condition of the piping, but the major-
ity of the steam distribution lines are directly buried and only accessible 
through the condensation pump pits in small areas. 

Visual manhole inspections were performed and the drains were generally 
found to be dry. However, steaming condensation pump pit vents were 
common throughout all of SGD. 

The reason for the steaming drains is most likely due to failing steam 
traps. Steam traps are automatic valves that release condensed steam from 
a steam pipe and are supposed to prevent the loss of live steam. They also 
remove non-condensable gases from the steam space. 

The most common causes of trap failure are oversizing and dirt. Most 
traps fail in the open mode. Oversizing causes traps to work too hard. In 
some cases this can result in blowing off live steam. When the steam trap 
is oversized, it may waste significant quantities of steam. The valve seat of 
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a steam trap is subjected to erosion and corrosion. When the seat is dam-
aged, the valve will not seat completely and the trap may leak live steam. 

The temperatures inside the inspected manholes were up to 47.8 °C 
(118 °F) (Figure 36), which is (at least partly) caused by the non-insulated 
condensate return tanks (Figure 37). The outside of the condensate tank 
lid was directly measured to be 98 °C (208 °F) (Figure 37). 

5.2.6 Problems 

The general problem at SGD is that the steam distribution system has high 
losses from CEP 174. Also, the use of steam generation for providing ener-
gy is not as efficient as a hot water boiler would be in this case. 

 

Figure 36.  Photo of temperature inside manholes. 

 

Figure 37.  Photo of non-insulated condensate tanks. 
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Figure 38 shows the most recent data from the boiler logs, which include 
the daily fuel consumption for CEP 174 during the end of summer of 2008. 

The circled portions of the chart in Figure 38 represent periods of low fuel 
consumption on days corresponding to weekends. If the daily fuel con-
sumption for the Summer and Winter seasons are plotted together with a 
wider range of daily fuel oil consumed, the weekend effect is even more 
pronounced for the winter half of the year (Figure 39). 

Table 6 lists the daily average fuel consumption for CEP 174 categorized by 
season and weekend or weekday. The total line loss for CEP 174 is 
670,150/yr. For the summers of 2006 and 2008, the outside temperature 
was matched to the fuel consumption data on the daily basis. Figure 40 
shows XY plots developed to identify the correlation between the outdoor 
ambient temperature and the fuel consumption. 

 

Figure 38.  Summer 2008 daily fuel consumption. 
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Figure 39.  SGD fuel consumption summer and winter comparison. 

Table 6.  Categorized daily losses for CEP 174. 

 

Average Oil 
Consumption 
(gal/day) 

Boiler Losses 
82% Eff.  
(gal/day) 

Distribution 
Losses 
(gal/day) 

Distribution 
Losses 
(%) 

Building 
Demand 
(gal/day) 

No. of 
Days 

Yearly  
Total 

Summer Weekends 950 172 779 100 0 52 49,400 

Winter Weekends 1,250 225 1,025 100 0 52 65,00 

Summer Weekdays 1,075 194 779 88 103 130 139,750 

Winter Weekdays 3,200 576 1,025 39 1,599 130 416,000 

Totals      364 670,150 
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Figure 40.  Daily fuel consumption vs. average outside temperature. 

The data in Figure 40 also confirm the previous calculations for the base-
line weekend demand. The baseline of 950 gal/day and 1500 gal/day of 
fuel that are consumed on weekends in summer and winter respectively 
represent the amount of fuel used only to keep the steam lines pressurized 
because there is no space heating or cooling required on the weekends. 

Considering that the boilers are at an 85 percent efficiency, the amount of 
energy that is produced from the boilers would be an average of 1041 
gal/day based on 1225 gal/day of fuel oil consumed. This energy can be 
expressed in MMBtu is calculated as: 

1041 gal/day x 0.1387 MMBtu/gal = 144.4 MMBtu (or 42.3MWh)/day 

From the 3 years of data used to chart the above figure, the average daily 
fuel consumption for CEP174 is 1857 gal. 

Since fuel consumption can be correlated to SGD’s demand, it is useful to 
track this data since it is thoroughly documented and readily available. 
From the most recent data of daily fuel consumption in 2008 for CEP174 
(Figure 40) and its dependence on the outside temperature, the consump-
tion remains unchanged at temperatures above 68 °F. Since there is no oc-
cupancy on the weekend, there is no demand for heating or cooling. The 
only requirement for fuel would be to maintain steam pressure in the dis-
tribution system. Figure 41 shows the labor cost for both boiler plants. 
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Figure 41.  Labor cost. 

5.2.7 Condensate losses 

From October of 2005 through February 2009, the amount of steam pro-
duced from CEP174 totals 255,692,000 lb. Using 8.34-lb/gallon as the 
density of water, this is 30,658,513 gal of water. On a daily basis, this is 
approximately 25,548 gal using 1200 heating degree days (HDD). Over the 
same period of time, the total makeup feed water is 5,239,356 gal. On a 
daily basis, this is 4366 gal of makeup feed water (1.5 million gal/yr). This 
means that only 83 percent of the steam returns and 17 percent is lost 
condensate. Table 7 lists the annual costs for CEP 174. Figure 42 shows the 
operational costs (fuel & labor) in terms of $/MWh, as generated from the 
data in Table 7. 

Figure 43 shows a color coded distribution map of the entire SGD base.  
The existing steam lines were calculated under the conditions of a hot wa-
ter distribution. The color codes represent various levels of heat/pressure 
losses. 
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Table 7.  SGD annual cost summary. 

 

 

Figure 42.  Unit energy cost for SGD. 
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Figure 43.  Distribution map for SGD. 
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Figure 44.  Southwestern CEP 174 service area. 

In two areas of SGD, very long distribution lines are maintained and 
heated to service few or no buildings. It is worth further investigation to 
determine the future of those buildings since maintaining those distribu-
tion lines in service is costly. 

The first area is southwestern SGD. Bldgs 102 and 103 are currently vacant 
and appear not to have been used for some time. Bldg 104-6 is a small ad-
ministrative building with a recycling facility. It is the only building used 
on a daily basis during standard business hours. Bldg 112-S5 is a private 
organization that only gets used for a few hours a month. 

Figure 44 shows a map of the southwestern area serviced by CEP174. 

The heat losses associated with keeping the 2863 ft of piping to vacant 
Bldgs 104 and 112 and the chapel (shown in green in Figure 44) is calcu-
lated as: 

1. The theoretical demand from See Table A5 (in Appendix A to this report) 
for details. for these two buildings is 118 MMBtu/yr. 

2. The steam distribution line losses are equivalent to 779 gal of fuel oil per 
day (or 108 MMBtu/day using 138,700 Btu/gal) and 1025 gal per day in 
winter (142 MMBtu/day): 
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182 days x (779 + 1025) = 328,328 gal/yr (45,539 MMBtu/yr) 

3. The distribution system length is 36,000 ft. Energy losses per feet are cal-
culated as: 

328,328 gal/yr/36,000 ft = 9,12 gal/ft (1.26 MMBtu/ft year) 
9.12 gal/ft year x 2863 ft = 26,111 gal/yr (3,622 MMBtu) 

4. At a fuel price of $2.50/gal: 

$2.50/gal x 29,954 gal/yr = $65,276/yr line losses to supply space heating to all the 
buildings in the southwestern area.  

If Bldg 104 and 112 are independently heated, that section of the distribu-
tion system could be disconnected and these savings could be realized. 

Note that, during the site inspection, the Trap Pit next to Bldg 102-SI on 
steam line F was opened and the temperature of the steam line, which 
used to service the FHA Block’s 70s – 90s was measured at 190 °F. This 
distribution line is about 3800 ft long. If the valves are not closed proper-
ly, it could cause considerable losses. 

The second area is at the northeastern part of SGD near the intersection of 
7th street and H Avenue. Steam distribution lines of CEP 174 provide year 
round heat to four big warehouses that store military equipment with no 
heating requirements. There is no office or administrative areas within 
those buildings and no personnel working inside any of those warehouses. 
According to base personnel, the buildings have not been heated for at 
least 4 years. Therefore, further investigation is necessary to determine if 
providing service to these Bldgs 157-10, 177-1, 176-S4, 166-6, 167-1, and 
167-8 is worthwhile. Figure 45 shows the location of these warehouses. 

The losses from keeping the 3490 ft of buried piping to these warehouses 
(shaded green in Figure 45) constantly pressurized with steam are calcu-
lated as: 

9.12 gal/ft year x 3490 ft = 331,829 gal/yr (46,025 MMBtu) 

At a fuel price of $2.50/gal, these yearly losses cost: 

$2.50 /gal x 31,829 gal/yr = $79,572/yr line losses 



ERDC/CERL TR-10-20 61 

 

 

Figure 45.  Northeastern area distribution map of SGD. 

This annual distribution loss should be considered if space heating will be 
required for any of these buildings or warehouses. This will continue to be 
completely wasted heat as long as there is zero demand. 

5.2.8 Solution 

Convert the steam boiler to high temperature hot water (HTHW) with par-
tial replacement of the distribution system. This solution involves com-
pletely changing the steam boiler to a hot water boiler with selective re-
placement of certain distribution lines and shutting off certain sections of 
the distribution. The conversion from a steam to hot water production will 
also substantially reduce the requirement for 24-hr staffing at the central 
boiler plant. After the steam boilers are eliminated, automatic controls can 
be installed to operate the boilers and chillers, and remote monitoring ca-
pability may be implemented. 

The new heating system design will circulate hot water to provide heating 
to all buildings at SGD. Hot water at a temperature of approximately 170-
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200 °F is pumped from the central boiler plant throughout the complex. 
Differential pressure sensors located in remote buildings send an electron-
ic signal back to the central control system, which controls the speed of the 
pumps supplying hot water. This reduces energy consumption during off-
peak periods. Hot water leaves the central plant at a temperature of ap-
proximately 200 °F. An automatic temperature control valve located in the 
central plant resets the supply temperature in relation to outside condi-
tions to a low of approximately 170 °F on warmer days. Since there is no 
occupancy on the weekends, it is recommended that this hot water system 
be shut down on weekends. For even further savings, it also might be poss-
ible to shut the system down completely during the summer months of 
June through August because of the lack of occupancy. 

In addition to changing the Steam Generation System for CEP 174 to 
HTHW generation, a complete instead of partial replacement of the distri-
bution system is also involved. 

5.2.9 Energy savings 

The losses are established based on the weekend fuel consumption since 
there is no demand on the weekend. According to Figure 38, the average 
daily fuel consumption during the summer on weekends is 950 gal of fuel 
oil. During the business week, the fuel consumption is averages 1075 gal of 
fuel oil/day. To calculate the percentage of losses during the week, the ra-
tio in demand weekend/demand week = 950/1075 = 88.4 percent. The 
losses during the weekend are 100 percent. The same weekly operational 
schedule continues year around. Figure 39 can be used to calculate the 
winter losses. The winter weekend consumption is 1750 gal/day and the 
consumption during the business week is 4000 gal/day. Therefore, the 
losses are the ratio of weekend consumption/weekday consumption = 
1750/4000 = 43.8 percent. 

By decreasing the supply temperature, the line losses in this proposed HW 
system can be significantly reduced. Using the current estimated constant 
supply temperature of about 312 °F (80 psi from steam table) and an am-
bient pipe surrounding temperature of 65 °F, the ΔT causing the heat 
losses is about 247 °F. In this system, the annual average line temperature 
is presumably about 200 °F, while the ambient pipe surrounding tempera-
ture is still 65 °F. Thus, the relevant ΔT is 135 °F. The ratio between the 
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relevant ΔT and the existing ΔT is about 54.7 percent. Thus, the new line 
losses will be 54.7  percent of the existing losses, which are at 88.4 percent 
for summer, and 43.8 percent for winter. So the predicted line loss would 
be only 48.4 percent in summer and 24.0 percent in winter. 

To calculate the energy savings by shutting down the system on the week-
ends, the following calculations were used: 

For summer, 
8 days/month x 6 months x 950 gal/day = 45,650 gal of fuel oil 

For winter, 
8 days/month x 6 months x 1250 gal/day = 60,000 gal of fuel oil 

Total fuel savings = 105,650 gal 

To estimate the amount of fuel needed to pre-heat the system on Monday 
mornings in preparation for the business week, it was estimated that the 
water in the system would cool down from 200 °F to 100 °F by Monday 
morning from being off all weekend. 

The distribution system was computerized and the volume of water that 
would be contained in it is known to be 32,497 gal. Expressed in terms of 
weight, this would be 271,024 lb. The amount of energy required can be 
calculated as: 

271,024 lb x 1 Btu/lb-°F x 100 °F = 27,102,400 Btu 
The amount of fuel = 27,102,400 Btu x 1 gal fuel/138,700 Btu  

= 195 gal needed to bring the distribution lines back up to 200 °F each week. 

For the total annual fuel savings, the fuel needed to heat the lines back up 
on Monday morning each week would need to be subtracted. Considering 
that the new hot water boiler efficiency would be 86 percent, the weekly 
Monday morning heat up would consume 227 gal of fuel. 

Annual fuel savings with weekend shut off = 105,650 – (227 gal/wk x 52 wks)  
= 93,846 gal 

Refer to Table 7 (p 57) to review the breakdown of fuel consumption for 
CEP 174 categorized by the type of day. 
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Table 8 lists a breakdown of the daily losses into its boiler and distribution 
components with the new hot water system being shut down on weekends. 

Total fuel savings are calculated as: 

Total Annual Fuel Savings = (670,150 gal – 341,561 gal) x $2.50 = $821,472 

In addition to the conversion to a hot water system, the remaining 
96.1 percent of the distribution system should be replaced. 

Using a design aid software program, an optimized District Heating (DH) 
system would further reduce line losses by using the new piping. This re-
duction has been calculated to be 15 percent summer and 8 percent in win-
ter. Thus, with a new piping system, line losses would be estimated to be: 

[49,652/(659,893-92,385)] = 8.8 percent of the total annual energy consumption.  

Typically two-thirds of the total annual line losses occur in the winter and 
one-third during the summer (Table 9). 

Table 8.  CEP 174 daily losses by type with weekend shut down. 

 

Average Oil 
Consumption 

(gal/day) 

Boiler Losses  
86% Efficiency 

(gal/day) 

Distribution 
Losses 

(gal/day) 

Distribution 
Losses 

(%) 
Building 
Demand 

No. 
of Days Yearly Total 

Summer Weekends 0 0 0 0% 0 52 — 

Winter Weekends 0 0 0 0% 0 52 — 

Summer Weekdays 231 32 96 48% 103 130 29,992 

Winter Weekdays 2,397 336 462 22% 1,599 130 311,569 

Totals      364 341,561 

Table 9.  Daily losses by type after complete replacement of distribution system. 

 

Average Oil 
Consumption 

(gal/day) 

Boiler Losses  
86% Efficiency 

(gal/day) 

Distribution 
Losses 

(gal/day) 

Distribution 
Losses 

(%) 
Building 
Demand 

No. 
of Days Yearly Total 

Summer Weekends 0 0 0 0% 0 52 — 

Winter Weekends 0 0 0 0% 0 52 — 

Summer Weekdays 132 19 11 10% 103 130 17,216 

Winter Weekdays 1,957 274 84 5% 1,599 130 254,431 

Totals      364 271,647 
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Reduced heating requirement due to not having to heat condensate losses 
are calculated as: 

(Condensate loss, gal/yr) (Water Density, lb/gal) x (Makeup Water Temperature Rise, °F) 
x (Fuel Cost, $/MMBtu) x (Heat Capacity of Water, Btu/lb-°F) /(Boiler Efficiency x 106 
Btu/MMBtu) = 1,550,000 x 8.37 x (180 – 55) x $18.02 x 1 /(0.80 x 106) = $36,404 

Total Annual Fuel Savings = $36,404 + [(670,150 gal – 271,647 gal) x $2.50] = 
$1,032,662 

5.2.10 Non-energy savings 

The water and sewage costs for the plant are $0.002 per gallon ($/gal), 
and the water treatment cost is $0.002/gal: 

(Condensate loss, gal/yr) x (Total Water Costs, $/gal) = 1,550,000 x $0.004 = $6,200 

The operational cost is expected to be $140,000/yr in labor with the pro-
posed new hot water boiler since a hot water boiler would not require su-
pervision or specially trained personnel. This will save about $160,000/yr 
from a current labor expense of about $300,000/yr: 

Total annual non-energy savings = $6,200 + $160,000 = $166,200 

5.2.11 Investment 

Table 10 lists a breakdown of the costs involved for a partial replacement 
of the distribution piping. 

Table 11 lists the breakdown of costs for the replacement of the remaining 
distribution system. 

Table 10.  Costs for replacing 3.9% of the distribution piping. 

Pipe Diameter 
Length 
(ft) 

Unit Cost 
($/ft) Total Cost 

DN065 – U.S. 2.5 in. 59 142 $8,378 
DN080 – U.S. 3 in. 776 172 $133,472 
DN100 – U.S. 4 in. 645 209 $134,805 
 1,480  $276,655 

Table 11.  Costs for re-piping the remaining distribution for CEP 174. 

Pipe Diameter 
Length 
(ft) 

Unit Cost 
($/ft) Total Cost 

DN020 – U.S. 0.75 in. 88 110 $9,672 
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Pipe Diameter 
Length 
(ft) 

Unit Cost 
($/ft) Total Cost 

DN032 – U.S. 1.25 in. 565 113 $63,841 
DN032 – U.S. 1.5 in. 458 117 $53,587 
DN050 – U.S. 2. in 6,337 128 $811,087 
DN065 – U.S. 2.5 in 4,069 142 $577,830 
DN080 – U.S. 3 in 4,951 172 $851,648 
DN100 – U.S. 4 in 7,016 209 $1,466,291 
DN125 – U.S. 5 in 7,223 244 $1,762,436 
DN150 – U.S. 6 in 3,578 282 $1,009,020 
DN200 – U.S. 8 in 1,946 299 $581,716 
   $7,187,127 

There are 64 condensation pump pits throughout SGD. Retrofitting these 
pits to accommodate a hot water system will cost $14,300 for each pit, for 
a total investment of $915,200. Table 12 lists itemized investment costs for 
replacement of the distribution system along with a new hot water system 
including the above re-piping. 

Table 12.  Equipment and installation costs. 

Item Name 

Estimated Total 
Investment 
for partial  
replacement ($) 

Estimated Total  
Investment 
for 100%  
replacement ($) 

Sub stations 1,290,000 1,290,000 
Distribution modification 276,665 7,463,792 
Changes inside buildings 775,000 775,000 
Conversion of boilers 146,000 146,000 
Plant internal piping 85,000 85,000 
Distribution pumps 44,000 44,000 
Pressure maintenance 28,000 28,000 
Condensate Pump Pit retrofit 915,200  
Sub total 3,559,865 9,831,792 
Contingency (15%) 533,980 1,474,769 
Total 4,093,845 11,306,561 

5.2.12 Payback 

Payback for hot water conversion with partial replacement of distribution 
is calculated as: 

$4,093,845/($1,032,622 + $166,200) = 3.4 yrs 
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Payback for hot water conversion with total replacement of distribution is 
calculated as: 

$11,306,561/$1,627,518 = 9.4 yrs 

5.3 CEP #2SD CEP 154-7 

5.3.1 Technical description 

This plant is only operated for about 2400 hrs out of the year (27 percent). 
The majority of the steam is used to heat up water to wash clothing and 
other textiles. Some steam is used for clothing and linen pressing, and tex-
tile drying processes. The pressing and drying are direct steam-based 
processes. 

5.3.2 Generation 

The central steam generation plant in Bldg 154-7 solely supplies the laun-
dry facility in Bldg 154-4 with steam for space heating and laundry 
processes and domestic hot water. 

This plant consists of two 212HP boilers (built in 1993) each with an out-
put of 7200lb/hr steam at maximum operation steam pressure of 110 psi. 
One boiler is sufficient for the maximum demand of the laundry facility. 
The other boiler serves as a reserve and stand by. There are three, 11 m3 
(2905 gal) domestic hot water storage tanks in the boiler plant. Operating 
hours of the Boiler plant 154 are Mon.–Fri., 0800 to 1700. 

Daily boiler logs were available from October 2005 – February 2009. An 
average amount of 30,000 lb of steam per day is produced. The conden-
sate losses on a month to month basis are between 2 percent and 
22 percent, with a monthly average of 7 percent. The from time to time 
higher condensate loss is due to the process steam being partially used and 
vented in the laundry process. 

5.3.3 Distribution 

CEP-154-7 supplies steam and domestic hot water (DHW) to Bldg 154-4 
only, hence there are two lines, one for steam/condensate, and the other 
for DHW, each about 140 ft long. The distribution lines are partly above 
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ground and seemed to be in good working order as viewed from the out-
side. 

5.3.4 Economic Evaluation 

Steam generation might not be the most effective use of energy for provid-
ing DHW for CEP 154. However, these other types of direct applications 
are already in use and the entire plant has low fuel consumption. There-
fore, it has been determined that any plant conversion would be cost pro-
hibitive so no solution is being offered at this time. 

5.4 HVAC #6S  Improve HVAC controls and AHUs in Bldg 161-1 

Bldg 161-1 at Sagami General Depot is the DPW building, which contains 
various shops and offices. The building area has a floor area of 76,827 
sq ft. The building has the following noted problems /deficiencies: 

· Supply air temperature is far too hot, around 112 °F on a day with 52 °F 
outside. This makes the premises warm and comfortable (72 to 75 °F) 
although several large rollup doors are open to the outside. 

· The exhaust fan for the wood shop dust collector was running although 
the shop was unoccupied. This unit exhausts 9120 m3/hr (5400 cfm). 

· AHUs, or rather the so-called “HCs” (Heating coils, which heat 100 
 percent outside air [OA]) are believed to run 24/7. Total flow for these 
are around 15 m3/s (32,000 cfm). Exhaust systems are run to balance 
the building, i.e., to exhaust the equivalent flow. 

· The office AHUs totally supply 31,000 m3/hr, of which at least a mini-
mum is 7000 m3/hr of OA. 

5.4.1 Solution 

Re-commission the controls and the HVAC systems in this building. This 
should include: 

· Replacing the controls with direct digital controls (DDC). Most sensors 
can be used, but the DDC controllers enable the start of an Energy 
Management Control System (EMCS) system. 

· Changing the control modes to constant return air temperature. 
· Controlling, where applicable, the amount of outside air with respect to 

the human load, i.e., by installing CO2 sensors in the return air ducts of 
each air-handling unit (AHU). 
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· Reducing the number of hours of operation by installing timers set to 
match the building occupancy or, in the future, by using the functional-
ities of the EMCS system. 

· Replacing old static pressure control systems (inlet vanes, linkages 
connected to dampers) with VFDs (see other general ECM for specific 
details and savings). 

· Where applicable, installing door switches that turn AHUs OFF when 
doors are open. 

· Considering the connection of all exhaust flows in DPW Bldg 161-1 at 
Sagami General Depot to a central exhaust duct (or a couple of ducts) 
and install water-based heat recovery coils in the exhaust; use the heat 
to pre-heat the OA supply in the HCs. 

· Operating dust collector exhaust only when machines are operated. 

Many other buildings are likely in need of re-commissioning. It is recom-
mended that a re-commissioning survey be conducted. This survey should: 

· identify issues like those found here 
· estimate costs and savings of re-commissioning 
· identify the best funding source 
· develop a scope of work and appropriate project scoping, such as 1391 

for project implementation. 

5.4.2 Savings 

Savings related to the proposed measures at the DPW building (161-1) at 
Sagami General Depot can be calculated as for ECMs HVAC#10Z – HVAC 
#14Z. Reducing the operating hours from 168 hrs/wk to 60 hrs/wk will 
achieve these savings: 

Savings cooling: 200 MWh of electricity 
Savings fans: 135 MWh of electricity 
Savings heating: 3800 MMBtu 

Reducing the amount of outside air that needs heat to 50  percent of 
present (by installing heat exchangers for heat and cool recovery) and with 
60 hrs/wk of operation saves: 

56 MWh of electricity for cooling and 
1,090 MMBtu of heat 
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The value of the savings in Bldg 161-1 then is: 

(200 + 135 +56 MWh) * 130 $/MWh + (3,800 + 1090 MMBtu) /0.14 MMBtu/gal  
* $3.07/gal = $158,000/yr. 

Savings are higher in reality; energy wasted through the open rollup doors 
is not calculated here. 

5.4.3 Investment 

The investments related to Bldg 161-1 at Sagami General Depot are esti-
mated to be approximately $300,000, including: 

· Water-to-water heat exchangers (coils, pumps, controls, valves and 
pipes) for 10 units (AHUs and HCs) 

· timers for all HCs and AHUs 
· dust collector control installed with machine operation 
· door switches for all rollup doors. 

5.4.4 Payback 

The simple payback is then $300K/$158K/yr, or just under 2 years. 

5.5 HVAC #7S  Optimize de-humidification of medical warehouses at 
Sagami General Depot 

5.5.1 Existing conditions/problems 

The medical Warehouses at Sagami General Depot, Bldgs 106-1 and 116-3, 
each have several AHUs with de-humidification. The units are Munters 
units with desiccant wheels and steam for re-generation (i.e., remove the 
moisture from the desiccant wheel). The steam is provided from the cen-
tral steam plant at SGD. 

The setpoint for relative humidity is 50 percent. There are four large units 
in each warehouse, two with 8900 m3/hr air flow and two with 9100 
m3/hr. In the center of the respective building are some smaller rooms 
that also have a de-humidification unit for humidity control. This unit cir-
culates 4760 m3/hr. All units run 24/7, all year around. Figure 46 shows 
one of the units located above the ceiling in one of the bays. The small unit 
in each building is required since the humidity-controlled rooms contain 
medications. 
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Figure 46.  Dehumidification unit – Medical Warehouse. 

In each of the large bays (four bays per building) supplied by one of the 
larger units, the need for continuous de-humidification should be reconsi-
dered because: 

1. The bays contain metal containers, closed or open. No open storage of 
items that could possibly need humidity control were observed. 

2. In several bays the large rollup doors were open to the outside. This means 
that the de-humidifiers work to de-humidify outside air (Figure 47). 

The continuous operation of the eight de-humidification units represent a 
large waste of energy if there are no items in the bays that need de-
humidification and with the doors open. 

These insulated warehouses do not require the level of heating that was 
measured. Space temperatures in the bays varied between 65 °F and 76 °F. 
Warehouses should, if not otherwise specified, be kept at lower space tem-
peratures to save energy; also see recommendation for the Directorate 
Morale, Welfare, and Recreation (DMWR) warehouse ECM HVAC #16Z. 

It is suspected that humidity control requirements change frequently and 
that the constant humidity control is a result of not having an automated 
way of altering the control. Because of this, whichever solution is underta-
ken, a centralized monitoring and control system is recommended. 
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Figure 47.  Open door of humidity controlled warehouse. 

5.5.2 Solution 

Several solutions, depending on whether de-humidification is needed in 
the large bays, are: 

1. If de-humidification is not needed: Turn off the eight large Munters de-
humidification units. Operate them only to provide heat, to keep the ware-
house and its contents freeze protected, at 45 °F. Thus the units will only 
operate in winter and the steam can still be supplied from the CEP. 

2. If de-humidification is needed, for some reason: 
a. Define the humidity level that is required. Set the setpoint accordingly. 
b. Re-locate items that need de-humidification to one or as many bays 

that are required. 
c. Run the de-humidification units for those bays only. 
d. Install switches at the bay doors that turn the de-humidification OFF 

when the doors are open 
e. Turn off the other units, operate them only for freeze protection in win-

ter, not at all in summer 
3. For all de-humidification units (large and small) that are necessary to op-

erate for humidity control during the summer when the total efficiency of 
the CEP including distribution probably is below 30  percent, replace 
steam supply from the central plant with local electric steam generators. 
This will be one important cornerstone in the attempts to shut down the 
CEP during the summer months. 
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4. If there are concerns that these new electric steam generators will contri-
bute to a higher peak load, they can be installed with wireless load control 
receivers to be used for peak load shaving. 

5. Whatever solution is undertaken, it is recommended that some sort of cen-
tral monitoring and control of humidity be installed in the building or 
DPW. This would allow changing requirements to be met. For instance, if 
an area that previously required humidity control is used for storing mate-
rials not requiring it, the humidity control could be shut down or set back 
to a less demanding setpoint. 

It is recommended that this ECM be further developed in a Level 2 study 
at Sagami General Depot. 

5.5.3 Savings 

The savings calculation will be done for the following case (other cases 
might be revealed in a level 2 study): 

The present case is that all 10 de-humidifiers operate 24/7 all year around. 
The setpoint is 50  percent relative humidity (RH). Space temperatures are 
kept at an average of 70 °F. 

New case: Two large units and the two small units (one in each building) 
are operated. Setpoint for RH is 50  percent. Space temperatures in all 
bays are set to 45 °F. The four units that are in operation in this case oper-
ate 24/7 all year around. Electric steam generators are used during the 
summers. 

5.5.3.1 Present case, energy use 

According to drawings, the capacity is to remove 25 kg of water per hour 
for the large units (each) and 8 kg/h for the small units. Assume that the 
units run 25  percent loaded in summer (likely more than that with doors 
open, but these calculations use conservative numbers) and 15  percent in 
the winter. 

The units need 75 kg/h of steam at full load for the large units and 20 kg/h 
for the small ones. This is only for re-generating the desiccant wheel. The 
total use of steam, with 44  percent efficiency of the steam plants (from oil 
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to steam into the building) in the winter and 30  percent in the summer 
then is: 

8 units * (75 kg/h * 15 % * 4380 hrs /0.44 + 75 kg/h * 25 % * 4380 hrs /0.30)  
+ 2 units * (20 kg/h * 15 % * 4380 hrs /0.44 + 20 kg/h * 25 % * 4380 hrs /0.30) 
= 3,300,000 kg of steam in a year.  

This is equivalent to over 7,300,000 lb of steam. Using a conversion value 
of 1 MMBtu per 1000 lb of steam this is equivalent to 7300 MMBtu for de-
humidification. With $3.07 /gal of fuel oil and 140,000 MMBtu/gal the 
cost for de-humidification is over $160,000/yr with the assumptions 
above. 

Energy used for heating in the winter, with 44  percent efficiency of the 
central steam plant, is assumed to be in the same magnitude as if the units 
would be heating 100  percent outside air, eight units with 2.5 m3/s and 
two units with 1.3 m3/s: 

(8 * 2.5 m3/s + 2 * 1.3 m3/s) * 1.0 kg/ m3 * 1.2 kJ/kg, °C * 1827 heating degree days 
(HDD) °C * 24 hrs/day) /0.44 = 2700 MWh (9,215 MMBtu).  

The cost for heating then is: 

3.07 * 9215 /0.140 = $202,000/yr 

Total operating costs (energy) for the present case: $362,000/yr 

5.5.3.2 Proposed new case, energy use 

The energy use for the proposed new case is: 

2 large and 2 small units run for de-humidification in the winter, 15 % loaded,  
44 % steam plant efficiency: 

2 units * (75 kg/h * 15 % * 4380 hrs /0.44 ) + 2 units * (20 kg/h * 15 %  
* 4380 hrs /0.44) = 284,000 kg of steam in a winter.  
(This is equivalent to 626,000 lb of steam, also equivalent to 626 MMBtu.  
Fuel cost: $14,000/yr.) 

2 large and 2 small units run for de-humidification in the summer, 50 % loaded,  
steam supplied by local electric boilers, 95 % efficiency: 

2 units * (75 kg/h * 50 % * 4380 hrs /0.95) + 2 units * (20 kg/h * 50 %  
* 4380 hrs /0.95) = 438,000 kg of steam in a summer. 
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(To generate 1 kg of steam uses 2260 kJ or 0.63 kWh.  
To generate 438,000 kg then uses 276,000 kWh, worth $36,000 at 13 ¢/kWh.) 

Heating the bays only to 45 °F will save in the vicinity of 75  percent of the 
annual energy used for heating. Thus 25  percent of the present case ener-
gy use for heating is used as the heating energy use at the proposed case, 
or 25  percent of 9215 MMBtu = 2300 MMBtu, $50,000/yr. Total operat-
ing costs and savings are: 

Total operating costs (energy) for the new case: $100,000/yr 
Total savings: $362,000 – $100,000 = $262,000/yr. 

5.5.4 Investment 

The required investment will include eight 50 kW steam boilers and two 15 
kW steam boilers, electric. According to RS Means: 

A 60 kW steam boiler: $7250 (installed). Add 50  percent for contingen-
cies and 30  percent for Japan, which gives a cost of $13,000 per boiler. 

A 18 kW steam boiler: $4825, installed. Add 50 percent for contingencies 
and 30  percent for Japan gives a cost of $8700 per boiler. Investment for 
boilers then is: 

8 * $13,000 + 2 * $8,700 = $121,400 

Add $2000 per boiler for load control, or $20,000 

Total investment then is $141,400 

This investment is necessary to enable that all de-humidifying units can 
run on electricity in the summer (i.e., if all bays for some reason would 
need de-humidification. This is apparently not the case.) 

5.5.5 Payback 

The resulting payback period is 6 months. 



ERDC/CERL TR-10-20 76 

 

5.6 HVAC #8S Laundry heat recovery 

5.6.1 Existing conditions 

Throughout the year, the laundry uses heat produced by the adjacent boi-
ler plant. The heating plant produces steam that heats water for the wash-
ing machines, that heats the air flowing through dryers, and that is used in 
operations to press clothes (Figure 48). All these situations offer oppor-
tunities for recovering heat, thus reducing the energy required to operate 
the laundry. Heat is available in the water drained from the washers, in the 
exhaust from the dryers and from exhausts from the large pressing ma-
chines. Each of these opportunities will be discussed in the following para-
graphs. 

5.6.1.1 Washers 

There are eight washers that have the capability of washing loads that 
range from 35 to 700 lb. The washing cycle uses both cold and hot water 
for approximately 60 minutes. Drain water from these washers varies from 
the temperature of cold water to temperatures as warm as 165 °F. The 
drain water from each machine is discharged into a trench network that 
carries the waste water to a sanitary drain outside of the building. The wa-
ter temperature measured in the trench varied from 65 to 140 °F depend-
ing on where in the wash cycle water was being discharged.  

 

Figure 48.  Automatic press for linens showing exhaust systems 
that remove heat. 
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From the layout of the washers, there is no easy way to add a heat ex-
changer in the drain system since there is only 12 to 18 in. between the 
washer’s drain outlet and the bottom of the trench. Downstream from the 
trench network, all drain piping is below the concrete floor. The effective-
ness of a heat exchange placed anywhere in the drain system would be li-
mited because heat recovered from a warm discharge would tend to raise 
the temperature of the next cooler waste water discharge, which would 
greatly limit the amount of heat recovered. Thus the energy recovered 
would be insignificant and would not pay for the heat recovery equipment 
within a reasonable time. 

5.6.1.2 Dryers 

The nine dryers have a steam coil where air is draw into the machine. The 
temperature of this air is approximately 180 °F. There is an exhaust sys-
tem that collects the dryer discharge and conveys the warm moist air out-
side to lint removing filters and a stack. The air temperature at the stack 
discharge is 120 °F. This air could be used to preheat air entering the 
laundry in the winter, but there is a concern that the lint in this airstream 
would quickly clog whatever heat exchanger is used. Maintenance costs of 
keeping the heat exchanger free of lint would very expensive. Also, the dis-
charge air humidity is too high to be directed back into the building. 

5.6.1.3 Presses 

There are two large automatic presses that iron and fold large linens. 
Steam is piped to these units and there is an exhaust air system for each 
one. The air coming off these presses is 180 °F for one press and 120 °F for 
the other. Both exhausts have a fan to move the air outdoors. This system 
presents the best opportunity for heat recovery. 

5.6.2 Solution 

Install heat recovery coils in the exhaust duct systems of the two automatic 
presses (Figure 49). Also place coils in an enclosure over the dryers. This 
enclosure will have an intake from the laundry space and will provide a 
path for the air to travel to each dryer. The steam coils that heat the air 
going into the dryers will remain. The enclosure will allow preheating of 
the dryer air using the hot water generated by the heat recovered from the 
automatic presses. 
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Figure 49.  Proposed heat recovery system that collects heat from hot air in press exhaust 
and transfers it to clothes dryers. 

5.6.3 Savings 

From the building drawings, it appears the air flow is 1250 CFM for the 
warmer exhaust air (180 °F) stream and 4920 CFM for the 120 °F air 
stream. The dryers are operated 24 hrs per week. Assuming half the energy 
present in the hot exhaust air can be recovered, the annual savings is 331 
million Btu/yr. This value uses a steam generation efficiency of 70 percent. 
There is another 10 percent loss in the distribution lines for a system effi-
ciency of 63 percent. There is also a slight energy cost of powering the 
1/10th horsepower circulation pump: 

Heat recovered = 1.08 [1250 CFM x 0.5(180 °F – 80 °F) + 4920 CFM  
x 0.5 (120 °F – 80 °F) = 174,000 Btuh 

Annual Heating Energy Saved = 174,000 Btuh/0.63 system efficiency x 24 hrs/wk  
x 50 wks/yr = 331 million Btu/yr 

Fuel Oil Saved = 331 million Btu/yr/140,000 Btu/gal = 2370 gal/yr 
Cost savings = 2370 gal/yr x $2.82/gal = $6,680/yr 
Pump energy use = 0.1 hp X 0.746 kW/hp X 24 hrs/wk X 50 wks/yr = 89 kWh/yr 
89 kWh/yr X $.13/kWh = $11.57/yr 
Total cost savings = $6,668/yr 
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5.6.4 Investment 

To recover the waste heat an enclosure will need to be placed above the 
dryers. Coils will be placed in the enclosure through which the air entering 
the dryers will pass. Coils will also be placed in the exhaust duct from the 
automatic presses. Piping will connect the coils in the exhaust duct to the 
coil in the dryer air intake. A small pump will be required to circulate the 
water. The estimated cost of this system is $45,400 based on information 
contained in the RS Means estimating guide. 

5.6.5 Payback 

The resulting payback for the total project is 7 years. 

5.7 HVAC #9S Use excess heat from air compressor at the 
Directorate of Logistics (DOL) Warehouse Bldg 165-4, Sagami 
General Depot 

5.7.1 Existing conditions/problems 

The DOL warehouse currently uses three air compressors. A new compres-
sor has been waiting in a cold storage warehouse for 3 years to be installed 
to replace the existing ones. was not done due to limited power supply, but 
will eventually be done in the summer of 2010. 

The compressor will be placed where it is right now, in the un-heated 
warehouse. There are currently no plans to use the heat that this compres-
sor will generate, to save on heating energy in the large DOL shop. 

5.7.2 Solution 

Install duct work and dampers to use the excess heat from the compressor 
during the winters. Duct the warm air flow from the new compressor into 
the shop, where lots of energy is used for heating in the winter since the 
shop is a huge, uninsulated building. Two dampers must be installed, to 
facilitate evacuation of the heat to the outside in the summer when no heat 
is needed. Dampers can be controlled manually, to minimize costs. Figure 
50 shows the new compressor at its present and future location. 
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Figure 50.  Compressor. 

Received information also revealed that the desired air pressure is 140 psi, 
or 9.7 Bar. This is high compared to normal air pressure in similar shops. 
The need for this pressure should be investigated. If the pressure can be 
reduced, the electric energy used to generate compressed air can be re-
duced. 

5.7.3 Savings 

The screw compressor uses 40 kW of electricity when loaded and approx-
imately 20 kW when unloaded. The compressor is loaded when it com-
presses air. It is unloaded when it is in idle mode, but not off, thus the mo-
tor runs without compressing air, typically at ~50  percent of full load 
when unloaded. A piston compressor only uses 5 – 10  percent of the full 
load power when unloaded and is therefore better in this respect. Howev-
er, the energy use per compressed cu ft of air is lower for a screw compres-
sor. Since the usage pattern of compressed air is unknown, the following 
was assumed: 

· The compressor is turned off during nights and weekends. 
· Normal operation in the shop is 8 hrs/day, 5 days/wk. 
· The compressor runs 60  percent loaded, 40  percent unloaded during 

this period. 
· The heat can be used during November through April each year, 26 

wks. 
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· The efficiency of the central heating system is 44  percent during the 
winter. 

The amount of heating energy that can be saved by using heat from the 
compressor during 1 day is (assuming that 70  percent of the energy can be 
recovered): 

0.7 * ((40 kW * (8 hrs * 60 %)) + (20 kW * (8 hrs * 40 %)) /44 % (efficiency) = 407 kWh 

During 26 wks, 5 days/wk, the savings are: 

407 kWh * 26 * 5 = 53 MWh (180 MMBtu).  

The value of the savings are, with 140,000 Btu/gal and $3.07/gal: 

180,000 /140 * 3.07 = $3,950/yr 

5.7.4 Investment 

Required investment will include: 

20 in. round spiral ducts, according to RS Means: $35 per foot including labor. This 
installation will require no more than 50 ft, or $1,750 

2 dampers, butterfly: $115 each or $230. 
Connections to compressor and through wall to shop: $1,000 
Total investment: $3,000. Add 30 % for contingencies, etc.: $4,000 

5.7.5 Payback 

The resulting payback period is 1 year. 

5.8 LI #2SD Sagami Depot lighting 

Approximately 18 buildings were audited for lighting opportunities at Sa-
gami Depot. Table 13 lists the observed lighting conditions. Table 14 lists 
descriptions of the proposed retrofits. Table 15 lists savings, Table 16 lists 
the costs, and Table 17 lists the benefits of the proposed retrofits. Table 18 
lists the fixture code descriptions. 

5.8.1 General notes 

· The maintenance savings and productivity multiplier is to show bene-
fits other than just for electricity. This multiplier is for a combination 
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of longer life lamps, fewer lamps, less lamp recycling costs, new bal-
lasts, less ballast disposal costs, instant on, increased CRI (color ren-
dering index), less glare, better lighting uniformity, etc. 

· Lamp type and wattage should be verified on all existing hibays. 
· Fixtures with existing T8s and electronic ballasts could probably also 

be retrofitted, similar to specified for Camp Zama. 

5.8.2 Notes on buildings not included in the summary 

· The furniture repair building (#173-1) also has many 100W incandes-
cents in RLM (china hat pendant) fixtures, which should be able to be 
retrofitted in-house with about 23W screw-in CFLs (compact fluores-
cent lamps) or replaced with new 4-ft hooded industrials that has 
1F32T8XL. 

· There are also a number of ~200W mercury vapor explosion proof fix-
tures that could be retrofitted with half the wattage pulse start MH, or 
that could be replaced with pulse start MH or T8 fixtures. 

· Bldg 137-1, a very large warehouse building was inspected, but it does 
not seem that the lights are on very much. 

· Bldg 104-5 also has some 220W HPS exterior wall floods, which if used 
much, could be replaced with new 4-ft 4F32T8H or induction floods. 

· Bldg 177-1 has about 28 220 HPS hibays, but they do not seem to be 
turned on very often. 

Tables 19 and 20 list the results of a lighting audit done at Sagami General 
Depot.  Table 21 lists fixture and control codes, quantities, and pricing for 
SGD. 
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Table 13.  Audited lighting opportunities at Sagami Depot: Existing fixtures. 

Building Room, Area or Building Type Fixture Code Fixture Type Qty Height Watts Total KW 
Code Hours 

Pre Hours Pre Total KWH 

139 warehouse Warehouse HB250MHS hibay with 250W MH 74 20 295 21.8 F 2500 54,575 

Cooler HBR250WMHS recessed hibay with 250W MH 28 20 295 8.3 F 2500 20,650 

Exterior overhang HB250MHS hibay with 250W MH 16 20 295 4.7 C 1000 4,720 

129 warehouse Refrigerated storage HBSMC250MH square surface mount hibay with 250W MH 28 20 295 8.3 F 2500 20,650 

Warehouse HBSM250MH square surface mount hibay with 250W MH 74 20 295 21.8 F 2500 54,575 

154-4 laundry Laundry (and some offices, re-
strooms, etc) 

HB250MHS hibay with 250W MH 69 20 295 20.4 F 2500 50,888 

T143-A 1x4 troffer with 3F40T12 20   127 2.5 F 2500 6,350 

HI42-A 4' hooded industrial with 2F40T12 50   82 4.1 F 2500 10,250 

HI41-A 4' hooded industrial with 1F40T12 50   45 2.3 F 2500 5,625 

T142-A 1x4 troffer with 2F40T12 20   82 1.6 F 2500 4,100 

T141-A 6" x 4' troffer with 1F40T12  10   45 0.5 F 2500 1,125 

F42-A 4' fixture with 2F40T12 20   82 1.6 F 2500 4,100 

165 vehicle mainten-
ance 

High ceiling area HB660-700HID hibay with 660W HPS or 700W MH 55 30 730 40.2 F 2500 100,375 

General  HI42-A 4' hooded industrial with 2F40T12 20   82 1.6 F 2500 4,100 

Offices T2432C4-A 2x4 32 cell parabolic troffer with 4F40T12 20   162 3.2 F 2500 8,100 

161-1 DPW Shops with higher ceiling HB400MHS hibay with 400W MH 88 25 458 40.3 F 2500 100,760 

Shops with lower ceiling HB300MHS hibay with 300W MH  40 20 345 13.8 F 2500 34,500 

155-7 cosis Shops HB300MHS hibay with 300W MH  122 20 345 42.1 F 2500 105,225 

Cleaning room HB400MHS hibay with 400W MH 20 20 458 9.2 F 2500 22,900 

Walls HBF400MV hibay flood with 400W mercury vapor 10 20 455 4.6 F 2500 11,375 

Hazardous rooms EXP42-A 4' explosion proof fixture with 2F40T12 25   82 2.1 D 1500 3,075 

Open areas HI42WC-A 4' hooded industrial with 2F40T12 & wire cage 100 15 82 8.2 F 2500 20,500 

Offices T142-A 1x4 troffer with 2F40T12 25   82 2.1 F 2500 5,125 

Paint booth PBF45-A 1.5' x 4' paint booth fixture with 5F40T12 20   209 4.2 D 1500 6,270 

156-1 office Halls T141-A 6" x 4' troffer with 1F40T12  50   45 2.3 F 2500 5,625 

Offices T142-A 1x4 troffer with 2F40T12 200   82 16.4 F 2500 41,000 

173-1 furniture repair General HI42B-A 4' hooded industrial with 2F40T12 & low reflective 
hood 

100   82 8.2 F 2500 20,500 

General HI44B-A 4' hooded industrial with bad reflectors & 4F40T12 100   164 16.4 F 2500 41,000 
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Building Room, Area or Building Type Fixture Code Fixture Type Qty Height Watts Total KW 

Code Hours 
Pre Hours Pre Total KWH 

General HI43B-A 4' hooded industrial with bad reflectors & 3F40T12 100   127 12.7 F 2500 31,750 

Hazardous rooms EXP42-A 4' explosion proof fixture with 2F40T12 20   82 1.6 F 2500 4,100 

General S46-A 4' strip with 6F40T12 50   246 12.3 F 2500 30,750 

General S43-A 4' strip with 3F40T12 50   127 6.4 F 2500 15,875 

145 gym Gym HBRG400MH recessed gym hibay with 400W MH 35 20 458 16.0 G 3000 48,090 

Weight room and lockers HI42-A 4' hooded industrial with 2F40T12 20   82 1.6 G 3000 4,920 

Weight room and lockers F41-A 4' fixture with 1F40T12 10   45 0.5 G 3000 1,350 

142-3 calibration Halls T141-A 6" x 4' troffer with 1F40T12  40   45 1.8 G 3000 5,400 

Offices and labs T142-A 1x4 troffer with 2F40T12 40   82 3.3 F 2500 8,200 

Offices and labs T143-A 1x4 troffer with 3F40T12 40   127 5.1 F 2500 12,700 

116-3 warehouse Warehouse HBRS200-250 recessed hibay with 220W HPS or 250W MH 116 24 280 32.5 F 2500 81,200 

Office T141-A 6" x 4' troffer with 1F40T12  40   45 1.8 F 2500 4,500 

Halls T142-A 1x4 troffer with 2F40T12 20   82 1.6 G 3000 4,920 

106-1 warehouse Warehouse HBRS200-250 recessed hibay with 220W HPS or 250W MH 116 24 280 32.5 F 2500 81,200 

104-5 DRMO Halls T141-A 6" x 4' troffer with 1F40T12  20   45 0.9 F 2500 2,250 

Office T142-A 1x4 troffer with 2F40T12 40   45 1.8 F 2500 4,500 

Warehouse HBRRS300MH recessed round hibay with 300W MH 240 20 354 85.0 F 2500 212,400 

Warehouse HB400MHS hibay with 400W MH 28 20 458 12.8 F 2500 32,060 

151-28 recycling Warehouse HI42WC-A 4' hooded industrial with 2F40T12 & wire cage 18   82 1.5 F 2500 3,690 

Warehouse S42WC-A 4' strip with 2F40T12 & wire cage 30   82 2.5 F 2500 6,150 

all buildings General X very large exit sign with 10, 15 or 20W linear fluores-
cent & magnetic ballast 

150   22 3.3 N 8760 28,908 

Totals 2,677     549.9     1,392,951 
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Table 14.  Audited lighting opportunities at Sagami Depot: Retrofit description. 
Building Room, Area or Building Type Retrofit Description Qty Watts  Hours Post Total KW Total KWH 

139 warehouse 

Warehouse New 4' hibay with 4F32T8H & occupancy sensor 74 142 1500 10.5 15,762 

Cooler New 4' surface mount hibay with 4F32T8H & occupancy sensor 28 142 1500 4.0 5,964 

Exterior overhang New 4' hibay with 4F32T8H & occupancy sensor 16 142 750 2.3 1,704 

129 warehouse 
Refrigerated storage New 4' surface mount hibay with 4F32T8H, gasketed lens door & occupancy sensor 28 142 1500 4.0 5,964 

Warehouse New 4' surface mount hibay with 4F32T8H & occupancy sensor 74 142 1500 10.5 15,762 

154-4 laundry Laundry (and some offices,  
restrooms, etc) 

New 4' hibay with 4F32T8H & occupancy sensor 69 142 2000 9.8 19,596 

2F32T8S in outboard lamp holders 20 56 2500 1.1 2,800 

1F32T8C in right or left side 50 37 2500 1.9 4,625 

1F32T8XL 50 24 2500 1.2 3,000 

1F32T8S on right or left side 20 30 2500 0.6 1,500 

1F32T8XL 10 24 2500 0.2 600 

1F32T8C in right or left side 20 37 2500 0.7 1,850 

165 vehicle maintenance 

High ceiling area New 8' hibay with 10F32T8H 55 356 2500 19.6 48,950 

General  1F32T8C in right or left side 20 37 2500 0.7 1,850 

Offices 4F32T8XL 20 89 2500 1.8 4,450 

161-1 DPW 
Shops with higher ceiling New 2x4 hibay with 6F32T8H & occupancy sensor 88 216 1500 19.0 28,512 

Shops with lower ceiling New 4' hibay with 5F32T8H or 6F32T8S & occupancy sensor 40 180 1500 7.2 10,800 

155-7 cosis 

Shops New 4' hibay with 5F32T8H or 6F32T8S & occupancy sensor 122 180 2500 22.0 54,900 

Cleaning room New 2x4 hibay with 6F32T8H & occupancy sensor 20 216 2500 4.3 10,800 

Walls New 4' flood fixture with 4F32T8H 10 142 2500 1.4 3,550 

Hazardous rooms 2F32T8XL 25 47 1500 1.2 1,763 

Open areas 1F32T8C in right or left side 100 37 2500 3.7 9,250 

offices 1F32T8S on right or left side 25 30 2500 0.8 1,875 

Paint booth 3F32T8H in outboard and middle lamp holders 20 108 1500 2.2 3,240 

156-1 office 
Halls 1F32T8XL 50 24 2500 1.2 3,000 

Offices 1F32T8S on right or left side 200 30 2500 6.0 15,000 

173-1 furniture repair 

General New 4' hooded industrial fixture with 1F32T8S 100 30 2500 3.0 7,500 

General New 4' hooded industrial with 2-cove white reflective hood & 2F32T8H 100 72 2500 7.2 18,000 

General New 4' hooded industrial with 2-cove white reflective hood & 2F32T8S 100 56 2500 5.6 14,000 
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Building Room, Area or Building Type Retrofit Description Qty Watts  Hours Post Total KW Total KWH 

Hazardous rooms 2F32T8XL 20 47 2500 0.9 2,350 

General New 4' hooded industrial with 2-cove white reflective hood & 2F32T8H 50 72 2500 3.6 9,000 

General New 4' hooded industrial with 2-cove white reflective hood & 2F32T8S 50 56 2500 2.8 7,000 

145 gym 

Gym New 2x4 strong surface mount hibay with 6F32T8H, wire cage & occupancy sensor 35 216 2000 7.6 15,120 

Weight room and lockers 1F32T8C in right or left side 20 37 3000 0.7 2,220 

Weight room and lockers 1F32T8XL 10 24 3000 0.2 720 

142-3 calibration 

Halls 1F32T8XL 40 24 3000 1.0 2,880 

Offices and labs 1F32T8S on right or left side 40 30 2500 1.2 3,000 

Offices and labs 2F32T8S in outboard lamp holders 40 56 2500 2.2 5,600 

116-3 warehouse 

Warehouse New 4' surface mount hibay with 4F32T8H & occupancy sensor 116 142 1500 16.5 24,708 

Office 1F32T8XL 40 24 2500 1.0 2,400 

Halls 1F32T8S on right or left side 20 30 3000 0.6 1,800 

106-1 warehouse Warehouse New 4' surface mount hibay with 4F32T8H & occupancy sensor 116 142 2500 16.5 41,180 

104-5 DRMO 

Halls 1F32T8XL 20 24 2500 0.5 1,200 

Office 1F32T8S on right or left side 40 30 2500 1.2 3,000 

Warehouse New 4' surface mount hibay with 4F32T8H & occupancy sensor 240 142 1500 34.1 51,120 

Warehouse New 2x4 hibay with 6F32T8H & occupancy sensor 28 216 1500 6.0 9,072 

151-28 recycling 
Warehouse 1F32T8C in right or left side 18 37 2500 0.7 1,665 

Warehouse 1F32T8C in right or left side 30 37 2500 1.1 2,775 

all buildings General NEW American style red or green LED exit sign with battery backup 150 5 8760 0.8 6,570 

    2,677 4,301   252.7 509,947 
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Table 15.  Audited lighting opportunities at Sagami Depot: Annual retrofit savings. 

Building Room, Area or Building Type Total KW Saved Total KWH Saved 

Total  
$ Saved 
(No AC) 

Total  
$ Saved with AC 

139 Warehouse 

Warehouse 11.3 38,813 $5,434 $5,434 

Cooler 4.3 14,686 $2,056 $2,467 

Exterior overhang 2.4 3,016 $422 $422 

129 Warehouse 
Refrigerated storage 4.3 14,686 $2,056 $2,467 

Warehouse 11.3 38,813 $5,434 $5,434 

154-4 Laundry Laundry (and some offices, restrooms, etc) 

10.6 31,292 $4,381 $4,381 

1.4 3,550 $497 $497 

2.3 5,625 $788 $788 

1.1 2,625 $368 $368 

1.0 2,600 $364 $364 

0.2 525 $74 $74 

0.9 2,250 $315 $315 

165 Vehicle maintenance 

High ceiling area 20.6 51,425 $7,200 $7,200 

General  0.9 2,250 $315 $315 

Offices 1.5 3,650 $511 $511 

161-1 DPW 
Shops with higher ceiling 21.3 72,248 $10,115 $10,115 

Shops with lower ceiling 6.6 23,700 $3,318 $3,318 

155-7 Cosis 

Shops 20.1 50,325 $7,046 $7,046 

Cleaning room 4.8 12,100 $1,694 $1,694 

Walls 3.1 7,825 $1,096 $1,096 

Hazardous rooms 0.9 1,313 $184 $184 

Open areas 4.5 11,250 $1,575 $1,575 

Offices 1.3 3,250 $455 $455 

Paint booth 2.0 3,030 $424 $424 

156-1 Office 
Halls 1.1 2,625 $368 $368 

offices 10.4 26,000 $3,640 $3,640 

173-1 Furniture repair 
general 5.2 13,000 $1,820 $1,820 

general 9.2 23,000 $3,220 $3,220 
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Building Room, Area or Building Type Total KW Saved Total KWH Saved 

Total  
$ Saved 
(No AC) 

Total  
$ Saved with AC 

general 7.1 17,750 $2,485 $2,485 

Hazardous rooms 0.7 1,750 $245 $245 

general 8.7 21,750 $3,045 $3,045 

general 3.6 8,875 $1,243 $1,243 

145 Gym 

gym 8.5 32,970 $4,616 $4,616 

weight room and lockers 0.9 2,700 $378 $378 

weight room and lockers 0.2 630 $88 $88 

142-3 Calibration 

halls 0.8 2,520 $353 $353 

offices and labs 2.1 5,200 $728 $728 

offices and labs 2.8 7,100 $994 $994 

116-3 Warehouse 

warehouse 16.0 56,492 $7,909 $7,909 

office 0.8 2,100 $294 $294 

halls 1.0 3,120 $437 $437 

106-1 Warehouse warehouse 16.0 40,020 $5,603 $5,603 

104-5 DRMO 

halls 0.4 1,050 $147 $147 

office 0.6 1,500 $210 $210 

warehouse 50.9 161,280 $22,579 $22,579 

warehouse 6.8 22,988 $3,218 $3,218 

151-28 Recycling 
warehouse 0.8 2,025 $284 $284 

warehouse 1.4 3,375 $473 $473 

All buildings general 2.6 22,338 $3,127 $3,127 

  297.2 883,004 $123,621 $148,345 
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Table 16.  Audited lighting opportunities at Sagami Depot: Costs. 

Building Room, Area or Building Type 
Unit Cost To 
Customer Total Cost Unit Rebate Total Rebate 

Extended Cost 
After Rebate 

139 warehouse 

warehouse $400.00 $29,600 $0.00 $0 $29,600 

cooler $400.00 $11,200 $0.00 $0 $11,200 

exterior overhang $400.00 $6,400 $0.00 $0 $6,400 

129 warehouse 
refrigerated storage $440.00 $12,320 $0.00 $0 $12,320 

warehouse $400.00 $29,600 $0.00 $0 $29,600 

154-4 laundry laundry (and some offices,  
restrooms, etc) 

$400.00 $27,600 $0.00 $0 $27,600 

$68.00 $1,360 $0.00 $0 $1,360 

$60.00 $3,000 $0.00 $0 $3,000 

$58.00 $2,900 $0.00 $0 $2,900 

$60.00 $1,200 $0.00 $0 $1,200 

$58.00 $580 $0.00 $0 $580 

$60.00 $1,200 $0.00 $0 $1,200 

165 vehicle maintenance 

high ceiling area $660.00 $36,300 $0.00 $0 $36,300 

general  $60.00 $1,200 $0.00 $0 $1,200 

offices $70.00 $1,400 $0.00 $0 $1,400 

161-1 DPW 
shops with higher ceiling $450.00 $39,600 $0.00 $0 $39,600 

shops with lower ceiling $420.00 $16,800 $0.00 $0 $16,800 

155-7 cosis 

Shops $420.00 $51,240 $0.00 $0 $51,240 

Cleaning room $450.00 $9,000 $0.00 $0 $9,000 

Walls $350.00 $3,500 $0.00 $0 $3,500 

Hazardous rooms $75.00 $1,875 $0.00 $0 $1,875 

Open areas $60.00 $6,000 $0.00 $0 $6,000 

Offices $60.00 $1,500 $0.00 $0 $1,500 

Paint booth $75.00 $1,500 $0.00 $0 $1,500 

156-1 office 
Halls $58.00 $2,900 $0.00 $0 $2,900 

Offices $60.00 $12,000 $0.00 $0 $12,000 

173-1 furniture repair 
General $160.00 $16,000 $0.00 $0 $16,000 

General $150.00 $15,000 $0.00 $0 $15,000 
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Building Room, Area or Building Type 
Unit Cost To 
Customer Total Cost Unit Rebate Total Rebate 

Extended Cost 
After Rebate 

General $145.00 $14,500 $0.00 $0 $14,500 

Hazardous rooms $75.00 $1,500 $0.00 $0 $1,500 

General $150.00 $7,500 $0.00 $0 $7,500 

General $145.00 $7,250 $0.00 $0 $7,250 

145 gym 

Gym $450.00 $15,750 $0.00 $0 $15,750 

Weight room and lockers $60.00 $1,200 $0.00 $0 $1,200 

Weight room and lockers $58.00 $580 $0.00 $0 $580 

142-3 calibration 

Halls $58.00 $2,320 $0.00 $0 $2,320 

Offices and labs $60.00 $2,400 $0.00 $0 $2,400 

Offices and labs $68.00 $2,720 $0.00 $0 $2,720 

116-3 warehouse 

Warehouse $400.00 $46,400 $0.00 $0 $46,400 

Office $58.00 $2,320 $0.00 $0 $2,320 

Halls $60.00 $1,200 $0.00 $0 $1,200 

106-1 warehouse Warehouse $400.00 $46,400 $0.00 $0 $46,400 

104-5 DRMO 

Halls $58.00 $1,160 $0.00 $0 $1,160 

Office $60.00 $2,400 $0.00 $0 $2,400 

Warehouse $400.00 $96,000 $0.00 $0 $96,000 

Warehouse $450.00 $12,600 $0.00 $0 $12,600 

151-28 Recycling 
Warehouse $60.00 $1,080 $0.00 $0 $1,080 

Warehouse $60.00 $1,800 $0.00 $0 $1,800 

All buildings General $100.00 $15,000 $0.00 $0 $15,000 

    $624,855   $0 $624,855 
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Table 17.  Audited lighting opportunities at Sagami Depot: Benefits. 

Building Room, Area or Building Type 

Maintenance Savings 
and Productivity 

Increase Multiplier 

Payback With  
AC Savings 

(Basic) 
Payback  

(Comprehensive) 
Long Term 

Benefit (Basic)  

Long Term  
Benefit 

(Comprehensive) 

139 warehouse 

warehouse 2.0 5.4 2.7 $51,907 $133,415 

cooler 2.0 4.5 2.3 $25,809 $62,817 

exterior overhang 2.0 15.2 7.6 -$66 $6,267 

129 warehouse 
refrigerated storage 2.0 5.0 2.5 $24,689 $61,697 

warehouse 2.0 5.4 2.7 $51,907 $133,415 

154-4 laundry laundry (and some offices,  
restrooms, etc) 

2.0 6.3 3.2 $38,112 $103,824 

1.6 2.7 1.7 $6,095 $10,568 

2.0 3.8 1.9 $8,813 $20,625 

1.5 7.9 5.3 $2,613 $5,369 

2.0 3.3 1.6 $4,260 $9,720 

1.5 7.9 5.3 $523 $1,074 

2.0 3.8 1.9 $3,525 $8,250 

165 vehicle maintenance 

high ceiling area 2.0 5.0 2.5 $71,693 $179,685 

general  2.0 3.8 1.9 $3,525 $8,250 

offices 1.8 2.7 1.5 $6,265 $12,397 

161-1 DPW 
shops with higher ceiling 2.0 3.9 2.0 $112,121 $263,842 

shops with lower ceiling 2.0 5.1 2.5 $32,970 $82,740 

155-7 cosis 

shops 2.0 7.3 3.6 $54,443 $160,125 

cleaning room 2.0 5.3 2.7 $16,410 $41,820 

walls 2.0 3.2 1.6 $12,933 $29,365 

Hazardous rooms 2.0 10.2 5.1 $881 $3,638 

open areas 1.8 3.8 2.1 $17,625 $36,525 

offices 2.0 3.3 1.6 $5,325 $12,150 

paint booth 2.0 3.5 1.8 $4,863 $11,226 

156-1 office 
halls 1.5 7.9 5.3 $2,613 $5,369 

offices 2.0 3.3 1.6 $42,600 $97,200 

173-1 furniture repair general 2.0 8.8 4.4 $11,300 $38,600 
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Building Room, Area or Building Type 

Maintenance Savings 
and Productivity 

Increase Multiplier 

Payback With  
AC Savings 

(Basic) 
Payback  

(Comprehensive) 
Long Term 

Benefit (Basic)  

Long Term  
Benefit 

(Comprehensive) 

general 2.0 4.7 2.3 $33,300 $81,600 

general 2.0 5.8 2.9 $22,775 $60,050 

Hazardous rooms 2.0 6.1 3.1 $2,175 $5,850 

general 2.0 2.5 1.2 $38,175 $83,850 

general 2.0 5.8 2.9 $11,388 $30,025 

145 gym 

gym 2.0 3.4 1.7 $53,487 $122,724 

weight room and lockers 2.0 3.2 1.6 $4,470 $10,140 

weight room and lockers 2.0 6.6 3.3 $743 $2,066 

142-3 calibration 

halls 1.5 6.6 4.4 $2,972 $5,618 

offices and labs 2.0 3.3 1.6 $8,520 $19,440 

offices and labs 1.6 2.7 1.7 $12,190 $21,136 

116-3 warehouse 

warehouse 2.0 5.9 2.9 $72,233 $190,866 

office 1.5 7.9 5.3 $2,090 $4,295 

halls 2.0 2.7 1.4 $5,352 $11,904 

106-1 warehouse warehouse 2.0 8.3 4.1 $37,642 $121,684 

104-5 DRMO 

halls 1.5 7.9 5.3 $1,045 $2,148 

office 2.0 11.4 5.7 $750 $3,900 

warehouse 2.0 4.3 2.1 $242,688 $581,376 

warehouse 2.0 3.9 2.0 $35,675 $83,950 

151-28 recycling 
warehouse 1.8 3.8 2.1 $3,173 $6,575 

warehouse 1.8 3.8 2.1 $5,288 $10,958 

all buildings general 2.0 4.8 2.4 $31,910 $78,820 

    4.2 3.0 $1,241,790 $3,078,945 
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Table 18.  Fixture and control codes, quantities and pricing.  

Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

B244PX-A 2x4 surface box lou-
vered fixture with 
4F40T12 

164 new 2x4 surface box 
fixture with 2-cove white 
angled reflector, clear 
prismatic lens & 
2F32T8H 

72 $250.00 0 $0.00 1.8 Existing fixture is quite inefficient 
and cannot be delamped, with still 
looking good. 

Retrofit with 4F32T8XL 

CL42-A 4' cloud surface fixture 
with 2F40T12 

82 2F32T8XL 47 $65.00 0 $0.00 1.5     

CP250MV ceiling pack with 250W 
mercury vapor 

290 new 4' damp location 
surface mount fixture 
with 2F32T8H  

72 $300.00 0 $0.00 2.0 Verify lamp type and wattage. If want more light, could go 
3F32T8H. 

CW41-A 4' corridor wrap with 
1F40T12 

45 1F32T8XL 24 $58.00 0 $0.00 1.5   New fixture with 1F32T8S 

EXP42-A 4' explosion proof fixture 
with 2F40T12 

82 2F32T8XL 47 $75.00 45 $3,375.00 2.0     

F143PX 1x4 surface mount or 
troffer with 3F32T8 

91 new 1x4 surface mount 
or troffer with 2-cove 
white angled reflector, 
clear prismatic lens & 
2F32T8XL  

47 $220.00 0 $0.00 1.4 Existing fixture is quite inefficient 
and cannot be delamped, with still 
looking good.  

Retrofit with 3F32T8XL 

F41-A 4' fixture with 1F40T12 45 1F32T8XL 24 $58.00 10 $580.00 2.0     

F42-A 4' fixture with 2F40T12 82 1F32T8C in right or left 
side 

37 $60.00 20 $1,200.00 2.0     

G250 hanging globe fixture 
with assumed 250W 
mercury vapor 

290 new 4' hibay with 
4F32T8H 

142 $300.00 0 $0.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

If want more light, could go 
6F32T8H. 

HB250MHS hibay with 250W MH 295 new 4' hibay with 
4F32T8H & occupancy 
sensor 

142 $400.00 159 $63,600.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

  

HB300MHS hibay with 300W MH  345 new 4' hibay with 
5F32T8H or 6F32T8S & 
occupancy sensor 

180 $420.00 162 $68,040.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

If want more light, and the 
extra wattage is okay, could 
go with 6F32T8H. 
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

HB400MHS hibay with 400W MH 458 new 2x4 hibay with 
6F32T8H & occupancy 
sensor 

216 $450.00 136 $61,200.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

  

HB400MV hibay with 400W mer-
cury vapor 

458 new surface mount 4' 
hibay with 4F32T8H 

142 $300.00 0 $0.00 2.0     

HB660-700HID hibay with 660W HPS or 
700W MH 

730 new 8' hibay with 
10F32T8H 

356 $660.00 55 $36,300.00 2.0 Verify lamp type and wattage. Could 
be 5 lamps per both cross sections 
or 4 lamps in one 4' section and 6 
lamps in other 4' section. 1st 
Source Lighting is an approved 
manufacturer. 

  

HBC400MH clear prismatic hibay 
with 400W MH 

458 new 2x4 hibay with 
6F32T8H and slits for 
some uplight 

216 $400.00 0 $0.00 2.0 Existing fixtures provide uniform 
uplight. 1st Source is an approved 
manufacturer for these T8 hibays. 

If want to keep existing 
clear prismatic domes, 
could retrofit with 320W 
pulse start MH lamp and 
ballast. 

HBF400MV hibay flood with 400W 
mercury vapor 

455 new 4' flood fixture with 
4F32T8H 

142 $350.00 10 $3,500.00 2.0 If exterior, will need to be wet loca-
tion. 

If exterior, could go 250W 
20,000 hour rated pulse 
start MH lamp and ballast 
in new fixture. 

HBG250MH hibay with 250W MH  295 new 4' hibay with 
4F32T8H, wire cage & 
occupancy sensor  

142 $400.00 0 $0.00 2.0 Verify wattage. 1st Source Lighting 
is one approved manufacturer. 

If existing is really 400W 
MH or if really want more 
light, would need 6F32T8 
system. 

HBG400MH hibay with 400W MH 458 new 4' hibay with 
6F32T8H, wire cage & 
occupancy sensor  

216 $450.00 0 $0.00 2.0 Verify wattage. 1st Source Lighting 
is one approved manufacturer. 

  

HBR250WMHS recessed hibay with 
250W MH 

295 New 4' surface mount 
hibay with 4F32T8H & 
occupancy sensor 

142 $400.00 28 $11,200.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

Could add lens door 

HBRG400MH recessed gym hibay with 
400W MH 

458 new 2x4 strong surface 
mount hibay with 
6F32T8H, wire cage & 
occupancy sensor 

216 $450.00 35 $15,750.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

If want to keep recessed 
fixture, could retrofit with 
320W pulse start MH lamp 
and ballast. 
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

HBRRS300MH recessed round hibay 
with 300W MH 

354 new 4' surface mount 
hibay with 4F32T8H & 
occupancy sensor 

142 $400.00 240 $96,000.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

  

HBRS200-250 recessed hibay with 
220W HPS or 250W MH 

280 new 4' surface mount 
hibay with 4F32T8H & 
occupancy sensor 

142 $400.00 232 $92,800.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

  

HBSM250MH square surface mount 
hibay with 250W MH 

295 New 4' surface mount 
hibay with 4F32T8H & 
occupancy sensor 

142 $400.00 74 $29,600.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

  

HBSMC250MH square surface mount 
hibay with 250W MH 

295 New 4' surface mount 
hibay with 4F32T8H, 
gasketed lens door & 
occupancy sensor 

142 $440.00 28 $12,320.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

  

HI126-A 12' hooded industrial 
with 6F40T12 

246 3F32T8S in alternate 
sides 

84 $75.00 0 $0.00 2.0     

HI41-A 4' hooded industrial with 
1F40T12 

45 1F32T8XL 24 $58.00 50 $2,900.00 1.5     

Hi42-A 4' hooded industrial with 
2F40T12 

82 1F32T8C in right or left 
side 

37 $60.00 90 $5,400.00 2.0     

HI42B-A 4' hooded industrial with 
2F40T12 & low reflec-
tive hood 

82 new 4' hooded industrial 
fixture with 1F32T8S 

30 $160.00 100 $16,000.00 2.0   Maybe retrofit with new 
hooded industrial 1-cove 
white kit. 

HI42WC-A 4' hooded industrial with 
2F40T12 & wire cage 

82 1F32T8C in right or left 
side 

37 $60.00 118 $7,080.00 1.8   Retrofit with 2F32T8XL 

HI43B-A 4' hooded industrial with 
bad reflectors & 
3F40T12 

127 new 4' hooded industrial 
with 2-cove white reflec-
tive hood & 2F32T8S 

56 $145.00 100 $14,500.00 2.0   Hooded industrial kit in-
stead of new fixture 

HI44B-A 4' hooded industrial with 
bad reflectors & 
4F40T12 

164 new 4' hooded industrial 
with 2-cove white reflec-
tive hood & 2F32T8H 

72 $150.00 100 $15,000.00 2.0   Hooded industrial kit in-
stead of new fixture 

I40A19 40W A19 screw-in 
incandescent bulb 

40 10 - 15W screw-in CFL, 
that can handle heat 
and moisture 

13 $20.00 0 $0.00 2.0   New damp rated  fixture 
with 1F17T8XL or 1/2 of 
new damp rated 4' fixture 
with 1F32T8XL.  
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

PBF45-A 1.5' x 4' paint booth 
fixture with 5F40T12 

209 3F32T8H in outboard 
and middle lamp holders 

108 $75.00 20 $1,500.00 2.0   2F32T8H and 2-cove white 
reflector 

PT88 8' suspended tube 
fixture with 4F32T8 
downlight and assumed 
4F32T8 uplight 

224 4F32T8H in alternate 
lamp holders (2 up and 
2 down) 

142 $70.00 0 $0.00 1.5 Verify number of uplight lamps, 
which may only be 2. 

Maybe center delamped 
lamps or maybe go lamp for 
lamp with XL BF. 

PUF250MH pool up flood 250W MH 295 new pool rated 4' up 
flood with 4F32T8H  

142 $400.00 0 $0.00 2.0 Verify wattage. 1st Source Lighting 
is one manufacturer that could 
make these. 

Retrofit existing fixture with 
150 - 200W pulse start MH 
lamp & ballast. But still long 
warm up and restrike times. 

RCHPSano recessed can with 
assumed 150W HPS 

188 85 - 100W 100,000 
hour rated Philips or 
Sylvania  induction 
system kit 

100 $400.00 0 $0.00 2.0 Verify wattage. The ugly color of 
HPS does not look very good here, 
especially when no daylight. 1st 
Source Lighting is one manufactur-
er, that could make kit. 

New pool rated surface 
mount fixture with T8s. 

RHB250HPS recessed hibay with 
assume 250W HPS 

295 new surface mount 4' 
hibay with 4F32T8H 

142 $300.00 0 $0.00 2.0 Verify lamp type and wattage. 1st 
Source Lighting is an approved 
manufacturer. 

Could also consider occu-
pancy sensor on each 
fixture. 

S42 4' strip with 2F32T8 59 1F32T8C in right or left 
side 

37 $60.00 0 $0.00 1.5 American fixture, ballast & lamps   

S42WC-A 4' strip with 2F40T12 & 
wire cage 

82 1F32T8C in right or left 
side 

37 $60.00 30 $1,800.00 1.8   Maybe new hooded indus-
trial for more light where 
needed. 

S43-A 4' strip with 3F40T12 127 new 4' hooded industrial 
with 2-cove white reflec-
tive hood & 2F32T8S 

56 $145.00 50 $7,250.00 2.0 Need to confirm fixture type and 
recommendation. 

  

S46-A 4' strip with 6F40T12 246 new 4' hooded industrial 
with 2-cove white reflec-
tive hood & 2F32T8H 

72 $150.00 50 $7,500.00 2.0 Need to confirm fixture type and 
recommendation. 

  

S82-A 8' strip with 2F40T12 82 2F32T8XL 47 $68.00 0 $0.00 2.0     

T121-A 6" x 4' troffer with 
1F20T12 

29 1F17T8XL 14 $58.00 0 $0.00 2.0     

T122-A 1x2 troffer with 
2F20T12 

56 1F17T8C on right or left 
side 

20 $60.00 0 $0.00 2.0     
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

T141 6" x 4' troffer with 
1F32T8  

33 1F32T8XL 24 $58.00 0 $0.00 1.3   End to end fixtures could 
maybe be tandem wired 

T141-A 6" x 4' troffer with 
1F40T12  

45 1F32T8XL 24 $58.00 160 $9,280.00 1.5     

T142 1x4 troffer with 2F32T8 61 1F32T8C on right or left 
side 

37 $60.00 0 $0.00 1.5   A number of these already 
have pull cord switches, 
which should be main-
tained. If ballast cover is 
between lamps and blocks 
too much light, could go 
2F32T8XL or new fixture 
with angled sides and 
1F32T8S. 

T142-A 1x4 troffer with 
2F40T12 

82 1F32T8S on right or left 
side 

30 $60.00 345 $20,700.00 2.0   A number of these already 
have pull cord switches, 
which should be main-
tained. If ballast cover is 
between lamps and blocks 
too much light, could go 
2F32T8XL or new fixture 
with angled sides and 
1F32T8XL. 

T142H-A 1x4 troffer with 
2F40T12 

82 1F32T8XL on right or left 
side 

24 $60.00 0 $0.00 2.0     

T142L 9" x 4' louvered troffer 
with 2F32T8 

61 2F32T8XL 47 $65.00 0 $0.00 1.3   New fixture with 1F32T8S 

T142W-A 1x4 troffer with 
2F40T12 & white lens 

82 1F32T8XL in right or left 
side & clear prismatic 
lens 

24 $75.00 0 $0.00 2.0 White lenses block about 30% of 
light, while clear prismatic ones only 
block about 10%. 

Many are end to end, so 
maybe could be tandem 
wired. 

T142WH-A 1x4 troffer with 
2F40T12 & white lens 

82 132T8XL, 1-cove white 
reflector & clear prismat-
ic lens 

24 $85.00 0 $0.00 2.0 None of these in health clinic are 
assumed to have pull cord switch-
es. White lenses block about 30% 
of light, while clear prismatic ones 
only block about 10%. Thought 
centering lamp in this building 
would look good. 

1F32T8C in right or left side 
with new lens or 2F32T8XL 
keeping white lens 
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

T143-A 1x4 troffer with 
3F40T12 

127 2F32T8S in outboard 
lamp holders 

56 $68.00 60 $4,080.00 1.6 Existing is very bad fixture efficien-
cy. 

New 1x4 troffer with angled 
interior sides & 1F32T8C 

T144-A 1.5" x 4' troffer with 
4F40T12 

164 2F32T8H in outboard 
lamp holders 

72 $70.00 0 $0.00 2.0 Existing is very bad fixture efficien-
cy. 

Add 2-cove white reflector 
and go with 2F32T8S. New 
1.5x4 troffer with 2-cove 
white angled reflector & 
2F32T8S. 

T222 2x2 troffer with 2F17T8 33 1F17T8C & 1-cove white 
reflector 

19 $75.00 0 $0.00 1.5 American troffer, ballast & lamps Retrofit with 2F17T8XL 

T242 2x4 troffer with 2F32T8 59 1F32T8C & 1-cove white 
reflector 

37 $75.00 0 $0.00 1.5 American troffer, ballast & lamps Retrofit with 2F32T8XL 

T243 2x4 troffer with 3F32T8 86 2F32T8S in outboard 
lamp holders 

56 $65.00 0 $0.00 1.4 American troffer, ballast & lamps Add reflector to center 
lamps 

T2432C3 2x4 32 cell parabolic 
troffer with 3F32T8 

86 3F32T8XL 68 $75.00 0 $0.00 1.5 American fixture, 741 lamps and 
ballast. This is a bad design, be-
cause 18 cell versions should have 
3 lamps and 32 cell versions should 
have 4 lamps. 

New 2x4 lensed troffer with 
2F32T8S 

T2432C4-A 2x4 32 cell parabolic 
troffer with 4F40T12 

162 4F32T8XL 89 $70.00 20 $1,400.00 1.8 Best Practice Report states the 
downsides of parabolics. 

Since parabolics provide 
such bad light quality, could 
consider ALP RDI  AC  HTC 
1-lamp kit, which would 
save a bunch more energy. 

T244 2x4 troffer with 4F32T8 112 2F32T8H in outboard 
lamp holders 

72 $70.00 0 $0.00 1.4 American troffer, ballast & lamps Add reflector to center 
lamps 

T244-A 2x4 troffer with 
4F40T12 

164 2F32T8H in outboard 
lamp holders 

72 $70.00 0 $0.00 1.8   Could add 2-cove reflector 
to center lamps  

UC3-A undercabinet task fixture 
with 3' T12 lamp 

40 Finelite PLS or equiva-
lent 6W LED undercabi-
net task lamp, cables & 
power supply  

7 $120.00 0 $0.00 3.0 Existing fixtures are glare bombs. Could consider additional 
Finelite PLS  or equivalent 
6W desk mount fixture.  

UC4 undercabinet task fixture 
with F32T8 

35 Finelite PLS or equiva-
lent 6W LED undercabi-
net task lamp, cables & 
power supply  

7 $120.00 0 $0.00 2.8 American F32T8 730 lamp & 
ballast. Glare bomb 

Could consider additional 
Finelite PLS  or equivalent 
6W desk mount fixture.  
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

V21-A 4' V shaped ceiling 
fixture with 1F20T12 

28 1F17T8XL 14 $58.00 0 $0.00 2.0     

V41-A 4' V shaped ceiling 
fixture with 1F40T12 

45 1F32T8XL 24 $58.00 0 $0.00 1.5     

V42-A 4' V shaped ceiling 
fixture with 2F40T12 

82 2F32T8XL 47 $65.00 0 $0.00 1.5   New fixture with 1F32T8S 

W42 4' wrap with 2F32T8 61 2F32T8XL 47 $65.00 0 $0.00 1.2     

W42-A 4' wrap with 2F40T12 82 2F32T8XL 47 $65.00 0 $0.00 1.5     

W43 4' wrap with 3F32T8 86 2F32T8S in outboard 
lamp holders 

56 $68.00 0 $0.00 1.4     

W86 8' wrap with 6F32T8 172 4F32T8S in outboard 
lamp holders 

112 $80.00 0 $0.00 1.4     

WW42 4' wallwash fixture with 
2F32T8 

61 1F32T8C in best lamp 
holder positions 

37 $60.00 0 $0.00 1.5     

X very large exit sign with 
10, 15 or 20W linear 
fluorescent & magnetic 
ballast 

22 new American style red 
or green LED exit sign 
with battery backup 

5 $100.00 150 $15,000.00 2.0 With smaller signs, somebody will 
have to patch and paint. 

Same large size LED exit 
sign, T1 fluorescent kit or 
LED kit 

            0 $0.00       

TOTALS 2677 $624,855.00       
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Code 

Existing Proposed 

Notes  Options Description Watts  Description Watts  

Appr. Unit  
Total Cost  

To 
Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings and 
Productivity 
Multiplier 

Note:  Recommendations are based on converting to high lumen 800 series 5000K or 6500K T8 lamps and extra efficient program start electronic ballasts. 
Code Footnotes: 
 Ballast coding help: After number and type of T8 lamp:  XXL = super low or 0.60 BF (ballast factor), XL = extra low or 0.71 BF, L = low or 0.77 - 0.78 BF, S = standard or 0.87 - 0.89 BF, C = catalog or 1.0 BF, 

CC = 1.10 BF, H = high or 1.15 - 1.20 BF. (Example is 2F32T8S) 
 Fixture code help: T= recessed troffer, W = wrap around, CW = corridor wrap around. S = strip, HI = hooded industrial. T24 means 2' x 4' troffer. 
Contractor Footnotes: 
 Bidding contractors should provide unit pricing, in case listing quantities are not exact. 
 Unit pricing should include all costs, including parts, tax, shipping, permit/license, insurance, labor, lamp recycling, other disposal, travel, per diem, etc.  
 All unused lamp holders shall be removed or made unusable to qualify for delamping rebates. 
 All work needs to be done, when not interfering with any activities.  
 When retrofitting existing fixtures all reflective surfaces and lenses shall be wet cleaned.  
 When converting to 5000K T8,  each room shall be completed by the end of the day. 
 The Garrison may require proof of lamp recycling. 
 If any PCB magnetic ballasts, contractor should provide an adder unit price for proper disposal or the Fort could handle proper disposal. 
 The Garrison may have additional requirements. 
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Table 19.  Lighting audit results for SGD: Existing fixtures and retrofits. 

  Existing Fixture Retrofit Description 

Building 
Room, Area or 
Building Type Fixture Code Fixture Type QTY Height 

Watt
s 

Total 
KW 

Code 
Hour
s Pre 

Hours 
Pre Total KWH Retrofit Description QTY Watts 

Hours 
Post Total KW Total KWH 

13
9 

   
 w

ar
eh

ou
se

 

warehouse HB250MHS hibay with 250W MH 74 20 295 21.8 F 2500 54,575 new 4' hibay with 4F32T8H & 
occupancy sensor 

74 142 1500 10.5 15,762 

cooler HBR250WMH
S 

recessed hibay with 
250W MH 

28 20 295 8.3 F 2500 20,650 New 4' surface mount 
hibay with 4F32T8H & 
occupancy sensor 

28 142 1500 4.0 5,964 

exterior over-
hang 

HB250MHS hibay with 250W MH 16 20 295 4.7 C 1000 4,720 new 4' hibay with 4F32T8H & 
occupancy sensor 

16 142 750 2.3 1,704 

12
9 

wa
re

ho
us

e refrigerated 
storage 

HBSMC250M
H 

square surface mount 
hibay with 250W MH 

28 20 295 8.3 F 2500 20,650 New 4' surface mount hibay with 
4F32T8H, gasketed lens door & 
occupancy sensor 

28 142 1500 4.0 5,964 

warehouse HBSM250MH square surface mount 
hibay with 250W MH 

74 20 295 21.8 F 2500 54,575 New 4' surface mount hibay with 
4F32T8H & occupancy sensor 

74 142 1500 10.5 15,762 

15
4-

4 
la

un
dr

y 

laundry (and 
some offices, 
restrooms, etc) 

HB250MHS hibay with 250W MH 69 20 295 20.4 F 2500 50,888 new 4' hibay with 4F32T8H & 
occupancy sensor 

69 142 2000 9.8 19,596 

T143-A 1x4 troffer with 3F40T12 20   127 2.5 F 2500 6,350 2F32T8S in outboard lamp holders 20 56 2500 1.1 2,800 

HI42-A 4' hooded industrial with 
2F40T12 

50   82 4.1 F 2500 10,250 1F32T8C in right or left side 50 37 2500 1.9 4,625 

HI41-A 4' hooded industrial with 
1F40T12 

50   45 2.3 F 2500 5,625 1F32T8XL 50 24 2500 1.2 3,000 

T142-A 1x4 troffer with 2F40T12 20   82 1.6 F 2500 4,100 1F32T8S on right or left side 20 30 2500 0.6 1,500 

T141-A 6" x 4' troffer with 
1F40T12  

10   45 0.5 F 2500 1,125 1F32T8XL 10 24 2500 0.2 600 

F42-A 4' fixture with 2F40T12 20   82 1.6 F 2500 4,100 1F32T8C in right or left side 20 37 2500 0.7 1,850 

16
5 

   
   

   
 ve

hi
cle

 m
ai

n-
te

na
nc

e 

high ceiling 
area 

HB660-
700HID 

hibay with 660W HPS or 
700W MH 

55 30 730 40.2 F 2500 100,375 new 8' hibay with 10F32T8H 55 356 2500 19.6 48,950 

general  HI42-A 4' hooded industrial with 
2F40T12 

20   82 1.6 F 2500 4,100 1F32T8C in right or left side 20 37 2500 0.7 1,850 

offices T2432C4-A 2x4 32 cell parabolic 
troffer with 4F40T12 

20   162 3.2 F 2500 8,100 4F32T8XL 20 89 2500 1.8 4,450 
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  Existing Fixture Retrofit Description 

Building 
Room, Area or 
Building Type Fixture Code Fixture Type QTY Height 

Watt
s 

Total 
KW 

Code 
Hour
s Pre 

Hours 
Pre Total KWH Retrofit Description QTY Watts 

Hours 
Post Total KW Total KWH 

16
1-

1 
   

DP
W

 shops with 
higher ceiling 

HB400MHS hbay with 400W MH 88 25 458 40.3 F 2500 100,760 new 2x4 hibay with 6F32T8H & 
occupancy sensor 

88 216 1500 19.0 28,512 

shops with 
lower ceiling 

HB300MHS hibay with 300W MH  40 20 345 13.8 F 2500 34,500 new 4' hibay with 5F32T8H or 
6F32T8S & occupancy sensor 

40 180 1500 7.2 10,800 

15
5-

7 
  c

os
is 

shops HB300MHS hibay with 300W MH  122 20 345 42.1 F 2500 105,225 new 4' hibay with 5F32T8H or 
6F32T8S & occupancy sensor 

122 180 2500 22.0 54,900 

cleaning room HB400MHS hbay with 400W MH 20 20 458 9.2 F 2500 22,900 new 2x4 hibay with 6F32T8H & 
occupancy sensor 

20 216 2500 4.3 10,800 

walls HBF400MV hibay flood with 400W 
mercury vapor 

10 20 455 4.6 F 2500 11,375 new 4' flood fixture with 4F32T8H 10 142 2500 1.4 3,550 

hazardous 
rooms 

EXP42-A 4' explosion proof fixture 
with 2F40T12 

25   82 2.1 D 1500 3,075 2F32T8XL 25 47 1500 1.2 1,763 

open areas HI42WC-A 4' hooded industrial with 
2F40T12 & wire cage 

100 15 82 8.2 F 2500 20,500 1F32T8C in right or left side 100 37 2500 3.7 9,250 

offices T142-A 1x4 troffer with 2F40T12 25   82 2.1 F 2500 5,125 1F32T8S on right or left side 25 30 2500 0.8 1,875 

paint booth PBF45-A 1.5' x 4' paint booth 
fixture with 5F40T12 

20   209 4.2 D 1500 6,270 3F32T8H in outboard and middle 
lamp holders 

20 108 1500 2.2 3,240 

15
6-

1 
   

 
of

fic
e 

halls T141-A 6" x 4' troffer with 
1F40T12  

50   45 2.3 F 2500 5,625 1F32T8XL 50 24 2500 1.2 3,000 

offices T142-A 1x4 troffer with 2F40T12 200   82 16.4 F 2500 41,000 1F32T8S on right or left side 200 30 2500 6.0 15,000 

17
3-

1 
 fu

rn
itu

re
 re

pa
ir 

general HI42B-A 4' hooded industrial with 
2F40T12 & low reflective 
hood 

100   82 8.2 F 2500 20,500 new 4' hooded industrial fixture 
with 1F32T8S 

100 30 2500 3.0 7,500 

general HI44B-A 4' hooded industrial with 
bad reflectors & 4F40T12 

100   164 16.4 F 2500 41,000 new 4' hooded industrial with 2-
cove white reflective hood & 
2F32T8H 

100 72 2500 7.2 18,000 

general HI43B-A 4' hooded industrial with 
bad reflectors & 3F40T12 

100   127 12.7 F 2500 31,750 new 4' hooded industrial with 2-
cove white reflective hood & 
2F32T8S 

100 56 2500 5.6 14,000 

hazardous 
rooms 

EXP42-A 4' explosion proof fixture 
with 2F40T12 

20   82 1.6 F 2500 4,100 2F32T8XL 20 47 2500 0.9 2,350 
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  Existing Fixture Retrofit Description 

Building 
Room, Area or 
Building Type Fixture Code Fixture Type QTY Height 

Watt
s 

Total 
KW 

Code 
Hour
s Pre 

Hours 
Pre Total KWH Retrofit Description QTY Watts 

Hours 
Post Total KW Total KWH 

general S46-A 4' strip with 6F40T12 50   246 12.3 F 2500 30,750 new 4' hooded industrial with 2-
cove white reflective hood & 
2F32T8H 

50 72 2500 3.6 9,000 

general S43-A 4' strip with 3F40T12 50   127 6.4 F 2500 15,875 new 4' hooded industrial with 2-
cove white reflective hood & 
2F32T8S 

50 56 2500 2.8 7,000 

14
5 

   
   

  g
ym

 

gym HBRG400MH recessed gym hibay with 
400W MH 

35 20 458 16.0 G 3000 48,090 new 2x4 strong surface mount 
hibay with 6F32T8H, wire cage & 
occupancy sensor 

35 216 2000 7.6 15,120 

weight room 
and lockers 

HI42-A 4' hooded industrial with 
2F40T12 

20   82 1.6 G 3000 4,920 1F32T8C in right or left side 20 37 3000 0.7 2,220 

weight room 
and lockers 

F41-A 4' fixture with 1F40T12 10   45 0.5 G 3000 1,350 1F32T8XL 10 24 3000 0.2 720 

14
2-

3 
   

ca
lib

ra
-

tio
n 

halls T141-A 6" x 4' troffer with 
1F40T12  

40   45 1.8 G 3000 5,400 1F32T8XL 40 24 3000 1.0 2,880 

offices and labs T142-A 1x4 troffer with 2F40T12 40   82 3.3 F 2500 8,200 1F32T8S on right or left side 40 30 2500 1.2 3,000 

offices and labs T143-A 1x4 troffer with 3F40T12 40   127 5.1 F 2500 12,700 2F32T8S in outboard lamp holders 40 56 2500 2.2 5,600 

11
6-

3 
   

wa
re

ho
us

e warehouse HBRS200-250 recessed hibay with 
220W HPS or 250W MH 

116 24 280 32.5 F 2500 81,200 new 4' surface mount hibay with 
4F32T8H & occupancy sensor 

116 142 1500 16.5 24,708 

office T141-A 6" x 4' troffer with 
1F40T12  

40   45 1.8 F 2500 4,500 1F32T8XL 40 24 2500 1.0 2,400 

halls T142-A 1x4 troffer with 2F40T12 20   82 1.6 G 3000 4,920 1F32T8S on right or left side 20 30 3000 0.6 1,800 

10
6-

1 
  w

ar
eh

ou
se

 warehouse HBRS200-250 recessed hibay with 
220W HPS or 250W MH 

116 24 280 32.5 F 2500 81,200 new 4' surface mount hibay with 
4F32T8H & occupancy sensor 

116 142 2500 16.5 41,180 

10
4-

5 
   

  
DR

M
O 

halls T141-A 6" x 4' troffer with 
1F40T12  

20   45 0.9 F 2500 2,250 1F32T8XL 20 24 2500 0.5 1,200 

office T142-A 1x4 troffer with 2F40T12 40   45 1.8 F 2500 4,500 1F32T8S on right or left side 40 30 2500 1.2 3,000 
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  Existing Fixture Retrofit Description 

Building 
Room, Area or 
Building Type Fixture Code Fixture Type QTY Height 

Watt
s 

Total 
KW 

Code 
Hour
s Pre 

Hours 
Pre Total KWH Retrofit Description QTY Watts 

Hours 
Post Total KW Total KWH 

warehouse HBRRS300MH recessed round hibay 
with 300W MH 

240 20 354 85.0 F 2500 212,400 new 4' surface mount hibay with 
4F32T8H & occupancy sensor 

240 142 1500 34.1 51,120 

warehouse HB400MHS hibay with 400W MH 28 20 458 12.8 F 2500 32,060 new 2x4 hibay with 6F32T8H & 
occupancy sensor 

28 216 1500 6.0 9,072 

15
1-

28
   

 
re

cy
cli

ng
 warehouse HI42WC-A 4' hooded industrial with 

2F40T12 & wire cage 
18   82 1.5 F 2500 3,690 1F32T8C in right or left side 18 37 2500 0.7 1,665 

warehouse S42WC-A 4' strip with 2F40T12 & 
wire cage 

30   82 2.5 F 2500 6,150 1F32T8C in right or left side 30 37 2500 1.1 2,775 

al
l b

ui
ld

in
gs

 

general X very large exit sign with 
10, 15 or 20W linear 
fluorescent & magnetic 
ballast 

150   22 3.3 N 8760 28,908 new American style red or green 
LED exit sign with battery backup 

150 5 8760 0.8 6,570 

Totals 2,677     549.9     1,392,951   2,677 4,301   252.7 509,947 
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Table 20.  Lighting audit results for SGD: Savings, costs, and benefits. 

Building 
Room, Area or 
Building Type Fixture Code 

Annual Retrofit Savings Costs Benefits 

To
ta

l K
W

 S
av

ed
 

To
ta

l K
W

H 
Sa

ve
d 

To
ta

l $
 S

av
ed

   
   

(N
o 

AC
) 

To
ta

l $
 S

av
ed

 w
ith

 A
C 

Un
it 

Co
st

 T
o 

Cu
st

om
er

 

To
ta

l C
os

t 

Un
it 

Re
ba

te
 

To
ta

l R
eb

at
e 

Ex
te

nd
ed

 C
os

t A
fte

r 
Re

ba
te

 

M
ai

nt
en

an
ce

 S
av

in
gs

 &
 

Pr
od

uc
tiv

ity
 In

cr
ea

se
 

M
ul

tip
lie

r 

Pa
yb

ac
k 

W
ith

 A
C 

Sa
vi

ng
s 

(B
as

ic
) 

Pa
yb

ac
k 

(C
om

pr
eh

en
si

ve
) 

Lo
ng

 T
er

m
 B

en
ef

it 
(B

as
ic

)  

Lo
ng

 T
er

m
 B

en
ef

it 
   

 
(C

om
pr

eh
en

si
ve

) 

139     ware-
house 

warehouse HB250MHS 11.3 38,813 $5,434 $5,434 $400.00 $29,600 $0.00 $0 $29,600 2.0 5.4 2.7 $51,907 $133,415 

cooler HBR250WMHS 4.3 14,686 $2,056 $2,467 $400.00 $11,200 $0.00 $0 $11,200 2.0 4.5 2.3 $25,809 $62,817 

exterior over-
hang 

HB250MHS 2.4 3,016 $422 $422 $400.00 $6,400 $0.00 $0 $6,400 2.0 15.2 7.6 -$66 $6,267 

129 warehouse refrigerated 
storage 

HBSMC250MH 4.3 14,686 $2,056 $2,467 $440.00 $12,320 $0.00 $0 $12,320 2.0 5.0 2.5 $24,689 $61,697 

warehouse HBSM250MH 11.3 38,813 $5,434 $5,434 $400.00 $29,600 $0.00 $0 $29,600 2.0 5.4 2.7 $51,907 $133,415 

154-4 laundry laundry (and 
some offices, 
restrooms, etc) 

HB250MHS 10.6 31,292 $4,381 $4,381 $400.00 $27,600 $0.00 $0 $27,600 2.0 6.3 3.2 $38,112 $103,824 

T143-A 1.4 3,550 $497 $497 $68.00 $1,360 $0.00 $0 $1,360 1.6 2.7 1.7 $6,095 $10,568 

HI42-A 2.3 5,625 $788 $788 $60.00 $3,000 $0.00 $0 $3,000 2.0 3.8 1.9 $8,813 $20,625 

HI41-A 1.1 2,625 $368 $368 $58.00 $2,900 $0.00 $0 $2,900 1.5 7.9 5.3 $2,613 $5,369 

T142-A 1.0 2,600 $364 $364 $60.00 $1,200 $0.00 $0 $1,200 2.0 3.3 1.6 $4,260 $9,720 

T141-A 0.2 525 $74 $74 $58.00 $580 $0.00 $0 $580 1.5 7.9 5.3 $523 $1,074 

F42-A 0.9 2,250 $315 $315 $60.00 $1,200 $0.00 $0 $1,200 2.0 3.8 1.9 $3,525 $8,250 

165           
vehicle main-
tenance 

high ceiling area HB660-700HID 20.6 51,425 $7,200 $7,200 $660.00 $36,300 $0.00 $0 $36,300 2.0 5.0 2.5 $71,693 $179,685 

general  HI42-A 0.9 2,250 $315 $315 $60.00 $1,200 $0.00 $0 $1,200 2.0 3.8 1.9 $3,525 $8,250 

offices T2432C4-A 1.5 3,650 $511 $511 $70.00 $1,400 $0.00 $0 $1,400 1.8 2.7 1.5 $6,265 $12,397 

161-1    DPW shops with 
higher ceiling 

HB400MHS 21.3 72,248 $10,115 $10,115 $450.00 $39,600 $0.00 $0 $39,600 2.0 3.9 2.0 $112,121 $263,842 

shops with lower 
ceiling 

HB300MHS 6.6 23,700 $3,318 $3,318 $420.00 $16,800 $0.00 $0 $16,800 2.0 5.1 2.5 $32,970 $82,740 

155-7   cosis shops HB300MHS 20.1 50,325 $7,046 $7,046 $420.00 $51,240 $0.00 $0 $51,240 2.0 7.3 3.6 $54,443 $160,125 

cleaning room HB400MHS 4.8 12,100 $1,694 $1,694 $450.00 $9,000 $0.00 $0 $9,000 2.0 5.3 2.7 $16,410 $41,820 

walls HBF400MV 3.1 7,825 $1,096 $1,096 $350.00 $3,500 $0.00 $0 $3,500 2.0 3.2 1.6 $12,933 $29,365 
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Building 
Room, Area or 
Building Type Fixture Code 

Annual Retrofit Savings Costs Benefits 
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(C
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) 

hazardous 
rooms 

EXP42-A 0.9 1,313 $184 $184 $75.00 $1,875 $0.00 $0 $1,875 2.0 10.2 5.1 $881 $3,638 

open areas HI42WC-A 4.5 11,250 $1,575 $1,575 $60.00 $6,000 $0.00 $0 $6,000 1.8 3.8 2.1 $17,625 $36,525 

offices T142-A 1.3 3,250 $455 $455 $60.00 $1,500 $0.00 $0 $1,500 2.0 3.3 1.6 $5,325 $12,150 

paint booth PBF45-A 2.0 3,030 $424 $424 $75.00 $1,500 $0.00 $0 $1,500 2.0 3.5 1.8 $4,863 $11,226 

156-1     office halls T141-A 1.1 2,625 $368 $368 $58.00 $2,900 $0.00 $0 $2,900 1.5 7.9 5.3 $2,613 $5,369 

offices T142-A 10.4 26,000 $3,640 $3,640 $60.00 $12,000 $0.00 $0 $12,000 2.0 3.3 1.6 $42,600 $97,200 

173-1  furniture 
repair 

general HI42B-A 5.2 13,000 $1,820 $1,820 $160.00 $16,000 $0.00 $0 $16,000 2.0 8.8 4.4 $11,300 $38,600 

general HI44B-A 9.2 23,000 $3,220 $3,220 $150.00 $15,000 $0.00 $0 $15,000 2.0 4.7 2.3 $33,300 $81,600 

general HI43B-A 7.1 17,750 $2,485 $2,485 $145.00 $14,500 $0.00 $0 $14,500 2.0 5.8 2.9 $22,775 $60,050 

hazardous 
rooms 

EXP42-A 0.7 1,750 $245 $245 $75.00 $1,500 $0.00 $0 $1,500 2.0 6.1 3.1 $2,175 $5,850 

general S46-A 8.7 21,750 $3,045 $3,045 $150.00 $7,500 $0.00 $0 $7,500 2.0 2.5 1.2 $38,175 $83,850 

general S43-A 3.6 8,875 $1,243 $1,243 $145.00 $7,250 $0.00 $0 $7,250 2.0 5.8 2.9 $11,388 $30,025 

145         gym gym HBRG400MH 8.5 32,970 $4,616 $4,616 $450.00 $15,750 $0.00 $0 $15,750 2.0 3.4 1.7 $53,487 $122,724 

weight room and 
lockers 

HI42-A 0.9 2,700 $378 $378 $60.00 $1,200 $0.00 $0 $1,200 2.0 3.2 1.6 $4,470 $10,140 

weight room and 
lockers 

F41-A 0.2 630 $88 $88 $58.00 $580 $0.00 $0 $580 2.0 6.6 3.3 $743 $2,066 

142-3    calibra-
tion 

halls T141-A 0.8 2,520 $353 $353 $58.00 $2,320 $0.00 $0 $2,320 1.5 6.6 4.4 $2,972 $5,618 

offices and labs T142-A 2.1 5,200 $728 $728 $60.00 $2,400 $0.00 $0 $2,400 2.0 3.3 1.6 $8,520 $19,440 

offices and labs T143-A 2.8 7,100 $994 $994 $68.00 $2,720 $0.00 $0 $2,720 1.6 2.7 1.7 $12,190 $21,136 

116-3    ware-
house 

warehouse HBRS200-250 16.0 56,492 $7,909 $7,909 $400.00 $46,400 $0.00 $0 $46,400 2.0 5.9 2.9 $72,233 $190,866 

office T141-A 0.8 2,100 $294 $294 $58.00 $2,320 $0.00 $0 $2,320 1.5 7.9 5.3 $2,090 $4,295 

halls T142-A 1.0 3,120 $437 $437 $60.00 $1,200 $0.00 $0 $1,200 2.0 2.7 1.4 $5,352 $11,904 
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Building 
Room, Area or 
Building Type Fixture Code 

Annual Retrofit Savings Costs Benefits 

To
ta

l K
W

 S
av

ed
 

To
ta

l K
W

H 
Sa

ve
d 

To
ta

l $
 S

av
ed

   
   

(N
o 

AC
) 

To
ta

l $
 S

av
ed

 w
ith

 A
C 

Un
it 

Co
st

 T
o 

Cu
st

om
er

 

To
ta

l C
os

t 

Un
it 

Re
ba

te
 

To
ta

l R
eb

at
e 

Ex
te

nd
ed

 C
os

t A
fte

r 
Re

ba
te

 

M
ai

nt
en

an
ce

 S
av

in
gs

 &
 

Pr
od

uc
tiv

ity
 In

cr
ea

se
 

M
ul

tip
lie

r 

Pa
yb

ac
k 

W
ith

 A
C 

Sa
vi

ng
s 

(B
as

ic
) 

Pa
yb

ac
k 

(C
om

pr
eh

en
si

ve
) 

Lo
ng

 T
er

m
 B

en
ef

it 
(B

as
ic

)  

Lo
ng

 T
er

m
 B

en
ef

it 
   

 
(C

om
pr

eh
en

si
ve

) 

106-1   ware-
house 

warehouse HBRS200-250 16.0 40,020 $5,603 $5,603 $400.00 $46,400 $0.00 $0 $46,400 2.0 8.3 4.1 $37,642 $121,684 

104-5      DRMO halls T141-A 0.4 1,050 $147 $147 $58.00 $1,160 $0.00 $0 $1,160 1.5 7.9 5.3 $1,045 $2,148 

office T142-A 0.6 1,500 $210 $210 $60.00 $2,400 $0.00 $0 $2,400 2.0 11.4 5.7 $750 $3,900 

warehouse HBRRS300MH 50.9 161,280 $22,579 $22,579 $400.00 $96,000 $0.00 $0 $96,000 2.0 4.3 2.1 $242,688 $581,376 

warehouse HB400MHS 6.8 22,988 $3,218 $3,218 $450.00 $12,600 $0.00 $0 $12,600 2.0 3.9 2.0 $35,675 $83,950 

151-28    recy-
cling 

warehouse HI42WC-A 0.8 2,025 $284 $284 $60.00 $1,080 $0.00 $0 $1,080 1.8 3.8 2.1 $3,173 $6,575 

warehouse S42WC-A 1.4 3,375 $473 $473 $60.00 $1,800 $0.00 $0 $1,800 1.8 3.8 2.1 $5,288 $10,958 

all buildings general X 2.6 22,338 $3,127 $3,127 $100.00 $15,000 $0.00 $0 $15,000 2.0 4.8 2.4 $31,910 $78,820 

Totals   297.2 883,004 $123,621 $148,345  $624,855  $0 $624,855  4.2 3.0 $1,241,790 $3,078,945 
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Table 21.  Fixture and control codes, quantities, and pricing for SGD. 

code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

B244PX-A 2x4 surface box louvered 
fixture with 4F40T12 

164 new 2x4 surface box fixture with 2-cove 
white angled reflector, clear prismatic lens 
& 2F32T8H 

72 $250.00 0 $0.00 1.8 Existing fixture is quite ineffi-
cient and cannot be delamped, 
with still looking good. 

Retrofit with 4F32T8XL 

CL42-A 4' cloud surface fixture with 
2F40T12 

82 2F32T8XL 47 $65.00 0 $0.00 1.5     

CP250MV ceiling pack with 250W 
mercury vapor 

290 new 4' damp location surface mount 
fixture with 2F32T8H  

72 $300.00 0 $0.00 2.0 Verify lamp type and wattage. If want more light, could go 
3F32T8H. 

CW41-A 4' corridor wrap with 
1F40T12 

45 1F32T8XL 24 $58.00 0 $0.00 1.5   New fixture with 1F32T8S 

EXP42-A 4' explosion proof fixture with 
2F40T12 

82 2F32T8XL 47 $75.00 45 $3,375.00 2.0     

F143PX 1x4 surface mount or troffer 
with 3F32T8 

91 new 1x4 surface mount or troffer with 2-
cove white angled reflector, clear prismatic 
lens & 2F32T8XL  

47 $220.00 0 $0.00 1.4 Existing fixture is quite ineffi-
cient and cannot be delamped, 
with still looking good.  

Retrofit with 3F32T8XL 

F41-A 4' fixture with 1F40T12 45 1F32T8XL 24 $58.00 10 $580.00 2.0     

F42-A 4' fixture with 2F40T12 82 1F32T8C in right or left side 37 $60.00 20 $1,200.00 2.0     

G250 hanging globe fixture with 
assumed 250W mercury 
vapor 

290 new 4' hibay with 4F32T8H 142 $300.00 0 $0.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

If want more light, could go 
6F32T8H. 

HB250MHS hibay with 250W MH 295 new 4' hibay with 4F32T8H & occupancy 
sensor 

142 $400.00 159 $63,600.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

  

HB300MHS hibay with 300W MH  345 new 4' hibay with 5F32T8H or 6F32T8S & 
occupancy sensor 

180 $420.00 162 $68,040.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

If want more light, and the 
extra wattage is okay, could 
go with 6F32T8H. 

HB400MHS hibay with 400W MH 458 new 2x4 hibay with 6F32T8H & occupancy 
sensor 

216 $450.00 136 $61,200.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

  

HB400MV hibay with 400W mercury 
vapor 

458 new surface mount 4' hibay with 4F32T8H 142 $300.00 0 $0.00 2.0     
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code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

HB660-700HID hibay with 660W HPS or 
700W MH 

730 new 8' hibay with 10F32T8H 356 $660.00 55 $36,300.00 2.0 Verify lamp type and wattage. 
Could be 5 lamps per both cross 
sections or 4 lamps in one 4' 
section and 6 lamps in other 4' 
section. 1st Source Lighting is 
an approved manufacturer. 

  

HBC400MH clear prismatic hibay with 
400W MH 

458 new 2x4 hibay with 6F32T8H and slits for 
some uplight 

216 $400.00 0 $0.00 2.0 Existing fixtures provide uniform 
uplight. 1st Source is an ap-
proved manufacturer for these 
T8 hibays. 

If want to keep existing clear 
prismatic domes, could 
retrofit with 320W pulse 
start MH lamp and ballast. 

HBF400MV hibay flood with 400W mer-
cury vapor 

455 new 4' flood fixture with 4F32T8H 142 $350.00 10 $3,500.00 2.0 If exterior, will need to be wet 
location. 

If exterior, could go 250W 
20,000 hour rated pulse 
start MH lamp and ballast in 
new fixture. 

HBG250MH hibay with 250W MH  295 new 4' hibay with 4F32T8H, wire cage & 
occupancy sensor  

142 $400.00 0 $0.00 2.0 Verify wattage. 1st Source 
Lighting is one approved manu-
facturer. 

If existing is really 400W MH 
or if really want more light, 
would need 6F32T8 system. 

HBG400MH hibay with 400W MH 458 new 4' hibay with 6F32T8H, wire cage & 
occupancy sensor  

216 $450.00 0 $0.00 2.0 Verify wattage. 1st Source 
Lighting is one approved manu-
facturer. 

  

HBR250WMHS recessed hibay with 250W 
MH 

295 New 4' surface mount hibay with 4F32T8H 
& occupancy sensor 

142 $400.00 28 $11,200.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

Could add lens door 

HBRG400MH recessed gym hibay with 
400W MH 

458 new 2x4 strong surface mount hibay with 
6F32T8H, wire cage & occupancy sensor 

216 $450.00 35 $15,750.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

If want to keep recessed 
fixture, could retrofit with 
320W pulse start MH lamp 
and ballast. 

HBRRS300MH recessed round hibay with 
300W MH 

354 new 4' surface mount hibay with 4F32T8H 
& occupancy sensor 

142 $400.00 240 $96,000.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

  

HBRS200-250 recessed hibay with 220W 
HPS or 250W MH 

280 new 4' surface mount hibay with 4F32T8H 
& occupancy sensor 

142 $400.00 232 $92,800.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 
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code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

HBSM250MH square surface mount hibay 
with 250W MH 

295 New 4' surface mount hibay with 4F32T8H 
& occupancy sensor 

142 $400.00 74 $29,600.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

  

HBSMC250MH square surface mount hibay 
with 250W MH 

295 New 4' surface mount hibay with 
4F32T8H, gasketed lens door & occupan-
cy sensor 

142 $440.00 28 $12,320.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

  

HI126-A 12' hooded industrial with 
6F40T12 

246 3F32T8S in alternate sides 84 $75.00 0 $0.00 2.0     

HI41-A 4' hooded industrial with 
1F40T12 

45 1F32T8XL 24 $58.00 50 $2,900.00 1.5     

Hi42-A 4' hooded industrial with 
2F40T12 

82 1F32T8C in right or left side 37 $60.00 90 $5,400.00 2.0     

HI42B-A 4' hooded industrial with 
2F40T12 & low reflective 
hood 

82 new 4' hooded industrial fixture with 
1F32T8S 

30 $160.00 100 $16,000.00 2.0   Maybe retrofit with new 
hooded industrial 1-cove 
white kit. 

HI42WC-A 4' hooded industrial with 
2F40T12 & wire cage 

82 1F32T8C in right or left side 37 $60.00 118 $7,080.00 1.8   Retrofit with 2F32T8XL 

HI43B-A 4' hooded industrial with bad 
reflectors & 3F40T12 

127 new 4' hooded industrial with 2-cove white 
reflective hood & 2F32T8S 

56 $145.00 100 $14,500.00 2.0   Hooded industrial kit instead 
of new fixture 

HI44B-A 4' hooded industrial with bad 
reflectors & 4F40T12 

164 new 4' hooded industrial with 2-cove white 
reflective hood & 2F32T8H 

72 $150.00 100 $15,000.00 2.0   Hooded industrial kit instead 
of new fixture 

I40A19 40W A19 screw-in incandes-
cent bulb 

40 10 - 15W screw-in CFL, that can handle 
heat and moisture 

13 $20.00 0 $0.00 2.0   New damp rated  fixture with 
1F17T8XL or 1/2 of new 
damp rated 4' fixture with 
1F32T8XL.  

PBF45-A 1.5' x 4' paint booth fixture 
with 5F40T12 

209 3F32T8H in outboard and middle lamp 
holders 

108 $75.00 20 $1,500.00 2.0   2F32T8H and 2-cove white 
reflector 

PT88 8' suspended tube fixture 
with 4F32T8 downlight and 
assumed 4F32T8 uplight 

224 4F32T8H in alternate lamp holders (2 up 
and 2 down) 

142 $70.00 0 $0.00 1.5 Verify number of uplight lamps, 
which may only be 2. 

Maybe center delamped 
lamps or maybe go lamp for 
lamp with XL BF. 

PUF250MH pool up flood 250W MH 295 new pool rated 4' up flood with 4F32T8H  142 $400.00 0 $0.00 2.0 Verify wattage. 1st Source 
Lighting is one manufacturer 
that could make these. 

Retrofit existing fixture with 
150 - 200W pulse start MH 
lamp & ballast. But still long 
warm up and restrike times. 
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code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

RCHPSano recessed can with assumed 
150W HPS 

188 85 - 100W 100,000 hour rated Philips or 
Sylvania  induction system kit 

100 $400.00 0 $0.00 2.0 Verify wattage. The ugly color of 
HPS does not look very good 
here, especially when no day-
light. 1st Source Lighting is one 
manufacturer, that could make 
kit. 

New pool rated surface 
mount fixture with T8s. 

RHB250HPS recessed hibay with assume 
250W HPS 

295 new surface mount 4' hibay with 4F32T8H 142 $300.00 0 $0.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an ap-
proved manufacturer. 

Could also consider occu-
pancy sensor on each fix-
ture. 

S42 4' strip with 2F32T8 59 1F32T8C in right or left side 37 $60.00 0 $0.00 1.5 American fixture, ballast & 
lamps 

  

S42WC-A 4' strip with 2F40T12 & wire 
cage 

82 1F32T8C in right or left side 37 $60.00 30 $1,800.00 1.8   Maybe new hooded indus-
trial for more light where 
needed. 

S43-A 4' strip with 3F40T12 127 new 4' hooded industrial with 2-cove white 
reflective hood & 2F32T8S 

56 $145.00 50 $7,250.00 2.0 Need to confirm fixture type and 
recommendation. 

  

S46-A 4' strip with 6F40T12 246 new 4' hooded industrial with 2-cove white 
reflective hood & 2F32T8H 

72 $150.00 50 $7,500.00 2.0 Need to confirm fixture type and 
recommendation. 

  

S82-A 8' strip with 2F40T12 82 2F32T8XL 47 $68.00 0 $0.00 2.0     

T121-A 6" x 4' troffer with 1F20T12 29 1F17T8XL 14 $58.00 0 $0.00 2.0     

T122-A 1x2 troffer with 2F20T12 56 1F17T8C on right or left side 20 $60.00 0 $0.00 2.0     

T141 6" x 4' troffer with 1F32T8  33 1F32T8XL 24 $58.00 0 $0.00 1.3   End to end fixtures could 
maybe be tandem wired 

T141-A 6" x 4' troffer with 1F40T12  45 1F32T8XL 24 $58.00 160 $9,280.00 1.5     

T142 1x4 troffer with 2F32T8 61 1F32T8C on right or left side 37 $60.00 0 $0.00 1.5   A number of these already 
have pull cord switches, 
which should be maintained. 
If ballast cover is between 
lamps and blocks too much 
light, could go 2F32T8XL or 
new fixture with angled sides 
and 1F32T8S. 
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code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

T142-A 1x4 troffer with 2F40T12 82 1F32T8S on right or left side 30 $60.00 345 $20,700.00 2.0   A number of these already 
have pull cord switches, 
which should be maintained. 
If ballast cover is between 
lamps and blocks too much 
light, could go 2F32T8XL or 
new fixture with angled sides 
and 1F32T8XL. 

T142H-A 1x4 troffer with 2F40T12 82 1F32T8XL on right or left side 24 $60.00 0 $0.00 2.0     

T142L 9" x 4' louvered troffer with 
2F32T8 

61 2F32T8XL 47 $65.00 0 $0.00 1.3   New fixture with 1F32T8S 

T142W-A 1x4 troffer with 2F40T12 & 
white lens 

82 1F32T8XL in right or left side & clear 
prismatic lens 

24 $75.00 0 $0.00 2.0 White lenses block about 30% 
of light, while clear prismatic 
ones only block about 10%. 

Many are end to end, so 
maybe could be tandem 
wired. 

T142WH-A 1x4 troffer with 2F40T12 & 
white lens 

82 132T8XL, 1-cove white reflector & clear 
prismatic lens 

24 $85.00 0 $0.00 2.0 None of these in health clinic 
are assumed to have pull cord 
switches. White lenses block 
about 30% of light, while clear 
prismatic ones only block about 
10%. Thought centering lamp in 
this building would look good. 

1F32T8C in right or left side 
with new lens or 2F32T8XL 
keeping white lens 

T143-A 1x4 troffer with 3F40T12 127 2F32T8S in outboard lamp holders 56 $68.00 60 $4,080.00 1.6 Existing is very bad fixture 
efficiency. 

New 1x4 troffer with angled 
interior sides & 1F32T8C 

T144-A 1.5" x 4' troffer with 4F40T12 164 2F32T8H in outboard lamp holders 72 $70.00 0 $0.00 2.0 Existing is very bad fixture 
efficiency. 

Add 2-cove white reflector 
and go with 2F32T8S. New 
1.5x4 troffer with 2-cove 
white angled reflector & 
2F32T8S. 

T222 2x2 troffer with 2F17T8 33 1F17T8C & 1-cove white reflector 19 $75.00 0 $0.00 1.5 American troffer, ballast & 
lamps 

Retrofit with 2F17T8XL 

T242 2x4 troffer with 2F32T8 59 1F32T8C & 1-cove white reflector 37 $75.00 0 $0.00 1.5 American troffer, ballast & 
lamps 

Retrofit with 2F32T8XL 

T243 2x4 troffer with 3F32T8 86 2F32T8S in outboard lamp holders 56 $65.00 0 $0.00 1.4 American troffer, ballast & 
lamps 

Add reflector to center lamps 
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code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

T2432C3 2x4 32 cell parabolic troffer 
with 3F32T8 

86 3F32T8XL 68 $75.00 0 $0.00 1.5 American fixture, 741 lamps 
and ballast. This is a bad de-
sign, because 18 cell versions 
should have 3 lamps and 32 
cell versions should have 4 
lamps. 

New 2x4 lensed troffer with 
2F32T8S 

T2432C4-A 2x4 32 cell parabolic troffer 
with 4F40T12 

162 4F32T8XL 89 $70.00 20 $1,400.00 1.8 Best Practice Report states the 
downsides of parabolics. 

Since parabolics provide 
such bad light quality, could 
consider ALP RDI  AC  HTC 1-
lamp kit, which would save a 
bunch more energy. 

T244 2x4 troffer with 4F32T8 112 2F32T8H in outboard lamp holders 72 $70.00 0 $0.00 1.4 American troffer, ballast & 
lamps 

Add reflector to center lamps 

T244-A 2x4 troffer with 4F40T12 164 2F32T8H in outboard lamp holders 72 $70.00 0 $0.00 1.8   Could add 2-cove reflector to 
center lamps  

UC3-A undercabinet task fixture with 
3' T12 lamp 

40 Finelite PLS or equivalent 6W LED under-
cabinet task lamp, cables & power supply  

7 $120.00 0 $0.00 3.0 Existing fixtures are glare 
bombs. 

Could consider additional 
Finelite PLS  or equivalent 
6W desk mount fixture.  

UC4 undercabinet task fixture with 
F32T8 

35 Finelite PLS or equivalent 6W LED under-
cabinet task lamp, cables & power supply  

7 $120.00 0 $0.00 2.8 American F32T8 730 lamp & 
ballast. Glare bomb 

Could consider additional 
Finelite PLS  or equivalent 
6W desk mount fixture.  

V21-A 4' V shaped ceiling fixture 
with 1F20T12 

28 1F17T8XL 14 $58.00 0 $0.00 2.0     

V41-A 4' V shaped ceiling fixture 
with 1F40T12 

45 1F32T8XL 24 $58.00 0 $0.00 1.5     

V42-A 4' V shaped ceiling fixture 
with 2F40T12 

82 2F32T8XL 47 $65.00 0 $0.00 1.5   New fixture with 1F32T8S 

W42 4' wrap with 2F32T8 61 2F32T8XL 47 $65.00 0 $0.00 1.2     

W42-A 4' wrap with 2F40T12 82 2F32T8XL 47 $65.00 0 $0.00 1.5     

W43 4' wrap with 3F32T8 86 2F32T8S in outboard lamp holders 56 $68.00 0 $0.00 1.4     

W86 8' wrap with 6F32T8 172 4F32T8S in outboard lamp holders 112 $80.00 0 $0.00 1.4     

WW42 4' wallwash fixture with 
2F32T8 

61 1F32T8C in best lamp holder positions 37 $60.00 0 $0.00 1.5     
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code 

existing proposed 

notes  options description watts  description watts  

appr. unit 
total cost to 
customer quantity 

extended appr. 
total cost to 
customer 
(without 
rebate) 

maintenance 
savings & 

productivity 
multiplier 

X very large exit sign with 10, 
15 or 20W linear fluorescent 
& magnetic ballast 

22 new American style red or green LED exit 
sign with battery backup 

5 $100.00 150 $15,000.00 2.0 With smaller signs, somebody 
will have to patch and paint. 

Same large size LED exit 
sign, T1 fluorescent kit or 
LED kit 

TOTALS 2677 $624,855.00       

Note: Recommendations are based on converting to high lumen 800 series 5000K or 6500K T8 lamps and extra efficient program start electronic ballasts. 
Code Footnotes: 

Ballast coding help: After number and type of T8 lamp:  XXL = super low or .60 BF (ballast factor), XL = extra low or .71 BF, L = low or .77 - .78 BF, S = standard or .87 - .89 BF, C = catalog or 1.0 BF, CC = 1.10 BF, H = high or 1.15 
- 1.20 BF. (Example is 2F32T8S) 
Fixture code help: T= recessed troffer, W = wrap around, CW = corridor wrap around. S = strip, HI = hooded industrial. T24 means 2' x 4' troffer. 

Contractor Footnotes: 
Bidding contractors should provide unit pricing, in case listing quantities are not exact. 
Unit pricing should include all costs, including parts, tax, shipping, permit/license, insurance, labor, lamp recycling, other disposal, travel, per diem, etc.  
All unused lamp holders shall be removed or made unusable to qualify for delamping rebates. 
All work needs to be done, when not interfering with any activities.  
When retrofitting existing fixtures all reflective surfaces and lenses shall be wet cleaned.  
When converting to 5000K T8,  each room shall be completed by the end of the day. 
The Fort may require proof of lamp recycling. 
If any PCB magnetic ballasts, contractor should provide an adder unit price for proper disposal or the Fort could handle proper disposal. 
The Fort may have additional requirements. 
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5.8.3 Costs and assumptions 

· $0.14 is considered the blended kWh rate. 
· Quantities are often estimated. 

o Not all buildings are included. 
· Wattages with Oriental type lamps and ballasts are estimated, based on 

American equivalents. 
· Approximate pricing is based on pricing in the States, with an adder for 

Japan. 

Table 22.  Sagami Lighting ECMs summary 

Parameter Measure 

Number of fixtures before  2,677 
 after 2,677 
kW Reduction amount 297.23 
 percentage 54% 
kWh Reduction amount 883,004 
 percentage 63% 
Annual Electrical Savings $148,345 
Approximate Cost (Before Rebate) $624,855 
Approximate Cost (After Rebate) $624,855 
Payback (Years) basic 4.2 
 comprehensive 3.0 
Long Term Benefit basic $1,241,790 
 comprehensive $3,078,945 

5.9 Investment 

Table 23 lists investment costs. 

Table 23.  Investment costs. 

Item Name Estimated Total Investment 

Sub stations 1,204,000 
DHW storage tanks 480,000 
Replacement of boilers 295,000 
Plant internal piping 54,000 
Sub total 2,033,000 
Contingency (15%) 304,950 
Total 2,337,950 

Table 24 lists a summary of the Sagami Depot ECMs. 
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Table 24.  Summary of Sagami Depot ECMs. 

ECM # ECM Description 

Electrical Savings Thermal 

Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint ($/yr) 

Investment 
($) 

Simple 
Payback 

(yrs) (KWh/yr) ($/yr) 
(MMBtu/y

r) ($/yr) 

P&O #1SD Planning and operational considerations - Sagami Depot 0 $0 6,703 $135,022 $0 $135,022   

CEP #1SD - Option 
1 

Convert the steam boiler to a hot water with 10% replacement of the 
distribution system CEP 174 

0 $0 57,829 $1,032,66
2 

$166,200 $1,198,862 $4,093,845 3.4 

CEP #1SD - Option 
2 

Convert the steam boiler to a hot water with 90% replacement of the 
distribution system CEP 174 

0 $0 55,272 $1,033,00
0 

$0 $1,033,000 $11,307,00
0 

10.9 

CEP #2SD Sagamihara family housing CEPs – modification of generation facilities 
and distribution 

0 $0 11,750 $258,000 $325,000 $583,000 $2,338,000 4.0 

HVAC #6SD Improve HVAC controls Bldg 161-1 Sagami Depot 391,000 $50,830 4,890 $107,231 $0 $158,061 $300,000 1.9 

HVAC #7SD Optimize de-humidification of medical warehouses, Sagami General Depot -276,000 -$36,000 13,589 $298,229 $0 $262,229 $141,400 0.5 

HVAC #8SD Laundry heat recovery -89 -$160 331 $6,680 $0 $6,520 $45,400 7.0 

HVAC #9SD Utilize excess heat from air compressor, DOL Warehouse,  
Sagami General Depot 

0 $0 180 $3,950 $0 $3,950 $4,000 1.0 

LI #1SD Sagami Depot Lighting 883,004 $148,345 0 $0 $0 $148,345 $624,855 4.2 

Totals   997,915 163,015 95,272 1,841,774 491,200 2,495,989 7,547,500 3.0 

Note:  Totals assume Option 1 for CEP #1SD. 
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6 Four Sagamihara Family Housing CEPs – 
Modification of Generation Facilities and 
Distribution 

6.1 Existing situation 

Sagamihara family housing (SFH) has four energy generation facilities: 

1. Co-generation plant, CEP 123-15 
2. Steam boiler plant, CEP134 
3. Gas-fired absorption chiller/hot water generator, Bldg 112 
4. Gas-fired absorption chiller/hot water generator, Bldg 122-01. 

Figure 51 shows the placement of each energy generation facility and their 
location within the base. 

 

Figure 51.  CEP location and heating distribution map. 
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To describe the current situation in terms of energy consumption, demand 
and usage, a series of graphs, tables, and charts were generated. Figure 52 
shows the costs of the three energy sources available at SFH (fuel oil, natu-
ral gas, and electricity). These unit costs had to be converted into the same 
units of $/MMBtu for comparative purposes and are presented for the 
time frame of October 2005 to September 2008. 

The costs of these three raw energy sources were relatively constant from 
2006 to 2007. Prices for electricity were around $40/MMBtu (hybrid). 
Prices for fuel oil and natural gas (hybrid) were nearly equal and around 
$16/MMBtu during that same time frame. From the same time period – 
October 2005 to September 2008, Figure 53 shows the overall fossil fuel 
consumption. 

Some data for electrical usage and demand for SFH were provided. Figure 
54 shows electrical demand and usage for the year 2007. 

6.2 CEP 123 

6.2.1 Technical description – generation 

CEP123 is a co-generation plant (built in 2004) that has two gas-fired in-
ternal combustion engines, each with 500 kW (1708 MBtu/h) electrical 
and about 750 kW (2561 MBtu/h) thermal output. Table 25 lists the opera-
tional schedule. 

Figure 55 charts the electricity generated from each co-generation unit at 
CEP 123. 

The first 3 years shown in Figure 55 indicates some initial problems with 
running the co-generation systems. It is assumed that there was a lack of 
properly trained personnel. According to current personnel, this problem 
was corrected in 2007 by hiring qualified co-generation operators. Since 
then, the system has been used more frequently with the exception of the 
period of downtime of Cogen 2 in July 2008. 

Table 26 lists the monthly energy generation and consumption for both 
units 1 and 2 of the co-generation plant, both individually and jointly. The 
numbers in black are from given data and the blue numbers are calculated 
based on those black numbers. 
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Figure 52.  Standardized monthly unit cost of energy. 

 

Figure 53.  Total fossil fuel consumption. 
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Figure 54.  2007 electrical demand and usage. 

Table 25.  Co-gen operational schedule. 

Season Months Days of week Hours of day Daily Total Monthly Total 

Winter Dec/Jan/Feb Monday –Sunday 6:00am – 12:00am 18 hrs 540 hrs 

Spring Mar/Apr/May Monday –Saturday 8:00am – 8:00pm 12 hrs 312 hrs 

Summer Jun/Jul/Aug Monday –Sunday 6:00am – 12:00am 18 hrs 540 hrs 

Autumn Sep/Oct/Nov Monday –Saturday 8:00am – 8:00pm 12 hrs 312 hrs 

 

Figure 55.  CEP 123 Monthly electricity generation. 
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Table 26.  Co-generation Plant CEP123 energy consumption and generation. 

 
From analyzing the calculated data in the 6th column (from the left) in  

The data in Table 26  makes it clear that the only mode of operation was at 
or near full power (500 kW). The operators may not know that these units 
are capable of running in partial power output mode to follow electrical or 
heating demand. 

Figure 56 shows major peaks from heating in the winter and minor peaks 
for cooling in the summer. 
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Figure 56.  Fuel consumption for absorption. 

6.2.2 Technical description – distribution 

All four plants feed into a four line, dual (space heat and DHW) distribu-
tion system. A district heating (DH) system (two lines) is used for space 
heating and the other two lines are used for DHW. The space heating dis-
tribution system is only used during heating season and shut down in 
summer. The DHW distribution is operated year round. 

Figure 57 shows a breakdown of the entire DH distribution system in 
terms of piping diameter and length for investment calculations. 
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Figure 57.  DH distribution system piping for CEP123/134. 

6.3 CEP 134 

CEP134 contains three 500hp steam boilers with an output of 17,000 lb/hr 
steam and one 350hp boiler with an output of 12,000 lb/hr steam. Ishika-
wajima built all of these boilers in 1984. CEP134 is a centralized steam boi-
ler that heats water for DHW and space heating within the boiler plant 
building. Table 27 lists the annual costs associated with the operation of 
boiler plant CEP 134 for the years 2000 to 2008. The unit energy costs in 
$/MBtu and $/MWh have also been developed from these annual costs. 
The data in Table 27 show a trend for labor cost seen previously at other 
energy generation facilities on the U.S. Army bases in Japan. 

Table 27.  Costs for CEP 134. 
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6.4 Other energy facilities 

There are four gas-fired absorption chiller/hot water generators within 
three buildings that are used for space cooling in the summer, space heat-
ing in the winter and DHW year round. Technical data sheets were pro-
vided and summarized in Table 28. 

Energy output and fuel consumption input for cooling and heating were 
included in these data sheets for each machine. COPs for heating and cool-
ing modes for each machine were calculated for use in further calculations. 
All these machines are hooked up to supply energy to the two distribution 
systems. 

6.5 Building demand 

There are 230 structures containing 516 family housing units along with 
40 other buildings including an elementary school, swimming pool, nur-
sery, one private organization, etc. The family housing units consist of 
two-level townhouses or single dwelling units. Some townhouses and all 
single dwellings were built between 1951 and 1959. The remaining town-
houses were built after 1990. They are heated by a central direct system 
and mostly cooled by window air-conditioners. There are no cellars or 
basements, but the units have outside storage sheds. 

See Table A6 (in Appendix A to this report) for a complete list of the build-
ings and their calculated Pacific Northwest National Laboratory (PNNL) 
demand for space heating and DHW. 

Table 28.  Data for other energy generation units. 

 Manufacturer 
Year 
Build 

Mode of 
Operation 

Energy 
Output 

Energy  
Input 

Energy 
Input COP* 

112-07 Kawasaki Juko Dual Effect  2003 Cooling 213 kW 16.03 m3/h 173 kW 1.23 

 Absorption Chiller  Heating 376 kW 34.90 m3/h 377 kW 1.00 

123-15 Kawasaki Heavy Industry  2005 Cooling 281 kW 20.00 m3/h 216 kW 1.30 

 Dual Effect Absorption Chiller  Heating 236 kW 21.90 m3/h 237 kW 1.00 

122-01 Yazak Dual Effect  2002 Cooling 105 kW 8.10 m3/h 87 kW 1.20 

 Absorption Chiller  Heating 86 kW 8.10 m3/h 87 kW 0.98 

 Kawasaki Heavy Industry  2002 Cooling 1,150 kW 81.70 m3/h 882 kW 1.30 

 Dual Effect Absorption Chiller  Heating 954 kW 88.50 m3/h 956 kW 1.00 

*coefficient of performance (COP) 
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6.6 Problems 

6.6.1 Distribution 

Originally this distribution system was constructed of black iron pipes. Us-
ing black iron is not normally a problem if it is being continually fed with 
fresh, treated water. This water treatment includes oxygen scavenging. 
However, in this particular case, a serious risk of heating pipe breakage in 
the wrong area in winter exists because the water cannot be treated since it 
is used for human consumption. 

The pipes for this distribution system were installed 35 to 50 years ago 
when the houses were built and they are reaching the end of their useful 
lives. They are starting to corrode through and require replacement. They 
are currently being replaced as needed with galvanized steel piping. Ac-
cording to Army engineering sources, a break or a leak occurred as many 
as three times a week. These repairs are expensive ranging from $500 to 
$5000 each, not including the inconvenience costs of having to sporadical-
ly evacuate and move occupants. In theory, these continual repairs would 
eventually replace and modernize the entire distribution system. It is not 
known exactly how much of the piping has already been replaced, but for 
the purposes of this report, it will be assumed that 40-60 percent has been 
replaced. 

Most of the problems are with the pipes that carry domestic hot water 
from CEPs. They branch out underneath the housing area to run through 
radiators and heat individual homes before returning to the plant. Fur-
thermore, it would be more difficult to locate and replace piping that is 
embedded within housing foundations. 

6.6.2 Generation 

Over the past 10 years, the additional generation from the absorption chil-
lers/hot water generators and the co-generation system in conjunction 
with the CEP’s boilers excessive capacity and age, and the high cost of op-
eration, makes the replacement an economic necessity. The data in Table 
27 indicate that labor and maintenance contributes heavily to the unit 
energy cost for CEP 134 
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The total fossil fuel consumption presented above can be sub-divided into 
the fuel consumed by each energy plant and facility location. Figure 58 
shows monthly fuel consumption by location from January 2006 to De-
cember 2008. 

Figure 59 shows that /hot water generators and co-generation has in-
creased with time. The absorption chillers/hot water generators are not 
likely to contribute much more to the overall demand of SFH. The co-
generation plant has the potential to contribute a more significant share of 
the total heating supply and the electricity supply, while at the same time, 
reduce the need for steam generation. 

Electricity demand at SFH is satisfied by co-generation and by purchase of 
electricity from the local grid. Figure 59 shows the monthly quantity of 
electrical flow broken into these three components. 

 

Figure 58.  Total monthly fossil fuel consumption by location. 
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Figure 59.  Monthly electrical consumption for SFH. 

In Figure 59, the yellow line at 720MWh represents the maximum possible 
electrical generation potential from CEP 123. This calculation was based 
on 2 x 0.5MW Co-generation units operating 24hr/day and 7 days/wk 
(720 hrs/month). It is clear that the installation could reduce its purchase 
of electricity by increasing the operation schedule for CEP 123. Moreover, 
observations at the base indicate that this schedule is arbitrarily based on 
personnel availability, not on the potential these units could operate. 

Table 29 summarizes the monthly space heating and cooling along with 
DHW for 2006 through 2008. The boiler efficiency is assumed to be 
80 percent and the co-generation heating efficiency at 50 percent. There is 
a significant shift in the source for space heating energy from the steam 
boiler to co-generation during the time frame of 2006 to 2008. 

Table 30 summarizes the year to year total annual energy generation. 
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Table 29.  Monthly energy generation. 

 

Table 30.  Annual energy generation summary. 

  2006 2007 2008 

Central Heating (MMBtu) 44,251 33,190 24,916 
Central Cooling (MMBtu) 5,431 5,379 5,687 
Central DHW (MMBtu) 34,091 28,455 27,522 
  83,773 67,024 58,125 

During the course of the year, energy for space heating is provided from all 
the energy plants, except during the warmer months (June through Sep-
tember) where the space heating is no longer required. Therefore, all the 
heat energy from CEP 123 and 134 is used for generating DHW and ab-
sorption cooling from the chillers in Bldgs 112-07, 122-01 and 123-15 dur-
ing those warmer months. This establishes the total heat energy needed 
for DHW. Based on the fact that people normally take fewer showers in the 
colder months, it can be assumed that 70 percent of the heat energy for the 
cooler half the year is used for space heating. Using this information along 
with the data tabulated in the table below, the total annual demand for 
space heating can be calculated as: 

Average monthly heat for DHW in warmer months = (June +July + Aug + Sep)/4 

This amount may be multiplied by 6 months to get the total semi-annual 
DHW heating demand for the warmer half of the year. 
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To get the total semi-annual DHW heating demand for the cooler half of 
the year divide the average DHW heating demand by 0.7 and multiply it by 
6 months, or: 

[(average DHW monthly use in warmer months )/0.70] x 6 = total semi-annual space 
heating demand for the warmer half of the year 

Simply sum the two total semiannual DHW demand results to get the total 
annual DHW heating demand. These calculation steps are then repeated 
for each year. 

There is a noticeable reduction in the DHW heating demand year by year. 
This could be due to the effective replacement of older piping. 

Figure 60 shows the monthly hot water generated from all sources. The 
dark blue straight line represents the maximum possible hot water genera-
tion from co-generation. The light blue curve represents the actual current 
hot water generated from co-generation. It is clear that the co-generation 
could increase its share of the total hot water generation (red curve) and 
reduce the amount of hot water generated by the steam boilers (black 
curve). The shaded gray area represents this gap in the current actual co-
generation hot water and potential hot water generation. 

The generated DHW data from Figure 60 should be compared to actual 
demand/usage to determine the DHW losses, which would be the differ-
ence in the two values. The following assumptions are made based on the 
level of occupancy: 

· number of single family housing units = 516 
· number of people per unit = 3.5 
· number of occupants = 1806 
· 30 gal of DHW/person/day 
· supply water is being heated from 54 to 140 °F (12 to 60 °C). 

The actual demand/usage for DHW can be calculated based on the level of 
occupancy or through a PNNL model based on building square area as 
shown in Table A6 (in Appendix A to this report). 8233 MMBtu/yr: 

30 gal/person-day x 4 qts/gal x 1liter/1.09 qts x 1kg/liter = 110.1kg/person-day 
110.1 kg/person-day x 4.187KJ/kg-°C x 48 °C x 1806 people x 1KWh/3600KJ x 3412 

Btu/KWh x 365 days/yr x 1MMBtu /1,000,000 = 13,824 MMBtu/yr 
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Figure 60.  SFH total hot water generation. 

Subtract this from the total generated heat energy in 2008 taken from Ta-
ble 30 to get the losses: 

27,522 – 13,824 = 13,698 MMBtu/yr losses 

It is possible that the steam boiler losses account for a significant portion 
of these losses, since the efficiency could have been overestimated because 
the partial loading in summer will reduce efficiency. 

6.7 Solution: Elimination of one of the two distribution systems 

According to preliminary calculations, using the hot water distribution 
system to take over the load of the DHW distribution system shows that 
this is possible. This would be especially advantageous if the new, single 
district heating system had individual storage tanks in the housing units to 
create a heat energy buffer. Figure 61 shows a map of the district heating 
distribution system including the load of the DHW demand, color coded to 
indicate heat and pressure losses. Blue and green lines indicate that the 
losses are within specification. 
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Figure 61.  Domestic hot water service area. 
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To determine the most feasible option, further investigation needs to be 
done into which pipe sections of the DHW distribution have already been 
replaced. Since it is likely that these newer sections are in better condition 
and would not require replacement. Then the oldest district heating lines 
could be replaced and re-routed to run parallel with these newer sections 
of DHW lines. By eliminating the domestic hot water distribution system, 
substations for DHW preparation out of the district heating system will be 
necessary. 

6.8 Generation 

6.8.1 Extension of operating hours for the co-generation systems 

This will displace more of the steam generation for Hot Water and displace 
electricity otherwise purchased from the grid. Controls should be put in 
place (if they are not already there) to regulate the extended operating 
hours. As already mentioned, this co-generation operating schedule seems 
to be arbitrarily based on personnel availability, not on the potential these 
units could operate. Controls will allow an unsupervised operation of the 
co-generation units. 

6.8.2 Steam boiler replacement 

Replace the four steam boilers at CEP 134 with two completely new, dual-
fuel, hot water boilers of lower combined total generation capacity and use 
two of the remaining steam boilers for back up. 

The change from steam to hot water boilers will eliminate the requirement 
for 24-hr staffing at the central boiler plant. After the steam boilers are re-
placed, automatic controls can be installed to operate the new hot water 
boilers and remote monitoring capability may be implemented. The new 
heat generation system design will circulate hot water to provide heating 
to all buildings at SFH. Hot water at a temperature of approximately 170-
200 °F is pumped from the central boiler and the co-generation plants 
throughout the complex. 

Having the flexibility of dual-fuel-fired boilers allows the purchasing of 
more economical and/or available fuel at the time. Substantial discounts 
could be received from the gas company if the gas is turned off during peak 
periods. 
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6.9 Savings 

6.9.1 Distribution 

Losses should be reduced by about 50 percent using only one instead of 
two distribution systems. The 13,698 MMBtu/yr in losses from the DHW 
distribution system will be eliminated. Consequently, the 13,824 
MMBtu/yr load will be appended to the district heating distribution. It is 
estimated that this load transfer will marginally increase the losses by 
about 15 percent of the DHW demand 2074 MMBtu/yr: 

13,824 -2074 = 11,750 MMBtu in energy savings 

This will reduce generation required from the steam boiler plant CEP134. 
Saving may then be calculated by multiplying this energy savings by the 
2008 unit energy cost from Table 30: 

11,750 MMBtu/yr x $10.48/MMBtu = $123,140/yr 

6.9.2 Generation 

To determine the economic advantage for increasing the average annual 
operating time from 3310 hrs/yr to 7500 hrs/yr for the co-generation 
plant, the following calculations were performed. Subtracting the existing 
average run time from the proposed run time yields a new average annual 
additional run time of 4190 hrs/yr. It is assumed the efficiency for the 
conversion of fuel to electrical energy is 35 percent and an efficiency of 
50 percent for the conversion of fuel to thermal energy. Based on the out-
put of 1MW (2 x 0.5 MW), this will produce an additional 14,302 
MMBtu/yr in electrical energy and an additional 20,429 MMBtu/yr in 
thermal energy. Table 31 lists the calculations (in both Metric and English 
units). 

The total annual energy savings = $258,417 

6.10 Non-energy savings 

6.10.1 Labor 

It is estimated that $250,000 of the $337,401 for 2008 will be saved an-
nually. 



ERDC/CERL TR-10-20 134 

 

Table 31.  Energy savings calculations. 

Calculation Measure Unit Measure Unit 

 6,619  Cogen 1 +2 hrs   
 3,310  Average hours   
 7,500  Economical Run time    
 4,190  additional run time each   
Gas usage for additional run time 
 2.857  Gas MW in 9.751  Gas MM Btu/h in 
 11,971  MWh gas  40,858  MM Btu gas  
Electricity produced  for additional run time 
 35% electr. Eff 35% electr. Eff 
 1.00  MW electr. 3.41  MM Btu/h electr. 
 4,190  MWh electr. 14,300  MM Btu  electr. 
Heat Energy Produced  for additional run time 
 50% thermal efficiency 50% thermal efficiency 
 1.4  MW therm out 4.9  MM Btu/h therm out 
 5,986  MWh therm 20,429  MM Btu therm 
 11,971  MWh gas  40,858  MM Btu gas  
 4,190  MWh electr. 14,300  MM Btu  electr. 
 5,986  MWh therm 20,429  MM Btu therm 
 85% Efficiency 85% Efficiency 
Energy Prices 
Gas 55.59  $/MWh 16.29  $/MM Btu 
Electrical 140.00  $/MWh 41.02  $/MM Btu 
Heat 35.78  $/MWh 10.48  $/MM Btu 
  $586,600  Electr. Energy  $586,600  Electr. Energy  
 $214,169  Thermal energy $214,169  Thermal energy 
 $800,769   $800,769   
 $(665,492) Gas cost $(665,492) Gas cost 
 $135,277   $135,277   

6.10.2 Maintenance/materials 

It is estimated that $75,000 in maintenance and parts will be saved an-
nually from not having to continually repair the DHW distribution system: 

The total annual non-energy savings = $325,000 
The total annual savings = $583,417 
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6.11 Payback 

Payback is calculated to occur in 4 years: 

$2,337,950/$583,417 = 4 yrs 
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7 Camp Zama ECMs 
7.1 Central energy plants 

7.1.1 Introduction 

An Energy and Process Optimization Assessment (EPOA) was conducted 
at Camp Zama on the CEPs to identify energy, process, and environmental 
opportunities, and to reduce future energy costs. 

7.1.2 Future cost of energy 

Even though the cost of energy has recently dropped, it is generally ex-
pected that the cost of energy will increase faster than the cost of most 
other commodities and merchandise. Figure 62 shows DOE/Energy In-
formation Administration (EIA) escalating fuel price estimates. 

 
Report #:DOE/EIA-0383(2009), Release date: March 2009; Petroleum Product Prices (2007 ¢/gal, unless otherwise noted) 

Figure 62.  Projected energy costs. 
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7.1.3 Existing conditions 

Camp Zama is divided into three sections with respect to central energy 
generation and distribution. There are is a CEP in the south (CEP131), in 
the center (CEP350), and the north (CEP 1024) (Figure 63). All three cen-
tral plants are equipped with single-fuel-fired, high pressure steam boilers 
and provide heat for space heating and domestic hot water, and space 
cooling through steam operated absorption chillers in the CEP131 and 
CEP350 areas. The only fuel source for Camp Zama is FJ-1 fuel oil with a 
combustion value of 138,700 Btu/gal. 

7.1.4 Energy savings achieved in 2005 – 2008 

Based on Camp Zama data gathered from 2005 – 2008, certain energy 
savings were achieved since fuel consumption was consistently reduced 
year over year on each of the boiler plants. There were no major changes in 
the boiler plants or in the distribution systems over this time frame, so it is 
assumed that these savings were due to improvements within the build-
ings and facilities themselves – new controls, added insulation, energy 
awareness, demolition, or disconnection of buildings. Although the fuel oil 
consumption was reduced over this 4-year period, the cost to fuel the boi-
lers increased over the same period (Figure 64). 

 

Figure 63.  Land use map. 
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Figure 64.  Fuel consumption and cost. 

7.1.5 Labor costs at the boiler plants at Camp Zama 

Due to the complex nature of steam boiler technology, a highly trained la-
bor force is necessary to operate the boiler plant on Camp Zama. An exter-
nal contractor operates and maintains all CEPs on Camp Zama. The DPW 
of Camp Zama provided tables with breakdowns of labor and O&M cost for 
this report. Figure 65 shows labor cost directly associated with the CEP for 
all three boiler plants over a period of the past 8 years. 

,  

Figure 65.  Labor cost associated with CEP. 
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7.1.6 Electrical consumption total 

The utility company for Camp Zama’s electricity is Tokyo Electric Power. 
Camp Zama falls into the contract category E2-CT. The maximum con-
tracted demand is 10,000 kW. From the FY08 utility company invoice, a 
total of 41,296 MWh were consumed, at a cost of about $5,600,000 ($1.00 
= 100 yen). The total invoice is based on the combination of the demand 
charge of $15/KW and the unit price of 11 ¢/Kwh. Therefore, the average 
electrical cost for FY08 is calculated to be 13.56 ¢/kWh or 3.97 ¢/MBtu. 

Some data for electrical consumption and demand were provided. Figure 
66 shows monthly electrical consumption and demand for 2007. The peak 
days for electrical demand are in the summer due to electrical air-
condition usage. The currently contracted maximum demand of 10,000 
kW was almost reached on a day in August 2008. Measurements have 
been put into place to either increase the contracted demand over 10,000 
kW, or to decrease the peak demand on summer days to avoid the higher 
tier penalties for overconsumption. 

 

Figure 66.  2007 Electrical consumption and demand. 
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7.1.7 Energy consumption and demand 

The energy use of individual buildings is not metered within Camp Zama 
and is thus unknown. Of the 423 permanent buildings, 279 are serviced by 
three CEPs for heating and cooling. Therefore, their energy use was esti-
mated using a Pacific Northwest National Laboratory (PNNL) model de-
veloped in 2004 for a Facility Energy Decision System (FEDS) study. In 
this modeling effort, the total building population was broken into a num-
ber of typical building groups characterized by function, location, and op-
erating schedules. A representative building from each group was modeled 
for energy use over 12, 24-hr periods representing a typical day for each 
month of the year. The result of this analysis was summed for each mod-
eled building to represent the total energy use for the year. Multiplying the 
building’s size by the annual rate of energy consumption/unit area pro-
vides an estimate of each building’s heating and cooling use. The heating 
of domestic hot water is also estimated this way for all buildings. That 
energy use was then expanded to all buildings in the typical building group 
based on the total building area. The PNNL model estimated the energy 
use for lighting, heating, domestic hot water, ventilation, cooling systems, 
and motors/miscellaneous equipment. The values for space heating, heat-
ing domestic hot water, and cooling were used in this analysis for existing 
projected plant loads and not the actual data retrieved from the boiler logs. 

A check of the sum of the estimated building energy use, plus approximate 
distribution losses, compared favorably with the central energy pro-
duced/boiler log data. 

Table A1 (in Appendix A to this report) lists the buildings and their rele-
vant data. 

7.2 ECM CEP #3Z  Change CEP131 from steam generation to hot 
water generation and absorption cooling system to electrical 
chiller system 

7.2.1 Technical description – generation 

CEP131 is a centralized steam boiler plant that services the southern end of 
the Garrison. This plant consists of three 230 HP boilers (7.7 MBtu/hr) 
Manufactured by Takuma Co., Ltd, and built in 1992. The maximum steam 
output is 8000 lb/hr each, with a maximum operating pressure of 142 psi. 
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To provide for central cooling, two 1340,000 kcal/h (443.1 RT) double 
stage absorption chillers from Mitsubishi Juko, built in 1992, were also in-
stalled in the same building. 

A monthly breakdown of labor, material, fuel, and O&M cost including the 
monthly steam production was provided for the year 2000 until 2008. 
Additionally, daily Boiler logs for CEP 350 were available and were in-
cluded in this evaluation. These data were analyzed an used to generate 
tables and charts with unit cost of heat and cooling by using real cost val-
ues instead of using modeling techniques. These cost data were evaluated 
and compared with the cost values derived from the daily boiler logs from 
CEP 131. Table 32 summarizes this data on a yearly basis, including a unit 
of steam price in $/MBtu and in $/MWh. 

Note that in row 2 of Table 32 (“Material Cost”), the actual money spent in 
the period years 2000 to 2005 was in the range of $20,000 to $45,000/yr 
and decreased from 2006 to 2008 in the range of $2000 – $10,000/yr. 
This should be further scrutinized, since the extreme reduction in material 
cost may suggest deferred maintenance. 

Another noticeable irregularity is the labor cost, which decreased in 2006 
and 2007 by more than 50 percent compared with 2005. In 2008, it 
reached a high of $231,982; a level that would be consistent with 2003 – 
2004 considering 12 percent typical average yearly increase. 

In row 7 of Table 32 (“Fuel Cost plus Labor”), material and O&M are to-
taled and then divided by the total steam production for each year. This 
results in the unit of energy cost in $/MMBtu and $MWh, as displayed in 
the last two rows. It is evident how increasing fuel prices since the year 
2005 have heavily influenced the unit heat cost. Furthermore, the labor 
intensive steam boiler operation and maintenance also has a strong influ-
ence on the unit heat cost. 

Figure 67 shows the yearly average fuel oil prices from year 2005 until 
2008. The yearly average fuel oil price rose from $1.57/gal in 2005 to 
$3.57/gal in the year 2008. 



ERDC/CERL TR-10-20 142 

 

Table 32.  Energy costs CEP 131 for years 2000 – 2008. 

 

 

Figure 67.  Average fuel oil price. 

The increase in fuel costs was the major reason for the Unit heat price in-
crease from about $10/MBtu to about $31/MBtu. Including labor and 
O&M cost, the unit heat price comes to about $56.70/MBtu (Figure 68). 
Consequently, the use of the boiler to provide steam for space cooling 
through absorption cooling in summer may be an expensive way to pro-
vide summer cooling. 

7.2.2 Steam pressure 

During an evaluation of the Facilities Engineering Operating Log Form 
3967 steam pressure data (2nd column) for CEP350 from 2005 until 
11/2007, it was noted that the operating steam pressure was between 99 
and 110 psi. A decision was apparently made to reduce the steam pressure 
beginning in  November 2007 to 60 to 70 psi to save energy.  
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Figure 68.  CEP131 unit energy cost. 

This reduced the steam temperature by 16 °F, from 332 °F to 316 °F. This 
apparently provides adequate heating during the winter and spring 
months, because the boiler continued to operate in the 70 psi range steam 
pressure until mid-May 2008, when it was then increased back to up to 
114 psi. This increase was likely due to the discovery that 70 psi range was 
not enough to satisfy the increased demands of the double stage absorp-
tion coolers during cooling season. For the two-stage absorption cooler to 
reach their full capacity, a higher feed temperature of 340 °F is needed. 

After the summer demand waned for the absorption coolers, the boiler 
steam pressure was again reduced to 70 psi range in the first week of Oc-
tober 2008 and continued at that pressure throughout the winter of 2009. 

7.2.3 Distribution System 

7.2.3.1 The seasonal operation of central heating and cooling. 

Since several old buildings consist of a two-pipe system inside the build-
ings and the chillers are off during winter, the boilers are off during sum-
mer, only a seasonal supply with central heating or cooling is available. 
This distribution is done through a 2-in. pipe hot/cold water system. The 
same pipes are used for central cooling in summer and central heating in 
winter season. Furthermore, a second 2-in. parallel pipe system is provid-
ing for district hot water in the area all year long. 
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Bldgs 101 and 102 are the only two buildings receiving cooling from boi-
ler/chiller plant 131 during summer months from May to September. 
Bldgs 101, 102, 123, 125, and 103 and 104 receive hot water heating in the 
winter months (Oct thru Apr). Bldg 121 has split units installed and nei-
ther cooling nor heating is supplied. 

Figure 69 shows the length and diameter for each pipe, and the distribu-
tion type for CEP 131 to enable simpler replacement cost calculations. The 
distribution systems of CEP 131 (Figure 70) are of the direct type, which 
means that the water from the distribution system coming from the CEP 
enters the building and circulates through air-handling units throughout 
the building and then returns to the CEP. This is opposed to indirect dis-
tribution systems, where a heat exchanger isolates the district heating wa-
ter from the building’s water. 

7.2.3.2 Demand/building side 

All the buildings in this supply area are for administrative use only. Work-
ing hours are from Monday through Fridays, 0800–1700. There are 16 
buildings with a total demand area of 519,477 sq ft. (See Table A1 in Ap-
pendix A to this report. The heating demand has been calculated, based on 
this area, to be about 11,320 MMBtu with a peak demand of 8385 
MBtu/Hr (3900 kW) and the central cooling demand of Bldgs 101 and 102 
of 9500 MMBtu with the peak of about 8450 MBtu/h. 

 

Figure 69.  CEP 131 distribution system. 
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Figure 70.  CEP131 service area. 

Since all the administrative buildings in this area consist of a two-pipe sys-
tem inside the buildings and the chillers are off during winter, only a sea-
sonal supply with central heating or cooling is available. When the central 
cooling system is shut down for the winter season, it is not restarted re-
gardless of the weather conditions until the next season arrives. Hence, the 
comfort provided to the building occupants can be unfavorable during 
warm (greater than 65 °F) winter days. 

The general problem at Camp Zama is in the steam generation and in 
some areas the steam distribution. This steam is being used for the sole 
purpose of space heating and domestic hot water preparation, and for 
space cooling through absorption chillers. Space heating and DHW-
generation can be done with higher efficiency with hot water boilers and 
with much lower heat losses using a hot water distribution. The only 
process that really requires this steam is the absorption cooling. 

Absorption cooling in general is only economical and fuel efficient if at 
least one of the following applies: 

· if the installation has a combined heat and power (CHP) unit and can-
not use all of the available heat, or if it is considering a new CHP plant 



ERDC/CERL TR-10-20 146 

 

· waste heat is available. 
· a low-cost source of energy is available (solar, trash, biomass, etc.) 
· the boiler efficiency is low due to a poor load factor 
· the site has an electrical load limit that will be expensive to upgrade 
· the site needs more cooling, but has an electrical load limitation that is 

expensive to overcome, and you have an adequate supply of heat. 

In short, absorption cooling may fit when a source of free or low-cost heat 
is available, or if objections exist to using conventional refrigeration. Es-
sentially, the low-cost heat source displaces higher-cost electricity in a 
conventional chiller. 

Note that a software program was used to perform some district heating 
network calculations. This software has three main advantages. First, it 
supports the company’s network calculations when it needs to decide how 
to connect new Buildings and what the implications are for the overall hy-
draulics of the network. Second, it performs scenario calculations on the 
generation side to optimize service/performance and location for heat 
supply. Third, it supports the daily network operations. This program is 
also instrumental when coping with incidents, for example when part of 
the network shuts down or a heat generator fails. Hydraulic simulation on 
the network shows where restrictions are required during network opera-
tion and how they can be controlled. 

Obviously network calculations also cover revision planning, when differ-
ent supply alternatives are analyzed and tested. In essence, this program 
helps network operators to maintain balance between efficiency, opera-
tional reliability, and dependable supply. 

7.2.4 Problems and solutions 

7.2.4.1 Generation 

Currently, CEP 131 consists of three steam boilers and two absorption coo-
lers. The data in Table 32 show that labor costs increased from $145,266 in 
2000 to $231,982 in 2008 and fuel costs increased from $114.324 in 2001 
to $369,447 in 2008. The high labor cost at CEP 131 are caused by the high 
maintenance and operating requirements of the steam boilers. There is no 
low cost heating or fuel source available for operating the absorption coo-
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lers. The rising fuel prices have also contributed to making this plant un-
economical. 

Figure 71 shows the monthly fuel consumption for CEP 131 for the past 4 
years. Due to the absorption cooling in the summer, the chart displays one 
peak for the winter and a second peak during the summer. 

7.2.4.2 Distribution 

The water of the distribution system in CEP 131 is completely changed out 
twice a year – once before the cooling season starts and then again before 
the heating season begins. According to the operational personnel, the wa-
ter turns very brown/black, which indicates corrosion, and it clogs up all 
the filters etc., which requires them to change out the water. 

A test sample of the water should be taken to a laboratory. There are two 
possible reasons for the corrosion in the distribution system. Since this is 
district heating and the problem is limited to Bldg 101 and 102, and since 
district cooling system is direct (which means without a heat exchanger for 
the buildings), it may be possible that: 

1. Oxygen is getting into the distribution system through plastic piping 
somewhere in the building side. 

2. The steel distribution pipes are in contact with higher electro negativity 
metal such as copper and bronze causing galvanic corrosion in the system. 
This is also most likely to occur from within one or several of the buildings. 

 
Figure 71.  Monthly fuel consumption CEP 131. 
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7.2.4.3 Solutions 

Change CEP131 from steam generation to hot water generation and ab-
sorption cooling system to electrical chiller system. 

With the change from steam to hot water generation, the bulk of the sav-
ings will come from the reduced labor and maintenance. There will also be 
some reduction in fuel costs from the improved boiler efficiency due to 
lower temperature operation of a hot water boiler. 

Most steam boiler manufacturers also manufacturer hot water boilers. 
Therefore, it should be possible to find a source of equipment and technic-
al expertise to enable a feasible switch to a hot water boiler. Since the ex-
isting boilers were made in 1992, there is an expected 10 years of opera-
tional life remaining. It is then recommended to change the auxiliary 
equipment without replacing the entire boiler. For both boilers, the aux-
iliary equipment or trim consists of a pressure gauge, low water cut-off 
control with manual reset, American Society of Mechanical Engineers 
(ASME) safety relief valve(s), and operating and high limit pressure con-
trols. The only differences between the trim for steam and hot water boi-
lers is that the steam boiler usually has additional features such as a si-
phon and test cock, pump control, water column gauge glass set and drain 
valve. Controls for the hot water boiler are for operating and high limit 
temperature instead of the pressure controls used in steam boilers. Hot 
water boilers also have a temperature gauge in addition to a pressure 
gauge. 

The absorption coolers should be replaced with high efficiency electrical 
chillers of similar total capacity. 

To address the corrosion problems, it is recommended to isolate the water 
from the distribution system from water within the building with heat ex-
changer. 

Figure 72 shows an indirect system, in which district heating water is not 
used directly for heating. Instead, there is a heat exchanger between the 
district heating water and the facility or building water circuit. 
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Figure 72.  Indirect heating schematic. 

An indirect configuration is beneficial for several reasons. First, any lea-
kage is restricted to its own circuit. Second, the risk of radiator system lea-
kage is much lower for indirect systems because radiators are not exposed 
to high pressure from the primary network. Thirdly, there is far less ten-
dency for galvanic and oxygenation corrosion to form in an indirect sys-
tem. Finally, for CEP 131, dirt will not enter the distribution systems from 
possible inadequately maintained secondary systems. 

Note that, since Bldgs 101 and 102 are cooled from CEP 131, there will be a 
reduction in the temperature differential between the input and output 
water of these buildings between the heat exchanger and the building. Fur-
ther evaluation may be necessary to determine the magnitude of the effect 
of the internal heat transfer, and to determine what adjustments will be 
required to ensure adequate cooling. 

7.2.5 Energy savings 

7.2.5.1 Boiler operation 

According to the boiler logs, the efficiency ranges from 50 to 80 percent. 
The extremely low boiler efficiency (<70 percent) occurs in April/May and 
September/October when the building demands for heating and cooling 
are the lowest. All boilers are sized the same (each 212 hp) and there are 
no designated smaller boilers for the lower demand times. The oversized 
steam boiler switches into on/off mode throughout the day to keep the rel-
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atively short steam distribution within the building to the heat exchanger 
under pressure. That leads to very low boiler efficiencies. 

A hot water boiler will handle this low demand time much better, since 
there is no need to keep the steam distribution and heat exchanger under 
pressure to avoid condensation in the steam lines. 

Based on a boiler conversion from steam to hot water, the efficiency will 
improve from an average of 65 to 88 percent. The average annual fuel con-
sumption for CEP 131 is 120,000 gal at cost of $300,000/yr at $2.50/gal 
(Figure 71). 

7.2.5.2 Energy savings, non-cooling season 

Steam production for the year 2008 in the non-cooling season from Octo-
ber – May is calculated from data from Tables 32 and 33  

7.2.5.3 Energy use 

Energy use is calculated as: 

11,961 MMBtu/yr – 4718 MMBtu/yr = 7243 MMBtu/yr 

7.2.5.4 Energy savings 

Energy savings are calculated as: 

7,243 Btu/yr x (88% – 65%) = 1666 MMBtu/yr 

The fuel component of the cost of steam in non-cooling season 2008 (from 
Table 32) is calculated as: 

$369,447/yr /11,961 MMBtu/yr = $30.88/MMBtu 

Energy savings for the non-cooling season are calculated as: 

1,666 MMBtu/yr x $30,88 /MMBtu = $51,458 /yr 

7.2.6 Absorption cooling 

Based on the data from Table 33, the average annual steam production for 
CEP 131 is 5788 MMBtu. Ninety percent (5210 MMBtu) of this steam was 
used for absorption cooling and 10 percent (578 MMBtu) was used for 
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DHW. The average unit costs of electrical energy for CEP 131 was 13.44 
¢/Kwh or $39.39/MMBtu.  

Table 33.  Summer energy costs for CEP 131. 

 
The existing double effect absorption coolers’ coefficient of performance or 
COP is 1.0. A new electrical chiller system has a COP of 3.0. Since COP = 
Energy out/Energy in, the Energy out (required cooling demand) is 5210 
MMBtu, so the Energy in would be 1737 MMBtu (or 592,670 KWh). 

The yearly cooling costs of cooling through absorption are: 

Average annual cooling demand is 5210 MMBtu. Since the COP = Energy out (Cooling) 
/Energy in (Steam) = 1, Energy out (Cooling) = Energy in (Steam). 

Therefore, the amount of steam heat needed to meet this demand is 5210 
MMBtu 

The fuel component of the cost of steam in summer 2008 (from Table 33) 
is: 

$163,486/yr /4,718 MMBtu/yr = $34.55/MMBtu 

The annual costs thru absorption cooling are: 

$34.55/MMBtu x 5210 MMBtu/yr = $179,998/yr 

The yearly cooling costs of cooling through electric chillers are: 

Average annual cooling demand is 5210 MMBtu. With a COP = 3, the amount of 
electricity needed to meet this demand is  
5,210 MMBtu/yr /3 = 1737 MMBtu/yr 
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The cost of electricity in 2008 was $39.39 /MMBtu. The yearly cooling 
cost with electrical chiller will be: 

$39.39/MMBtu x 1737 MMBtu/yr = $68,420/yr 

The total annual energy savings are calculated to be: 

$179,998 /yr – $68,420 /yr + $51,458 /yr  = $163,036 /yr 

7.2.7 Non-energy Savings 

7.2.7.1 Labor 

Labor savings after the boiler conversion is estimated to be $150,000 an-
nually based on 2008 total labor expenses for CEP131 of $231,982 (Table 
32), since hot water boiler only needs limited supervision. 

Change from direct to indirect heat supply to buildings. 

7.2.7.2 Water savings 

This change would result in savings in raw water and the labor to treat and 
replace it. The amount of water in the existing system is 31,000 gal. Since 
all water is changed out twice a year, an indirect system would save 
62,000 gal of water per year. The cost to treat the water for softening and 
corrosion inhibition is about $0.20/gallon of feed water. This equates to 
an additional $12,400 in annual savings. 

7.2.7.3 Extended life of distribution system 

The life expectancy of the existing distribution system would be extended 
by about 5 to 10 years if corrosion inhibited. A new distribution system 
costs $685,000. Using straight line depreciation over 30 years, a life ex-
tension of 5 to 10 years would save $22,833/yr: 

Total annual non-energy savings = $150,000 + $12,400 + 22,833 = $185,233 

7.2.7.4 Investment 

The estimated cost to convert a steam boiler to a hot water boiler would be 
$18,000, or 20 percent of the cost of a new boiler. Therefore, the cost of 
converting all three boilers would be $54,000. 



ERDC/CERL TR-10-20 153 

 

Table 34.  Equipment and installation costs for CEP 131 conversion. 

Item Name Total Investment ($) 

Trim adjustments 54,000 
Electrical Chiller 390,000 
External Controls 24,000 
Plant internal piping 60,000 
Update electrical wiring 10,000 
Sub total 538,000 
Contingency (15%) 80,700 
Total 618,700 

Table 35.  Other equipment and installation costs. 

Item Name Estimated Total Investment ($) 

Substation 135,000 
Mechanical room piping 25,000 
Update electrical wiring 10,000 
Sub total 170,000 
Contingency (15%) 25,500 
Total 195,500 

Since the absorption chiller cannot be operated without the steam boiler, 
the estimated cost to replace the two absorption coolers with two electrical 
chillers is $390,000. It will not be necessary to replace the cooling towers 
from the absorption coolers because it is expected that they will work well 
with the new electric chillers. Table 34 shows the various costs involved for 
this proposed solution. Substations for indirect heating would require 
$135,000 total investment for all of the 14 buildings (Table 31). 

7.2.8 Payback 

Payback is calculated to occur in: 

($618,700 + $195,500)/($150,000 + $164,683) = 2.6 years 

7.3 CEP #4Z Replace five steam boilers with hot water boilers and 
replace distribution system at CEP 350 

7.3.1 Technical description – generation 

The CEP350 consists of four 500-hp or 17.8 MMBtu/h (5200 kW) built in 
1986 and one 400-hp or 14.2 MMBtu/h (4200 kW) built in 1979. They are 
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all fire-tube boilers, manufactured by Takuma Co., Ltd. The maximum 
steam output is rated at 5175 lb/hr steam at 142 psi max pressure. The 
plant’s primary function is to provide direct steam heat to the buildings for 
space heating; domestic hot water and space cooling through absorption 
chillers in five buildings (see Table A2 in Appendix A to this report). 

The heating plant has about 10 personnel who, in total, work 24 hrs/day, 7 
days/wk. The employees are trained and licensed for steam boiler opera-
tions. 

Due to a Japanese General moving to an area west of and including the 
CEP 350 area, a rebuild of a duplicate CEP350 is already planned for 
2009/2010. CEP350 will be rebuilt with new steam boilers next to the old 
location on a vacant lot east of the existing plant (Figure 73). 

A monthly breakdown of labor, material, fuel and O&M cost including the 
monthly steam production was provided for the year 2000 until 2008. 
Analysis of this data enabled the generation of tables and charts with unit 
cost of heat and cooling by using real cost values instead of using modeling 
techniques. 

These data were evaluated and compared with the daily boiler logs from 
CEP 350. Table 36 summarizes this data on a yearly basis. An average 
yearly unit of steam price in $/MBtu and in $/MWh was calculated and is 
also displayed in this table. 

On the seventh row, fuel cost plus labor, material, and O&M are totaled 
and then divided by the total steam production for each year. This results 
in the unit of energy cost in $/MMBtu and $MWh displayed in the last two 
lines. It is evident how increasing fuel prices since the year 2005 heavily 
influenced the unit heat cost. Furthermore, the labor-intensive steam boi-
ler operation and maintenance also has a strong influence on the unit heat 
cost. These data are used for further calculations in later sections. 

To display the unit energy costs over time the data from Table 36  are 
graphed in Figure 74. 
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Figure 73.  CEP350 service area. 

Table 36.  CEP350 energy costs. 
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Figure 74.  CEP 350 unit energy cost. 

On careful examination of the Facilities Engineering Operating Log Form 
3967 steam pressure data (2nd column) for CEP350, it was noted that the 
operating steam pressure was between 102 and 105 psi from 2005 until 
11/2007. It became obvious that a decision was made to reduce the steam 
pressure in the beginning of November 2007 from 105 to 85 psi to save 
energy. This reduced the steam temperature by 16 °F, from 332 to 316 °F. 
This still apparently provided adequate heating during the winter and 
spring months because the boiler continued to operate at 85 psi steam 
pressure until mid-May 2008, when it was increased back to 100 psi. This 
increase was likely due to the discovery that 85 psi was not enough to sa-
tisfy the increased demands of the double stage absorption coolers in the 
buildings listed in Table 37, during the warmer months. For the two-stage 
absorption cooler to reach their full capacity, a higher feed temperature of 
325 °F is needed. 

After the summer demand from the absorption coolers waned, the boiler 
steam pressure was again reduced to 85 psi in the first week of October 
2008 and continued at that pressure throughout the winter of 2009. 

7.3.2 Distribution system 

This distribution is done through a steam distribution system. The steam 
distribution system from CEP350 is a combination of shallow trench, di-
rect buried, and aboveground piping. 
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Table 37.  Buildings that rely on absorption cooling. 

 

The steam distribution line of CEP 350 consists of six steam lines leaving 
the plant in various directions and has a total length of about 75,000 ft. 
Most of this distribution system has been replaced throughout the 1990s. 
There are still some older pipe sections installed in the 1970s and 1980s 
that may require replacement soon. 

Figure 75 above shows the length and diameter for each pipe and the dis-
tribution type for CEP 350 to enable simpler replacement cost calcula-
tions. 

Housing areas 800 and 900 each have separate heat exchanger/electric 
chiller system buildings in Bldgs 881 and 951. These subsystems are used 
for transferring the steam heat generated from CEP350 to make hot water 
in winter. The electric chillers provide cold water for space cooling in the 
summer. A two-pipe system is used for hot- and cold-water distribution in 
those two areas. 

7.3.3 Demand 

Applying the PNNL model as a theoretical benchmark for the energy de-
mand for the CEP 350 serviced area results in a total theoretical annual 
demand of 69,956 MMBtu. The PNNL data were taken from Table A1 (in 
Appendix A to this report). 
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Figure 75.  CEP 350 distribution system. 

CEP 350 services the largest area around the center of Camp Zama, which 
includes family housing 800 and 900 areas, indoor swimming pool, police 
stations, fitness center, fire station, library, administration building, audi-
torium, theater, dining facilities, vehicle repair shops, post office, bank, 
and various other storage locations and buildings. 

The approximately 190 buildings in CEP 350 area have a overall building 
area of about 2,100,000 sq ft with a calculated energy usage for space 
heating of 60,500 MMBtu (or 12.56 MW) and a peak demand of 54,200 
MBtu/hr. See Table A2 (in Appendix A to this report) for a complete list 
including demand per building. Table 37 (p 157) lists buildings that use 
steam in the summer for space cooling thru absorption chillers, including 
absorption chiller size and the year built. 
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7.3.4 Problems 

7.3.4.1 Generation 

Currently, CEP 350 consists of five steam boilers. There is a steam distri-
bution system for space heating and DHW-generation, which also feeds 
five absorption coolers in separate buildings. The data in Table 36 indicate 
that labor costs increased from $338,592 in 2000 to $544,896 in 2008 
and fuel costs increased from $927,753 in 2001 to $4,442,692 in 2008. 
The high labor cost at CEP 350 are caused by the high maintenance and 
operating requirements of the steam boilers. There is no low cost heating 
or fuel source available for operating the absorption coolers in the CEP 
350 area. In addition, there are considerable distribution losses in the sys-
tem to operate the absorption coolers spread out to five different buildings 
in the supplied area. The rising fuel prices have also contributed to making 
this plant more uneconomical. 

7.3.4.2 Distribution 

The steam distribution system has high losses during the course of the 
year and especially in the summer season when the demand is low. This is 
mainly caused by the constant maintenance of the steam pressure to keep 
the temperature up at 330 °F. The reason for keeping this temperature 
continually high in summer months is due to the operational requirements 
of the double effect absorption coolers. 

The supply temperature of the steam, underground/outdoor temperatures, 
insulation of the pipes, and steam and condensate losses mainly determine 
the distribution line losses in energy. The energy consumption of the 
buildings has influences as well. 

Since fuel consumption can be correlated to Camp Zama’s demand, it is 
useful to track these data since it is thoroughly documented and readily 
available through daily boiler logs and other sources. Figure 76 clearly 
shows the most recent data of daily fuel consumption in 2008 for CEP350 
and their dependence on the outside temperature. The building energy 
consumption for the steam distribution system in the CEP 350 Area is di-
rectly correlated to the outdoor temperature. A subtle uptrend can be 
noted as the temperature increases above 70 °F due the increased de-
mands of the five absorptions cooling systems. 
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Figure 76.  Daily fuel consumption vs. average outside temperature for CEP350 

Heating and cooling demand is insignificant when the outside temperature 
is between 68 and 74 °F. Therefore, the only requirement for fuel would be 
to provide DHW and to maintain steam pressure in the distribution sys-
tem. On those days when temperatures range between 68 and 74 °F, the 
estimated amount of daily energy for domestic hot water only would be 
28.55 MMBtu (8.4 MWh) based on the following assumptions and calcula-
tions: 

1. Number of occupants = 1000 people 
2. Number of family housing units = 250 
3. 40 gal of DHW per person per day 
4. Supply water is being heated from 54 to 140 °F (12 to 60 °C) 
5. Boiler efficiency = 80 percent. 

Use the following equation to estimate average daily hot water energy con-
sumption in Btus/day: 

Qin = Vol x density x cp x (Ttank – Tin) 
Vol:  gals/day average daily hot water use, 40 gal/day 
Ttank: °F tank thermostat setpoint, here 140-°F 
Tinlet:  °F inlet water temperature, here 54-°F 
Density:  8.293752 lb/gal  density of water 
Cp 1.000743 Btu/lb-°F  specific heat of water 
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CVfuel oil 138,700 Btu/gal  combustion value 
Qin = 40 gal x 8.294 lb/gal x 1.0007 Btu/lb-°F x (140-°F – 54-°F) 
Qin = 28,551 Btu 
1000 People in Area CEP 350 
Qtotal = 28.55 MMBtu 

The amount of fuel oil needed to generate that quantity of hot water, is 
calculated as: 

Fuel oil = Qtotal /138,700 gal/yr /boiler efficiency 
Fuel oil = 257 gal/day 

The daily fuel requirement to meet the domestic hot water needs for 1000 
people in the CEP 350 area is about 257 gal/day. 

This baseline quantity of 257 gal of fuel/day is the amount of fuel that is 
needed to meet the daily energy demands of DHW for 1000 people occu-
pying the base during those days that are between 68 and 74 °F. The other 
2000 gal of fuel that are consumed on those days represents the amount of 
fuel used to keep the steam lines pressurized because there is no signifi-
cant space heating or cooling required at those temperatures. The amount 
of energy produced from the 2000 gal of fuel is calculated as: 

Summer losses = Losses /Total energy uses 
Distribution losses summer = 2,000/2,250 = 88.8% 

7.3.4.3 Winter losses 

Since the average outside temperature in winter is significantly lower, win-
ter losses are calculated as: 

Tw= 35 °F and summer Ts = 70 °F. Average steam distribution line temperature T steam 
= 320 °F 

Winter losses = (T steam – Tw)/(T steam – Ts) = 285/250 = 1.14 

This means an additional 14  percent loss in winter: 

2,000 gal x 1.14 = 2280 gal winter losses 
Average fuel use on a Tw = 35 °F degree day is about 6250 gal 
Distribution losses winter = 2280 /6,250 = 36.5% 

Figure 77 shows the monthly fuel consumption for the past 4 years. 
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Figure 77.  Monthly oil consumption 2005-2008. 

The data in Table 38 summarize the current situation for fuel consump-
tion for CEP 350 with seasonal segregation. These data emphasize the rel-
ative steam distribution line loss and variation in summer and winter. 

7.3.4.4 Current cost of absorption cooling in the CEP350 Area 

The cost of absorption cooling is calculated by using the coefficient of per-
formance or COP. 

7.3.4.5 Coefficient of performance (COP) 

The Coefficient of Performance – COP – is the basic parameter used to re-
port efficiency of refrigerant based systems. 

The COP is the ratio between useful energy acquired and energy applied 
and can be expressed as 

COP = Eu /Ea 

where: 

COP  = coefficient of performance 
Eu   = useful energy acquired (Btu in imperial units) 
Ea   = energy applied (Btu in imperial units) 
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Table 38.  Winter and summer fuel consumption 2005-2008. 

 

COP can be used to define either cooling efficiencies or heating efficiencies 
as for heat pumps: 

· Cooling – COP is defined as the ratio of heat removal to energy input 
to the compressor. 

· Heating – COP is defined as the ratio of heat delivered to energy input 
to the compressor. 

COP can be used to define the efficiency at single standard or non-
standard rated conditions, or as a weighted average of seasonal conditions. 
The term may or may not include the energy consumption of auxiliary sys-
tems such as indoor or outdoor fans, chilled water pumps, or cooling tower 
systems. 

The unit cost of cooling through absorption cooling is calculated using the 
COP for Absorption cooling. The COP is defined as the ratio of Energy 
output to Energy input. This ratio is typically 1.0 for the double-effect ab-
sorption cooler types used at Camp Zama. 

The average steam cost in 2008 for CEP 350 (according to Table 36 was 
$32.26/MBtu. After summer distribution losses of 88.8 percent, the actual 
cost of steam at the building is calculated as: 

Unit cost of Steam at building = $32.26 /(1-0.888) = $288.03/MBtu 

This results in a price for a unit of cooling of: 

$288.03 /1.0 = $288/MMBtu or $0.983/KWh 
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7.3.5 Solutions 

7.3.5.1 Generation 

It is assumed that the new CEP 350 will be relocated and rebuilt near the 
existing site. This system is expected to be a steam generation plant con-
sisting of four new steam boilers 17MMBtu each. The cost of those boilers 
is estimated to be $150,000 each for a total investment of $600,000. 

It would be worthwhile to replace these five boilers built in 1986 with new 
hot water boilers. However, funds have already been earmarked for replac-
ing these steam boilers. It is suggested that those boilers be re-built into 
hot water boilers. 

7.3.5.2 Distribution 

It is recommended to replace the steam distribution system with a hot wa-
ter distribution system. HW systems have been widely used all over Eu-
rope for many years. The low temperature materials and procedures have 
reduced the cost of these systems such that a cost advantage is given when 
replacing a deteriorated steam system. Many of the improved materials 
and methods used in the hot water systems are not suitable for steam sys-
tems. 

The benefits of a HW system are increased efficiency of heat distribution, 
reduced maintenance due to lower temperature and pressure, and im-
proved materials that can be used only at these lower temperatures. Lower 
temperatures and pressures also result in increased safety for service per-
sonnel and building occupants and better system control. Heat losses can 
be reduced from 30 percent or more for older steam systems, to less than 
5 percent of the system capacity, for HW systems. Furthermore, water 
losses due to leakage can be reduced almost to zero, compared to make-up 
rates of 15 percent or more even for good steam systems. 

The main disadvantage of this technology is that it may require partial or 
full replacement of the steam piping systems where they exist. Construc-
tion costs for buried heat distribution systems are high and are often an 
impediment to their use unless reasonably long lifetimes can be assumed. 
Building equipment such as sub stations that interface with the heat dis-
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tribution systems may also need to be replaced when converting from 
steam to HW systems. 

Costs are highly variable depending on the site-specific factors and the size 
of the piping. The smallest diameter piping, flexible HW piping delivered 
on spools, is simply uncoiled into the open trench. Costs might be at 
around $100/ft all inclusive. For larger pipe diameters, direct-buried HW-
systems range from $200 to $600 or more per foot, depending again on 
the pipe diameter and the site-specific factors. Table 39 lists specific pipe 
costs, which are the basis of economic calculation of this report. 

Because of the large capital investments required in a total replacement of 
a HW distribution system at once, it is recommended to start by replacing 
only the most critical sections in the existing steam distribution system 
and use it as a HW system. The most critical sections of the existing steam 
distribution system are the returning condensate lines since they have a 
smaller diameter than the parallel running steam supply lines. Subsequent 
“phasing in” of the remaining conversion to a new HW-system to prolong 
the investment period and reduce supply interruptions could then be 
done. 

Table 39.  Standard pipe costs. 
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7.3.6 District heating—operating mode and parameters 

7.3.6.1 Operating temperatures 

The peak operating temperature is limited by the application of the pre-
insulated pipe. The polyurethane (PUR) heat insulation foam limits the 
maximum temperature for operating the distribution system to 270 °F, 
which should only be used for the peak load hours. The average tempera-
ture of the year should not exceed 200 °F. 

The lowest possible operating supply temperature depends on the temper-
ature demand of the domestic hot water preparation. Domestic hot water 
supply must be at temperature of about 140 °F. Thus the district heating 
system must provide a supply temperature higher than 150 °C. Additional-
ly thermal disinfection requires a minimal temperature of 160 °F. Thus the 
lowest supply temperature of the district heating system is defined (for 
this application) as 170 °F. 

Between these two extremes during the heating season, with outside tem-
peratures lower than 60 °F, the supply temperature follows the heating 
demand, which has a direct dependency on the outside temperature. 

Figure 78 shows the recommended supply temperature curve for the new 
HTHW distribution system. 

The DH return temperature depends primarily on the building system. In 
well-adjusted old building systems, a DH return temperature of 140 °F 
could be expected. With new buildings, return temperatures of about 
110 °F are possible. If, in the future, the return temperature could be lo-
wered, this would have a direct impact on the supply temperature. 

7.3.6.2 Operating pressure 

For future DH systems, a standard nominal pressure of 135 psi is recom-
mended. Thus, the maximum operational pressure at a supply tempera-
ture of 270 °F is limited to about 180 psi 
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Figure 78.  Recommended line temperature vs. outside temperature. 

To avoid evaporation in the HTHW distribution supply lines at the highest 
possible temperature, a lowest allowable pressure needs to be calculated 
and maintained during operations. Due to safety requirements, the highest 
possible supply temperature is 275 °F. Thus the required operation pres-
sure is the saturation pressure of 32 psig or 2.2 atmg at 275 °F. This pres-
sure must be guaranteed at all points in the distribution system and in all 
possible operation situations. The most critical operational case is the fail-
ure of the circulation pumps. The pressure maintenance must ensure that 
the static pressure is high enough. 

7.3.6.3 Automatic control requirements 

The main control requirements in the district heating system are tempera-
ture and differential pressure control. The temperature control at the 
supply site has to guarantee the requirement of the temperature curve. 

The differential pressure control works together with the variable speed 
drive of the circulation pumps. The task is to make sure that each building 
has a sufficient differential pressure. Normally the building that is farthest 
from the production site has the lowest differential pressure. A minimal 
differential pressure of 14.5 psi is sufficient for a secure supply. The varia-
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ble speed drive of the circulation pumps provides the required pressure 
difference. 

The premise for the calculated numbers in Table 40 is that the actual de-
mand can be derived from the fuel consumption data after subtracting out 
the losses in boiler efficiency and distribution. This building demand fig-
ure compares favorably (within 3 percent) to the predicted value of 69,956 
MMBtu from using the PNNL model (see Section 7.1.7): 

517,856 gal fuel x 138,700 Btu/gal fuel = 71,826 MMBtu 

Using these demand figures, since they are now quantified, a predicted 
fuel consumption value can be derived after conversion to a Hot Water 
generation and distribution system (Table 41).  

Table 40.  Fuel consumption by season. 

 

Table 41.  Predicted fuel consumption after conversion to hot water system. 

 



ERDC/CERL TR-10-20 169 

 

7.3.6.4 Option 1 

By decreasing the supply temperature, the line losses in this proposed fu-
ture HW system can be significantly reduced. Using the current estimated 
constant supply temperature of about 330 °F and an ambient pipe sur-
rounding temperature of 65 °F, the ΔT causing the heat losses is about 
265 °F. In a future system, the annual average line temperature is presum-
ably about 200 °F, while the ambient pipe surrounding temperature is still 
65 °F. Thus, the relevant ΔT is 165 °F. The ratio between the relevant ΔT 
and the existing ΔT is about 57.4 percent. Thus, the line losses can be re-
duced proportionately to 57.4  percent of the existing losses, which are 
88.8 percent for summer, and 36.5 percent for winter. So the predicted 
total line loss would be only 51 percent in summer and 21 percent in win-
ter. 

The data in Table 42 predict that a 43 percent reduction in fuel consump-
tion can be achieved while meeting the same demand as the current steam 
system. A further improvement of installing a new distribution system to 
tie into the new hot water system would be expected to achieve a 
54 percent reduction in fuel consumption compared with the existing sys-
tem. 

This proposed hot water system would require that about 10 percent of the 
existing distribution system needs to be replaced. 

Table 42.   Predicted fuel consumption for a hot water system with new distribution. 

 



ERDC/CERL TR-10-20 170 

 

7.3.6.5 Option 2 

In addition to the conversion to a hot water system (Option 1), the remain-
ing 90 percent of the distribution system should be replaced over time. Us-
ing the same software program mentioned above, an optimized DH system 
would further reduce line losses by using the new piping. This reduction 
has been calculated to be 15 percent summer and 8 percent in winter. 
Thus, with a new piping system, line losses would be estimated to be: 

[49,652/(659,893-92,385)] = 8.8 percent of the total annual energy consumption.  

Typically 2/3 of the total annual line losses occur in the winter and 1/3 
during the summer. 

The data in Table 42 show further loss reduction with the implementation 
of a complete replacement of the distribution system. 

7.3.7 Replacement of absorption coolers with electric chillers 

Due to the high cost of operating the absorption coolers with steam heat, it 
is recommended to use electrical chillers in all five buildings fed off the 
electricity grid. It is also not possible to operate the existing double effect 
absorption coolers with the new proposed steam to hot water conversion. 

Retirement of the absorption coolers alone results in significant savings. 
However, these savings are unrealized without the complete installation of 
electric chillers and partial replacement of the distribution system. The fol-
lowing savings calculations are a precursor to the total savings calculations 
for both proposals. 

The calculations to derive the yearly cooling costs of cooling through ab-
sorption are: 

· The average annual cooling demand for the five buildings is 
3600MMBtu (See Table A2 in Appendix A to this report.) 

· The amount of steam heat needed to meet this demand is 3600 MMBtu 

The fuel component of the cost of steam at CEP 350 in 2008 was (from 
Table 36): 

$4,442,692/160,577 MMBtu = $27.67 /MMBtu 
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The calculated Unit Steam cost for the buildings in the CEP 350 area after 
distribution losses was: 

$27.67/(1-0.888) = $247.05/MMBtu 
Using a COP =1.0 for dual stage absorption cooling 
The unit cooling cost = the unit steam cost = $247.05 /MMBtu 

The yearly cost to provide 3600 MMBtu of cooling to those five buildings 
calculates to be: 

$247.05 x 3600 MMBtu/yr = $889,380/yr 

The calculation to derive the yearly cooling costs of cooling through elec-
tric chillers is: 

COP = Energy out/Energy in 

Since the “Energy out” is the required cooling demand (3600 MMBtu) and 
the “Energy in” is the electricity required to provide that amount of cool-
ing. With a COP = 3 for an average electrical chiller (a high end electrical 
chiller may have a COP up to 4 or higher) the amount of electricity needed 
is: 

Energy in = Energy out /COP = 3600 MMBtu/yr/3 = 1200 MMBtu/yr  
(or 351,685 KWh) 

The annual cost of electricity in 2008 at $39.39/MMBtu (combined price) 
was: 

Annual electricity cost are $39.39/MMBtu x 1200 MMBtu = $47,268 

Figure 79 shows the existing system and Figure 80 shows the proposed 
system, with domestic hot water distribution and electrical chiller opera-
tion. 



ERDC/CERL TR-10-20 172 

 

 

Figure 79.  Existing system. 

 

Figure 80.  Proposal for CEP 350 – changing from steam to hot water and replacing 
absorption coolers with electrical chillers. 

According to the software pressure loss calculations, about 10 percent of 
the current steam distribution system needs replacement for a change over 
to a hot water distribution system. Figure 81 shows the results from these 
software calculations for this proposed change. This software also calcu-
lates pressure and heat losses in the proposed hot water distribution. 
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Figure 81.  Color codes for Fig. 82. 

In some areas, constricting pipe diameters usually in the condensate pipe, 
create pressure losses that are out of tolerance. 

For those areas, new distribution piping would be necessary. In the distri-
bution system shown below, pressure losses are below 0.0177 psi/ft (400 
Pa/m). 

Use the color codes from Figure 81 below to identify the various pipe sec-
tions and their respective heat/pressure losses in Figure 82 below. 

7.3.8 Energy savings 

7.3.8.1 Option 1 – Replace absorption coolers with electric chillers and 
replace about 10 percent of the distribution system along with a new 
hot water system. 

The increased boiler efficiency combined with the decrease in line losses 
results in a reduced fuel consumption calculated from the difference in 
values of line 1 of Tables 40 and 41: 

1,420,043 gal/yr – 805,850 gal/yr = 614,193 gal /yr 
 or, in MMBtu, 
614,193 gal/yr x 138,700 Btu/gal = 85,189 MMBtu/yr 

For this calculation, an average price of $2.50/gal was assumed: 

The reduction of 614,193 gal of fuel oil x $2.50/gal = $1,535,482/yr. 
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Figure 82.  Color coded pressure losses in hot water distribution. 
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7.3.8.2 Option 2 – Replace absorption coolers with electric chillers and 
replacement of the remaining 90 percent of the distribution system along 
with a new hot water system 

The additional decrease in line losses results in a reduced fuel consump-
tion calculated from the difference in values of line 1 of Tables 40 and 42. 

1,420,043 gal/yr – 659,893 gal/yr = 760,150 gal /yr 
 or, in MMBtu, 
760,150 gal/yr x 138,700 Btu/gal = 105,433 MMBtu/yr 

This calculation assumes an average price of $2.50/gal. 

659,893 gal x $2.50 = $1,649,733 /yr 

The electrical cost to operate the electrical chiller instead of the absorption 
chiller need to subtracted from the energy savings. The cost of electricity 
was derived in Section 7.2.6. 

7.3.8.3 Option 1 

$1,535,482/yr (reduced losses) – $47,268/yr (electricity for chillers) = $1,488,214 /yr 

7.3.8.4 Option 1 

$1,649,733 /yr (reduced losses) – $47,268/yr (electricity for chillers) = $1,602,465 /yr 

7.3.9 Non-energy savings 

It is estimated that only two personnel will be needed to operate a new hot 
water system, saving approximately $400,000/yr in labor expense. 

7.3.10 Investment 

7.3.10.1 Option 1 

Replace an estimated 10 percent of the existing piping for proposal 1 for 
CEP 350 in critical areas where the diameter of the condensate return pipe 
is too small for the amount of flow. Table 43 shows the costs associated 
with this proposal. 
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Table 43.  Pipe costs applied to installation of hot water system. 

 

In about 85 buildings, the steam substations have to be adjusted or par-
tially replaced with hot water substations. A total cost for this adjustment 
is estimated at $750,000.  

Within the distribution system, a total of 108 steam trap pits have to be 
modified for hot water distribution. 

The absorption chillers in Bldgs 205, 585, 642, 795, and 1050 have to be 
replaced with electrical chillers. The total cost for this is estimated to be 
$445,000. Other miscellaneous equipment changes including boiler con-
version, new wiring and piping, etc. are estimated to cost $344,000. 

Table 43 lists the itemized costs for this proposal. 

Table 44.  Equipment and installation costs. 

Item Name Estimated Total Investment ($) 

New Sub stations 750,000 
Steam Trap modification(108) 1,566,000 
Distribution modification 1,952,556 
Electrical Chillers 445,000 
Control units 20,000 
Conversion of boilers 120,000 
Plant internal piping 60,000 
Update electrical wiring 30,000 
Distribution pumps 84,000 
Pressure maintenance 30,000 
Sub total 5,057,556 
Contingency (15%) 758,633 
Total 5,816,189 
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7.3.10.2 Option 2 

Table 45 lists the costs for the remaining 90 percent pipe replacement as-
sociated with the installation of a new distribution system. 

7.3.11 Payback 

7.3.11.1 Option 1 

Payback for Option 1 is calculated to occur in: 

$5,816,189/($1,488,214/yr + 400,000/yr) = 3.0 yrs 

7.3.11.2 Option 2 

Payback for Option 2 is calculated to occur in: 

($4,521,556 + $12,668,498)/($1,649,733/yr +$400,000/yr) = 6.2 yrs 

7.4 CEP #5Z  Replace boilers and distribution system and connect 
incinerator heat at CEP 1024 

7.4.1 Technical description – generation 

CEP1024 is a centralized steam boiler plant that services the northern end 
of Camp Zama. This plant consists of two 212 HP boilers or 7.1 MMBtu/hr 
(2100 kW) manufactured by Takuma Co., Ltd. The maximum steam out-
put is 8000 lb/hr each, with a maximum operating pressure of 142 psi. 

Table 45.  Pipe costs to install hot water system. 
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Next to CEP1024, in Bldg 1024-1 is an incinerator that burns the trash 
from all of Camp Zama, SFH, and SGD. 

Daily boiler logs and a monthly breakdown of labor, material, fuel, and 
O&M cost, including the monthly steam production, were provided for the 
year 2000 until 2008. Analysis of this data was used to generate tables 
and charts with unit cost of heat and cooling using real historical values for 
modeling techniques to derive them. 

These data were evaluated and compared with the daily boiler logs from 
CEP 1024. Table 46 shows a summary of these data on a yearly basis, in-
cluding a unit of steam price in $/MBtu and in $/MWh. 

On the seventh row, fuel cost plus labor, material and O&M are totaled 
and are then divided by the total steam production for each year. This re-
sults in the unit of energy cost in $/MMBtu and $MWh displayed in the 
last two lines. It is evident how increasing fuel prices since the year 2005 
heavily influenced the unit heat cost. Furthermore, the labor intensive 
steam boiler operation and maintenance also has a strong influence on the 
unit heat cost (Table 46). 

7.4.2 Distribution system 

One distribution line passes through a steam system to some administra-
tive facilities to the north of the boiler plant. Figure 84 shows the length, 
diameter, direction, and the distribution type for each pipe for CEP 1024 
to enable simpler replacement cost calculations. 

Table 46.  CEP1024 energy costs. 
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Figure 83.  CEP1024 unit energy cost. 

 

Figure 84.  1024 distribution system. 

Furthermore, two separate pipe systems for domestic hot water distribu-
tion are leaving the boiler plant. Domestic hot water is generated through 
steam to hot water heat exchangers within this plant. DHW is then distri-
buted south and west to family housing areas. All distribution piping is di-
rect buried. 
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Figure 85.  CEP1024 service area. 

7.4.3 Demand in CEP1024 Area 

Most buildings in this supply area are family housing type (Figure 85). Al-
so, there are 4-unit buildings in the 1060s, 1070s, and 1090s block and 
single units 1000 – 1012. The 1000 – 1012 units are in an area called the 
“Eagles Nest,” which is home for the general and other higher ranking of-
ficers and their families. 

There is a total 97 family housing units with an area of about 192,000 sq ft. 
There are five administrative buildings to the north that have about 
60,000 sq ft and a space heating demand of 1.72 MMBtu/h (or 506 kW). 

All family housing units are currently supplied with domestic hot water 
from CEP 1024 only. The space heating was discontinued a few years ago 
due to high steam/condensate losses in the distribution system in those 
areas. All family housing units were changed over to electrical switch units 
for heating and cooling. 

Furthermore, budgeted funds have already been earmarked for disconti-
nuing the domestic hot water supply through CEP 1024 and replacing this 
with a combination of solar heating and heat pump technology. 
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7.4.4 Problems and solutions 

7.4.4.1 Problems 

The incinerator next to CEP1024 operates 5 days a week from 0700–1700. 
It burns an average of 30 tons/day of trash. To maintain combustion, an 
average of about 800 gal/month of fuel oil is consumed in this process. 
This incinerator, which was originally intended to survive for 15 years, has 
been in operation for now about 25 years. The incinerator had been pro-
viding heat energy for Camp Zama until the year 2001 using a flue gas heat 
exchanger. This heat exchanger was removed in 2001 and replaced with 
equipment for controlling emissions to meet new Japanese government 
standards. 

CEP 1024 used to supply heat and DHW for a much larger area. The space 
heating demand has been discontinued for blocks 1060, 1070, and 1090 
about 3 years ago and the DHW will be discontinued by 2010 for those 
same areas. The only remaining buildings served by this plant would be 
1018, 1022, 1029, 1039, 1042. Therefore, the existing boiler capacity with 
7.1 MMBtu/hr clearly exceeds the new reduced demand of about 1.0 
MMBtu/hr (see Table A6 in Appendix A to this report, for the remaining 
building demand calculation). The efficiency of the existing boilers run-
ning at a partial load of 10 percent or less for most of the year decreases to 
around 75 percent or less. In addition, the operating expenses would also 
remain high since specially trained steam boiler plant personnel would be 
required. 

The only remaining steam distribution line out of CEP 1024, heading 
north to a few administrative buildings, is assumed to have similar high 
losses as the other steam lines out of CEP 350. 

7.4.4.2 Solutions 

The incinerator operator would like to run the incinerator for another 
8 years, since there will be landfill space available for approximately that 
period of time. If this additional operating time frame of another 8 years of 
the incinerator is determined to be reliable, it would be worth re-
integrating it into Camp Zama’s distribution systems as a source of heat. 
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To meet the maximum demand of the five buildings serviced (1.2 
MMBtu/yr), it is proposed to replace the existing oversized steam boilers 
(built in 1982) with new high efficiency, lower capacity hot water boilers to 
correspond with the reduced demand. The boiler size should be two 500 
MBtu/hr and one 300 MBtu/hr hot water boiler. By running the larger 
boiler for winter operation and the smaller boiler for summer, an efficien-
cy of about 88 percent should be achievable 

Replace the steam distribution with a hot water distribution because this 
will significantly decrease the supply temperature and the line losses. Us-
ing the current estimated constant supply temperature of about 315 °F and 
an ambient pipe surrounding temperature of 65 °F, the ΔT causing the 
heat losses is about 250 °F. In a future HW system, the annual average line 
temperature is presumably about 200 °F, while the ambient pipe sur-
rounding temperature is still 65 °F. Thus, the relevant ΔT is 135 °F. The 
ratio between the relevant ΔT and the existing ΔT is about 54 percent. 
Thus, the line losses can be reduced proportionately to 54  percent of the 
existing losses. Although the daily boiler logs for CEP 1024 are available, 
the data necessary to calculate the existing line losses do not reflect the in-
fluences and losses caused by a secondary DHW distribution system. The 
estimated efficiency improvement for the steam distribution line losses 
would be similar to that of the efficiency improvement for the steam dis-
tribution line losses of CEP 350 (previously calculated above) by switching 
to a hot water boiler system. Therefore, distribution losses would be re-
duced from about 50 to 23 percent. 

7.4.5 Energy savings: Incinerator 

It is estimated that 1706 MMBtu/yr (500MWh/yr) useable heat can be ex-
tracted from the incineration process. The incinerator heat from the flue 
gas is used at the unit energy cost in 2008, 500MWh of energy equates to 
$96,390 in annual savings. 

Assuming the new boilers should run at about 88 percent efficiency, this 
would be a generation improvement of: 

[(88-75)/75] x 100 percent = 17 percent.  

The energy consumption of the new hot water boilers would be 1700 
MMBtu/yr: 
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[1200 MMBtu/yr/(1-0.23)]/0.88 = 1700 MMBtu 

With the existing steam system, the estimated total boiler energy con-
sumption would be: 

1200 MMBtu/[1-(0.50 +0.25)] = 3200 MMBtu.  

A total energy savings of 1500 MMBtu/yr can be achieved. The equivalent 
fuel oil savings would be 10,815 gal/yr using the energy content of 138,700 
Btu/gal. At current fuel pricing of $2.50/gal, the cost savings would be 
$27,150/yr. 

7.4.6 Non-energy savings 

Converting from a steam to a hot water system can dramatically reduce the 
O&M efforts. Although the data for labor cost from Table 46 are inconsis-
tent and it appears that 2008s cost of $320,017 is unusually high com-
pared to previous years, significant labor savings can be achieved. The to-
tal labor requirement for the two new boilers will be in the range of 
$10,000/yr, saving conservatively at least $100,000/yr: 

Total annual savings = $27,150 + $100,000 = $127,150 

7.4.7 Investment 

Table 47 summarizes equipment and installation costs for CEP1024 con-
version. 

Table 47.  Equipment and installation costs for CEP1024 conversion. 

Item Name Estimated Total Investment ($) 

New hot water boilers $50,000 
Trap pit modification $58,000 
Sub stations $25,000 
Distribution modification $40,000 
Control units $5000 
Plant internal piping $9000 
Distribution pumps $8200 
Pressure maintenance $3000 
Sub total $198,200 
Contingency (15%) $29,730 
Total $227,930 
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7.4.8 Payback 

Payback is calculated to occur in: 

$227,930/$127,150 = 1.8 yrs 

7.5 CEP #6Z Interconnection of central heating systems (CEP 350 
and CEP 131) 

7.5.1 Technical description 

This section describes the optimization of the central heating and cooling 
system based on a connection of central heating systems CEP 350 and CEP 
131. 

The proposal is to add a co-generation to the CEP 350 in the form of two 
fuel oil driven, internal combustion engines. The common concept to ena-
ble an extended operating time of a co-generation is to combine co-
generation with absorption cooling. Since this proposal aims to keep the 
distribution line temperatures low to avoid excessive losses, the solution 
would be single effect absorption coolers, which can be operated at tem-
perature of about 240 °F, and which the suggested co-generation system 
can provide. 

This would make the co-generation plant CEP 350 a tri-generation plant. 

Trigeneration takes cogeneration one additional step. Trigeneration is de-
fined as the simultaneous production of three forms of energy – cooling, 
heating, and electricity – from only one fuel input. Trigeneration energy 
systems overall efficiency may exceed 85 percent. 

Typical power plants that electric utility companies own and operate do 
not use the heat generated from the combustion and power generation 
process. Therefore, they are only about 30 to 35 percent efficient, wasting 
65 to 70 percent of the available energy with the heat going up the stacks. 

Figure 86 shows a diagram of the trigeneration process. 



ERDC/CERL TR-10-20 185 

 

 

Figure 86.  Trigeneration. 

Suitable areas for absorption coolers within the CEP 350/CEP 131 area 
may be determined as follows. Currently, 951 and 881 use electric chillers 
to provide cooling to the 900 and 800 areas. The location for the absorp-
tion coolers would be in CEP 131 and in Bldgs 951 and 881. Adding further 
areas or large buildings close to proposed absorption chiller locations 
should be investigated. 

Since this proposal adds co-generation to the concept, there will be excess 
heat available from the co-generation plant. This heat could be used to 
supply the absorption coolers. Figure 87 schematically shows a proposed 
single hot water plant that combines the capacity of CEP 131 and CEP 350 
by adding co-generation to CEP 350. 

The shaded gray area in Figure 88 shows how the thermal load of 8000 
MBtu/h from a Co-generation plant provides heat energy into the com-
bined CEP350 and CEP 131 heating and cooling demand. The thin red line 
shows the demand of the current steam distribution system. The green line 
displays the reduced demand after the steam distribution is replaced by a 
hot water distribution, which is mainly due to energy savings from the re-
duction of distribution losses. The blue line on the right shows the demand 
due to the single state adsorption chillers. 
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Figure 87.  Combining CEP 131 and CEP 350 into one hot water plant and installing single 

stage absorption coolers. 

 
Figure 88.  Demand of combined CEP 350 + CEP 131 over time. 



ERDC/CERL TR-10-20 187 

 

The co-generation would have the thermal load fulfilled by two fuel oil-
fired, diesel engines with a thermal capacity of 2 x 4000 MBtu/h. The elec-
trical capacity of those engines will be 2 x 2800 MBT/h (2 x 820kW). 

Figure 89 below shows how the CEP 131 distribution system could be in-
terconnected with the CEP 350 area. By connecting those two areas, the 
replacement of the CEP 131 steam boilers with hot water boilers should not 
be necessary. The boiler capacity of CEP 350 with the added co-generation 
capacity should be sufficient according to boiler demand calculations. The 
existing boiler from CEP 131 may also stay and act as additional back up 
and reserve. 

 
Figure 89.  Proposed Interconnection of CEP350 with CEP 131. 
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7.5.2 Energy savings 

If the co-generation system described in 7.5 is operated for 6500 hrs/yr, it 
will consume/produce the following amounts of energy. An electrical effi-
ciency of 35 percent and a thermal efficiency of 50 percent are implied, 
which adds up to a 85 percent combined efficiency: 

Energy generated: 
Thermal energy 8,000 MBtu/hr x 6500 hr/yr = 52,000 MMBtu/yr 
Electrical energy: 5,600 MBtu/hr x 6500 hr/yr = 36,400 MMBtu/yr 

Energy Consumed: 
Fuel oil energy: 16,500 MBtu/hr x 6500 hr/yr = 104,000 MMBtu/yr 

7.5.3 Energy cost 

The amount of fuel oil in gallon is calculated as: 

104,000 MMBtu /yr x 1gal/138,700 Btu = 749,820 gal/yr 

At a fuel oil price of $2.50 /gal, the total annual energy cost is $1,874,549 

The amount of purchased electrical energy that would be displaced by co-
generation is 36,400MMBtu/yr. If the 2008 combined electrical price at 
Camp Zama of $38.22 /MMBtu is applied for the amount of electricity 
produced through co-generation, e.g.: 

36,400 MMBtu/yr x $38.22/MMBtu = $1,391,208/yr 

The annual cost for heat is calculated as: 

Annual Fuel energy cost = annual electrical energy cost + annual thermal energy cost, 
or 

$1,874,549 – $1,391,208 = $483,341/yr remaining cost applied to heat generated. 
A unit heat price of $483,341 /52,000 MMBtu = $9.30 /MM Btu 

This can be compared to an average unit heat price from CEP 350 calcu-
lated from the fuel price and boiler efficiency of 80 percent: 

($2.50/gal x 1gal/0.1387MMBtu)/0.8 = $22.53/MMBtu 

The difference in cost may be calculated as: 

($22.53 – $9.30)/MMBtu x 52,000 MMBtu/yr = $687,960/yr 



ERDC/CERL TR-10-20 189 

 

The absorption cooling now has a cheaper form of energy available from 
co-generation at $9.30/MMBtu compared to steam at $22.53/MMBtu. 

A unit price of absorption cooling is calculated with a COP of 0.7 for single 
stage chillers at: 

$9.30/MMBtu/0.7 = $13.29/MMBtu 

Compared to an electrical chiller with a COP = 3.0: 

$38.22/MMBtu/3 = $12.74/MMBtu 

This shows that absorption cooling can compete with electrical cooling on-
ly with a cheap source of energy. As seen in this example, electrical cooling 
is marginally cheaper at electrical prices of $38.22/MMBtu ($130.44/ 
MWh) and oil prices at $18.02/MMBtu ($2.50/gal). When all other para-
meters remain the same, the breakeven point for when the cooling cost 
from absorption equals the cooling cost from electricity would be when the 
price of fuel oil is ($2.47/gal) If the price of fuel oil drops to $2.00/gal, the 
cost of absorption cooling drops to $2.98/MMBtu. 

7.5.4 Non-energy savings 

All non-energy savings from section 7.3.9 is $400,000 
Elimination of operating personnel from section 4.1.2 in CEP 131 = $81,982 
$400,000 + $81,982 = $481,982 

7.5.5 Investment 

Table 48 itemizes the investment costs for a combined interconnection of 
CEP 131 and CEP 350 with co-generation. 

Table 48.  Investment costs for combined interconnection of CEP 
131 and CEP 350. 

Item Name Estimated Total Investment ($) 

New Sub stations 750,000 
Steam Trap modification(108) 1,566,000 
Distribution modification 2,250,000 
Internal combustion engines 984,000 
Absorption Chillers 3,900,000 
Control units 20,000 



ERDC/CERL TR-10-20 190 

 

Item Name Estimated Total Investment ($) 

Conversion of boilers 120,000 
Plant internal piping 60,000 
Update electrical wiring 30,000 
Distribution pumps 84,000 
Pressure maintenance 30,000 
Sub total 9,794,000 
Contingency (15%) 1,169,100 
Total 10,963,100 

Table 49 lists the total investment for the previous proposal for CEP 131 
that will be avoided. 

Table 49.  Investments avoided. 

Item Name Total Investment ($) 

Trim adjustments 54,000 
Electrical Chiller 390,000 
External Controls 24,000 
Plant internal piping 60,000 
Update electrical wiring 10,000 
Sub total 538,000 
Contingency (15%) 80,700 
Total 618,700 

Total investment = $10,344,400 

7.5.6 Payback 

Payback is calculated to occur in: 

$10,344,400/($687,960/yr + $481,982) = 8.8 yrs 

7.6 CON #1Z Implement a base wide energy management and 
control system (EMCS) 

7.6.1 Existing conditions and problems 

Most facilities at Camp Zama are served by standalone control systems, 
ranging from simple electronic controllers to quite sophisticated digital 
control networks in some of the larger facilities. All of these systems func-
tion to maintain the environment of their facility without any connections 
to the overall operation of the Garrison’s utility system. While these sys-
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tems may provide some remote access from a “call in” feature, their moni-
toring and reporting of building conditions is limited to a display in the 
building and possibly some limited remote alarming through a limited tel-
ephone dial out connection. Common practice for new construction is to 
now use direct digital controls – DDC – for the environmental control sys-
tem in a building. These systems use the power of today’s microprocessors 
to “intelligently” control the mechanical systems in a facility. This “intelli-
gence” allows the implementation of more sophisticated control and ener-
gy optimization strategies to reduce the energy consumption of a facility 
while also providing increased occupant comfort and satisfaction. As these 
DDC control systems have become more common, their cost has de-
creased. For new construction, there is almost no premium for a DDC con-
trol system. For existing facilities, the expense of removing an existing and 
operating control system is hard to justify until the facility undergoes a 
significant modification or upgrade. At that time, the incorporation of a 
new DDC control system becomes a practical matter. 

One of the major benefits of a DDC system is its ability to monitor and 
communicate building conditions to a central location. Properly imple-
mented, this would allow maintenance staff to identify and diagnose im-
pending problems with mechanical systems, to remotely respond to some 
trouble calls by making operational adjustments, and for a central office to 
monitor the performance of remote buildings. The systems can be confi-
gured to meter and record a facility’s energy inputs and to record, track, 
and analyze these data to identify conditions that have adversely affected a 
building’s performance, allowing a quick response to these changes, before 
the energy consumption of the facility is adversely affected. 

7.6.2 Solution 

The replacement of an operable control system with a DDC installation is 
seldom viable as a project in and of itself. However, any new construction 
– either new facilities or significant renovations to existing facilities – 
should incorporate DDC controls, with a “master plan” to eventually con-
nect the Garrison’s major buildings to a central monitoring and control 
network. Ideally this network would be a “dedicated” control network, op-
erating on its own fiber network, but this may not be practical to all facili-
ties. It is recommended that the Garrison begin to develop a “Building Au-
tomation Systems Implementation Strategy,” a sort of master plan for 
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building controls and energy systems. Such a plan would spell out where 
the Garrison is, where it wants to be, and how to get there. A good refer-
ence of how to go about this is CERL technical report ERDC/CERL TR-08-
12, IMCOM LonWorks® Building Automation Systems Implementation 
Strategy:  Final Report.* With today’s network “aware” control systems, 
this network can be piggy-backed onto the Garrison’s existing data net-
work through the use of a virtual private network (VPN) or other seg-
mented internet protocol (IP) addressing schemes, provided the system 
can support the needed bandwidth. Properly configured, with “standa-
lone” controllers serving the facility, the actual data transmission needs 
are quite low, other than when the central office is actively communicating 
with a facility. 

The biggest issue with establishing a Camp wide DDC network is the rela-
tive incompatibility various DDC vendor systems. Each vendor has a pre-
ferred means of accomplishing tasks and their network protocols often are 
not compatible. There are some “standards” that help with this – the 
BACNet/IP protocol, defined by American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE) standard 135 and main-
tained by Standing Standards Project Committee SSPC135 was established 
by ASHRAE offers a degree of interoperability between vendors who sup-
port it.† LONWorks technology provides another standard, which also of-
fers degrees of interoperability.  

The Army Corps of Engineers guidelines support the LONWorks technolo-
gy and is documented by specifications 15951 (building level controls) and 
13801 (base-wide monitoring and control). The increasing use of “web 
based” controls has allowed various vendors to “standardize” the operator 
interface, typically a web browser client, to the operational interface that is 
reasonably consistent across various vendor systems. This requires each 
system supplier to configure their system in a defined fashion and to 
“serve” the data to the central station in a consistent fashion. For these 
reasons, the best answer for a facility is to select one, or at most a small 
number, of “preferred” vendors and to restrict the control portions of fu-
ture work to these selected vendors. Doing so will allow Camp Zama to es-

                                                                 
* http://www.cecer.army.mil/techreports/ERDC-CERL_TR-08-12/ERDC-CERL_TR-08-12.pdf 
† For more information visit http://www.bacnet.org/  

http://www.cecer.army.mil/techreports/ERDC-CERL_TR-08-12/ERDC-CERL_TR-08-12.pdf�
http://www.bacnet.org/�
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tablish and grow a facility wide network of DDC controls and to provide 
the oversight and management of its facilities that such a network allows. 

7.6.3 Savings 

The potential savings of DDC controls and a facility wide network to pro-
vide EMCS functions is difficult to measure as it is highly dependent on 
the specific facilities involved. As noted above, it is generally impossible to 
financially justify the removal of existing controls just for the purpose of 
installing DDC replacements, but there is almost no cost penalty for a new 
installation of DDC controls or the updating of existing control systems as 
a part of a renovation effort. Savings are attributable to the increased per-
formance and reliability of the controls and their ability to implement 
more sophisticated and energy efficient control strategies. Typically a 
properly configured and programmed DDC control installation will be 3 to 
5 percent more energy efficient than a packaged electronic controller and 5 
to 10 percent more efficient than a simple control system. The DDC system 
will tend to maintain and increase this advantage over time as it is able to 
monitor and report the building’s performance to the central office, alert-
ing maintenance personnel to deteriorating equipment and operation well 
before it becomes a problem and is reported by the building occupants. 

7.6.4 Investment 

As noted, the cost premium for DDC controls for new construction and 
major renovation projects is essentially zero. Connection of the building’s 
DDC controls to the Garrison wide EMCS network does have some costs. 
Depending on the mechanism chosen, this can range from a relatively mi-
nor switch/router that is connected to the base wide data network to thou-
sands of dollars to provide a dedicated, standalone network and “server” to 
minimize the requirements on the facility’s data network. The sophistica-
tion and complexity of the connection equipment required is dependent on 
the criticality and complexity of the controls of the building being served. 
Most buildings will be on the lower end of this range, with direct connec-
tion and DDC controller costs in the $5000 range. This is the typical cost 
of a network capable DDC controller from Johnson Controls, an interna-
tional supplier of such systems. Larger, critical, and complex buildings 
may require a dedicated facility level “server” as a part of their connection 
support equipment, with costs of $10,000 or more. Specific requirements 
would be established for each facility and will depend on the systems being 
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installed, the Garrison wide communications system employed, and the 
degree of monitoring and centralized control Camp Zama decides to im-
plement. 

7.6.5 Analysis 

At this level of development of this ECM, it is not possible to provide a 
meaningful analysis of the cost/benefit ratio for specific buildings. As 
noted in the discussion, it is seldom economically viable to replace an ex-
isting, working control system with a new DDC installation, but it is almost 
always viable to do so as a part of a renovation project or to provide DDC 
controls in new construction projects. Re-commissioning of mechanical 
systems is also another viable opportunity for installing DDC (see ECM 
HVAC #10Z). A more detailed analysis of the viability of a DDC/EMCS in-
stallation will require additional investigation. A major factor in the suc-
cess of an EMCS installation at a facility such as Camp Zama is the estab-
lishment by the command of a “preferred” system vendor. While it is 
possible to “mix and match” equipment from multiple vendors, the com-
plexity and maintenance demands of such a system rapidly increase. The 
technical intricacy of such an approach essentially requires the consistent 
use of a systems integrator, effectively requiring this vendor to become a 
“preferred provider.” Procedures have been established for a facility to se-
lect and procure from a designated “preferred provider” for such systems. 
Determining the specific requirements for Camp Zama to accomplish this 
should be part of this further analysis. 

7.7 CON #2Z Implement automatic adjustment of heating hot water 
supply temperature setpoint in response to building loads 

7.7.1 Existing conditions and problems 

Throughout the installation, most buildings are heated and cooled by two 
pipe hydronic systems, supplying hot or chilled water to either central air 
handlers or to space mounted fan coil units. Space fan coils are largely 
wild coils (no water valve to control flow rate) with an occupant adjustable 
fan switch provided for temperature control. Existing controls are ar-
ranged to maintain a fixed water temperature to supply these systems, typ-
ically a return heating water temperature of 55 °C (131 °F). This tempera-
ture provides adequate heat for the facilities on “design days” when the 
heating demand is largest, but is significantly above the needs of the build-
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ings during periods of less than full load conditions, particularly in the 
transitional seasons and when the buildings are operating with large in-
ternal loads. During these times, even if the occupants turn the fans off, 
the high temperature water circulating still delivers significant heat to the 
occupied spaces, resulting in overheating of the spaces and occupant dis-
comfort. The only temperature control available to them is to either open 
windows or operate standalone cooling equipment to maintain reasonable 
temperatures. The overheating of spaces also serves to reduce the relative 
humidity of the occupied spaces, resulting in many areas operating small 
humidifiers in an effort to improve the comfort of the spaces. 

7.7.2 Solution 

Modify the existing analog control systems to include a “reset” adjustment 
of the controlled water temperature in response to building load or, if ne-
cessary, replace the existing controllers with devices capable of this func-
tion. A first approximation of the actual demand on the building is the re-
turn water temperature. However, all observed systems use a fixed 
temperature setpoint. Including a reset of the control temperature in re-
sponse to the outside air-conditions will allow the system to automatically 
reduce the supply water temperature during periods of less than peak de-
mand while still providing the full heating capacity needed when design 
conditions exist. 

7.7.3 Savings 

The potential savings achievable by controlling the temperature setpoints 
in response to actual building loads will be calculated in relation to the ca-
pacity of the equipment serving the space and will be estimated for both 
heating and cooling seasons. The potential savings are related to the heat-
ing and cooling loads in the building and are approximated by considering 
the weather conditions at the facility and the capacity of the installed me-
chanical equipment and systems. The weather effects are approximated by 
calculating the “equivalent full load hours” from the weather data for the 
location. 

7.7.4 Heating 

· Using the energy savings estimating procedures for Hot Water Outside 
Air Reset from Naval Civil Engineering Laboratory report CR 82.030, 
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Standardized EMCS Energy Savings Calculations (Cornelius 1982), 
savings are related to the capacity and operating hours of the heating 
system and are estimated by the following relation, producing a savings 
estimate in the units of the fuel source: 

Savings = HFLH x EI x Capacity/(HEFF x HV) 

where: 

 HFLH = annual equivalent heating full load hours (Base 65 °F) 
 EI = the estimated efficiency improvement of the system 
 Capacity  = the rated capacity of the facility’s heating system – Btu/Hr 
 HEFF  = the overall heating efficiency of the system 
 HV = the heating value of the fuel used by the heating system 

Using the estimating procedures of this manual, this gives: 

HFLH = 546 hrs/yr 
EI is estimated to be 10-15%. Based on the degree and extent of the space level 

overheating observed, the 15% figure is used in this preliminary calculation 
HEFF is the overall efficiency is calculated as: 
Boiler plant efficiency = 70% over the heating season 
Facility steam distribution system = 70% 
Building steam to HW converter = 90% 
Building distribution system = 90% (= 0.70 x 0.70 x 0.90 x 0.90 = 0.40 = 40%) 
HV  = 140,000 Btu/gal for distillate fuel oil 

Thus, the heating savings are estimated as: 

Savings = 546 x 0.15 x Capacity/(0.40 x 140,000) 
= 81.9 x Capacity/56,000 
= 0.0015 x Capacity – in gallons of fuel oil/yr 

7.7.5 Cooling 

In a similar fashion, the cooling savings are related to the capacity and op-
erating hours of the cooling system and are estimated by the following re-
lation: 

Savings = CFLH x EI x Capacity/CEFF 

where: 

 CFLH = annual equivalent cooling full load hours (Base 6 °F) 
 EI = the estimated efficiency improvement of the system 
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 Capacity = the rated capacity of the facility’s heating system 
 CEFF = the overall efficiency of the cooling equipment – typically ex-

pressed as KW/ton 
Using the energy savings estimating procedures for Hot Water Outside Air 
Reset from CR 82.030 – Standardized EMCS Savings Calculations, 
adapted for a cooling reset function, this gives: 

CFLH = 626 hrs/yr 

where: 

 EI  –  estimated to be between 5% and 10%. Based on the degree and 
extent of the space level overcooling reported, the 5% figure is 
used in this preliminary calculation 

 CEFF  –  the overall efficiency – typically 1.5 KW/ton for air cooled 
equipment and approximately 1.25 KW/ton for water-cooled 
equipment 

The potential cooling savings are estimated to be: 

626 x 0.05 x Capacity/(1.25 or 1.5 – as appropriate for the primary cooling equipment) 
= 31.3 x Capacity/(1.25 or 1.5) 
= (39.1 or 47.0) x Capacity 

For an absorption machine, the CEFF is approximately 18 lb of steam/ton-
hour or 3 ton-hours/gal of fuel oil, allowing for steam system efficiencies. 

7.7.6 Investment 

Most building systems are equipped with analog controllers to maintain 
the hydronic supply temperature and, where appropriate, have dual set-
point inputs to accommodate the heating and cooling operation of the sys-
tems. In the worst case, the actual controller would have to be replaced to 
allow the automatic reset of these temperatures. An outside air sensor 
would also have to be installed. The proper adjustment of the relationship 
between the outside air-conditions and the specific needs of each building 
would also have to be established based on the specific needs of that build-
ing and system. This will require some additional labor to “tune” the per-
formance of the controls to the dynamics of each building and system. Re-
placement of a controller and the installation of an outside air input are 
estimated to cost $1750. Allowing $750 for additional support and labor to 
achieve the proper “tuning” of the system gives a total estimated cost of 
$2500 per installation. For most facilities at Camp Zama, a single installa-
tion will service each building, but some of the larger facilities have mul-
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tiple heating/cooling hydronic distribution networks. For these facilities, a 
separate control installation for each distribution zone is appropriate. To 
allow for the costs of implementing the ECM in the Japanese market, this 
cost is escalated by 30 percent, giving a projected cost of implementation 
of $3250 per building/control zone. 

7.7.7 Analysis 

This ECM is appropriate for a number of buildings within the scope of this 
project. Many of these facilities are served from central heating plants, 
making the estimate of the actual capacity of the heating systems in these 
facilities difficult. For these locations or where the specific capacity of the 
equipment is not known, the savings estimate calculation was reversed. 
For these cases, a payback period of 5 years was assumed and the savings 
estimate calculation procedure was used to produce a “required” heating 
and/or cooling capacity that would give sufficient savings to justify the 
proposed ECM. For these cases, the distribution of the potential savings 
was assumed to be 1/3 cooling energy and 2/3 heating energy. Where this 
calculated “required” capacity is equal to or in excess of the installed 
equipment capacity, the ECM is considered viable. Where actual equip-
ment capacities are known, the savings estimate calculation was made us-
ing these capacities and the resulting payback period calculated. 

This ECM is appropriate for several buildings at Camp Zama as indicated 
in Table 50. However for Bldg 704, the Camp Zama Health Clinic, imple-
mentation of this ECM should be considered as a part of a coordinated 
improvement project for the clinic. See Table A2 (in Appendix A to this re-
port) for a more detailed discussion of Bldg 704. Table 50 summarizes the 
analysis of this ECM based on the estimates of this discussion. 
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Table 50.  Automatic adjustment of water supply temperature. 

.  
Note 1: Bldg 101 has 15 zones of heating/cooling water distribution, each individually controlled. 
Note 2: Bldg 102 has 3 zones of heating/cooling water distribution, each individually controlled. 
Note 3: Building served from CEP “required” heating capacity calculated to establish a 5-yr payback, savings assumed to be 2/3 heating. 
Note 4:  “Required” cooling capacity calculated to establish a 5-year payback, savings assumed to be 1/3 cooling. 
Note 5: Building cooled by absorption machine – cooling energy savings are in steam, converted to fuel oil saved at central plant. “Required” 

cooling capacity calculated to establish a 5-year payback. 
Note 6: The actual heating capacity of installed heating systems is significantly in excess of this minimum value. Actual economics of this ECM 

will be better than indicated by this preliminary analysis. 

 

Figure 90.  Example of a 
building (Theater #505) 
with extreme occupancy 

variations. 

7.8 CON #3Z Implement demand ventilation control of outside air 
intake in response to building occupancy/usage 

7.8.1 Existing conditions and problems 

All buildings require a certain amount of outside air to be introduced to 
provide for ventilation, removal of accumulated odors and contaminants, 
and to provide positive pressurization of the facility. This “minimum out-

 

Building

Heating 
Capacity 

(MBTUH)

Heating 
Savings 

(gal 
oil/year)

Heating 
Savings 

($$)

Cooling 
Capacity 
(Tons)

Cooling 
Savings 
(kWh)

Cooling 
Savings 

($$)  Costs ($)

Simple 
Payback 

(Yrs) Notes
101 1,599 2,399 $6,500 475 25,000 $3,250 $48,750 5.0 1,2,3,6
102 320 480 $1,300 95 5,000 $650 $9,750 5.0 2,3,6
125 107 160 $433 155 10,165 $1,321 $3,250 1.9 3,6
267 1,600 1,608 $4,358 160 10,520 $1,368 $3,250 0.6
457 4,125 4,146 $7,527 300 19,721 $2,564 $3,250 0.3
505 107 160 $433 25 1,667 $217 $3,250 5.0 3,4,6
560 107 160 $433 25 1,667 $217 $3,250 5.0 3,4,6
642 1,071 1,076 $2,917 25 Note 5 $217 $3,250 5.0 3,4,6
646 107 160 $433 82 5,370 $698 $3,250 2.9 6
671 107 160 $433 50 3,288 $427 $3,250 3.8 6
683 488 732 $1,984 23 1,496 $194 $3,250 1.5
704 1,393 1,400 $3,794 126 8,285 $1,077 $16,250 3.3
715 706 710 $1,923 385 25,314 $3,291 $3,250 0.6
743 1,984 1,994 $5,404 120 7,890 $1,026 $3,250 0.5

ECM Totals 15,343 $37,873 125,381 $16,516 $110,500 2.0

 j    pp y p
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side air” is established by the type of construction, the building occupancy, 
and code requirements and is selected by the designer to meet the worst 
case condition expected for a facility. Where the occupancy of a building or 
portion of a building changes significantly, or the area is not operating at 
these design conditions, the design outside air volumes are often signifi-
cantly higher than required for much of the normal operating time. Sup-
plying design OA at all times results in substantial energy expenditure to 
heat, cool, and move this air. Conversely, limiting the OA intake to the 
“normal” requirements has the potential to under ventilate the facility 
when it is fully occupied, causing discomfort to the occupants and violat-
ing code requirements for ventilation in such spaces. Auditoriums, large 
meeting/presentation spaces, assembly halls, and other such buildings or 
facilities where the occupant loading varies significantly over the course of 
a day—all face this problem (Figure 90). 

7.8.2 Solution 

As the “problem” is related to the usage and number of people in a facility 
at a given time, the solution is to adjust the ventilation rate from the min-
imum required to make up the building’s fixed exhaust (toilet rooms, 
equipment exhausts, general exhaust from specific spaces) and the small 
additional volume required to maintain positive pressurization of the 
building up to a larger volume when the occupancy increases. Actually 
counting the occupants is a difficult task – as an alternative, monitoring of 
the CO2 concentration in a facility is used as a proxy measure for the actual 
occupant density. As the number of occupants increases and the minimum 
OA ventilation rate becomes insufficient to properly ventilate the space, 
the CO2 concentration will rise, indicating a need for additional outside 
air. Conversely, as the concentration falls, this is an indication that more 
OA is being supplied than is necessary. Adding a CO2 sensor to monitor 
conditions and adding/modifying the control system to properly respond 
by positioning the OA and building relief control dampers will allow the 
volume of OA to be kept at or near the minimum required by the current 
conditions in the space. Current ASHRAE standards allow this volume of 
air to be reduced to 50 percent of the design requirement if an automatic 
means is provided to increase the ventilation air in the event of an increase 
in the space occupancy. 



ERDC/CERL TR-10-20 201 

 

7.8.3 Savings 

The potential savings achievable by controlling and maintaining the OA 
volume at the minimum level needed to maintain positive pressurization 
of the facility and to provide the required ventilation for the occupancy is 
directly related to the amount of OA that is not introduced into the build-
ing and is related to the capacity of the equipment serving the space and 
the normal occupancy of the facility. As the savings are valid for both heat-
ing and cooling, they will be estimated for both seasons using the energy 
savings estimating procedures for Ventilation and Recirculation from CR 
82.030 – Standardized EMCS Savings Calculations. 

Normal design practice provides 20 to 25 percent of the system volume as 
outside air for these purposes. This air must be heated or cooled, as ap-
propriate, to maintain the desired conditions in the building. This ECM 
will reduce the building’s energy consumption by minimizing the quantity 
of OA introduced to the facility. The exact savings are highly dependent on 
the usage and design occupancy of the space. For this analysis, the OA vo-
lume is assumed to be 20 percent of the supply volume. The potential sav-
ings achievable by controlling and maintaining the OA volume at the min-
imum level needed to maintain positive pressurization of the facility and to 
provide the required ventilation for the occupancy is directly related to the 
amount of OA that is not introduced into the building and is highly depen-
dent on the actual usage of the space. For this preliminary analysis, an av-
erage 50 percent reduction in the supply volume has been assumed. As the 
savings are valid for both heating and cooling, they will be estimated for 
both seasons using the energy savings estimating procedures for Ventila-
tion and Recirculation from Cornelius (1982). 

7.8.4 Heating 

Heating savings are calculated as: 

[CFM x POA x 1.08 Btu/cfm °F-hr x (WSP-AWT) x OH x DAYS x WKW]/(HEFF x HV) x 50% 

where: 

 CFM = air-handling unit capacity – cu ft/min 
 POA = % of minimum OA required – expressed as a decimal  

(For this analysis, the minimum is assumed to be 15% 
 WSP = winter thermostat setting 
 AWT = average winter ambient temperature 
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 OH = per day – assumed to be 10 
 DAYS = normal operational days/wk – 5 for most buildings 
 WKW = weeks of “winter” weather 
 HEFF = total heating system efficiency 
 HV = heating value of fuel used to generate heat. 

This adaptation of the heating savings calculation estimates the total ener-
gy required to heat the outside air stream. This analysis assumes that this 
OA volume can be reduced to an average of one-half of the calculated vo-
lume during the normal occupancy of the building so the estimated sav-
ings are one half of this number. For Camp Zama, a WSP of 72 °F was as-
sumed. The average winter temperature, derived from the Atsugi weather 
data is 49.9 °F. The average length of the winter season for Camp Zama is 
18.0 weeks. As calculated for CON #1, the overall efficiency of the Camp 
Zama heating systems (HEFF) is estimated to be 40 percent and the heat-
ing value of the fuel oil burned is estimated at 140,000 Btu/gal.  

Thus the heating savings are estimated as: 

Heat Savings = CFM x0.20 x 1.08 x (72-47.7) x 10 x 5 x 18/(0.40 x 140000) x 0.50 
= CFM x 0.0844 x 50% 

7.8.5 Cooling 

Thus the cooling savings are estimated similarly, using the equation: 

[CFM x POA x (4.5 lb/cfm-hr) x (OAH-RAH) x (OH-(0.25 hr/day) x DAYS)) x WKS  
x CPT]/12,000 Btu/ton-hr 

where: 

 CFM = air-handling unit capacity – cu ft/min 
 POA = % of minimum OA required – expressed as a decimal 
 OAH = average OA enthalpy during summer cooling season = 
 RAH = return air enthalpy during operating hours  

– calculated at 75 °F, 50% RH =30.7 Btu/lb. 
 OH  is occupied hours/day – assumed to be 10 
 DAYS = normal operational days/wk – 5 for most buildings 
 WKS = weeks of “summer” weather 
 CPT = energy efficiency of cooling equipment – kW/ton for electrical 

equipment is typically 1.25 kW/ton for air cooled equipment, 1.0 
kW/ton for water-cooled equipment. 

For Camp Zama, the OAH is calculated to be 33.5 Btu/lb., derived from 
the Atsugi weather data, with a RAH of 30.7 Btu/lb at the desired condi-
tions of 76 °F and 50 percent RH. The average length of the cooling season 
(weeks of summer) is 34.0. Cooling savings are estimated as: 
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([CFM x 0.20 x (4.5 lb/cfm-hr) x (33.5-30.7) x (10 hrs/day) x 5 days)) x 34.0 wks  
x 1 kW/ton]/12,000 Btu/ton-hr) x 50% – therefore, 

Cooling Savings = 0.178 x CFM 

7.8.6 Investment 

Reducing the OA intake at a facility is not as simple as just closing down 
the normal OA intake. Occupant comfort and health and safety codes 
mandate a certain quantity of ventilation air as a minimum – design engi-
neers devote considerable effort to calculating this requirement and de-
signing systems to supply this air. However, as with supply temperatures, 
these calculations are based on the “worst case” design occupancy. As 
buildings are often operated at less than their peak occupancy, particularly 
for assembly halls or similar sporadic use areas, this quantity can be re-
duced if the occupancy can be determined. A proxy for the occupant densi-
ty that has come to be accepted as reasonable is the CO2 concentration of 
the air in the space, measured in the return or the actual space itself. A 
concentration rising significantly above the normal background level indi-
cates an occupancy exceeding the currently supplied OA requirements. 
Sensing this condition, deciding on an appropriate response, and position-
ing the controlling dampers can be done with a fairly simple electronic 
controller and the modification of the existing damper control mechan-
isms. Table 51 lists the estimated costs for this ECM. Allowing 30 percent 
for the costs of implementing this ECM in Japan gives an estimated cost of 
$2,535/AHU/system controlled. 

Table 51.  Costs for ECM CON #3Z. 

Item Quantity Price Cost 

Controller 1 ea @ $750.00 $750.00 
CO2 sensor 1 ea @ $350 $350.00 
Damper Actuator 2 ea @ $125.00 $250.00 
Installation LS  $250.00 
Calibration/balancing LS  $350.00 
Subtotal   $1,950.00 

7.8.7 Analysis 

This ECM is appropriate for a number of buildings within the scope of this 
project. Based on the estimates of this discussion (Table 52). This ECM is 
appropriate for Bldg 704, the Camp Zama Health Clinic and the results are 
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presented here. However, implementation of this ECM at this facility 
should be considered as a part of a coordinated improvement project for 
the clinic. See Table A2 (in Appendix A to this report) for a more detailed 
discussion of Bldg 704. 

Table 52.  Demand ventilation control of outside air by building occupancy/use. 

 
Note 1: Theatre is under renovation. Planned capacity of replacement equipment is unknown. Capacity and OA estimates based on “typical” 

values for this facility type. 
Note 2: This estimate is for AHU-2 – the 100% OA unit serving the old Emergency Room (ER)  area of the facility. Will require some ductwork 

modifications to return air to unit. 
Note 3: This estimate is for the main unit – AHU-1 serving the original Clinic area 
Note 4: This estimate is for the two units serving the Dental and Physical Therapy additions. 

7.9 CON #4Z Implement volumetric control in response to building 
loads/occupancy – Bldgs 267, 500, 505 

7.9.1 Existing conditions and problems 

A number of buildings at Camp Zama have assembly/theatre spaces that 
are not used continuously during the building’s normal occupancy. These 
spaces are served by constant volume air handlers that are sized for the 
design occupancy of these spaces. When not occupied or when used at less 
than design conditions, this equipment is oversized for the actual loads 
and can be operated more efficiently by adjusting the supply volume to a 
lower quantity. 

7.9.2 Solution 

The equipment serving the assembly areas of these facilities was sized to 
handle the peak loads expected for the space. As the occupancy is generally 
less than the design anticipated conditions, the installed equipment is 
oversized for the actual loads much of the time and operates with excess 
capacity. As the equipment observed at Camp Zama includes constant vo-

 

Building

Air 
Handler 
Capacity 

(CFM)

Minimm 
OA 

Required 
(CFM)

Heating 
Savings 

(gal /year)

Heating 
Savings 

($$)

Cooling 
Equipment 
Efficiency 
(kW/Ton)

Cooling 
Savings 
(kWh)

Cooling 
Savings 

($$)
 Costs 
($$)

Simple 
Payback 

(Yrs) Notes

267 12,000 2,400 506 $1,372 1.00 2,142 $278 $5,070 3.1
500 9,000 2,500 380 $1,029 1.25 2,789 $363 $2,535 1.8
505 8,000 1,600 338 $915 1.25 1,785 $232 $2,535 2.2 1
704 1,300 260 55 $149 1.25 9,356 $1,216 $9,735 7.1 2
704 34,700 6,940 1,464 $3,968 1.25 10,406 $1,353 $2,535 0.5 3
704 6,020 1,204 254 $688 1.25 1,805 $235 $5,070 5.5 4

ECM Totals 2,997 $8,122 28,283 $3,677 $27,480 2.3

      y g p y
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lume air handlers dedicated to these spaces, it is a relatively simple mod-
ification to convert these systems to variable volume air handlers that 
modulate the supply air volume in response to the actual conditions of the 
space. Simply adding a variable speed drive to the AHU and using the 
speed of the fan as the primary control response to space conditions will 
accomplish the desired modification. As the equipment must continue to 
meet the actual temperature loads of the space, there is no savings in the 
energy required to condition the space – although operation at a lower vo-
lume does have some potential to allow this to be accomplished with 
greater efficiency, this potential is ignored in this analysis. The savings po-
tential comes primarily from the reduction in fan energy resulting from 
the reduced air volume being circulated. Addition of a variable speed drive 
and the modification of the control logic to maintain a constant supply 
temperature and to respond to space conditions by varying the supply vo-
lume will result in significant reductions in the fan energy needed to con-
dition the spaces. 

7.9.3 Savings 

As noted, the potential savings achievable by controlling space conditions 
through a variable volume system are directly related to the motor loads of 
the supporting equipment and to the extent of the occupancy of the space. 
For the purposes of this analysis, the potential volume reduction is limited 
to 50 percent to ensure adequate air circulation in the space and to pre-
vent stratification of the space during periods of low occupancy. As these 
spaces are used during the normal occupancy periods and they must re-
spond to these changes in the occupancy, the savings attributable to this 
ECM are estimated to be 65 percent of the maximum potential, to allow for 
the periods when the space occupancy will require more than the mini-
mum fan energy. 

Savings are estimated from the “Fan Laws,” which define the relationship 
between supply air volumes and fan energy for centrifugal fans, as used in 
air handling systems. According to these relationships, the supply air vo-
lume is directly related to the rotational speed of the fan system, while the 
power required to deliver this volume of air is related to the cube of the ro-
tational speed. For the purposes of this analysis, the potential volume re-
duction is limited to 50 percent to ensure adequate air circulation in the 
space and to prevent stratification of the space during periods of low occu-
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pancy. From these relations, reducing the supply air volume to 50 percent 
of the design conditions will reduce the required power to 1/8 of the de-
sign conditions power. As this will be accomplished through the use of a 
variable frequency drive, the efficiency of the drive system must also be 
included. Operating at these low power levels, the efficiency of a typical 
variable frequency drive (VFD) is estimated to be 90 percent. 

Therefore, the savings for this ECM are estimated as: 

HP x (1-0.125) x 0.90 x hrs/wk x 0.65 x 52 wks/yr 

where: 

 HP = motor horsepower of the installed equipment 
 0.125 = the percentage of the full power required (1/2)3 
 0.90 = estimated efficiency of the VFD employed, at the lower power re-

quired hrs/wk = normal occupied hours/wk – 50 for a normal work 
day occupied facility 

 0.65 = estimate of the maximum possible savings achievable because of 
the normal use the space and the need to support this occupancy 

7.9.4 Investment 

The installation of a variable speed drive is straightforward. Costs are 
largely determined by the horsepower of the motor being controlled. In-
stallation costs are essentially constant and are estimated at $600 per 
drive. From RS Means Mechanical Cost Data, drives range from $1500 for 
3 HP to $4000 for a 25 HP drive for a large central AHU. As these are typ-
ical U.S. mainland prices, they have been escalated by 30 percent to allow 
for the costs of the ECM in Japan. 

7.9.5 Analysis 

This ECM is appropriate for a number of buildings within the scope of this 
project. Table 53 lists the results of an analysis of this ECM based on the 
estimates of this discussion. 
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Table 53.  volumetric control in response to building loads/occupancy. 

 

7.10 CON #5Z Install variable frequency drives for systems that 
incorporate variable volume supply 

7.10.1 Existing conditions and problems 

Variable volume air distribution systems control environmental conditions 
by changing the quantity of air delivered to a space in response to the ac-
tual space conditions. This is an energy efficient way to maintain the de-
sired environmental conditions as it reduces the fan energy needed to de-
liver the heating and cooling energy to the space. Control of the supply 
volume is ideally accomplished by changing the rotational speed of the 
fans as the supply air volume is directly proportional to the rotating speed 
of the fan. This is the current “standard” for such systems and is the most 
efficient way to implement a variable volume air system. 

Several buildings at Camp Zama (specifically Bldgs 267 and 457) were 
found to have a variable volume system for temperature control, but the 
volume was being controlled through less efficient means – either a set of 
“inlet vanes” or a discharge damper (Figure 91). Neither of these is as ef-
fective or as energy efficient as the preferred use of a variable frequency 
drive to control the delivered volume. Inlet vanes do reduce the required 
energy for a variable volume system, but are only approximately one-half 
as efficient as a VFD. A discharge damper is even less effective from an 
energy perspective. The discharge damper forces the fan to work harder to 
deliver a given volume of air by restricting the discharge outlet. While it 
does reduce the delivered air and does have an effect on the energy input 
to the fan, it is small until the volume reduction becomes significant, and 
even then it is less energy efficient than inlet vanes or a VFD on the fans 
system. 
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Figure 91.  Discharge air damper (left) and inlet guide vanes (right). 

7.10.2 Solution 

The systems identified are already designed, configured, and controlled as 
variable volume air systems, making their improvement relatively simple. 
Removing the inlet guide vanes or the discharge control dampers currently 
used to control the supply air volume is a relatively simple mechanical 
process. Adding a variable frequency drive will maintain the variable vo-
lume capability of the system. Minor control system modifications may be 
required to adapt the existing control system to the new VFD, but these 
will be minor.  

This modification will result in both increased energy savings and better 
operation of the system overall as the volumetric control will also be im-
proved. 

7.10.3 Savings 

The savings from this ECM are dependent on the current means employed 
for varying the supply air volume of the system and on the motor loads of 
the air systems. The use of a variable volume system reduces the “normal” 
loads of the system to an estimated 65 percent of the peak motor loads 
over the normal operation of the system. Use of a VFD achieves this sav-
ings more efficiently than does inlet vanes – the improvement is estimated 
as 50 percent of the difference between the full load and the savings 
achieved by the inlet vanes. For the discharge damper controlled systems, 
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the savings are higher (estimated as 85 percent of the potential reduction 
from the full load of the system). Thus the savings are estimated as: 

HP x 0.743 kW/HP x 0.65 x EIF x Hrs/wk x 52 Wks/Yr 

where: 

 HP = rated motor HP of the air handling system 
 0.65 = estimated yearly average improvement over full load due to im-

plementation of variable volume control 
 EIF = energy improvement factor for converting to VFD drive 

0.50 for conversion from inlet guide vanes 
0.85 for conversion from a discharge damper control. 

7.10.4 Investment 

The costs for implementing this ECM are the installation of the new varia-
ble frequency drive, the removal of the existing volumetric control equip-
ment, and minor modifications to the existing control systems to incorpo-
rate the new VFD. The installation of a variable speed drive is a 
straightforward effort whose costs are largely determined by the horse-
power of the motor being controlled. Installation costs are essentially con-
stant and are estimated at $600 per drive. Removal of the existing volume 
control device is also a straightforward effort, estimated at $150 per instal-
lation. From RS Means Mechanical Cost Data, drives range from $1500 for 
3 HP to $4000 for a 25 HP drive for a large central AHU. The revised me-
chanical system will require some modifications to the existing control 
system to adapt it to the new variable speed drive and possibly some minor 
adjustments to the controlling software and “tuning” of the control loops. 
These control modifications are estimated to be $250 per installation. 
Thus, the total costs are estimated to be $850 for installation/modification 
labor plus the cost of the drive. As these are typical U.S. mainland prices, 
they have been escalated by 30 percent to allow for the costs of the ECM in 
Japan. 

7.10.5 Analysis 

Table 54 summarizes the analysis of this ECM based on the estimates of 
this discussion. 
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Table 54.  Install variable frequency drives. 

 
Note 1 – Estimate is for ACU-1 – no control at present 
Note 2 – Estimate is for ACU-2 – currently equipped with discharge damper control 

 

7.11 CON #6Z: Implement demand limiting control of air-conditioning 
compressors for buildings served by dedicated equipment 

7.11.1 Existing conditions and problems 

Most facilities at Camp Zama are served by dedicated refrigeration equip-
ment, either water-cooled or air-cooled reciprocating compressors. These 
machines cycle their compressors to meet the cooling demand in the facili-
ty. The electrical service to Camp Zama is billed according to two compo-
nents, the kWh consumption (the actual energy consumed by the equip-
ment), and the “demand” (the rate at which this energy is consumed). 
Demand is measured and billed by the highest simultaneous requirement 
over a defined period and is billed for an extended period of time and con-
stitutes a significant portion of the electric bill for the facility. 

7.11.2 Solution 

The demand charges of an electric bill are somewhat analogous to a “con-
venience” charge – using a large amount of electricity at a time carries 
with it an economic penalty. Demand control targets this component of 
the electrical bill by seeking to limit the simultaneous operation of “major” 
electricity consuming equipment, usually concentrating on air-
conditioning compressors. It functions by selectively disabling a portion, 
or all, of the refrigeration equipment serving a facility while allowing the 
air handling equipment to function normally. The thermal “inertia” of the 
building and the continuing air circulation allows for short term interrup-

 

Building Fan HP

Normal 
Weekly 
Building 

Occupancy 
(Hrs)

Estimated 
Efficiency 

Improvement

Electrical 
Savings 
(kWh)

Electrical 
Savings 

($$)  Costs ($)

Simple 
Payback 

(Yrs) Notes

267 10 60 85% 12,860 $1,672 $3,738 2.2 1
267 2 60 85% 2,572 $334 $3,055 9.1 2
457 15 60 50% 19,289 $2,508 $4,128 1.6

ECM Totals 34,721 $4,514 $10,920 2.4

Install Variable Frequency Drives
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tions to the cooling without adversely affecting the occupants. If enough 
equipment at Camp Zama is provided with capacity controls and the de-
mand control target is well selected, the demand charge portion of the 
electric utility bill can be reduced with minimal impact on the population. 

7.11.3 Savings 

The potential savings is directly related to the size of the electrical demand 
reduction that can be achieved. The Camp Zama electrical service rate 
agreement provides for a demand charge of $1.53/kW, for a period, often 
called a “ratchet” of 12 months from its occurrence. What this means is 
that each kW reduction in the peak demand during the summer cooling 
season is valued at $18.36. Total savings achievable at Camp Zama then 
becomes a function of the number of loads available for shedding under 
demand control and the acceptable level of impact on occupant comfort. 

7.11.4 Investment 

Demand control requires the connection of as many devices as possible to 
achieve the largest pool of potential sheddable loads. To make this an eco-
nomically viable proposition, the means for controlling these loads needs 
to be inexpensive to purchase, install, and operate. The most common me-
chanism for this is the use of radio controlled switches, installed in the 
control circuits of the selected devices. These switches typically operate in 
a defined portion of the FM radio band and are installed to interrupt the 
normal cycling control signal so that activation of the switch interrupts 
this control signal for a limited period of time, typically in the 5 to 10 
minute range. The key to the economic viability of this ECM is the cost of 
the individual switch and its installation. Their availability in the Japanese 
marketplace is uncertain, but in the U.S. utility market, the cost of a switch 
is approximately $100 when purchased in quantity. Allowing $50 to install 
a switch and escalating these costs by 30 percent to allow for the cost of 
projects in Japan gives an estimated installed cost of $195.00 per switch. 

A functioning system also requires a “central control device” and a master 
transmission station to issue the radio command to the remotely mounted 
switches. The control device monitors the incoming electrical service and 
as the measured demand approaches the desired “target value, selects ap-
propriate radio switches and issues the “shed” command. This device 
communicates with a central FM radio transmitter that sends the actual 
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radio signal to actuate the selected switches. These systems can range from 
a basic monitoring and command system to more sophisticated devices 
that can maintain multiple demand targets by time of day, day of week, 
and season and that can maintain detailed records of the electrical con-
sumption and the actions and savings generated by the demand control 
system. Where the more sophisticated monitoring and control functions 
are desired, this type of control is often provided by the facility wide EMCS 
central station computer. The FM radio transmitter then becomes simply a 
means of communicating the commands to the remote field switches. Be-
cause of their relatively inexpensive installed costs, the FM switch provides 
a means for an EMCS to be connected to sort remote loads and systems 
that are too small for economical inclusion through a fully capable DDC 
controller. For this preliminary analysis, the installation of a “basic” cen-
tral system is assumed, at an estimated cost of $25,000 x 1.3, or $32,500. 

7.11.5 Analysis 

This ECM is appropriate for any building having a reciprocating compres-
sor cooling system or other significant electrical load that can be inter-
rupted for short periods of time. The economic viability of the ECM can 
only be approximated at this stage of the analysis as the acceptability of 
service interruption and the potential impact on the facility occupants will 
have to be evaluated. For the purposes of this initial evaluation, the mini-
mum viable sheddable load is calculated for a 4-year payback to allow for 
some contingency in the analysis. Based on the criteria identified in the 
discussion above, the minimum load that makes economic sense is calcu-
lated any equipment of this size or larger is viable on demand cost avoid-
ance in and of itself. The switches can also be used to accomplish time of 
day scheduling, which would decrease the minimum viable load, but this is 
not considered in this initial screening analysis. 

The successful implementation of a demand control system will also re-
quire a central monitoring and control device to track the facility’s total 
electrical demand and to make and implement the decision to shed loads 
for demand control. The total minimum economically viable sheddable 
load is then calculated to justify the costs of the central station required to 
implement this ECM at Camp Zama. 
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The minimum practical load required to support a demand control system 
at Camp Zama is a bit more complicated than the simple viable analysis of 
the table indicates. It is neither feasible nor acceptable to the occupants of 
a facility to shed their cooling equipment every time a demand peak is 
reached. To provide an occupant acceptable of cooling service interrup-
tion, more than this minimum economically viable level of equipment 
must be available to the system. This minimum practical load is calculated 
from the following assumptions: 

1. No connected load will be shed more than ¼ of the time demand control is 
implemented. 

2. As equipment being controlled operates in a “cycling” manner, it may not 
always be operating when it is required. Equipment is assumed to be “ac-
tive” one-half of the time it is requested for demand control. 

Thus the minimum practical connected load is estimated as the minimum 
viable load/(0.25*0.5). Table 55 lists the results of the analysis of this ECM 
based on the estimates of this discussion. 

As the results of this evaluation show, almost any and all air-conditioning 
loads on Camp Zama or Sagami General Depot are viable candidates for 
the installation of a demand control radio switch. The viability of such a 
system is highly dependent on the number of potentially sheddable loads 
that can be identified. The costs of the central monitoring and control sta-
tion become the driving factor in this requirement. Implementing this 
ECM through the capabilities of a central EMCS system is a technically 
feasible approach and will serve to make the economics of the system 
much more attractive by eliminating the costs of the central monitoring 
equipment, a savings of approximately $10,000. Done this way, the prac-
tical connected load required is reduced to approximately 2400 kW. 
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Table 55.  Demand control for CON #6Z. 

 
Note 1: This is the minimum economically viable load for installation of a radio switch, justi-

fied only on demand charge avoidance. 
Note 2: This is the minimum economically viable total load required to justify the installation 

of a “standalone” demand control system, justified only on demand charge avoid-
ance. 

7.11.6 Cautionary note 

For systems not on a central monitoring system, it must be noted that 
many installations have found that users often disable these systems. 
Without central monitoring to verify equipment actually shuts off, the pro-
jected savings may not be realized. Because of this, it is recommended that 
a check of the demand limiting hardware be incorporated into the periodic 
checks made by maintenance personnel. 

7.12 CON #7Z Scheduled operation of HVAC systems to match 
building occupancy 

7.12.1 Existing conditions and problems 

Most facilities at Camp Zama are occupied during “normal” business 
hours, 5 days/wk. Even those that have extended operating hours or a 
24-hr duty section typically do not occupy the full facility for these ex-
tended periods. Where building operations do not require strict tempera-
ture or humidity control, typical for office and administrative facilities and 
most other activities on Camp Zama, the mechanical systems supporting 
these facilities can be scheduled to match the occupancy periods and 
turned off when the facility is not occupied. Operation of HVAC system 
when the buildings is unoccupied results in unneeded consumption of 
electrical energy to operate the fans, additional heating and cooling energy 
to condition the ventilation air and to maintain comfort conditions in the 
unoccupied building. 

 

Cooling 
Capacity 

(Tons)

Electrical 
Load 
(kW)

Annual 
Demand 

Cost Savings 
($$)  Costs ($)

Simple 
Payback 

(Yrs) Notes

Minimum Viable 
Load 2.3 2.7 $49 $195 4.0 1

Minimum Viable 
Total Load 384.8 443 $8,125 $32,500 4.0 2

Minimum Practical 
Total Load 3,078.5 3,540
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7.12.2 Solution 

Proper scheduling of mechanical 
equipment to match the occupancy and 
use of a facility is a relatively simple 
measure. A basic time clock, set to 
track the occupancy of a facility, can 
provide for the basic start/stop control 
of the supporting mechanical systems 
(Figure 92). In most facilities, a single 
time clock is sufficient. For buildings 
that have areas with varying schedules, 
multiple time clocks should be pro-
vided to control the mechanical equip-
ment serving the various areas.  

These devices can range from a simple electrically driven “clock” with as-
sociated switches to control equipment to sophisticated, microprocessor 
based controllers that monitor internal and external temperature condi-
tions and adjust the equipment operational times to ensure acceptable 
conditions in a space. For most of the facilities at Camp Zama, a basic time 
clock device is sufficient. The few facilities, such as Bldgs 101 and 102, that 
could benefit from a more sophisticated time clock controller are also good 
candidates for the installation of DDC controls, which provide these func-
tions and more as a part of their control capabilities. The installation of 
DDC controls is discussed in ECM CON #1Z. 

Many buildings at Camp Zama have time clock devices in place, but they 
were not all in operation at the time of this survey. Where devices have 
been disabled, it is presumably because the time schedules established re-
sulted in uncomfortable conditions for early morning occupants. In these 
cases, the scheduled operation should be adjusted to return the equipment 
to operation sufficiently before the normal occupancy to ensure acceptable 
conditions. With a simple time clock device, this reduces the potential 
energy savings as the adjustment must be adequate to recover from a 
“worst case” scenario while most days would require less than this extra 
run time, but even with this condition, the savings from the decrease oper-
ation are significant. Adding a low limit temperature sensor in the occu-
pied spaces of the building to limit the unoccupied conditions can improve 

 
Figure 92.  Time clocks. 
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this condition and yield close to the theoretical maximum potential sav-
ings for a facility. An even better solution than time clocks would be DDC 
controls incorporating scheduling functions and a central monitoring sta-
tion from which schedules could be changed and actual runtime moni-
tored to ensure that planned schedules are being adhered to. 

As with ECM #6Z, where central monitoring of the time clock is not avail-
able, it is recommended that a check of the time clock operation be incor-
porated into the periodic checks made by maintenance personnel. 

7.12.3 Investment 

A basic time clock device, capable of multiple operating schedules per 
week, is an inexpensive device, costing approximately $250 per device. 
Wiring to interface the time clock to the controlled equipment will depend 
on the distance to the devices and the number of items to be controlled. A 
time clock can be adapted to any equipment that has a normal control cir-
cuit, either integral or from a remote thermostat or other device. For the 
purposes of this analysis, an installation cost of $1000 has been assumed. 
An additional allowance of $250 per device for a low limit sensor has also 
been included, for a total of $1500 per time clock installation. 

It should also be noted that the time clock function is an intrinsic capabili-
ty of a DDC controller. These savings are applicable to the analysis of a 
DDC controller in any of these buildings. Such a project alone could form 
the basis for a Camp Zama EMCS installation. 

7.12.4 Analysis 

The savings attributable to scheduled operation of a building’s mechanical 
systems come from three components, as mentioned earlier. Not operating 
the basic equipment – the fans and pumps of the systems saves the elec-
trical energy required to power them. These savings are estimated using 
the procedures of CR 82.030 – Standardized EMCS Savings Calculations 
as: 

Savings = HP x L x (0.746 kW/hp) x (168 hr/wk – H) x [WKS + (WKW x (1-PRT) x F] 

where: 

 HP = the rated horsepower of the driving motor 
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 L = the load factor of the motor – assumed to be 0.8  
for typical applications 

 H = normal occupied operating hours + 2/day to allow for morning 
warm up of facility before occupancy 

 WKS = weeks of summer operation 
 WKW = weeks of winter operation 
 PRT = estimate of winter run time required to maintain a low limit tem-

perature in the facility during the winter shut down periods. 
From the chart of CR 82.030, for Camp Zama this is estimated to 
be 7.5% 

 F = fraction of the potential savings attributable to the control meas-
ure – 100% 

Thus auxiliary savings will equal: 

HP x 0.8 x 0.746 kW/hp x (168-60) x [34 +(18 x (1-0.075) x 1] or 
Auxiliary savings = HP x 3265 kWh 

Scheduling equipment off reduces the heating and cooling energy supplied 
by the equipment during its off period. Again using the procedures of CR 
82.030 – Standardized EMCS Savings Calculations, these savings are esti-
mated as: 

Cooling Savings = [BTT x AZ x (AST – SSP) x (168 hr/wk – H) x WKS x CPT x F]/12,000 
Btu/ton-hr 

and Heating Savings = [BTT x AZ x (WSP – LTL) x (168 hr/wk – H) x WKW x F]/(HEFF x HV) 

where: 

 BTT = Building Thermal Transmission factor. This is calculated from 
building specific characteristics that were beyond the scope of this 
initial survey. For the purposes of this initial analysis, based on 
past applications to buildings similar to Camp Zama “typical” 
construction, a conservative BTT was assumed of 0.10Btu/hr sq ft 
°F 

 AZ  = area of the portion of the building being controlled – assumed to 
be the entire building for this preliminary analysis 

 AST = average summer temperature 
 WSP = winter thermostat setpoint – assumed 72 °F for this analysis 
 LTL = unoccupied low temperature limit – assumed to be 55 °F 
 SSP  = summer thermostat setpoint – assumed 76 °F for this analysis 
 H  = normal occupied operating hours + 2/day to allow for morning 

warm up of facility before occupancy 
 WKS = weeks of summer operation 
 WKW = weeks of winter operation 
 CPT = cooling equipment performance – 1.25 kW/ton for air cooled 

equipment, 1.0 for water-cooled equipment 
 HEFF = heating system efficiency – 0.40 for the Camp Zama steam system 
 HV = heating value of fuel consumed – 140,000 Btu/gal 
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Thus, 

Cooling Savings = [0.1 x Building area x (78.7 – 76) x (168 – 60) x 34 x CPT x 1]/12,000 
Btu/ton-hr 
= Building Area x CPT x 0.0826 kWh and Heating Savings  
= [0.1 x Building area x (72 – 55) x (168 – 60) x 18 x 1]/(0.40 x 140,000) 
= Building Area x 0.590 gal 

Scheduling equipment also eliminates the heating and cooling energy re-
quired to condition the ventilation air that is not introduced into a build-
ing when the mechanical systems are off. The procedures of CR 82.030 – 
Standardized EMCS Savings Calculations, estimate these savings as: 

Cooling Ventilation Savings = [CFMxPOAx(4.5 lb/cfm-hr)x(OAH-RAH)x(168 hr/wk–
H)xWKSxCPTxF/12,000 Btu/ton-hr 

Heating Ventilation Savings = [CFM x POA x (1.08 Btu/cfm-hr) x (WSP – AWT)  
x (168 hr/wk–H)xWKWxF/(HEFF x HV) 

where values are as noted previously, and: 

 POA = percentage of OA being supplied to the building  
– estimated to be 15% 

 OAH = average outside air enthalpy = 33.5 Btu/lb 
 RAH = return air enthalpy at 76 °F and 50% RH = 28.6 Btu/lb 
 AWT = 47.7 °F. 

Thus Cooling Ventilation Savings equal: 

[CFM x 0.15 x 4.5 x (33.5-28.6) x (168-60) x 34 x CPT]/12000 
=CFM x CPT*0.10121 kWh 

and Heating Ventilation Savings equal:  

[CFM x 0.15 x 1.08 x (72 –47.7) x (168 – 60) x 18 x 1]/(0.40 x 140,000) 
= Building Area x 0.1367 gal 

Table 56 summarizes the analysis of this ECM based on the estimates of 
this discussion. 
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Table 56.  Scheduled Operation of HVAC Equipment. 

Bldg 

Auxiliary Savings Cooling Savings Heating Savings 

Costs 
($) 

Simple 
Payback 

(yrs) Notes 
Equipment  

hp 

Electrical 
Savings  
(kWh) 

Energy Ventilation Total 
Cooling 
Savings 

($) 

Energy Ventilation Total 
Heating 
Savings 

(gal) 

Heating 
Savings  

($) 

Building 
Area  
(sq ft) 

Cooling  
Equip. 
 CPT 

Cooling 
Savings 
(kWh) 

HVAC 
Equipment 

CFM 

Cooling 
Savings 
(kWh) 

Heating 
Savings 

(gal) 

Heating 
Savings 

(gal) 

101  0 213,405 1.00 17,627  0 $2,292 12,591 0 12,591 $34,121 $7,500 0.2 FCU's - only credit for primary 
equipment taken - 2/3 to allow 
after hours operations 

102  0 124,603 1.00 10,292  0 $1,338 7,352 0 7,352 $19,923 $7,500 0.4   

125 15.3 49,894 18,456 1.00 1,021 13,185 9,019 $1,305 730 1,208 1,937 $5,250 $1,500 0.2 2/3 savings to allow for ex-
tended studio use 

267 28.0 61,287 32,499 1.00 2,684 20,878 21,316 $3,120 1,917 2,854 4,771 $12,931 $1,500 0.1   

457 95.7 234,371 45,399 1.25 4,687 36,345 34,789 $5,132 2,009 3,726 5,735 $15,542 $1,500 0.1   

500 12.5 30,609 16,913 1.25 1,746 9,000 8,615 $1,347 748 923 1,671 $4,529 $1,500 0.3   

505 12.0 39,180 14,733 1.25 1,521 15,000 9,572 $1,442 435 1,025 1,460 $3,956 $1,500 0.3   

642 65.3 213,363 37,936 1.00 Note 1 14,927 Note 1 $12,637 1,679 1,530 3,209 $8,697 $1,500 0.1   

646 7.4 24,072 41,087 1.25 4,242 7,257 9,262 $1,756 1,818 744 2,562 $6,943 $1,500 0.2   

671 5.0 16,194 64,263 1.25 1,327 2,000 2,553 $504 569 205 774 $2,097 $1,500 0.6 Only office portion is condi-
tioned 

683 20.1 65,650 177,912 1.00 14,696 9,535 9,736 $3,176 1,575 978 2,552 $6,916 $1,500 0.1   

ECM Totals 734,620   59,845  104,862 $34,049   44,614 $120,905 $28,500 0.2   

Total kWh Saved 899,326             

Gallons Fuel Oil Saved 44,614             
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7.13 ELEC #1Z Electric DHW Heaters at Bldgs 101, 238 

7.13.1 Existing conditions 

Several buildings at Camp Zama have electric-powered domestic hot water 
heaters (Figure 93). A significant amount of the annual electrical cost of 
this Army installation is the electrical demand charge. The electrical de-
mand cost is based on the time it occurs. When a new peak electrical de-
mand is established that amount becomes the basis for the demand charge 
during the next 12 month billing periods. Since the electrical demand is 
generally caused by the running of cooling equipment in the summer, the 
cost for this peak electrical use is at the highest rate charged by the utility 
or 1533 yen/kW ($14.32/kW). The domestic hot water heaters operate 
when there is a use of hot water. When this occurs cold water enters the 
hot water tank and the heater heats the water back to the hot water tem-
perature setpoint. All of these hot water systems have storage tanks and 
some delay can occur in the water heating without causing a interruption 
in service to avoid excessive electrical peak usage. 

 

Figure 93.  Electric hot water heater in Bldg 101. 
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Bldgs 101 and 238 have electric hot water heaters. Bldg 101 is an adminis-
trative building with approximately 10 hot water heaters having a 5 kW 
heater for the lower section of the unit and a 5 kW heater in the top half. 
The Fire House, Bldg 238, has an 86.4 kW instant hot water heater that 
operates in conjunction with a steam heating unit and a storage tank. The 
electrical heater is used to supplement the steam unit since it could not 
keep up with the demand. The demand is created by individuals taking 
showers and other washing operations, all of which could be postponed to 
avoid creating a new peak electrical use. 

There is an opportunity for using an electrical load shedding device that 
would turn off the electrical hot water heaters during periods of high elec-
trical demand. These heaters have hot water storage tanks so the water 
heaters can be interrupted for a few hours. 

7.13.2 Solution 

Install radio-controlled switches on these electric domestic hot water hea-
ters. This ECM should be done in conjunction with ECM CON #6Z. These 
hot water heaters would then be turned off during time periods when the 
electrical peak is high. A radio signal would be sent out and receivers at 
each hot water system would receive the signal and turn off the electrical 
power to the hot water heaters. Periodic checks of operation should be per-
formed by maintenance personnel. 

7.13.3 Savings 

During the peak electrical time periods, which are most likely in the after-
noon, the demand for hot water is low. At this time the average hot water 
electrical use is estimated to be 10 percent of heating capacity of the heat-
ing units. Thus the electrical peak savings is estimated to be 13.6 kW: 

Electrical demand savings = (10 x 5kW + 86.4 kW) X 10% = 13.6 kW 
Cost Savings = 13.6 kW X $14.32/kW/month X 12 months/yr = $2,337/yr 

7.13.4 Investments 

The estimated cost for a radio signal type load shedding connection on the 
11 domestic hot water heaters is $12,600. This is significantly more costly 
than the loads discussed in ECM CON #6Z because of the additional costs 
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required for re-wiring. This cost was developed using information pro-
vided by the Corps of Engineers and information in 2009 Grainger catalog. 

7.13.5 Payback 

The resulting payback period is 5.4 years. 

7.14 HVAC #10Z Through HVAC #14Z – Improve HVAC controls and 
AHUs (re-commission), Bldgs 457, 205, 642, 715, and 389 at 
Camp Zama 

7.14.1 Existing conditions/problems 

Bldg 457 is the Community Club, which contains a cafeteria/bar, dining 
facility, ballroom, conference rooms, a game room, and various other 
spaces. The area is 45,399 sq ft. 

There are several problems with this building that make the HVAC sys-
tems use much more energy than needed: 

· All AHUs run 24/7 although the Club is open only Tue – Thu 0900 – 
2300, Fri 0900 – 0330, Sat 1000 – 0230 and Sun 1000 – 2300. All 
AHUs were observed running on a Monday when the Club was closed. 
The total hours of operation in the building are 104 hrs/wk according 
to the sign at the entrance. 

· The temperature control is for constant supply air temperature, which 
does not take into account any internal loads or from the sun through 
windows. This control strategy leads to overheating in the winter. 

· AHU-5 has a constant supply temperature of 84 °F (measured), which 
is not according to the setpoints. The AHU probably supplies the cafe-
teria adjacent to the entrance, since that space was constantly warmer 
than 80 °F at several visits during the assessment week. 

· The AHUs have old, probably worn out inlet vanes that no longer work. 
These inlet vanes are supposed to keep a constant supply static air 
pressure throughout the variable air volume (VAV) system, but accord-
ing to DPW personnel this does not work anymore. The inlet vanes 
were observed to be inoperable. 

· Some AHUs have both the OA (Outside Air) and the RA (Return Air) 
dampers fully open, indicating that the damper controls no longer op-
erate. A typical sequence would call for the building in unoccupied 
mode to operate on 100  percent Return air. 
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Bldg 205 is the fitness center. It is 53,879 sq ft plus 17,657 sq ft for the 
pool area. The building is open 93.5 hrs/wk. The energy wasting problems 
are: 

· All AHUs run 24/7, or 168 hrs/wk. 
· The largest AHU, ACU-4, runs on 100  percent outside air. It is used for 

heating of the Gymnasium. When visited, the space was unoccupied 
even though the building was open. The space temperature was 75 °F, 
which is too warm for a Gymnasium. 

· ACU- 2 and ACU-6 run on 100  percent OA. 
· ACU-1, ACU-7, ACU-5 and ACU-3 operate with the RA dampers 100 

 percent open and the OA dampers approximately 50  percent open. 
· Supply air temperature is controlled at a constant temperature. 

Bldg 642 is the DPW building. It is 37,936 sq ft. The problems are: 

· The AHUs operates with constant supply air temperature except ACU-
1, which seems to operate to keep a constant return air temperature. 
This is much better, accounting for internal loads. 

· ACU-4 runs on 100  percent OA. ACU-1 has 100  percent OA and 100 
 percent RA dampers open. 

· ACU-2 is a large AHU, 33,100 m3/h. The setpoint for supply air tem-
perature was at 22.5 °C. Actual temperature was 25.8 °C and the unit 
still used heating water, indicating that the controls do not work well, 
or at all. 

The good thing with this building is that all AHUs are timer controlled, al-
lowing operation only on Mon – Fri 0700 – 1630. Thus, energy is not 
wasted 24/7. 

Bldg 715 is a medical laboratory, which has 24,964 sq ft. The AHUs are 
controlled by timers, allowing operation from 0600 – 2200 Mon – Sat 
(maybe also Sunday). The operating hours of the AHUs are too long, but 
the HVAC systems also use too much energy due to the following: 

· The constant supply air temperature for AHU-1 is 34 °C, which is much 
too hot. The unit operates at 50  percent OA and 50  percent RA. This is 
the major AHU, with 25,400 m3/h of supply air and a 15 kW supply fan 
motor. 
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· AHU-1 also has an old pressure control system in form of a linkage sys-
tem that reduces the supply air volume, but with the fan still at full 
speed. Verification of correct operation was not possible. 

Bldg 389 is the Bowling Alley, which has 15,979 sq ft. The problems are: 

· The AHU runs at about 30  percent OA, which might be needed when 
the building is fully occupied, but not when empty as was the case dur-
ing the site visit. 

· The AHU operates Mon – Sun, 0730 – 0300. The Bowling alley open-
ing hours are: Sun – Wed 1100 – 2200, Thu – Sat 1100 – 2230 (785 
hrs/wk). 

· The supply air temperature was 88 °F when measured. The Space tem-
perature setpoint was 20 °C (67 °F) and the actual space temperature 
was measured to be 77 °F (25 °C), which is far above the setpoint. Con-
trols do not work properly. 

· The supply air into the male rest room was 112 °F, which is much too 
high. 

7.14.2 Solution 

Re-commission the controls and the HVAC systems in these five buildings. 
This should include: 

· Replace the controls with DDC controls. Most sensors can be used, but 
the DDC controllers enable the start of an EMCS system. 

· Change the control modes to constant return air temperature. 
· Operate, where applicable, the amount of outside air with respect to 

the human load, i.e., by installing CO2 sensors in the return air ducts of 
each AHU. 

· Reduce the number of hours of operation by installing timers set to 
match the building occupancy or, in the future, by using the functional-
ities of the EMCS system. 

· Replace old static pressure control systems (inlet vanes, linkages con-
nected to dampers) with VFDs (see other general ECM for specific de-
tails and savings). 

· Where applicable, install door switches that turn AHUs OFF when 
doors are open. 

· Consider connecting all exhaust flows in DPW Bldg 161-1 at Sagami 
General Depot to a central exhaust duct (or a couple of ducts) and in-
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stall water-based heat recovery coils in the exhaust; use the heat to pre-
heat the OA supply in the HCs. 

· Operate dust collector exhaust only when machines are operated. 

Many other buildings are likely in need of re-commissioning. It is recom-
mended that a re-commissioning survey be conducted. This survey should: 

· identify issues like those found here 
· estimate costs and savings of re-commissioning 
· identify the best funding source 
· develop a scope of work and appropriate project scoping, such as 1391 

for project implementation. 

7.14.3 Savings 

Table 54 lists the savings achieved by reducing the hours of operation as-
suming that electric chillers are used for cooling (which is the case except 
in Bldg 205 where the energy saved related to cooling in the table is calcu-
lated in MMBtus with an absorption chiller with a COP of 1.0), using a 
COP of 2.5 for the electric chillers. 

Other assumptions for the calculations that yielded the data in Table 54 
are:  

· The number of annual cooling and heating degree-days, 1451 °F and 
3289 °F respectively 

· On average, the COP of chillers (estimated to be 2.5)  
· Transmission savings, from not having the buildings cooled down or 

heated and thus not having the chillers or boilers running to cover for 
transmission losses (estimated to be equal to the OA savings) 

· (Net) savings i.e., savings regarding energy that enters the building 
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Table 57.  Energy saved related to cooling in the table is calculated in MMBtus with an absorption chiller with a COP of 1.0), 
using a COP of 2.5 for the electric chillers. 

Building 
and 
AHU Total cfm OA cfm Motor hp 

Per week 
Hrs now 

Per week 
New hrs 

Savings 
cooling OA  
Base 65 °F 

Savings 
transmission  

(summer) 
Savings motors 

80 % loaded 

Savings heating  OA, 
MMBtu/year  
Base 65 °F 

Savings 
transmission  

(winter) 

457 AHU-1 3400 2000 2.2 168 111 2974 2974 3936 57 57 

457 AHU-2 6900 3500 3.7 168 111 5204 5204 6620 101 101 

457 AHU-3 12000 6000 7.5 168 111 8921 8921 13420 172 172 

457 AHU-4 14000 7000 11 168 111 10407 10407 19682 201 201 

457 AHU-5 14500 8000 11 168 111 11894 11894 19682 230 230 

457 OHU-1 12500 12500 7.5 168 111 18585 18585 13420 359 359 

642 ACU-4 1000 1000 0.75 57 47 261 261 235 5 5 

642 ACU-1 10500 5250 5.5 57 47 1369 1369 1727 26 26 

642 ACU-2 19500 2000 15 57 47 522 522 4709 10 10 

205 ACU-1 5000 1500 5.5 168 100 23 23 11740 51 51 

205 ACU-2 13200 13200 11 168 100 200 200 23481 453 453 

205 ACU-3 5500 1650 5.5 168 100 25 25 11740 57 57 

205 ACU-4 21200 21200 15 168 100 321 321 32019 727 727 

205 ACU-5 8400 2500 5.5 168 100 38 38 11740 86 86 

205 ACU-6 4900 4900 3.7 168 100 74 74 7898 168 168 

205 ACU-7 6700 2000 5.5 168 100 30 30 11740 69 69 

715 AHU-1 15000 7500 15 96 72 4695 4695 11301 91 91 

389 AHU-1 13400 4000 15 168 85 8660 8660 39082 167 167 

Sum: 187600 105700   Sum: 73491 73491 244175 3031 3031 

  56%    kWh kWh kWh   

     Total savings, kWh: 391157 Savings MMBtu: 7483  
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Considerations regarding boiler efficiency are summarized below. 

Table 58 lists the savings by reducing the amount of OA during the re-
maining hours of operation, from an average of today’s roughly 62 to 15 
 percent. 

Table 58.  Savings by reducing the amount of OA. 

Building  
and AHU 

Present 
OA cfm 

Proposed 
OA cfm 

After reduction 
Per week 

hrs  

Savings  
cooling OA 
Base 65 °F 

Savings 
transmission 

(summer) 

Savings heating  
 OA, MMBtu/yr 

Base 65 °F 

Savings 
transmission 

(winter) 

457 AHU-1 2000 510 111 4314 4314 83 83 

457 AHU-2 3500 1035 111 7137 7137 138 138 

457 AHU-3 6000 1800 111 12160 12160 235 235 

457 AHU-4 7000 2100 111 14187 14187 274 274 

457 AHU-5 8000 2175 111 16865 16865 326 326 

457 OHU-1 12500 1875 111 30763 30763 595 595 

205 ACU-1 1500 750 100 17 17 38 38 

205 ACU-2 13200 1980 100 250 250 566 566 

205 ACU-3 1650 825 100 18 18 42 42 

205 ACU-4 21200 3180 100 401 401 909 909 

205 ACU-5 2500 1260 100 28 28 63 63 

205 ACU-6 4900 735 100 93 93 210 210 

205 ACU-7 2000 1005 100 22 22 50 50 

715 AHU-1 7500 2250 72 9860 9860 191 191 

389 AHU-1 4000 2010 85 4412 4412 85 85 

          Sum: 3805 3805 

Sum: 97450 23490 Sum: 99698 99698     

  62% 15%   kWh kWh Savings MMBtu: 9265 

        Total savings, kWh:   199396   
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Changing the controls mode from constant supply air temperature to con-
stant return air temperature will reduce the energy use roughly equivalent 
to reducing the temperature to which the supply air is heated by 5 °F on 
average (2.8 °C). This will, with the remaining hours of operation and with 
15  percent OA, total 23,500 cfm (Table 58) plus another 6000 cfm for the 
AHUs in Bldgs 642 making a total of 29,500 cfm, 14 m3/s, by: 

Heating savings, air-handling unit: 14 m3/s * 1.2 kJ/kg, °C* 2.8 °C * 26 wks * 100 hrs 
(on average after reduction) = 122 MWh (416 MMBtu net). 

Heating savings from reduced transmission losses also vary according to 
building design, construction and installation quality, but can on the aver-
age be assumed to be at least as high as the savings from the AHUs, or 
another 416 MMBtu. 

Total savings then sum up to: 

Electricity: 391,157 + 199,396 = 590,553 kWh. With an average cost of 13 ¢/kWh the 
value of the saved energy is $78,000/yr 

Heating energy, net: 7400 + 9265 + 416 + 416 = 17,500 MMBtu.  

With an assumed average efficiency of 44  percent for the boiler plant, the 
energy equivalent of 39,700 MMBtu is saved in the central plants. With 
$2.82 /gal and 140,000 Btu/gal the value of the savings is: 

39,700 * 2.82 * 1,000/140 = $800K annually 

Total savings: $878,000/yr 

Additional savings, from reduced maintenance costs for both AHUs and 
chillers, reduced costs for filters and belts (need not be replaced so often 
when units run less), can be added. 

7.14.4 Investment 

A relatively high number ($3/sq ft) was used for the re-commissioning be-
cause of the conditions of the HVAC systems in these buildings. Adding 
costs for controls and other items increases the costs to no more than 
$4.50/sq ft for a total investment of approximately $800,000. 
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7.14.5 Payback 

The resulting payback period is 0.9 years for the re-commissioning. 

7.15 HVAC #15Z Install a pool cover in Bldg 205 

7.15.1 Existing conditions/problems 

Bldg 205 also contains an indoor swimming pool, approximately 65 by 80 
ft (19.81 by 24.38 m), or 5200 sq ft (483.60 m2). Heat for the water in the 
pool and supply air for the pool area and the locker rooms comes from fuel 
oil #2, from a central plant, as is normal at Camp Zama. 

The air-handling unit, ACU-2, is a unit with 100  percent OA. Capacity is 
22,400 m3/h (13,200 cfm). The temperature setpoint for the supply air is 
between 38 and 40 °C. The actual supply air temperature was measured to 
be 100 °F (38 °C). (The ACU-2 runs 24/7.) 

The pool water temperature is 84 °F. The floor around the pool is also 
heated and holds about 84 °F as well. 

Pools lose energy in a variety of ways, but evaporation is by far the largest 
source of energy loss for swimming pools. When compared to evaporation, 
all other losses are small. The reason evaporation has such an impact is 
that evaporating water requires tremendous amounts of energy. Indoor 
pools do require room ventilation to control indoor humidity caused by the 
large amount of evaporation. Without a proper ventilation system, high 
indoor humidity levels will cause numerous problems, including conden-
sation on cold surfaces and rusting of structural components. The energy 
required to run this ventilation adds to the cost of operating the pool itself. 

7.15.2 Solution 

Since evaporation is the major source of heat loss for a swimming pool, to 
minimize evaporation, one must cover the pool. Covering the pool when it 
is not in use is the single most effective way of reducing pool heating costs. 
Savings of 50 – 70  percent are possible, depending on how many hours 
the pool can be covered. Figure 94 shows the hours for Bldg 205 (93.5 
hrs/wk). 
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Figure 94.  Entrance to Bldg 205. 

Pool covers on indoor pools reduce evaporation (and consequently the 
need to ventilate indoor air), saving large amounts of energy. Exhaust fans 
can be shut off when the pool is covered. Other positive gains: 

· Building maintenance is lowered by reducing humidity-related prob-
lems. 

· Building temperatures can be set back during non-occupied hours with 
a savings of 10  percent for a 10 degree setback. 

· The pool cover also conserves make-up water by 30 – 50  percent and 
can reduce chemical consumption. 

Figure 95 shows the pool in Bldg 205. The pool has an excellent base for a 
pool cover, to be rolled on and off as needed. Some access ladders may 
have to be moved to facilitate easy roll-on /roll-off. 

 

Figure 95.  The pool in Bldg 205 
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7.15.3 Savings 

With the present conditions in Bldg 205, with high water temperatures 
and very high space temperatures and with limited hours of occupancy, it 
is possible to calculate the savings by installing a pool cover, using a spe-
cial spreadsheet for calculating savings related to indoor pools.* 

Using that program with the input data for the pool in Bldg 205 shows that 
a pool cover can save 300 MMBtu/yr, $13,200 for pool heating and 78 
MWh of electric energy for de-humidification (COP = 2.8), worth another 
$10,000/yr. Savings of water and chemicals were not evaluated at this 
stage. Total savings are $23,000/yr. 

In addition to this, also the air-handling unit, ACU-2, can be turned off 
during unoccupied hours. The savings from doing this were included in 
the ECM 7.14 (“Re-Commissioning and Changing Controls”). 

7.15.4 Investment 

A simple pool cover price request at Ameri-Brand Products Inc. for a pool 
cover indicated that a 800 sq ft (74.40 m2) pool cover would cost ~$1,500. 
A cover 6.5 times the size, as would be needed in Bldg 205, would require a 
special quote, which has not been done. The price is estimated to be no 
more than $12,000. Some additional add-ons to take care of ladders, steps 
etc., and the work to install the cover may run up to $10,000. Total in-
vestment then is $22,000. Adding 30  percent to adjust to conditions in 
Japan gives an investment of just below $30,000. 

7.15.5 Payback 

Payback is estimated to occur within 1.3 years. 

7.16 HVAC #16Z Reduce space temperature in Bldg 683, DMWR 
Warehouse 

7.16.1.1 Existing conditions/problems 

The DMWR warehouse, Bldg 683 at Camp Zama, is heated. During the site 
visit, the space temperature was 70 °F. The supply air temperature was 90 
– 95 °F. The heat is supplied from an air-handling unit, running 24/7, with 

                                                                 
* http://www.energyideas.org/documents/spreadsheets/IndoorPoolCalc.xls  

http://www.energyideas.org/documents/spreadsheets/IndoorPoolCalc.xls�
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approximately 30  percent outside air. There is also an electric chiller, 22 
kW, enabled to cool down the warehouse in the summer. 

During the survey, there was no apparent requirement for either heating 
or cooling. The most sensitive things were soft drinks in bottles that need 
freeze protection. 

7.16.1.2 Solution 

Reduce the space temperature setpoint in the winter to 45 °F, just enough 
to protect liquids from freezing with some margin. At present the AHU 
works towards keeping the warehouse at 24 °C (75 °F) in winter and in 
summer. 

When the AHU is in operation to keep the warehouse at 45 °F; operate it at 
100  percent return air. 

Do not operate the chiller for the AHU in the summer, only for the fan 
coils in the office. 

7.16.2 Savings 

Because the building is not sub-metered, it is difficult to exactly calculate 
the savings by this measure. Therefore, another approach was used:  calcu-
lating the average energy used for heating at Camp Zama. 

According to the Microsoft® Excel® file real property data the total build-
ing area at Camp Zama is approximately 2.95 million sq ft. For the approx-
imation it is assumed that all of this is heated. 

The Oil consumption report for Camp Zama shows that the total average 
use of oil is around 2.1 million gal (2006 and 2007 data)/yr. 

Thus the use of oil is 0.71 gal/sq ft or approximately 100,000 Btu/sq ft/yr. 

The DMWR warehouse is 20,694 sq ft in total, of which the warehouse it-
self (excluding the office and the locker rooms) is estimated to occupy 
~18,000 sq ft. The annual use of oil for heating of this warehouse then is: 

18,000 sq ft * 0.71 gal/sq ft = 12,800 gal of fuel oil # 2. 
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Reducing the space temperature in the warehouse to 45 °F will save in the 
range of 75  percent of this energy, or 9600 gal, worth roughly $27,000 
annually with $2.82/gal. 

Savings by not operating the chiller at summer to cool the warehouse, will 
also be substantial, in terms of electric energy and in reduced peak de-
mand in the summer. However since the payback is immediate, this is not 
calculated. 

7.16.3 Investment 

Implementing this ECM will require no investment. 

7.16.4 Payback 

The payback would be immediate. 

Note that other warehouses where the same situation might occur should 
be checked. Repeat the proposed measure also in those cases, if possible. 
The Energy Team visited the Housing Furniture Warehouse at Camp Za-
ma, Bldg 671, on the same day as the DMWR warehouse. During the site 
visit, that warehouse was not heated and probably it is not heated at all. 

7.17 HVAC #17Z Replace steam absorption chillers with electrical 
driven equipment – Bldgs 131, 205, 642, 585, 795, and 1050 

7.17.1 Existing conditions 

These buildings use chillers powered 
by steam from a central boiler plant 
(Figure 96). These steam absorption 
chillers use heat to dry out an inter-
nal absorbent. It typically takes 3.5 
to 5.0 kW of heat to generate 3.5 kW 
(1 ton-hour) of cooling. Electrical 
driven chillers are more efficient 
normally using approximately 0.8 
kW of electrical energy to generate 
this 3.5 kW of cooling. 

 

Figure 96.  Absorption Unit in Bldg 1050. 
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The operation of these chillers along with the generation of domestic hot 
water is the reason that the Central Heating plants must operate in the 
summer. The boiler loads in the summer are low and distribution losses 
represent a high percentage of the steam produced. It is estimated that on-
ly 44 percent of the steam produced reaches the steam absorption unit. 
The cost of fuel oil is also high making the use of electricity to power chil-
lers even more attractive. 

7.17.2 Solution 

Replace the absorption chillers with electrical powered chillers that use a 
compression/evaporation refrigeration process. Both systems use a cool-
ing tower, but the one for the steam absorption chiller is larger since cool-
ing must include the heat removed in the returning chilled water and the 
heat used to dry the absorbent. The steam absorption chiller’s cooling 
tower is approximately twice the size of one used with an electrical po-
wered chiller. Thus the condenser cooling system for the electrical chiller 
will be oversized assuming the same equipment is used. This will allow at 
least a 30 percent reduction in the condenser water flows, which will pro-
vide an approximate 40 percent electrical use reduction of the condenser 
pump. This is a conservative approximation. To be more exact one would 
have to calculate the new pressure drop and then find the operating point 
on the pump curves. This electrical saving will partially offset the in-
creased electricity use of operating the electrical chillers. There will be also 
a steam heating savings of not running the absorption chillers. 

7.17.3 Savings 

The energy savings will be mainly due to not operating the steam absorp-
tion chillers. The estimated efficiency of converting the energy in the fuel 
oil burned to steam energy is 44 percent. The average cost of the fuel oil 
over the past 2 years is 271 yen/gal or $2.82/gal. The estimated electrical 
use of the proposed chillers is 0.8 kW/ton-hr. For the hours of operation a 
value of 1105 equivalent full load hrs (EFLH) calculated from the Air Force 
Engineering Weather Data bin data will be used. 

There will be an additional electrical use for powering the electrical chil-
lers. The condenser water pumps can be adjusted to flow less water, which 
will reduce their electrical use. Table 59 summarizes the energy savings of 
the units found in the subject buildings. 
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Table 59.  Energy savings of the units found in Bldgs 642, 1050, 205, 585, 795, and 131. 

Steam Absorption Unit Electric chiller 

Bldg Cooling kW 
Steam 

Flow, kg/hr,  
Steam Flow, 

lb/hr,  
Tons 

Cooling 
New Elect 
Chiller kW 

642 400 527 1159 90 72 
1050 386 479 1054 110 88 
205 248 372 818 70 56 
585 133 97.4 214 18 15 
795 96 214 471 27 22 
131 3,141 4,320 9,504 893 715 
Total   6,009 13,221 1,209 967 

7.17.4 Existing absorption chiller energy costs 

Existing absorption chiller energy costs are calculated as: 

Absorption Chiller steam use = 13,221 lb/hr x 1105 EFLH  
x 1000 Btu/lb steam/0.44 efficiency = 33,203 million Btu/yr of fuel oil 

Gallons of fuel oil = 33,203 million Btu/yr/140,000 Btu/gal = 237,200 gal of fuel oil 
Fuel cost = 237,200 gal of fuel oil x $2.82/gal = $668,800/yr 

7.17.5 Proposed electric chiller energy costs 

Proposed electric chiller energy costs are calculated as: 

Electric Chiller electrical use = 967 kW x 1105 EFLH = 1,068,500 kWh/yr 

7.17.6 Electrical costs 

Electrical costs are calculated as: 

Use = 1,068,500 kWh/yr x 13.75 yen/kWh/96 yen/$= $153,000/yr 
Peak demand = 967 kW x 1533 yen/kW x 12 month/yr/96 yen/$= $185,300/yr 
Total Electrical Cost = $338,300/yr 

7.17.7 Difference in condenser pump energy costs 

Since the electrical chillers will need less condenser water flow, there will 
be a reduced condenser pump electrical use of 35.6 kW and 68,6oo 
kWh/yr. Table 60 lists information regarding the energy use for the six 
condenser pumps. It is assumed the cooling season is 20 wks long and the 
pumps operate the hours per week as shown.  
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Table 60.  Energy use for the six condenser pumps found in Bldgs 
642, 1050, 205, 585, 795, and 131. 

Absorption Chiller System Electrical Chiller System 

Bldg 
No. 

Pump On, 
Hrs/wk 

Pump 
On, 

Hrs/yr 
Pump 

kW  

Pump 
Annual 

Use, kWh 
Pump 

Flow, gpm 
Pump, 

kW 

Pump 
Annual 

Use, kWh 

642 45 900 15 13,500 33 8.3 7,458 
1050 168 3360 18.5 62,160 39 13.0 43,661 
205 93.5 1870 13.5 25,245 30 8.2 15,405 
585 168 3360 3.7 12,432 166 1.6 5,311 
795 168 3360 3.7 12,432 268 2.3 7,844 
131 77 1540 45 69,300 0 30.4 46,828 

Totals     99.4 195,069 536 63.8 126,507 

The absorption pump electrical use is from the design drawings. The ener-
gy use of the electrical chiller condenser pump is in proportion to that of 
the absorption using the water flow. The electrical chiller condenser water 
flow is based on a 10 °F temperature rise through the condenser and the 
condenser heat is the sum of the cooling capacity plus the electrical heat 
into the chiller, thus: 

The difference in the estimated Condenser Pump energy use or the electrical savings = 
195,100 kWh – 126,500 kWh = 68,600 kWh/yr 

The difference in electrical demand = 99.4 kW – 63.8 kW = 35.6 kW 

7.17.8 Electrical costs savings of pumps 

The electrical costs savings of pumps is calculated as: 

Use = 68,600 kWh/yr) x 13.75 yen/kWh/96 yen/$= $9,800/yr 
Peak demand = 35.6 kW) x 1533 yen/kW x 12 month/yr/96 yen/$= $6,800/yr 
Total Savings = $16,600/yr 

7.17.9 Proposed chiller system energy savings 

The proposed chiller system energy savings is calculated as: 

Total proposed system electrical costs = $338,300/yr – $16,600/yr = 321,700/yr 
Energy cost savings = Fuel costs – electrical costs = $668,800/yr – 321,700/yr  

= $347,100/yr 

There will also be a maintenance savings estimated to be 100 hrs per ma-
chine. Using a maintenance labor cost of 4000 yen/hour this represents a 
cost savings of 2,800,000 yen/yr or $29,200/yr. The total cost savings 
equals $376K/yr. 
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Table 61.  Estimated cost to install new electrical chillers in Bldgs 
642, 1050, 205, 585, 795, and 131. 

Bldg 
Tons 

Cooling 
New Elect 

Chiller Cost Demolition Total 

642 90 $159,120 6,435 $165,555 
1050 110 $181,545 14,528 $196,073 
205 70 $144,495 6,435 $150,930 
585 18 $80,145 6,435 $86,580 
795 27 $86,775 6,435 $93,210 
131 893 $799,500 29,055 $828,555 
Total 1209 $1,451,580 $69,323 $1,520,903 

7.17.10 Investment 

The installation of new electrical chillers in these buildings will require the 
removal of the existing absorber units. The new chillers will need to be 
connected to the current building’s chilled and condenser water circuits. 
The existing pumps should be able to be reused. Table 61 lists the esti-
mated cost for this replacement. Bldg 131 will have two 450 ton chillers. 
The cost of the chillers is based on values provided in the RS Means esti-
mating guide. 

7.17.11 Payback 

The resulting simple payback for the total project is approximately 4 years. 

7.18 HVAC #18Z Use ice storage to reduce electrical demand 
charges – Bldgs 131, 205, 642, and 1050 

7.18.1 Existing conditions 

The chiller operation during the summer time occurs when there is high 
electrical use. In fact, it is probably the use of these chillers that creates the 
peak value. The application of more electrical chillers will cause a higher 
electrical peak to occur. This ECM can be applied only to electrical chillers 
because absorption chillers cannot chill below the freezing temperature of 
water. It is assumed that the ECM to replace the steam absorption chillers 
with electrical chillers has already taken place. Two of the buildings 
(Numbers 585 and 795) are barracks and have a unusual low cooling load, 
18 and 27 tons respectively. It is assumed that only a portion of the build-
ing is cooled. As such this cooled space would have a significant cooling 
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load throughout the 24-hr day and thus there is less potential to store 
cooling energy at night. A more detailed analysis including a hour-by-hour 
load calculation would be required to determine the size of a thermal sto-
rage system for these buildings. Thermal storage may have application to 
other buildings at Camp Zama, but to determine their cost effectiveness a 
level two analysis is recommended. Note that Bldgs 585 and 795 are in-
cluded in HVAC #Z, but not here because they are believed to have cooling 
in only part of the building so cooling load profile would be greater 
throughout the day, which is not suited for a storage system. 

7.18.2 Solution 

Run the electrical chillers at night to make ice, which can be melted during 
the day reducing the daytime chiller energy use. At night the electrical 
chillers can be set up to generate a colder temperature a few degrees below 
the freezing temperature of water or 25 °F. This water-glycol solution can 
be circulated through coils in tanks filled with water, which will freeze that 
water. This operation would take place at night when the electrical usage is 
low and there is no threat of creating a new peak use. Also, the cost of elec-
trical usage is lowest at this time. The efficiency of the chiller operation 
will drop approximately 30 percent when generating the colder fluid, but 
the lower cost of electrical power will mostly offset this penalty. During the 
day, stored cooling energy can be obtained by melting the ice using the re-
turned circulated chilled water. 

The ice storage tanks are piped together (Figures 97 and 98). They can be 
placed underground, stacked or placed on an outdoor pad as shown. The 
cold water-glycol solution is circulated through the closely spaced tubes in 
the tank freezing the water that surrounds them. About 95 percent of the 
water in the tank gets frozen solid. This occurs at night when maximum 
cooling is not required by the building. When the building needs cooling, 
during the day, the chiller operation will revert back to providing the nor-
mal 44 °F temperature. To extract cooling from the ice, the water-glycol 
solution is circulated through the tanks where it melts some of the ice to 
reach the desired 44 °F temperature. 
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Figure 97.  Charge cycle with the chiller making 25 °F temperature solution. 

 

Figure 98.  Discharge cycle with cooling of water-glycol solution by chiller and stored ice in 
tanks. 
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For buildings like 1050 that require cooling throughout the night, a prima-
ry-secondary piping setup will be required where a 44 °F solution temper-
ature is available to the air-conditioning systems while the chiller is mak-
ing ice via the 25 °F solution. 

7.18.3 Savings 

The savings are those of reduced electrical peak demand cost by using 
cooling energy stored in ice to satisfy building cooling requirements. This 
is accomplished by using the chillers to make ice at night when the elec-
trical rates are lowest. This ice is melted during the day to reduce the elec-
trical peak demand measured by the utility, which occurs during the day.  

The cost use for electrical usage varies by the time of day as shown below: 

Summertime 
1000 hours to 1600 hours = 13.75 yen/kWh 
2200 hours to 0600 hours =  8.81 yen/kWh 
Other times = 13.17 yen/kWh 

Other seasons 
0600 hours to 2200 hours = 13.75 yen/kWh 
2200 hours to 0600 hours = 8.81 yen/kWh. 

The demand charge is 1533 yen/kW/month for the highest peak usage ex-
perienced in the past 12 months. The cooling demand of the building re-
mains the same, but since a lower temperature solution is required to 
make ice, the electrical use (kWh) is more with the ice storage system. The 
cost saving achieved is by avoiding electrical demand charges (Table 62).  

Note that the chillers are not large enough to make enough ice during the 
night for use during the day. So for a few hours in the day the chillers must 
run to cool their buildings. The sequence of operation would be to use all 
the ice then turn the chiller on and leave the chillers on until the ice sto-
rage tanks are replenished with a full capacity of ice. It is assumed that op-
erating the chillers in this manner will avoid setting a higher electrical de-
mand value and thus would be no demand change associated with these 
chillers. If the above operation sequence for the chillers has the same tim-
ing as the time the electrical peak occurs, then the chillers could be operat-
ed on a different schedule. 
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Table 62.  Electrical demand charges. 

 Bldg 
Regular Chiller 
Tons Cooling 

Regular 
Chiller Peak 

kW 

Electrical 
Demand Cost 
Saving, $/yr 

Electrical Use 
Cost Saving, 

$/yr 
Electrical 

savings, $/yr Storage Tank Cost Payback, yrs 

642 90 0 $13,797 -$795 $13,002 $135,135 10.4 

1050 110 0 $3,373 -$1,585 $1,788 $92,235 51.6 

205 70 0 $10,731 -$618 $10,113 $107,445 10.6 

131 893 0 $136,897 -$7,884 $129,013 $1,369,875 10.6 

Total 1163 0 $164,798 -$10,881 $153,916 $1,796,925 11.7 

The estimated electrical demand savings is: 

Bldg 642 72 kW 
Bldg 1050 17.6 kW 
Bldg 205 56 kW 
Bldg 131 714.4 kW 
Total Savings 860 kW 

7.18.4 Investment 

The total investment cost for ice storage systems in the identified buildings 
is $1,797,000. The cost values were obtained from information from Cal-
mac Manufacturing Corporation. Additional information regarding this 
type of system can be obtained from the Calmac web site (www.calmac.com). 

7.18.5 Payback 

The resulting simple payback for the project to install thermal storage to 
avoid electrical demand charges is 11.7 years. A better project is to com-
bine thermal storage with the installation of new chillers. The chillers 
could run continuously thus achieving a smaller storage system while us-
ing smaller chillers. The electrical operating cost is also reduced from one 
running the larger chillers only during the day. ECM HVAC #19Z will eva-
luate this alternative. 

7.19 HVAC #19Z Replace steam absorption chillers with electrical 
chillers having ice storage– Bldgs 131, 205, 642, 1050, 585, 
and 795 

7.19.1 Existing conditions 

These buildings use chillers powered by steam from a central boiler plant. 
These steam absorption chillers use heat to dry out an internal absorbent. 
It typically takes 3.5 to 5.0 kW of heat to generate 3.5 kW (1 ton-hour) of 

http://www.calmac.com/�
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cooling. Electrical driven chillers are more efficient normally using ap-
proximately 0.8 kW of electrical energy to generate this 3.5 kW of cooling. 
The operation of these chillers along with the generation of domestic hot 
water is the reason that the Central Heating plants must operate in the 
summer. The boiler loads in the summer are low and distribution losses 
represent a high percentage of the steam produced. It is estimated that on-
ly 44 percent of the steam produced reaches the steam absorption unit. 
The cost of fuel oil is also high making the use of electricity to power chil-
lers even more attractive. 

The chiller operation during the summer time would occur when high 
electrical use is occurring. In fact it is probably the use of electrical chillers 
that creates the peak value. The application of more electrical chillers that 
replace steam driven chillers will cause a higher electrical peak to occur. 
This ECM applies thermal storage to electrical chillers that will replace the 
existing absorption chillers. Two of the buildings (585 and 795) are bar-
racks and have a unusual low cooling load, 18 and 27 tons respectively. It 
is assumed that only a portion of the building is cooled. As such, this 
cooled space would have a significant cooling load throughout the 24-hr 
day and thus there is less potential to store cooling energy at night. Steam 
absorption units with simply be replaced with electrical chillers for these 
buildings. Thermal storage may have application to other buildings at 
Camp Zama, but a more detailed analysis including a hour-by-hour load 
calculation is needed to determine the size of a thermal storage system for 
these buildings. A Level II analysis is recommended to determine the cost 
effectiveness of applying thermal storage to these buildings. 

7.19.2 Solution 

Replace the absorption chillers with electrical powered chillers that use a 
compression/evaporation refrigeration process. Both systems use a cool-
ing tower, but the one for the steam absorption chiller is larger since cool-
ing must include the heat removed in the returning chilled water and the 
heat used to dry the absorbent. The steam absorption chiller’s cooling 
tower is approximately twice the size of one used with an electrical po-
wered chiller. Thus the condenser cooling system for the electrical chiller 
will be oversized assuming the same equipment is used. This will allow at 
least a 30 percent reduction in the condenser water flows, which will pro-
vide an approximate 40 percent electrical use reduction of the condenser 
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pump. This electrical saving will partially offset the increased electricity 
use of operating the electrical chillers. There will be also a steam heating 
savings of not running the absorption chillers. 

In this ECM, electrical demand charges will be reduced by running the 
electrical chillers at night to make ice, which can be melted during the day 
lowering the daytime chiller energy use. At night the electrical chillers can 
be set up to generate a colder temperature a few degrees below the freez-
ing temperature of water or 25 °F. A water-glycol solution can be circu-
lated through coils in tanks filled with water, which will freeze that water. 
This operation would take place at night when the electrical usage is low 
and there is no threat of creating a new electrical peak. Also, the cost of 
electrical usage is lowest at this time. The efficiency of the chiller operation 
will drop approximately 30 percent when generating the colder fluid, but 
the lower cost of electrical power will mostly offset this penalty. 

The ice storage tanks are piped together as shown in the picture below. 
They can be placed underground, stacked, or placed on an outdoor pad as 
shown. The cold water-glycol solution is circulated through the closely 
spaced tubes in the tank freezing the water that surrounds them. About 
95 percent of the water in the tank gets frozen solid. This occurs at night 
when maximum cooling is not required by the building. During the day, 
when the building needs cooling the chiller operation reverts back to pro-
viding the normal 44 °F temperature. If the load is greater than the chiller 
can satisfy, the water-glycol solution is circulated through the tanks where 
it melts some of the ice to reach the desired 44 °F temperature.  

The chiller and thermal storage tank size in this case is optimized to pro-
vide the smallest chiller, which runs continuously on a cooling demand 
day. When more cooling is needed to maintain building temperatures it 
would come from the storage system. On days when the cooling demand is 
less a prediction of the needed cooling for the day can be made and the 
amount the chiller would need to run can be estimated so that the stored 
energy can be used to the maximum extent without using it all early in the 
day and then there is none to supplement the cooling by the chiller when it 
is warmer later in the day. For Bldg 1050, which requires cooling through-
out the night, a primary-secondary piping setup will be required where a 
44 °F solution temperature is available to the air-conditioning systems 
while the chiller is making ice via the 25 °F solution. 
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Table 63.  Estimated energy consumed by the existing 
absorption chillers. 

Bldg Cooling kW 
Steam Flow, 
kg/hr Steam Flow, lb/hr,  

642 400 527 1,159 
1050 386 479 1,053 
205 247 372 818 
585 133 97 214 
795 96 214 470 
131 3141  4320 9,504 
Total   6009.4 13,221 

7.19.3 Savings 

The energy savings will be mainly due to not operating the steam absorp-
tion chillers. The estimated efficiency of converting the energy in the fuel 
oil burned to steam energy is 44 percent. The average cost of the fuel oil 
over the past 2 years is 271 yen/gal or $2.82/gal. Table 63 lists the esti-
mated energy consumed by the existing absorption chillers. For the hours 
of operation a value of 1105 equivalent full load hrs (EFLH) calculated 
from the Air Force Engineering Weather Data bin data will be used. 

7.19.4 Existing absorption chiller energy costs 

Existing absorption chiller energy costs are calculated to be: 

Absorption Chiller steam use = 13,221 lb/hr x 1105 EFLH  
x 1000 Btu/lb steam/0.44 efficiency = 33,203 million Btu/yr of fuel oil 

Gallons of fuel oil = 33,203 million Btu/yr/140,000 Btu/gal = 237,200 gal of fuel oil 
Fuel cost = 237,200 gal of fuel oil x $2.82/gal = $668,800/yr 

7.19.5 Proposed electric chiller energy costs 

Since with four of the buildings a ice storage system will be used the re-
placement size of the chillers can be reduced. With smaller chillers the 
electrical demand will be less lowering the electrical costs of operation. 
The estimated electrical use of the proposed chillers is 0.8 kW/ton=hr. 
There will be an additional electrical use for powering the electrical chil-
lers. The condenser water pumps can be adjusted to flow less water, which 
will reduce their electrical use. Table 64 summarizes the energy savings of 
the units found in the subject buildings. 
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Table 64.  Energy savings of the units found in Bldgs 131, 205, 642, 1050, 585 and 795. 

Building 
Number 

Chiller Size  
with no 

Storage, Tons 

Chiller Size, 
Storage, 

Tons 

Chiller with 
Storage 
Peak kW 

Electrical 
Demand 

Cost, $/yr 

Electrical Use 
Cost Saving, 

$/yr 
Electrical 
Cost, $/yr 

642 90 40 32 $6,132  $7,176 $13,308  
1050 110 68 54 $10,424 $13,741 $24,166  
205 70 31 25 $4,752 $5,562 $10,314  
131 893 395 316 $60,554 $70,866 $131,419  
585 18 18 15 $2,834  $2,341  $5,175  
795 27 27 22 $4,186  $3,457  $7,643  

Totals 1209     $88,882 $103,143 $192,025  

7.19.6 Difference in condenser pump energy costs 

Since the electrical chillers will need less condenser water flow, there will 
be a reduced condenser pump electrical use of 35.6 kW and 68,6oo 
kWh/yr. Table 65 lists information regarding the energy use for the six 
condenser pumps. It is assumed the cooling season is 20 wks long and the 
pumps operate the hrs/wk as shown. The energy use of the electrical chill-
er condenser pump is in proportion to that of the absorption unit using the 
water flow. The electrical chiller condenser water flow is based on a 10 °F 
temperature rise through the condenser and the condenser heat is the sum 
of the cooling capacity plus the electrical heat into the chiller. 

Table 65.  Energy use for the six condenser pumps is found in Bldgs 131, 205, 
642, 1050, 585 and 795. 

Absorption Chiller System Electrical Chiller System 

Bldg 
No. 

Pump On, 
Hrs/wk 

Pump 
On, 

Hrs/yr 
Pump 

kW 

Pump 
Annual 

Use, kWh 
Pump 

Flow, gpm 
Pump, 

kW 

Pump  
Annual 

Use,  
kWh 

642 45 900 15 13,500 33 8.3 7,458 
1050 168 3360 18.5 62,160 39 13.0 43,661 
205 93.5 1870 13.5 25,245 30 8.2 15,405 
585 168 3360 3.7 12,432 166 1.6 5,311 
795 168 3360 3.7 12,432 268 2.3 7,844 
131 77 1540 45 69,300 0 30.4 46,828 

Totals     99.4 195,069 536 63.8 126,507 



ERDC/CERL TR-10-20 246 

 

The difference in condenser pump energy costs is calculate as: 

The difference in the estimated Condenser Pump energy use or the electrical savings  
= 195,100 kWh – 126,500 kWh = 68,600 kWh/yr. 

The difference in electrical demand = 99.4 kW – 63.8 kW = 35.6 kW 

Electrical costs savings of pumps are calculated as: 

Use = 68,600 kWh/yr x 13.75 yen/kWh/96 yen/$= $9,800/yr 
Peak demand = 35.6 kW) x 1533 yen/kW x 12 month/yr/96 yen/$= $6,800/yr 
Total Savings = $16,600/yr 

7.19.7 Proposed chiller system electrical energy costs 

Proposed chiller system electrical energy costs are calculated as: 

Total proposed system electrical costs = $192,000/yr – $16,600/yr = 175,400/yr 
Energy cost savings = Fuel costs – electrical costs = $668,800/yr – 175,400/yr 

= $493,400/yr 

There will also be a maintenance savings estimated to be 100 hrs per ma-
chine. Using a maintenance labor cost of 4000 yen/hr this represents a 
cost savings of 2,800,000 yen/yr or $29,200/yr. The total cost savings 
equals $522,600/yr. 

7.19.8 Investment 

The total investment cost for replacing the steam absorption chillers with 
electrical chillers operated with ice storage systems in the buildings identi-
fied is $1,827,000. Table 66 summarizes these costs. The cost values were 
obtained from the RS Means estimating guide and from information from 
Calmac Manufacturing Corporation. Additional information regarding the 
ice storage system can be obtained from the Calmac web site.* 

7.19.9 Payback 

The resulting simple payback for the total project is 3.5 years. 

                                                                 
* www.calmac.com 

http://www.calmac.com/�
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Table 66.  Cost to replace steam absorption chillers with electrical chillers operated with ice 
storage systems in Bldgs 131, 205, 642, 1050, 585 and 795. 

Bldg 
Chiller Size, 

Storage, tons 
New Elect 

Chiller Cost 

Storage 
Capacity. 

Tons 
Storage Tank 

Cost 
Demolition 

Cost 
Total System 

cost 

642 40 $98,280 334 $65,130 $6,435 $169,845 
1050 68 $144,495 190 $74,100 $6,435 $225,030 
205 31 $93,210 259 $50,505 $6,435 $150,150 
131 395 $443,820 3300 $643,500 $14,528 $1,101,848 
585 18 $80,145 0 $0 $6,435 $86,580 
795 27 $86,775 0 $0 $6,435 $93,210 
Total 534 $779,805 4083 $833,235 $33,833 $1,826,663 

7.20 HVAC #20Z Improve summer working conditions, Bldg 645 

7.20.1 Existing conditions 

Two shop areas in this building suffer from excessively hot conditions in 
the summer time. One is the metal shop and the other is the heavy equip-
ment repair shop. The conditions in these areas become so warm that em-
ployees are given 15 minute breaks every hour on the hottest days to avoid 
heat stress. There is no ventilation provided to these areas other than 
opening of windows and doors. After the adjacent DPW building was built, 
the natural ventilation Bldg 645 experienced was been greatly reduced re-
sulting in less air movement through these work areas. 

7.20.2 Solution 

Install a ventilation system to serve both these spaces. The unit will be 
placed outside on the ground between Bldg 645 and the DPW Building. 
Ductwork will convey air to outlets that will direct air into the two shop 
areas. The ventilation flow rate will be 3 CFM/sq ft, which will provide 
enough air to keep the space temperatures at reasonably comfortable le-
vels. This results in a 20,000 CFM unit. The air-handling unit will be 
equipped with an evaporative cooler for a reduction of a few degrees in the 
supply air temperature. 
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Figure 99.  Proposed ventilation system layout. 

7.20.3 Savings 

There will be no real energy savings associated with this project. The addi-
tion of the ventilation system will eliminate the need to pay for the 15 
minute breaks every hour during hot weather conditions. Based on Bin 
weather data, there are approximately 68 hrs during the year that are over 
90 °F (32 °C), which is the assumed temperature where relief time must be 
provided. Using 15 workers and an hourly wage of 4000 yen/hr, the an-
nual cost savings of eliminating the breaks is 1,020,000 yen or $10,625/yr 

This unit will have a fan motor of approximately 10 horsepower or 7.46 
kW in size. If the unit operates the 4 months/yr the energy cost will be ap-
proximately $2,250/yr: 

Fan motor use = 7.46 kW X 45 hrs/wk X 17 wks/yr = 5707 kWh/yr 
Electrical Cost = 7.46 kW X 1533 yen/month X 12 months/yr = 137,230 yen/yr 
5707 kWh/yr X 13.75yen/kWh = 78,470 yen/yr 
Total additional cost/yr = 215,700 yen/yr or $2,250/yr 
The annual cost savings = 804,300 yen/yr or $8,380/yr 

7.20.4 Investment 

The estimated cost of the new supply air system is $144,000 based on in-
formation contained in the RS Means estimating guide. The unit would be 
placed outside between Bldgs 645 and 642. A duct will be run from the 
unit to supply air grilles placed in the window area of the metal shop area. 
A duct from the air-handling unit will be run up the outer wall and over 
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the roof to supply air grilles placed in openings made in the metal siding 
above the lower roof. 

7.20.5 Payback 

The resulting payback for the total project is 17.2 years. 

No energy cost information for the installations in the Kure area was pro-
vided. The following energy cost obtained from Camp Zama were used in 
the analyses: 

· Fuel oil = $2.82/gal 
· Electricity = 13.75yen/kWh or $0.1463/kWh 
· Propane = $2.50/gal (my estimate). 

7.21 LI #3Z  Camp Zama lighting recommendations 

Approximately 40 buildings were audited for lighting opportunities at 
Camp Zama. Table 67 lists a general summary of the lighting situation at 
Camp Zama.  Table 68 lists the observed lighting conditions. Table 69 lists 
descriptions of the proposed retrofits. Table 70 lists savings, Table 71 lists 
the costs, and Table 72 lists the benefits of the proposed retrofits. Table 73 
lists the fixture code descriptions. 

7.22 General notes 

· The maintenance savings and productivity multiplier is to show bene-
fits other than just for electricity. This multiplier is for a combination 
of longer life lamps, fewer lamps, less lamp recycling costs, new bal-
lasts, less ballast disposal costs, instant on, increased CRI (color ren-
dering index), less glare, better lighting uniformity, etc. 

· Lamp type and wattage should be verified on all existing hibays. 
· Although $0.135/KWh is considered the total blended rate, $0.14 is 

used in the table, because the vast majority of fixtures are mainly dur-
ing peak load times. 

· Quantities are estimated based on one fixture per about 80 sq ft and a 
estimate of the percentage of various fixtures in each building. 

· Not all buildings are included. 
· Wattages with Oriental type lamps and ballasts are estimated, based on 

American equivalents. 
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Table 67.  Camp Zama lighting summary. 

 

7.23 Water #1Z:  Low flow faucets Bldgs 743, 1050, and 642 plus 
others at Camp Zama 

7.23.1 Existing conditions/problems 

An examination of the faucets at the sinks in the lodging facility’s apart-
ments, Bldgs 743 and 1050, and the sinks in the DPW administration, Bldg 
642, indicated that water flow could be reduced without affecting perfor-
mance. Aerators could be added to these faucets that would reduce the 
rate of flow from approximately 2 gal per minute to 1 gallon per minute 
(gpm). This would reduce the water use by people who are washing their 
hands, brushing their teeth, shaving or engaging in other, similar activi-
ties. This reduced water use will result in a decreased hot water consump-
tion lowering energy use. 

 

before 11,456
after 11,456

amount 533.064
percentage 57%

amount 1,727,133
percentage 57%

$253,889
$954,396
$954,396

basic 3.8
comprehensive 2.7

basic $2,834,821
comprehensive $6,196,061

CAMP ZAMA LIGHTING SUMMARY

Approximate Cost (Before Rebate)

Payback (Years)

Long Term 
Benefit

Annual Electrical Savings

Number of 
fixtures

KW Reduction

KWH Reduction

Approximate Cost (After Rebate)
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Table 68.  Audited lighting opportunities at Camp Zama:  Existing fixtures. 
Building Room, Area or Building Type Fixture Code Fixture Type Qty Height Watts Total KW Code Hours Pre Hours Pre Total KWH 

642 DPW 

general office building T142L 9" x 4' louvered troffer with 2F32T8 300   61 18.3 F 2500 45,750 

general office building T142 1x4 troffer with 2F32T8 75   61 4.6 F 2500 11,438 

general office building T141 6" x 4' troffer with 1F32T8  100   33 3.3 F 2500 8,250 

undercabinet UC4 undercabinet task fixture with F32T8 200   35 7.0 E 2000 14,000 

406 PX general sales and other areas T244-A 2x4 troffer with 4F40T12 170   164 27.9 K 4500 125,460 

425 PX 

general sales and other areas B244PX-A 2x4 surface box louvered fixture with 4F40T12 400   164 65.6 K 4500 295,200 

general sales and other areas F143PX 1x4 surface mount or troffer with 3F32T8 30   91 2.7 K 4500 12,285 

general sales and other areas WW42 4' wallwash fixture with 2F32T8 50   61 3.1 K 4500 13,725 

restaurant area T244 2x4 troffer with 4F32T8 14   112 1.6 K 4500 7,056 

restaurant area T243 2x4 troffer with 3F32T8 8   86 0.7 K 4500 3,096 

shopette W86 8' wrap with 6F32T8 40   172 6.9 M 6000 41,280 

shopette W43 4' wrap with 3F32T8 10   86 0.9 M 6000 5,160 

278 education center 
general education center T142-A 1x4 troffer with 2F40T12 200   82 16.4 G 3000 49,200 

library T2432C3 2x4 32 cell parabolic troffer with 3F32T8 200   86 17.2 H 3500 60,200 

267 community cultural 
ctr 

general community cultural center T141-A 6" x 4' troffer with 1F40T12  20   45 0.9 G 3000 2,700 

general community cultural center HI42WC-A 4' hooded industrial with 2F40T12 & wire cage 36   82 3.0 E 2000 5,904 

101 HQ 

general office building T142-A 1x4 troffer with 2F40T12 2,000   82 164.0 F 2500 410,000 

stairs V42-A 4' V shaped ceiling fixture with 2F40T12 50   82 4.1 N 8760 35,916 

stairs CW41-A 4' corridor wrap with 1F40T12 50   45 2.3 N 8760 19,710 

102 HQ 
general office building T141-A 6" x 4' troffer with 1F40T12  1,000   45 45.0 F 2500 112,500 

general office building CL42-A 4' cloud surface fixture with 2F40T12 200   82 16.4 F 2500 41,000 

250 engineering  

general office building T142-A 1x4 troffer with 2F40T12 100   82 8.2 F 2500 20,500 

general office building T143-A 1x4 troffer with 3F40T12 300   127 38.1 F 2500 95,250 

general office building T144-A 1.5" x 4' troffer with 4F40T12 100   164 16.4 F 2500 41,000 

office modules UC3-A undercabinet task fixture with 3' T12 lamp 300   40 12.0 E 2000 24,000 

205 Yano Fitness 
Center 

pool PUF250MH pool up flood 250W MH 20   295 5.9 L 5000 29,500 

gym HB250MH hibay, assume 250W MH 36 20 295 10.6 L 5000 53,100 

kid's pool and adjacent area RCHPSYano recessed can with assumed 150W HPS 22   188 4.1 L 5000 20,680 

general T142L 9" x 4' louvered troffer with 2F32T8 50   61 3.1 L 5000 15,250 

halls T141 6" x 4' troffer with 1F32T8  50   33 1.7 L 5000 8,250 

locker rooms sink areas I40A19 40W A19 screw-in incandescent bulb 8   40 0.3 L 5000 1,600 

125 Visual Info Center general office building T142-A 1x4 troffer with 2F40T12 150   82 12.3 F 2500 30,750 
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Building Room, Area or Building Type Fixture Code Fixture Type Qty Height Watts Total KW Code Hours Pre Hours Pre Total KWH 

halls T141-A 6" x 4' troffer with 1F40T12  50   45 2.3 G 3000 6,750 

103 HQ general T142-A 1x4 troffer with 2F40T12 400   82 32.8 F 2500 82,000 

104 office bldg general  T142-A 1x4 troffer with 2F40T12 300   82 24.6 F 2500 61,500 

389 bowling 

general T142W-A 1x4 troffer with 2F40T12 & white lens 50   82 4.1 I 4000 16,400 

over bowling lanes S82-A 8' strip with 2F40T12 50   82 4.1 I 4000 16,400 

general T141-A 6" x 4' troffer with 1F40T12  20   45 0.9 I 4000 3,600 

381 gas station 
over gas pumps CP250MV ceiling pack with 250W mercury vapor 12 12 290 3.5 G 3000 10,440 

garage G250 hanging globe fixture with assumed 250W mercury vapor 12 15 290 3.5 G 3000 10,440 

646 DPW general office and shop 

Hi42-A 4' hooded industrial with 2F40T12 200   82 16.4 F 2500 41,000 

T142-A 1x4 troffer with 2F40T12 200   82 16.4 F 2500 41,000 

T141-A 6" x 4' troffer with 1F40T12  50   45 2.3 F 2500 5,625 

V41-A 4' V shaped ceiling fixture with 1F40T12 20   45 0.9 F 2500 2,250 

341 housing 

lobby & other common areas T142 1x4 troffer with 2F32T8 10   82 0.8 N 8760 7,183 

laundry V42-A 4' V shaped ceiling fixture with 2F40T12 10   82 0.8 I 4000 3,280 

stairs V21-A 4' V shaped ceiling fixture with 1F20T12 10   28 0.3 N 8760 2,453 

halls T121-A 6" x 4' troffer with 1F20T12 50   29 1.5 N 8760 12,702 

314 Camp Zama Youth 
Center 

gym HBG250MH hibay with 250W MH  30 20 295 8.9 I 4000 35,400 

general T242 2x4 troffer with 2F32T8 42   59 2.5 I 4000 9,912 

general T222 2x2 troffer with 2F17T8 20   33 0.7 I 4000 2,640 

restrooms W42 4' wrap with 2F32T8 6   61 0.4 I 4000 1,464 

closet S42 4' strip with 2F32T8 1   59 0.1 I 4000 236 

open hall PT88 8' suspended tube fixture with 4F32T8 downlight, assumed 
4F32T8 uplight 

4   224 0.9 I 4000 3,584 

600 warehouse 

warehouse HB250MH hibay, assume 250W MH 10 15 295 3.0 F 2500 7,375 

warehouse HI126-A 12' hooded industrial with 6F40T12 4   246 1.0 F 2500 2,460 

office T142-A 1x4 troffer with 2F40T12 13   82 1.1 F 2500 2,665 

office T122-A 1x2 troffer with 2F20T12 2   56 0.1 F 2500 280 

683 warehouse 

office T142-A 1x4 troffer with 2F40T12 10   82 0.8 F 2500 2,050 

office T142 1x4 troffer with 2F32T8 20   61 1.2 F 2500 3,050 

warehouse RHB250HPS recessed hibay with assume 250W HPS 24 20 295 7.1 F 2500 17,700 

703 health clinic health and dental clinic T142WH-A 1x4 troffer with 2F40T12 & white lens 400   82 32.8 E 2000 65,600 

742 hotel type lodging 
stairs S42 4' strip with 2F32T8 10   59 0.6 N 8760 5,168 

stairs & lobby T142 1x4 troffer with 2F32T8 10   61 0.6 N 8760 5,344 
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743 housing 
stairs T141-A 6" x 4' troffer with 1F40T12  40   45 1.8 N 8760 15,768 

halls & lobby T142H-A 1x4 troffer with 2F40T12 140   82 11.5 N 8760 100,565 

S-715 medical  
halls T141-A 6" x 4' troffer with 1F40T12  80   45 3.6 F 2500 9,000 

offices & labs T142-A 1x4 troffer with 2F40T12 220   82 18.0 F 2500 45,100 

694 warehouse warehouse HI42B-A 4' hooded industrial with 2F40T12 & low reflective hood 126 25 82 10.3 F 2500 25,830 

690 commissary store area HBC400MH clear prismatic hibay with 400W MH 32 18 458 14.7 K 4500 65,952 

1050 housing 

halls T141-A 6" x 4' troffer with 1F40T12  180   45 8.1 N 8760 70,956 

lobby T142-A 1x4 troffer with 2F40T12 10   82 0.8 N 8760 7,183 

stairs F42-A 4' fixture with 2F40T12 40   82 3.3 N 8760 28,733 

691 child development 
center 

halls T141-A 6" x 4' troffer with 1F40T12  50   45 2.3 G 3000 6,750 

classrooms & offices T142-A 1x4 troffer with 2F40T12 200   82 16.4 F 2500 41,000 

645 DPW maintenance 
shop 

work bays HB250MH hibay, assume 250W MH 20 15 295 5.9 F 2500 14,750 

general T142-A 1x4 troffer with 2F40T12 10   82 0.8 F 2500 2,050 

general HI42B-A 4' hooded industrial with 2F40T12 & low reflective hood 40   82 3.3 F 2500 8,200 

general F41-A 4' fixture with 1F40T12 10   45 0.5 F 2500 1,125 

S-533 
general HI42-A 4' hooded industrial with 2F40T12 100   82 8.2 F 2500 20,500 

general W42-A 4' wrap with 2F40T12 100   82 8.2 F 2500 20,500 

795 housing halls T141-A 6" x 4' troffer with 1F40T12  30   45 1.4 N 8760 11,826 

781 housing 
halls T142 1x4 troffer with 2F32T8 21   61 1.3 N 8760 11,222 

stairs F41-A 4' fixture with 1F40T12 12   45 0.5 N 8760 4,730 

602 motor pool 

general T142-A 1x4 troffer with 2F40T12 40   82 3.3 F 2500 8,200 

general V42-A 4' V shaped ceiling fixture with 2F40T12 10   82 0.8 F 2500 2,050 

general Hi42-A 4' hooded industrial with 2F40T12 40   82 3.3 F 2500 8,200 

work bays HB400MV hibay with 400W mercury vapor 18   458 8.2 F 2500 20,610 

S-671 housing division 
warehouse HI42B-A 4' hooded industrial with 2F40T12 & low reflective hood 162   82 13.3 F 2500 33,210 

office T142W-A 1x4 troffer with 2F40T12 & white lens 50   82 4.1 F 2500 10,250 

919 high school 
halls T141 6" x 4' troffer with 1F32T8  50   33 1.7 H 3500 5,775 

classrooms and offices T142 1x4 troffer with 2F32T8 300   61 18.3 F 2500 45,750 

915 high school gym 
gym HBG400MH hibay with 400W MH 24 20 458 11.0 I 4000 43,968 

weight room HBG400MH hibay with 400W MH 12 20 458 5.5 H 3500 19,236 

906 high school library, 
etc 

classrooms T142-A 1x4 troffer with 2F40T12 300   82 24.6 F 2500 61,500 

halls T141-A 6" x 4' troffer with 1F40T12  50   45 2.3 H 3500 7,875 

library T143-A 1x4 troffer with 3F40T12 100   127 12.7 F 2500 31,750 
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all general X very large exit sign with 10, 15 or 20W linear fluorescent & mag-
netic ballast 

500   22 11.0 N 8760 96,360 

Totals 11,456     941.7     3,054,134 

 

Table 69.  Audited lighting opportunities at Camp Zama: Retrofit description. 
Building Room, Area or Building Type Retrofit Description Qty Watts  Hours Post Total KW Total KWH 

642 DPW 

general office building 2F32T8XL 300 47 2500 14.1 35,250 

general office building 1F32T8C on right or left side 75 37 2500 2.8 6,938 

general office building 1F32T8XL 100 24 2500 2.4 6,000 

undercabinet Finelite PLS or equivalent 6W LED undercabinet task lamp, cables & power supply  200 7 2000 1.4 2,800 

406 PX general sales and other areas 2F32T8H in outboard lamp holders 170 72 4500 12.2 55,080 

425 PX 

general sales and other areas new 2x4 surface box fixture with 2-cove white angled reflector, clear prismatic lens & 2F32T8H 400 72 4500 28.8 129,600 

general sales and other areas new 1x4 surface mount or troffer with 2-cove white angled reflector, clear prismatic lens & 
2F32T8XL  

30 47 4500 1.4 6,345 

general sales and other areas 1F32T8C in best lamp holder positions 50 37 4500 1.9 8,325 

restaurant area 2F32T8H in outboard lamp holders 14 72 4500 1.0 4,536 

restaurant area 2F32T8S in outboard lamp holders 8 56 4500 0.4 2,016 

shopette 4F32T8S in outboard lamp holders 40 112 6000 4.5 26,880 

shopette 2F32T8S in outboard lamp holders 10 56 6000 0.6 3,360 

278 education center 
general education center 1F32T8S on right or left side 200 30 3000 6.0 18,000 

library 3F32T8XL 200 68 3500 13.6 47,600 

267 community 
cultural ctr 

general community cultural center 1F32T8XL 20 24 3000 0.5 1,440 

general community cultural center 1F32T8C in right or left side 36 37 2000 1.3 2,664 

101 HQ 

general office building 1F32T8S on right or left side 2,000 30 2500 60.0 150,000 

stairs 2F32T8XL 50 47 8760 2.4 20,586 

stairs 1F32T8XL 50 24 8760 1.2 10,512 

102 HQ 
general office building 1F32T8XL 1,000 24 2500 24.0 60,000 

general office building 2F32T8XL 200 47 2500 9.4 23,500 

250 engineering  

general office building 1F32T8S on right or left side 100 30 2500 3.0 7,500 

general office building 2F32T8S in outboard lamp holders 300 56 2500 16.8 42,000 

general office building 2F32T8H in outboard lamp holders 100 72 2500 7.2 18,000 

office modules Finelite PLS or equivalent 6W LED undercabinet task lamp, cables & power supply  300 7 2000 2.1 4,200 
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205 Yano Fitness 
Center 

pool new pool rated 4' up flood with 4F32T8H  20 142 5000 2.8 14,200 

gym new 4' hibay with 4F32T8H 36 142 4000 5.1 20,448 

kid's pool and adjacent area 85 - 100W 100,000 hour rated Philips or Sylvania  induction system kit 22 100 5000 2.2 11,000 

general 2F32T8XL 50 47 5000 2.4 11,750 

halls 1F32T8XL 50 24 5000 1.2 6,000 

locker rooms sink areas 10 - 15W screw-in CFL, that can handle heat and moisture 8 13 5000 0.1 520 

125 Visual Info Center 
general office building 1F32T8S on right or left side 150 30 2500 4.5 11,250 

halls 1F32T8XL 50 24 3000 1.2 3,600 

103 HQ general 1F32T8S on right or left side 400 30 2500 12.0 30,000 

104 office bldg general  1F32T8S on right or left side 300 30 2500 9.0 22,500 

389 bowling 

general 1F32T8XL in right or left side & clear prismatic lens 50 24 4000 1.2 4,800 

over bowling lanes 2F32T8XL 50 47 4000 2.4 9,400 

general 1F32T8XL 20 24 4000 0.5 1,920 

381 gas station 
over gas pumps new 4' damp location surface mount fixture with 2F32T8H  12 72 3000 0.9 2,592 

garage new 4' hibay with 4F32T8H 12 142 3000 1.7 5,112 

646 DPW general office and shop 

1F32T8C in right or left side 200 37 2500 7.4 18,500 

1F32T8S on right or left side 200 30 2500 6.0 15,000 

1F32T8XL 50 24 2500 1.2 3,000 

1F32T8XL 20 24 2500 0.5 1,200 

341 housing 

lobby & other common areas 1F32T8C on right or left side 10 37 8760 0.4 3,241 

laundry 2F32T8XL 10 47 4000 0.5 1,880 

stairs 1F17T8XL 10 14 8760 0.1 1,226 

halls 1F17T8XL 50 14 8760 0.7 6,132 

314 Camp Zama 
Youth Center 

gym new 4' hibay with 4F32T8H, wire cage & occupancy sensor  30 142 2500 4.3 10,650 

general 1F32T8C & 1-cove white reflector 42 37 4000 1.6 6,216 

general 1F17T8C & 1-cove white reflector 20 19 4000 0.4 1,520 

restrooms 2F32T8XL 6 47 4000 0.3 1,128 

closet 1F32T8C in right or left side 1 37 4000 0.0 148 

open hall 4F32T8H in alternate lamp holders (2 up and 2 down) 4 142 4000 0.6 2,272 

600 warehouse 

warehouse new 4' hibay with 4F32T8H 10 142 2500 1.4 3,550 

warehouse 3F32T8S in alternate sides 4 84 2500 0.3 840 

office 1F32T8S on right or left side 13 30 2500 0.4 975 

office 1F17T8C on right or left side 2 20 2500 0.0 100 
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683 warehouse 

office 1F32T8S on right or left side 10 30 2500 0.3 750 

office 1F32T8C on right or left side 20 37 2500 0.7 1,850 

warehouse new surface mount 4' hibay with 4F32T8H 24 142 2500 3.4 8,520 

703 health clinic health and dental clinic 132T8XL, 1-cove white reflector & clear prismatic lens 400 24 2000 9.6 19,200 

742 hotel type lodging 
stairs 1F32T8C in right or left side 10 37 8760 0.4 3,241 

stairs & lobby 1F32T8C on right or left side 10 37 8760 0.4 3,241 

743 housing 
stairs 1F32T8XL 40 24 8760 1.0 8,410 

halls & lobby 1F32T8XL on right or left side 140 24 8760 3.4 29,434 

S-715 medical  
halls 1F32T8XL 80 24 2500 1.9 4,800 

offices & labs 1F32T8S on right or left side 220 30 2500 6.6 16,500 

694 warehouse warehouse new 4' hooded industrial fixture with 1F32T8S 126 30 2500 3.8 9,450 

690 commissary store area new 2x4 hibay with 6F32T8H and slits for some uplight 32 216 4500 6.9 31,104 

1050 housing 

halls 1F32T8XL 180 24 8760 4.3 37,843 

lobby 1F32T8S on right or left side 10 30 8760 0.3 2,628 

stairs 1F32T8C in right or left side 40 37 8760 1.5 12,965 

691 child develop-
ment center 

halls 1F32T8XL 50 24 3000 1.2 3,600 

classrooms & offices 1F32T8S on right or left side 200 30 2500 6.0 15,000 

645 DPW mainten-
ance shop 

work bays new 4' hibay with 4F32T8H 20 142 2000 2.8 5,680 

general 1F32T8S on right or left side 10 30 2500 0.3 750 

general new 4' hooded industrial fixture with 1F32T8S 40 30 2500 1.2 3,000 

general 1F32T8XL 10 24 2500 0.2 600 

S-533 
general 1F32T8C in right or left side 100 37 2500 3.7 9,250 

general 2F32T8XL 100 47 2500 4.7 11,750 

795 housing halls 1F32T8XL 30 24 8760 0.7 6,307 

781 housing 
halls 1F32T8C on right or left side 21 37 8760 0.8 6,807 

stairs 1F32T8XL 12 24 8760 0.3 2,523 

602 motor pool 

general 1F32T8S on right or left side 40 30 2500 1.2 3,000 

general 2F32T8XL 10 47 2500 0.5 1,175 

general 1F32T8C in right or left side 40 37 2500 1.5 3,700 

work bays new surface mount 4' hibay with 4F32T8H 18 142 2500 2.6 6,390 

S-671 housing division 
warehouse new 4' hooded industrial fixture with 1F32T8S 162 30 2500 4.9 12,150 

office 1F32T8XL in right or left side & clear prismatic lens 50 24 2500 1.2 3,000 

919 high school halls 1F32T8XL 50 24 3500 1.2 4,200 
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classrooms and offices 1F32T8C on right or left side 300 37 2500 11.1 27,750 

915 high school gym 
gym new 4' hibay with 6F32T8H, wire cage & occupancy sensor  24 216 3000 5.2 15,552 

weight room new 4' hibay with 6F32T8H, wire cage & occupancy sensor  12 216 2500 2.6 6,480 

906 high school 
library, etc 

classrooms 1F32T8S on right or left side 300 30 2500 9.0 22,500 

halls 1F32T8XL 50 24 3500 1.2 4,200 

library 2F32T8S in outboard lamp holders 100 56 2500 5.6 14,000 

all general new American style red or green LED exit sign with battery backup 500 5 8760 2.5 21,900 

Totals 11,456 5,066   408.6 1,327,001 

 

Table 70.  Audited lighting opportunities at Camp Zama: Annual retrofit savings. 
Building Room, Area or Building Type Total KW Saved Total KWH Saved Total $ Saved (No AC) Total $ Saved with AC 

642 DPW 

General office building 4.2 10,500 $1,470 $1,544 

General office building 1.8 4,500 $630 $662 

General office building 0.9 2,250 $315 $331 

Undercabinet 5.6 11,200 $1,568 $1,646 

406 PX General sales and other areas 15.6 70,380 $9,853 $10,346 

425 PX 

General sales and other areas 36.8 165,600 $23,184 $24,343 

General sales and other areas 1.3 5,940 $832 $873 

General sales and other areas 1.2 5,400 $756 $794 

Restaurant area 0.6 2,520 $353 $370 

Restaurant area 0.2 1,080 $151 $159 

Shopette 2.4 14,400 $2,016 $2,117 

Shopette 0.3 1,800 $252 $265 

278 education center 
General education center 10.4 31,200 $4,368 $4,586 

Library 3.6 12,600 $1,764 $1,852 

267 community cultural ctr 
General community cultural center 0.4 1,260 $176 $185 

General community cultural center 1.6 3,240 $454 $476 

101 HQ 

General office building 104.0 260,000 $36,400 $38,220 

Stairs 1.8 15,330 $2,146 $2,254 

Stairs 1.1 9,198 $1,288 $1,352 

102 HQ General office building 21.0 52,500 $7,350 $7,718 
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General office building 7.0 17,500 $2,450 $2,450 

250 engineering  

General office building 5.2 13,000 $1,820 $1,911 

General office building 21.3 53,250 $7,455 $7,828 

General office building 9.2 23,000 $3,220 $3,381 

Office modules 9.9 19,800 $2,772 $2,772 

205 Yano Fitness Center 

Pool 3.1 15,300 $2,142 $2,142 

Gym 5.5 32,652 $4,571 $4,571 

Kid's pool and adjacent area 1.9 9,680 $1,355 $1,423 

General 0.7 3,500 $490 $515 

Halls 0.5 2,250 $315 $331 

Locker rooms sink areas 0.2 1,080 $151 $159 

125 Visual Info Center 
General office building 7.8 19,500 $2,730 $2,867 

Halls 1.1 3,150 $441 $463 

103 HQ General 20.8 52,000 $7,280 $7,644 

104 office bldg General  15.6 39,000 $5,460 $5,733 

389 bowling 

General 2.9 11,600 $1,624 $1,705 

Over bowling lanes 1.8 7,000 $980 $1,029 

General 0.4 1,680 $235 $247 

381 gas station 
Over gas pumps 2.6 7,848 $1,099 $1,099 

Garage 1.8 5,328 $746 $746 

646 DPW General office and shop 

9.0 22,500 $3,150 $3,308 

10.4 26,000 $3,640 $3,822 

1.1 2,625 $368 $386 

0.4 1,050 $147 $154 

341 housing 

Lobby & other common areas 0.5 3,942 $552 $579 

Laundry 0.4 1,400 $196 $206 

Stairs 0.1 1,226 $172 $180 

Halls 0.8 6,570 $920 $966 

314 Camp Zama Youth Center 

Gym 4.6 24,750 $3,465 $3,638 

General 0.9 3,696 $517 $543 

General 0.3 1,120 $157 $165 

Restrooms 0.1 336 $47 $49 

Closet 0.0 88 $12 $13 
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Open hall 0.3 1,312 $184 $193 

600 warehouse 

Warehouse 1.5 3,825 $536 $536 

Warehouse 0.6 1,620 $227 $227 

Office 0.7 1,690 $237 $248 

Office 0.1 180 $25 $26 

683 warehouse 

Office 0.5 1,300 $182 $191 

Office 0.5 1,200 $168 $176 

Warehouse 3.7 9,180 $1,285 $1,285 

703 health clinic Health and dental clinic 23.2 46,400 $6,496 $6,821 

742 hotel type lodging 
Stairs 0.2 1,927 $270 $283 

Stairs & lobby 0.2 2,102 $294 $309 

743 housing 
Stairs 0.8 7,358 $1,030 $1,082 

Halls & lobby 8.1 71,131 $9,958 $10,456 

S-715 medical  
Halls 1.7 4,200 $588 $617 

Offices & labs 11.4 28,600 $4,004 $4,204 

694 warehouse Warehouse 6.6 16,380 $2,293 $2,408 

690 commissary Store area 7.7 34,848 $4,879 $5,123 

1050 housing 

Halls 3.8 33,113 $4,636 $4,868 

Lobby 0.5 4,555 $638 $670 

Stairs 1.8 15,768 $2,208 $2,318 

691 child development center 
Halls 1.1 3,150 $441 $463 

Classrooms & offices 10.4 26,000 $3,640 $3,822 

645 DPW maintenance shop 

Work bays 3.1 9,070 $1,270 $1,270 

General 0.5 1,300 $182 $191 

General 2.1 5,200 $728 $764 

General 0.2 525 $74 $77 

S-533 
General 4.5 11,250 $1,575 $1,654 

General 3.5 8,750 $1,225 $1,286 

795 housing Halls 0.6 5,519 $773 $811 

781 housing 
Halls 0.5 4,415 $618 $649 

Stairs 0.3 2,208 $309 $325 

602 motor pool 
General 2.1 5,200 $728 $764 

General 0.4 875 $123 $129 
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General 1.8 4,500 $630 $630 

Work bays 5.7 14,220 $1,991 $1,991 

S-671 housing division 
Warehouse 8.4 21,060 $2,948 $3,096 

Office 2.9 7,250 $1,015 $1,066 

919 high school 
Halls 0.5 1,575 $221 $232 

Classrooms and offices 7.2 18,000 $2,520 $2,646 

915 high school gym 
Gym 5.8 28,416 $3,978 $3,978 

Weight room 2.9 12,756 $1,786 $1,786 

906 high school library, etc 

Classrooms 15.6 39,000 $5,460 $5,733 

Halls 1.1 3,675 $515 $540 

Library 7.1 17,750 $2,485 $2,609 

all General 8.5 74,460 $10,424 $10,946 

Totals 533.1 1,727,133 $241,799 $253,889 

 

Table 71.  Audited lighting opportunities at Camp Zama: Costs. 
Building Room, Area or Building Type Unit Cost To Customer Total Cost Unit Rebate Total Rebate Extended Cost After Rebate 

642 DPW 

general office building $65.00 $19,500 $0.00 $0 $19,500 

general office building $60.00 $4,500 $0.00 $0 $4,500 

general office building $58.00 $5,800 $0.00 $0 $5,800 

undercabinet $120.00 $24,000 $0.00 $0 $24,000 

406 PX general sales and other areas $70.00 $11,900 $0.00 $0 $11,900 

425 PX 

general sales and other areas $250.00 $100,000 $0.00 $0 $100,000 

general sales and other areas $220.00 $6,600 $0.00 $0 $6,600 

general sales and other areas $60.00 $3,000 $0.00 $0 $3,000 

restaurant area $70.00 $980 $0.00 $0 $980 

restaurant area $65.00 $520 $0.00 $0 $520 

shopette $80.00 $3,200 $0.00 $0 $3,200 

shopette $68.00 $680 $0.00 $0 $680 

278 education center 
general education center $60.00 $12,000 $0.00 $0 $12,000 

library $75.00 $15,000 $0.00 $0 $15,000 

267 community cultural ctr general community cultural center $58.00 $1,160 $0.00 $0 $1,160 
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general community cultural center $60.00 $2,160 $0.00 $0 $2,160 

101 HQ 

general office building $60.00 $120,000 $0.00 $0 $120,000 

stairs $65.00 $3,250 $0.00 $0 $3,250 

stairs $58.00 $2,900 $0.00 $0 $2,900 

102 HQ 
general office building $58.00 $58,000 $0.00 $0 $58,000 

general office building $65.00 $13,000 $0.00 $0 $13,000 

250 engineering  

general office building $60.00 $6,000 $0.00 $0 $6,000 

general office building $68.00 $20,400 $0.00 $0 $20,400 

general office building $70.00 $7,000 $0.00 $0 $7,000 

office modules $120.00 $36,000 $0.00 $0 $36,000 

205 Yano Fitness Center 

pool $400.00 $8,000 $0.00 $0 $8,000 

gym $300.00 $10,800 $0.00 $0 $10,800 

kid's pool and adjacent area $400.00 $8,800 $0.00 $0 $8,800 

general $65.00 $3,250 $0.00 $0 $3,250 

halls $58.00 $2,900 $0.00 $0 $2,900 

locker rooms sink areas $20.00 $160 $0.00 $0 $160 

125 Visual Info Center 
general office building $60.00 $9,000 $0.00 $0 $9,000 

halls $58.00 $2,900 $0.00 $0 $2,900 

103 HQ general $60.00 $24,000 $0.00 $0 $24,000 

104 office bldg general  $60.00 $18,000 $0.00 $0 $18,000 

389 bowling 

general $75.00 $3,750 $0.00 $0 $3,750 

over bowling lanes $68.00 $3,400 $0.00 $0 $3,400 

general $58.00 $1,160 $0.00 $0 $1,160 

381 gas station 
over gas pumps $300.00 $3,600 $0.00 $0 $3,600 

garage $300.00 $3,600 $0.00 $0 $3,600 

646 DPW general office and shop 

$60.00 $12,000 $0.00 $0 $12,000 

$60.00 $12,000 $0.00 $0 $12,000 

$58.00 $2,900 $0.00 $0 $2,900 

$58.00 $1,160 $0.00 $0 $1,160 

341 housing 

lobby & other common areas $60.00 $600 $0.00 $0 $600 

laundry $65.00 $650 $0.00 $0 $650 

stairs $58.00 $580 $0.00 $0 $580 

halls $58.00 $2,900 $0.00 $0 $2,900 
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314 Camp Zama Youth Center 

gym $400.00 $12,000 $0.00 $0 $12,000 

general $75.00 $3,150 $0.00 $0 $3,150 

general $75.00 $1,500 $0.00 $0 $1,500 

restrooms $65.00 $390 $0.00 $0 $390 

closet $60.00 $60 $0.00 $0 $60 

open hall $70.00 $280 $0.00 $0 $280 

600 warehouse 

warehouse $300.00 $3,000 $0.00 $0 $3,000 

warehouse $75.00 $300 $0.00 $0 $300 

office $60.00 $780 $0.00 $0 $780 

office $60.00 $120 $0.00 $0 $120 

683 warehouse 

office $60.00 $600 $0.00 $0 $600 

office $60.00 $1,200 $0.00 $0 $1,200 

warehouse $300.00 $7,200 $0.00 $0 $7,200 

703 health clinic health and dental clinic $85.00 $34,000 $0.00 $0 $34,000 

742 hotel type lodging 
stairs $60.00 $600 $0.00 $0 $600 

stairs & lobby $60.00 $600 $0.00 $0 $600 

743 housing 
stairs $58.00 $2,320 $0.00 $0 $2,320 

halls & lobby $60.00 $8,400 $0.00 $0 $8,400 

S-715 medical  
halls $58.00 $4,640 $0.00 $0 $4,640 

offices & labs $60.00 $13,200 $0.00 $0 $13,200 

694 warehouse warehouse $160.00 $20,160 $0.00 $0 $20,160 

690 commissary store area $400.00 $12,800 $0.00 $0 $12,800 

1050 housing 

halls $58.00 $10,440 $0.00 $0 $10,440 

lobby $60.00 $600 $0.00 $0 $600 

stairs $60.00 $2,400 $0.00 $0 $2,400 

691 child development center 
halls $58.00 $2,900 $0.00 $0 $2,900 

classrooms & offices $60.00 $12,000 $0.00 $0 $12,000 

645 DPW maintenance shop 

work bays $300.00 $6,000 $0.00 $0 $6,000 

general $60.00 $600 $0.00 $0 $600 

general $160.00 $6,400 $0.00 $0 $6,400 

general $58.00 $580 $0.00 $0 $580 

S-533 
general $60.00 $6,000 $0.00 $0 $6,000 

general $65.00 $6,500 $0.00 $0 $6,500 
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Building Room, Area or Building Type Unit Cost To Customer Total Cost Unit Rebate Total Rebate Extended Cost After Rebate 

795 housing halls $58.00 $1,740 $0.00 $0 $1,740 

781 housing 
halls $60.00 $1,260 $0.00 $0 $1,260 

stairs $58.00 $696 $0.00 $0 $696 

602 motor pool 

general $60.00 $2,400 $0.00 $0 $2,400 

general $65.00 $650 $0.00 $0 $650 

general $60.00 $2,400 $0.00 $0 $2,400 

work bays $300.00 $5,400 $0.00 $0 $5,400 

S-671 housing division 
warehouse $160.00 $25,920 $0.00 $0 $25,920 

office $75.00 $3,750 $0.00 $0 $3,750 

919 high school 
halls $58.00 $2,900 $0.00 $0 $2,900 

classrooms and offices $60.00 $18,000 $0.00 $0 $18,000 

915 high school gym 
gym $450.00 $10,800 $0.00 $0 $10,800 

weight room $450.00 $5,400 $0.00 $0 $5,400 

906 high school library, etc 

classrooms $60.00 $18,000 $0.00 $0 $18,000 

halls $58.00 $2,900 $0.00 $0 $2,900 

library $68.00 $6,800 $0.00 $0 $6,800 

all general $100.00 $50,000 $0.00 $0 $50,000 

Totals $954,396   $0 $954,396 
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Table 72.  Audited lighting opportunities at Camp Zama: Benefits. 

Building Room, Area or Building Type 

Maintenance Savings 
and Productivity 

Increase Multiplier 

Payback With  
AC Savings 

(Basic) 
Payback  

(Comprehensive) 
Long Term 

Benefit (Basic)  

Long Term  
Benefit 

(Comprehensive) 

139 warehouse 

warehouse 2.0 5.4 2.7 $51,907 $133,415 

cooler 2.0 4.5 2.3 $25,809 $62,817 

exterior overhang 2.0 15.2 7.6 -$66 $6,267 

129 warehouse 
refrigerated storage 2.0 5.0 2.5 $24,689 $61,697 

warehouse 2.0 5.4 2.7 $51,907 $133,415 

154-4 laundry laundry (and some offices,  
restrooms, etc) 

2.0 6.3 3.2 $38,112 $103,824 

1.6 2.7 1.7 $6,095 $10,568 

2.0 3.8 1.9 $8,813 $20,625 

1.5 7.9 5.3 $2,613 $5,369 

2.0 3.3 1.6 $4,260 $9,720 

1.5 7.9 5.3 $523 $1,074 

2.0 3.8 1.9 $3,525 $8,250 

165 vehicle maintenance 

high ceiling area 2.0 5.0 2.5 $71,693 $179,685 

general  2.0 3.8 1.9 $3,525 $8,250 

offices 1.8 2.7 1.5 $6,265 $12,397 

161-1 DPW 
shops with higher ceiling 2.0 3.9 2.0 $112,121 $263,842 

shops with lower ceiling 2.0 5.1 2.5 $32,970 $82,740 

155-7 cosis 

shops 2.0 7.3 3.6 $54,443 $160,125 

cleaning room 2.0 5.3 2.7 $16,410 $41,820 

walls 2.0 3.2 1.6 $12,933 $29,365 

Hazardous rooms 2.0 10.2 5.1 $881 $3,638 

open areas 1.8 3.8 2.1 $17,625 $36,525 

offices 2.0 3.3 1.6 $5,325 $12,150 

paint booth 2.0 3.5 1.8 $4,863 $11,226 

156-1 office 
halls 1.5 7.9 5.3 $2,613 $5,369 

offices 2.0 3.3 1.6 $42,600 $97,200 

173-1 furniture repair 

general 2.0 8.8 4.4 $11,300 $38,600 

general 2.0 4.7 2.3 $33,300 $81,600 

general 2.0 5.8 2.9 $22,775 $60,050 

Hazardous rooms 2.0 6.1 3.1 $2,175 $5,850 

general 2.0 2.5 1.2 $38,175 $83,850 
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Building Room, Area or Building Type 

Maintenance Savings 
and Productivity 

Increase Multiplier 

Payback With  
AC Savings 

(Basic) 
Payback  

(Comprehensive) 
Long Term 

Benefit (Basic)  

Long Term  
Benefit 

(Comprehensive) 

general 2.0 5.8 2.9 $11,388 $30,025 

145 gym 

gym 2.0 3.4 1.7 $53,487 $122,724 

weight room and lockers 2.0 3.2 1.6 $4,470 $10,140 

weight room and lockers 2.0 6.6 3.3 $743 $2,066 

142-3 calibration 

halls 1.5 6.6 4.4 $2,972 $5,618 

offices and labs 2.0 3.3 1.6 $8,520 $19,440 

offices and labs 1.6 2.7 1.7 $12,190 $21,136 

116-3 warehouse 

warehouse 2.0 5.9 2.9 $72,233 $190,866 

office 1.5 7.9 5.3 $2,090 $4,295 

halls 2.0 2.7 1.4 $5,352 $11,904 

106-1 warehouse warehouse 2.0 8.3 4.1 $37,642 $121,684 

104-5 DRMO 

halls 1.5 7.9 5.3 $1,045 $2,148 

office 2.0 11.4 5.7 $750 $3,900 

warehouse 2.0 4.3 2.1 $242,688 $581,376 

warehouse 2.0 3.9 2.0 $35,675 $83,950 

151-28 recycling 
warehouse 1.8 3.8 2.1 $3,173 $6,575 

warehouse 1.8 3.8 2.1 $5,288 $10,958 

all buildings general 2.0 4.8 2.4 $31,910 $78,820 

    4.2 3.0 $1,241,790 $3,078,945 
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Table 73.  Fixture & control codes, quantities and pricing.  

Code 

Existing Proposed 

Notes Options Description Watts  Description Watts  

Appr. Unit 
Total Cost 

To Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings & 

Productivity 
Multiplier 

B244PX-A 2x4 surface box louvered 
fixture with 4F40T12 

164 new 2x4 surface box 
fixture with 2-cove white 
angled reflector, clear 
prismatic lens & 
2F32T8H 

72 $250.00 400 $100,000.00 1.8 Existing fixture is quite ineffi-
cient and cannot be de-
lamped, with still looking 
good. 

Retrofit with 4F32T8XL 

CL42-A 4' cloud surface fixture with 
2F40T12 

82 2F32T8XL 47 $65.00 200 $13,000.00 1.5     

CP250MV ceiling pack with 250W 
mercury vapor 

290 new 4' damp location 
surface mount fixture 
with 2F32T8H  

72 $300.00 12 $3,600.00 2.0 Verify lamp type and wattage. If want more light, could go 
3F32T8H. 

CW41-A 4' corridor wrap with 
1F40T12 

45 1F32T8XL 24 $58.00 50 $2,900.00 1.5   New fixture with 1F32T8S 

F143PX 1x4 surface mount or 
troffer with 3F32T8 

91 new 1x4 surface mount 
or troffer with 2-cove 
white angled reflector, 
clear prismatic lens & 
2F32T8XL  

47 $220.00 30 $6,600.00 1.4 Existing fixture is quite ineffi-
cient and cannot be de-
lamped, with still looking 
good.  

Retrofit with 3F32T8XL 

F41-A 4' fixture with 1F40T12 45 1F32T8XL 24 $58.00 22 $1,276.00 2.0     

F42-A 4' fixture with 2F40T12 82 1F32T8C in right or left 
side 

37 $60.00 40 $2,400.00 2.0     

G250 hanging globe fixture with 
assumed 250W mercury 
vapor 

290 new 4' hibay with 
4F32T8H 

142 $300.00 12 $3,600.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an 
approved manufacturer. 

If want more light, could go 
6F32T8H. 

HB250MH hibay, assume 250W MH 295 new 4' hibay with 
4F32T8H 

142 $300.00 66 $19,800.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an 
approved manufacturer. 

Could also consider occu-
pancy sensor on each 
fixture. 

HB400MV hibay with 400W mercury 
vapor 

458 new surface mount 4' 
hibay with 4F32T8H 

142 $300.00 18 $5,400.00 2.0     

HBC400MH clear prismatic hibay with 
400W MH 

458 new 2x4 hibay with 
6F32T8H and slits for 
some uplight 

216 $400.00 32 $12,800.00 2.0 Existing fixtures provide 
uniform uplight. 1st Source is 
an approved manufacturer for 
these T8 hibays. 

If want to keep existing clear 
prismatic domes, could 
retrofit with 320W pulse 
start MH lamp and ballast. 

HBG250MH hibay with 250W MH  295 new 4' hibay with 
4F32T8H, wire cage & 
occupancy sensor  

142 $400.00 30 $12,000.00 2.0 Verify wattage. 1st Source 
Lighting is one approved 
manufacturer. 

If existing is really 400W MH 
or if really want more light, 
would need 6F32T8 system. 
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Code 

Existing Proposed 

Notes Options Description Watts  Description Watts  

Appr. Unit 
Total Cost 

To Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings & 

Productivity 
Multiplier 

HBG400MH hibay with 400W MH 458 new 4' hibay with 
6F32T8H, wire cage & 
occupancy sensor  

216 $450.00 36 $16,200.00 2.0 Verify wattage. 1st Source 
Lighting is one approved 
manufacturer. 

  

HI126-A 12' hooded industrial with 
6F40T12 

246 3F32T8S in alternate 
sides 

84 $75.00 4 $300.00 2.0     

Hi42-A 4' hooded industrial with 
2F40T12 

82 1F32T8C in right or left 
side 

37 $60.00 340 $20,400.00 2.0     

HI42B-A 4' hooded industrial with 
2F40T12 & low reflective 
hood 

82 new 4' hooded industrial 
fixture with 1F32T8S 

30 $160.00 328 $52,480.00 2.0   Maybe retrofit with new 
hooded industrial 1-cove 
white kit. 

HI42WC-A 4' hooded industrial with 
2F40T12 & wire cage 

82 1F32T8C in right or left 
side 

37 $60.00 36 $2,160.00 1.8   Retrofit with 2F32T8XL 

I40A19 40W A19 screw-in incan-
descent bulb 

40 10 - 15W screw-in CFL, 
that can handle heat and 
moisture 

13 $20.00 8 $160.00 2.0   New damp rated  fixture with 
1F17T8XL or 1/2 of new 
damp rated 4' fixture with 
1F32T8XL.  

PT88 8' suspended tube fixture 
with 4F32T8 downlight and 
assumed 4F32T8 uplight 

224 4F32T8H in alternate 
lamp holders (2 up and 2 
down) 

142 $70.00 4 $280.00 1.5 Verify number of uplight 
lamps, which may only be 2. 

Maybe center delamped 
lamps or maybe go lamp for 
lamp with XL BF. 

PUF250MH pool up flood 250W MH 295 new pool rated 4' up flood 
with 4F32T8H  

142 $400.00 20 $8,000.00 2.0 Verify wattage. 1st Source 
Lighting is one manufacturer 
that could make these. 

Retrofit existing fixture with 
150 - 200W pulse start MH 
lamp & ballast. But still long 
warm up and restrike times. 

RCHPSYano recessed can with assumed 
150W HPS 

188 85 - 100W 100,000 hour 
rated Philips or Sylvania  
induction system kit 

100 $400.00 22 $8,800.00 2.0 Verify wattage. The ugly color 
of HPS does not look very 
good here, especially when no 
daylight. 1st Source Lighting is 
one manufacturer, that could 
make kit. 

New pool rated surface 
mount fixture with T8s. 

RHB250HPS recessed hibay with as-
sume 250W HPS 

295 new surface mount 4' 
hibay with 4F32T8H 

142 $300.00 24 $7,200.00 2.0 Verify lamp type and wattage. 
1st Source Lighting is an 
approved manufacturer. 

Could also consider occu-
pancy sensor on each 
fixture. 

S42 4' strip with 2F32T8 59 1F32T8C in right or left 
side 

37 $60.00 11 $660.00 1.5 American fixture, ballast & 
lamps 

  

S82-A 8' strip with 2F40T12 82 2F32T8XL 47 $68.00 50 $3,400.00 2.0     

T121-A 6" x 4' troffer with 1F20T12 29 1F17T8XL 14 $58.00 50 $2,900.00 2.0     

T122-A 1x2 troffer with 2F20T12 56 1F17T8C on right or left 
side 

20 $60.00 2 $120.00 2.0     
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Code 

Existing Proposed 

Notes Options Description Watts  Description Watts  

Appr. Unit 
Total Cost 

To Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings & 

Productivity 
Multiplier 

T141 6" x 4' troffer with 1F32T8  33 1F32T8XL 24 $58.00 200 $11,600.00 1.3   End to end fixtures could 
maybe be tandem wired 

T141-A 6" x 4' troffer with 1F40T12  45 1F32T8XL 24 $58.00 1570 $91,060.00 1.5     

T142 1x4 troffer with 2F32T8 61 1F32T8C on right or left 
side 

37 $60.00 436 $26,160.00 1.5   A number of these already 
have pull cord switches, 
which should be maintained. 
If ballast cover is between 
lamps and blocks too much 
light, could go 2F32T8XL or 
new fixture with angled sides 
and 1F32T8S. 

T142-A 1x4 troffer with 2F40T12 82 1F32T8S on right or left 
side 

30 $60.00 4153 $249,180.00 2.0   A number of these already 
have pull cord switches, 
which should be maintained. 
If ballast cover is between 
lamps and blocks too much 
light, could go 2F32T8XL or 
new fixture with angled sides 
and 1F32T8XL. 

T142H-A 1x4 troffer with 2F40T12 82 1F32T8XL on right or left 
side 

24 $60.00 140 $8,400.00 2.0     

T142L 9" x 4' louvered troffer with 
2F32T8 

61 2F32T8XL 47 $65.00 350 $22,750.00 1.3   New fixture with 1F32T8S 

T142W-A 1x4 troffer with 2F40T12 & 
white lens 

82 1F32T8XL in right or left 
side & clear prismatic 
lens 

24 $75.00 100 $7,500.00 2.0 White lenses block about 30% 
of light, while clear prismatic 
ones only block about 10%. 

Many are end to end, so 
maybe could be tandem 
wired. 

T142WH-A 1x4 troffer with 2F40T12 & 
white lens 

82 132T8XL, 1-cove white 
reflector & clear prismatic 
lens 

24 $85.00 400 $34,000.00 2.0 None of these in health clinic 
are assumed to have pull cord 
switches. White lenses block 
about 30% of light, while clear 
prismatic ones only block 
about 10%. Thought centering 
lamp in this building would 
look good. 

1F32T8C in right or left side 
with new lens or 2F32T8XL 
keeping white lens 

T143-A 1x4 troffer with 3F40T12 127 2F32T8S in outboard 
lamp holders 

56 $68.00 400 $27,200.00 1.6 Existing is very bad fixture 
efficiency. 

New 1x4 troffer with angled 
interior sides & 1F32T8C 
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Code 

Existing Proposed 

Notes Options Description Watts  Description Watts  

Appr. Unit 
Total Cost 

To Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings & 

Productivity 
Multiplier 

T144-A 1.5" x 4' troffer with 
4F40T12 

164 2F32T8H in outboard 
lamp holders 

72 $70.00 100 $7,000.00 2.0 Existing is very bad fixture 
efficiency. 

Add 2-cove white reflector 
and go with 2F32T8S. New 
1.5x4 troffer with 2-cove 
white angled reflector & 
2F32T8S. 

T222 2x2 troffer with 2F17T8 33 1F17T8C & 1-cove white 
reflector 

19 $75.00 20 $1,500.00 1.5 American troffer, ballast & 
lamps 

Retrofit with 2F17T8XL 

T242 2x4 troffer with 2F32T8 59 1F32T8C & 1-cove white 
reflector 

37 $75.00 42 $3,150.00 1.5 American troffer, ballast & 
lamps 

Retrofit with 2F32T8XL 

T243 2x4 troffer with 3F32T8 86 2F32T8S in outboard 
lamp holders 

56 $65.00 8 $520.00 1.4 American troffer, ballast & 
lamps 

Add reflector to center 
lamps 

T2432C3 2x4 32 cell parabolic troffer 
with 3F32T8 

86 3F32T8XL 68 $75.00 200 $15,000.00 1.5 American fixture, 741 lamps 
and ballast. This is a bad 
design, because 18 cell 
versions should have 3 lamps 
and 32 cell versions should 
have 4 lamps. 

New 2x4 lensed troffer with 
2F32T8S 

T244 2x4 troffer with 4F32T8 112 2F32T8H in outboard 
lamp holders 

72 $70.00 14 $980.00 1.4 American troffer, ballast & 
lamps 

Add reflector to center 
lamps 

T244-A 2x4 troffer with 4F40T12 164 2F32T8H in outboard 
lamp holders 

72 $70.00 170 $11,900.00 1.8   Could add 2-cove reflector to 
center lamps  

UC3-A undercabinet task fixture 
with 3' T12 lamp 

40 Finelite PLS or equivalent 
6W LED undercabinet 
task lamp, cables & 
power supply  

7 $120.00 300 $36,000.00 3.0 Existing fixtures are glare 
bombs. 

Could consider additional 
Finelite PLS  or equivalent 
6W desk mount fixture.  

UC4 undercabinet task fixture 
with F32T8 

35 Finelite PLS or equivalent 
6W LED undercabinet 
task lamp, cables & 
power supply  

7 $120.00 200 $24,000.00 2.8 American F32T8 730 lamp & 
ballast. Glare bomb 

Could consider additional 
Finelite PLS  or equivalent 
6W desk mount fixture.  

V21-A 4' V shaped ceiling fixture 
with 1F20T12 

28 1F17T8XL 14 $58.00 10 $580.00 2.0     

V41-A 4' V shaped ceiling fixture 
with 1F40T12 

45 1F32T8XL 24 $58.00 20 $1,160.00 1.5     

V42-A 4' V shaped ceiling fixture 
with 2F40T12 

82 2F32T8XL 47 $65.00 70 $4,550.00 1.5   New fixture with 1F32T8S 

W42 4' wrap with 2F32T8 61 2F32T8XL 47 $65.00 6 $390.00 1.2     

W42-A 4' wrap with 2F40T12 82 2F32T8XL 47 $65.00 100 $6,500.00 1.5     
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Code 

Existing Proposed 

Notes Options Description Watts  Description Watts  

Appr. Unit 
Total Cost 

To Customer Quantity 

Extended Appr. 
Total Cost 

To Customer 
(Without Rebate) 

Maintenance 
Savings & 

Productivity 
Multiplier 

W43 4' wrap with 3F32T8 86 2F32T8S in outboard 
lamp holders 

56 $68.00 10 $680.00 1.4     

W86 8' wrap with 6F32T8 172 4F32T8S in outboard 
lamp holders 

112 $80.00 40 $3,200.00 1.4     

WW42 4' wallwash fixture with 
2F32T8 

61 1F32T8C in best lamp 
holder positions 

37 $60.00 50 $3,000.00 1.5     

X very large exit sign with 10, 
15 or 20W linear fluores-
cent & magnetic ballast 

22 new American style red or 
green LED exit sign with 
battery backup 

5 $100.00 500 $50,000.00 2.0 With smaller signs, somebody 
will have to patch and paint. 

Same large size LED exit 
sign, T1 fluorescent kit or 
LED kit 

TOTALS 11456 $954,396.00       

Note:  Recommendations are based on converting to high lumen 800 series 5000K or 6500K T8 lamps and extra efficient program start electronic ballasts.. 
Code Footnotes: 
Ballast coding help: After number and type of T8 lamp:  XXL = super low or 0.60 BF (ballast factor), XL = extra low or 0.71 BF, L = low or 0.77 - 0.78 BF, S = standard or 0.87 - 0.89 BF, C = catalog or 1.0 BF, CC = 1.10 BF, H = high or 1.15 - 
1.20 BF. (Example is 2F32T8S) 
Fixture code help: T= recessed troffer, W = wrap around, CW = corridor wrap around. S = strip, HI = hooded industrial. T24 means 2' x 4' troffer. 
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Figure 100.  Typical water faucet. 

7.23.2 Solution 

Install aerators to the faucets in these buildings (Figure 100) and survey 
other buildings at Camp Zama for aerator installation. 

7.23.3 Savings 

There are 68 apartments in both lodging buildings, with three faucets 
each, for a total 136 kitchen faucets and 272 bathroom faucets. There are 
12 bathroom type sinks located in the DPW administration building. Cal-
culating a daily water use of 30 minutes flow for the kitchen faucet and 15 
minutes of flow for each bathroom sink in the apartment buildings the to-
tal water savings would be 3 million gal/yr. In Bldg 642, if each sink rece-
ives 5 percent use during the 8 hr office day (24 minutes/day), the annual 
water use savings is 58,000 gal/yr. 

7.23.3.1 Bldgs 743 & 1050 

Kitchen faucet savings = 1 gpm x 30 min/day x 136 apartments x 365 day/yr  
= 1,498,000 gal/yr 

Bathroom faucet savings = 1 gpm x 15 min/day x 2/apartment x 136 apartments x 365 
day/yr = 1,498,000 gal/yr 

Total apartment water savings = 3 million gal/yr 
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7.23.3.2 Bldg 642 

Bathroom faucet savings = 1 gpm x 12 sinks x 480 min/day x 5% x 200 day/yr = 58,000 
gal/yr 

Total water savings = 3,058,000 gal/yr 

To have a temperature discharge of approximately 100 °F, approximately 
half the water use is hot water. Thus the hot water savings is 1,529,000 
gal/yr. 

The hot water is generated by steam from central plants at Camp Zama us-
ing steam to hot water converters in each of the buildings. The estimated 
efficiency of converting the energy in the fuel oil burned to the energy in 
the hot water is 44 percent. The average cost of the fuel oil over the past 
2 years is 271 yen/gal or $2.82/gal: 

1,529,000 gal/yr. x 80 °F rise x 8.3 lb/gal = 1015 million Btu/yr hot water energy saved 
Gal fuel oil saved = 1015 million Btu/yr/44% /140,000 Btu/gal fuel oil = 16,477 gal/yr 
Fuel oil cost saving = 16,477 gal/yr x $2.82/gal = $46,500/yr 

The 3 million gal/yr reduced water use represents an additional cost sav-
ing. 

7.23.4 Investment 

It is estimated that, at a cost of $35, an aerator can be added to the faucets 
at the sinks in these buildings. Since there are approximately 420 sinks the 
total cost would be $14,700. 

7.23.5 Payback 

The resulting payback is 4 months. 

Table 74 summarizes all ECMs pertaining to Camp Zama. 
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Table 74.  Summary of Camp Zama ECMs. 

ECM # ECM Description 

Electrical Savings Thermal 

Labor & Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
$/Yr 

Investment 
$ 

Simple Payback 
Years KWh/yr $/Yr MMBtu/Yr $/Yr 

CON #1Z Implement a Base Wide Energy Management & Control System (EMCS) — — — — — — — — 

CON #2Z Implement Automatic Adjustment Of Heating Hot Water Supply Temperature 
Setpoint In Response To Building Loads 

125,381 $ 16,516 $ 2,148 $ 37,873 $ 0 $ 54,389 $ 110,500 2.0 

CON #3Z Implement demand ventilation control of outside air intake in response to building 
occupancy/usage 

28,283 $ 3,677 $ 420 $ 8,122 $ 0 $ 11,799 $ 27,480 2.3 

CON #4Z Implement volumetric control in response to building loads/occupancy - Buildings 
267, 500, 505 

133,926 $ 17,410 $ 0 $ 0 $ 0 $ 17,410 $ 20,475 1.2 

CON #5Z Install Variable Frequency Drives For Systems That Incorporate Variable Volume 
Supply 

34,721 $ 4,514 $ 0 $ 0 $ 0 $ 4,514 $ 10,920 2.4 

CON #6Z Implement Demand Limiting Control Of Air Conditioning Compressors For Buildings 
Served By Dedicated Equipment 

0 $ 8,125 $ 0 $ 0 $ 0 $ 8,125 $ 32,500 4.0 

CON #7Z Scheduled Operation of HVAC Systems to Match Building Occupancy 734,620 $ 0 $ 6,246 $ 125,811 $ 0 $ 125,811 $ 28,500 0.2 

CEP #3Z Change CEP131 From Steam Generation To Hot Water Generation And Absorption 
Cooling System To Electrical Chiller System 

0 $0 $6876 $163036 $185233 $348269 $814200 2.3 

CEP #4Z - Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 10% Distribution 
System Central Energy Plant 350 

351596.8 -$47268 $85189 $1535482 $400000 $1888214 $5816189 3.1 

CEP #4Z - Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 90% Distribution 
System Central Energy Plant 350 

0 -$47268 $105433 $1649733 $400000 $2002465 $12668498 6.3 

CEP #5Z Replace Boilers and Distribution System Central Energy Plant 1024 and Connect 
Incinerator Heat 

0 $0 $1500 $27150 $100000 $127150 $227930 1.8 

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And CEP 131 0 $0 $0 $687960 $481982 $1169942 $10344400 8.8 

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama 110,359 $ 14,347 $ 23,417 $ 471,682 $ 0 $ 486,028 $ 242,456 0.5 

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama 65,226 $ 8,479 $ 1,320 $ 26,588 $ 0 $ 35,067 $ 71,906 2.1 

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama 363,582 $ 47,266 $ 13,080 $ 263,475 $ 0 $ 310,741 $ 204,296 0.7 

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama 23,356 $3,036 $1,135 $22,872 $0 $25,908 $170,712 6.6 

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama 40,410 $5,253 $1,545 $31,123 $0 $36,376 $112,338 3.1 

HVAC #15Z Install a Pool Cover in Building 205 78,000 $10,000 $300 $13,200 $0 $23,200 $30,000 1.3 

HVAC #16Z Reduce Space Temperature in Building 683, DMWR Warehouse  0 $0 $1,344 $27,000 $0 $27,000 $0 0.0 

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven Equipment – Buildings 
131, 205, 642, 585, 795 & 1050  

67,532 -$321,700 $33,203 $668,000 $29,200 $375,500 $1,520,903 4.1 

HVAC #18Z Utilize Ice Storage to Reduce Electrical Demand Charges – Buildings 131, 205, 
642 & 1050 

-83,700 $153,917 $0 $0 $0 $153,917 $1,796,925 11.7 
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ECM # ECM Description 

Electrical Savings Thermal 

Labor & Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
$/Yr 

Investment 
$ 

Simple Payback 
Years KWh/yr $/Yr MMBtu/Yr $/Yr 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers Having Ice Storage– 
Buildings 131, 205, 642, 1050, 585 & 795 

67,532 -$175,425 33,203 $668,000 $29,200 $521,775 $1,826,663 3.5 

HVAC #20Z Improve Summer Working Conditions, Building 645  -$2,250   $10,625 $8,375 $144,000 17.2 

ELCE#1Z Electric DHW Heaters at Bldgs 101, 238 0 $2,337 0 $0 $0 $2,337 $12,600 5.4 

LI #2Z Camp Zama Lighting 1,727,133 $253,889 0 $0 $0 $253,889 $954,396 3.8 

P&O #2Z Planning And Operational Considerations - Camp Zama 0 $0 4,954 $99,788 $0 $99,788   

WAT #1Z Low Flow Faucets Buildings 743, 1050 and 642 plus others at Camp Zama 0 $0 1,015 $0 $0 $46,500 $14,700 0.3 

Totals   3,800,425 276,555 287,781 5,831,895 1,607,040 7,761,990 35,682,583 4.6 
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8 ECMs that Apply to All Facilities 
8.1 ECM BE #1  Roof insulation and cool coating retrofit example 

Bldg 642 

8.1.1 Background and existing conditions 

Energy inefficient roofs contribute significantly to the energy use in condi-
tioned, or heated and cooled, buildings. The degree to which the roof con-
tributes to energy usage for climate control is largely a function of two 
primary factors, aside from the specific geographic location and climate in 
which the building is situated. Observations and information provided in-
dicate that several of the buildings at Camp Zama have been reroofed. Two 
primary factors in a roof’s contribution to heat gain/loss are: 

· Building geometry/volume relationship – Buildings with higher 
roof to wall area relationships rely more heavily on roof thermal effi-
ciency of the roof systems for reducing energy usage necessary for 
space conditioning. Improving roof efficiency in large “flat plate” build-
ings (Figure 101) is much more effective in reducing energy usage than 
it is for tall, small footprint buildings. 

· Building usage or occupancy – The closer a building conditioning 
is to ambient temperature, the lower is the potential for energy cost 
savings. For example, there is less potential for saving energy in ware-
houses with low conditioning requirements than there is for housing 
facilities where the delta between as desired occupancy conditions and 
ambient is much larger. 

 

Figure 101.  Example of a “Flat Plate” building. 
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The thermal efficiency of most low slope roofs is not directly impacted by 
air exchange across the roof assembly. However, in steep slope roofs, air 
exchange should be considered, especially for older roof assemblies such 
as tile and various types of shingle construction. 

The two primary performance considerations with regard to thermal effi-
ciency in roofs are: 

· Conduction, or direct transfer, of heat across the roof system due to 
the differences in interior and exterior air temperatures. Generally this 
is addressed by the U value or R value of a material or system. The 
higher the R value the more thermally efficient, the lower the U value 
the more efficient. 

· Absorption addresses the amount of heat passed into construction 
due to the tendency of most roof materials to absorb light and heat 
energy. For example, a dark roof (Figure 102) will absorb more heat, 
and transmit it into the building, than a light colored roof. 

The following sections summarize options that may be considered to im-
prove the thermal efficiency and reduce energy usage of the buildings of 
these facilities. 

8.1.2 Solutions 

· Conduction – Increase thermal insulation. 
· Absorption- Apply roof coatings to provide highly reflective surfaces 

(high albedo coatings). 

 

Figure 102.  Example of a high absorption roof. 
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The benefits of these options should be evaluated on a building-by-
building basis. The benefits of each approach will likely be different based 
on the existing construction of the specific building, and other factors: 

· Conduction – Consider the following points for increased thermal 
insulation (R and U): 
o Ability of the existing roof to accept additional snow loads. In most 

cases, snow will accumulate more when thermal insulation is add-
ed. Is the existing roof deck and structure capable of carrying addi-
tional load? 

o For the roof types on most of these buildings, additional insulation 
can only be accomplished by removal and replacement of the entire 
roof covering. Will this be cost effective? For most buildings, the 
answer is no. Retrofitting roofs with continued service life will only 
be practical for inverted roof assemblies. None of these were found 
in this survey. In some cases, such as steep slope roofs, insulation 
may be increased by applying it to the underside of the roof deck. 
This will not prove to be effective in most office or residential facili-
ties. It may be cost effective in some warehouse or maintenance 
type buildings. 

o Observations and information provided indicate that several of the 
buildings at Camp Zama have been reroofed. These buildings can-
not be readily retrofit with additional roof insulation. 

o For roofs that are at the end of their useful life expectancy the cost 
benefits of additional insulation will likely favor increased thermal 
insulation as a part of the overall roof replacement strategy. 

· Absorption – Consider the following points for adding reflective, high 
albedo coatings. 
o Reflective coatings have the ability to dramatically reduce the 

amount of energy absorbed into a building. 
o Their benefit is limited to the cooling season. They also reflect heat 

during the heating season. 
o Their benefits can decrease over time based on dirt accumulation, 

which is normal for low slope roofs. They can be economically 
cleaned in most cases, depending on the roof system. 

o o Observations and information provided indicate that several 
of the buildings at Camp Zama have been reroofed. The energy per-
formance of these buildings may, depending on roof color, be im-
proved by the application of reflective roof coatings (Figures 103 
and 104). 
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Figure 103.  Application of Low E coating to a metal roof. 

 

Figure 104.  Application of Low E coating to a membrane roof. 

o Reflective coatings have a limited life span. At some point in the fu-
ture, the roofs will need to be recoated. Effective service life will 
likely vary by product between 5 and 10 years. 

o These products will produce the greatest benefits in cooling costs 
for roofs that are currently dark in color and have relatively low 
amounts of thermal insulation. 
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8.1.3 Savings 

Based on information published by Lawrence Berkley Laboratory (Table 
75), it is reasonable to assume that energy expended for cooling loads may 
be reduced by as much as 20 percent in some climates by the use of high 
albedo roof coatings. 

The amount of energy savings, the possible annual cost savings and the 
payback period due to implementation of these provisions is highly varia-
ble based on the specific building, its occupancy type, and its current oper-
ating conditions. However the following demonstrates a potential energy 
savings and cost savings (payback) based on this technology. 

Assumptions for buildings with air-conditioning: 

· sun impact on roof for 6 hrs/day, 60 percent non-cloudy days, and 
cooling season of 4 months (120 days) 

· solar temperature differential of 20 °F achieved by coatings 
· existing R value of roof assembly = 10 (U =0.1) 
· Construction cost C for application of coatings = 80 ¢/sq ft ($0.80). 

For Bldg 642 at Camp Zama, with a roof square footage of approximately 
19,500 sq ft: 

Cooling Savings (Btu/yr) = U x Area x delta T x Hours/yr 
0.1 x 20 x 19,500 x 432 = 16,848,000 Btu 

Assuming electrical use for cooling to be 1 kWh/ton (12,000Btu): 

Electrical Savings = 1404 kWh @ $0.13 = $182.52/yr energy savings for this one 
building. 
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Table 75.  Rooftop coating energy savings. 

 

At a construction cost of $0.80 (80¢) per square foot, this results in a total 
cost of $15,600. With this cost and savings, the simple payback would be 
$15,600 /$182.52/yr = 85 years, or approximately 10 times the life expec-
tancy of a coating application. 

Generally it appears that this specific action is not economically sound for 
retrofit. The amount of solar heat gain to the roofs is not high enough to 
justify this approach. This is further complicated by the relatively short life 
span of the applied coatings. This approach is not an effective means to 
affect reduced energy usage. It is however recommended for new construc-
tion since the additional cost is minimal. The types of buildings that 
should be considered for this application are: 

· warehouses with cooling needs  
· other buildings with large roof areas, low rise, and low levels of roof 

insulation 
· any facility with dark color roofs. 

8.2 ECM BE #2  Opaque wall insulation in various buildings 

8.2.1 Background and existing conditions 

Opaque building walls in contemporary buildings are required by current 
building and energy codes to have thermal insulation at some level. Even 
before the code requirements were in place, it was common practice to 
provide thermal insulation to attain minimal comfort levels and reduce the 
initial cost for mechanical systems and reduce operational costs. 
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Most of the buildings at Camp Zama and SGD contain thermal insulation 
for the opaque walls. While the degree or amount of insulation in the indi-
vidual buildings may not be as high as current standards call for, it is not 
normally cost effective to add insulation strictly to reduce energy con-
sumption. This is particularly true of buildings such as offices and residen-
tial facilities with existing interior finishes (such as gypsum wallboard or 
plaster) on the inboard side of the exterior walls. However, in the event 
that significant exterior upgrades or revision to plans and occupancy may 
be required, it is often appropriate and cost effective to increase the ther-
mal insulation during the process. 

It appears that this process has already been implemented in some build-
ings at both Camp Zama and SGD. With this knowledge in mind the fol-
lowing comments are provided for review and consideration. 

The findings regarding this issue are based on visual observation, in some 
cases, and drawing review in others. 

8.2.1.1 Camp Zama 

The majority of the building opaque walls (solid walls) at the Camp Zama 
installation appear to be insulated. It does not appear that insulation can 
be cost effectively added to most of the facilities. This is particularly true of 
office and residential facilities. 

8.2.1.2 Depot 

Many (but not all) of the buildings at SGD installation have insulation. In 
the case of those that are not insulated, or are not fully insulated, the 
buildings do not require highly effective exterior walls for thermal consid-
erations with regard to function. However, adding insulation will decrease 
overall energy demand. 

8.2.1.3 Solutions 

If additional insulation for specific non-insulated buildings is considered, 
the amount and method to add insulation should result in an effective wall 
assembly insulation of approximately R=13 minimum to be in line with 
current energy codes and standards. 
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8.2.1.4 Savings 

The amount of energy savings, the possible annual cost savings and the 
payback period likely by implementing these provisions is highly variable 
based on the specific building, its occupancy type, and its current operat-
ing conditions. Significant energy savings by addition of wall insulation at 
either Camp Zama or SGD are not anticipated. 

8.3 ECM BE #3  Window weatherstripping in Bldgs 101, 102, 642, 
734, and, 1050 

8.3.1 Background and existing conditions 

There are few curtain walls at either facility. The amount of operable win-
dows is however extensive, especially at Camp Zama. Generally there are 
far fewer windows at SGD, and they play a lesser role in energy usage. Re-
maining comments specifically address Camp Zama. Generally the same 
comments apply to SGD, but to a lesser degree. 

The thermal efficiency of window and curtain wall assemblies is dependent 
on the thermal performance of the glass unit and the framing. This ther-
mal performance has three basic components to consider: 

· the degree of air passage across the assembly (weathering) 
· the U or R value, of the glass (primarily) 
· the solar heat gain of the assembly, again primarily the glass. 

Weathering (weather stripping) is the primary component that deteri-
orates and results in air passage across most operable windows. This lea-
kage path then results in the entry of untreated, or ambient, outdoor air 
into the building or the loss of conditioned interior air. Both conditions 
result in excessive energy usage. Fortunately, these components of the 
window assembly can be relatively easily replaced in most cases. 

U or R value is the property of the window assembly that provides the 
ability to resist heat transfer across the glass by conduction. Single pane 
glass, which appears to be predominant for both Camp Zama and Depot 
facilities has very little ability to resist heat transfer by conduction and is 
very ineffective at conserving energy. This property is important for both 
the metal framing and the glass components of the window assembly. In-
sulated glass units, however, are composed of at least two layers of glass 
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separated by an air space. These units have a very high ability to resist heat 
flow by conduction. Metal window framing assemblies can also be im-
proved by the use of thermal breaks within the assembly. 

Solar heat gain is impacted by the ability of the assembly to reject heat 
energy from direct solar exposure at the glass, preventing it from entering 
the building. This property is particularly important for wall systems with 
a high degree of solar exposure. 

Provisions to reduce solar heat gain include the use of tinted glasses, 
coated window films (generally applied as a retrofit to existing glass, and 
low E coatings applied to the glass as part of the manufacturing process. 
Solar heat gain can also be minimized by preventing sun from striking the 
glass surfaces. 

8.3.2 Solutions 

Weathering (weather stripping) should be checked and repaired or re-
placed where deficient, or added where non-existent. Conditions of the 
weathering components of the existing operable windows appear to vary 
from building to building by age and usage, and from elevation to eleva-
tion on a building due to exposure. The total energy savings cannot be rea-
dily predicted because of the large number of operable window units 
throughout the facilities and the highly variable existing conditions. How-
ever, inspection and replacement of weathering at operable windows can 
be a cost effective approach to limiting direct heat loss and heat gain due 
to air movement. There are numerous deteriorated gaskets present in 
these buildings (Figure 105). The deterioration is likely due to the solar 
exposure or orientation. The cost of losing already conditioned air or gain-
ing additional untempered air to be conditioned can be extensive. 

U or R value of single pane glass units cannot be improved to any degree 
by retrofitting the glass. To reduce the amount of energy lost or gained by 
glass due to the temperature difference between the outside air and the 
interior environment you must remove the existing glass unit and replace 
it with insulating glass. Traditional insulating glass units are between ½ 
and 1 in. in overall thickness. These are likely too thick to fit within the ex-
isting window framing at both Camp Zama and SGD.  
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Figure 105.  Examples of deteriorated 
weatherstripping. 

However there is a specialty assembly manufactured in Japan that may be 
suitable for this application with the addition of adapter pieces for the 
aluminum framing. This system uses a vacuum space between two pieces 
of glass instead of air. It provides very high performance; however, this 
material is expensive. Due in part to the particular placement of the win-
dow system within the wall assembly, improvements to thermal transmis-
sion of the existing windows cannot be readily or effectively accomplished. 
The existing framing is not thermally improved and cannot be retrofitted 
to accomplish that goal without replacement of the entire frame (Figure 
106). 

Solar heat gain can be reduced by the use of solar films applied to the 
inside of the window (Figure 107), the use of tinted glass, or metallic coat-
ings (Low E) applied to one side of the glass. Solar films have been added 
at many locations of the Camp Zama site and at a few SGD locations. 
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Figure 106.  Window without thermal improvement possibility. 

  

Figure 107.  Examples of window films. 

Solar films can be very effective, but they can also prematurely deteriorate 
glazing gaskets due to heat build-up. This is especially true on locations 
with very high solar exposure. Low E coatings are best if used inside of in-
sulating glass units or in laminated glass units. These locations protect the 
coatings from damage by weather or abrasion. 

To minimize solar heat gain by preventing sun from striking the glass sur-
faces, site plantings, or in the case of large buildings, solar shades applied 
in front of the glass can be used (Figure 111). 

8.3.3 Savings 

It was calculated that a total of approximately 7.11 billion Btus can be 
saved annually at five buildings of the Camp Zama facility by providing 
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“Spacia” insulating glass assemblies manufactured by Nippon Glass 
(Figure 109). These buildings have large amounts of glass in repetitive siz-
es and are considered to be the best buildings to be further evaluated for 
this retrofit. These buildings (101, 102, 642, 734, and, 1050) are either of-
fice or residential occupancy (Figures 110 and 111). 

 

Figure 108.  Example of window shading. 

 

Figure 109.  Sketch of Spacia insulating glass assembly. 
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Figure 110.  Typical window in Bldg 743. 

 

Figure 111.  Bldg 743 (large number of windows). 

8.3.4 Assumptions for thermal transmittance savings 

· All climate data from Departments of the Air Force, Army, and Navy – 
Engineering Weather Data, 1978 publication. 

· Assume temperature setpoint of 72 °F for heating and cooling seasons. 
· Published R value of Spacia glass by Nippon = 4. 
· Assume construction cost for glass replacement = $35 to $40/sq ft. 

Five buildings at Camp Zama (101, 102, 642, 734, and, 1050) have a poten-
tial to replace approximately 95,110 sq ft (total) of glass: 

Savings = Sum of all – delta U x delta T x Area x Hours 
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This load savings has been calculated as more than 7.11 billion Btu/yr for 
both heating and cooling, with 372 million Btu attributable to cooling, and 
6.74 billion Btu for heating. 

Assuming electrical use for cooling to be 1 kWh/ton (12,000Btu), and elec-
trical cost at 13 ¢/kWh: 

Cooling energy cost savings = 372 x 10^6 Btu/yr x 1 TonHr/12,000 Btu x 1KW/Ton x 
$0.13/KWh = $4,025/yr. 

Heating energy at 140,000 Btu/gal of fuel oil @ 44 percent overall effi-
ciency at a cost at $2.82/gal of fuel oil would be: 

Heating Savings = $2.82/gal x 1gal/140,000 Btu x 6740 x 10^6 Btu /0.44 
= $308,552/yr 

Total projected energy cost savings of $312,577/yr 

A construction cost of $38/sq ft for glass and frame revisions gives a total 
construction cost of $3,614,180. With this cost and savings, the simple 
payback would be $3,614,180 /$308,552/yr = 12 years. 

The cost for sun shading devices applied to the exterior of an existing 
building can vary greatly based on the specific building. For a number of 
reasons, this approach is normally not cost effective. Application of solar 
films is a much more cost effective approach. However, solar film does not 
address heat gain and heat loss by conduction. 

It is likely that replacing the existing glass with the Nippon product will 
provide the most effective architectural reduction of energy usage, aside 
from reducing the amount of space occupied. 

8.4 ECM #4BE Decrease infiltration at doors and entrances in 
various buildings 

8.4.1 Background and existing conditions 

The specific construction of doors in buildings with high pedestrian traffic 
generally plays a minimal part in the overall energy usage of a building. 
This is due to the small size of the doors and the high amount of air exfil-
tration and infiltration due to numerous openings and closings of the 
doors. 
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Figure 112.  Large doors with large energy losses. 

 Larger doors, such as those found in industrial, warehousing, and main-
tenance operations, may present a different situation (Figure 112). Because 
of their large size and the common habit occupants to leave such doors 
open to the exterior, these doors can contribute significantly to a facility’s 
energy usage. This is particularly true when the facility in which they are 
located is space conditioned to a level significantly different than ambient 
outdoor conditions. 

8.4.2 Solutions 

Four specific provisions can be implemented to alleviate excessive energy 
usage at doors. 

1. Vestibules can be added at pedestrian door locations to reduce the 
amount of air infiltration/exfiltration. Vestibules need to be designed to al-
low one set of doors to close before the next set is opened. This, in effect, 
creates an air lock approach, thereby reducing the air movement. In this 
case, insulating glass can be used on the interior portions of the vestibule 
and doors to further reduce energy usage. 

2. Insulated door panels can be used to reduce the amount of heat flowing 
across overhead doors. This works for heat flow in either direction. In most 
cases the door assembly will need to be replaced. 

3. Weathering can be added at both overhead and pedestrian doors to re-
duce the amount of heat transfer due to air movement. Figure 113 shows 
examples of this condition observed at pedestrian doors at many locations 
of Camp Zama during the course of this energy evaluation. 



ERDC/CERL TR-10-20 290 

 

  

  

Figure 113. Examples of weathering (weatherstripping potential). 

4.  Powered operators can be added for overhead doors that are currently 
manually operated. For these doors, and all power operated overhead 
doors, the controls should be set to require doors to automatically close, 
after a specific amount of time. If required to allow flexible operation, the 
controls can be set to allow continuous or extended periods of open condi-
tion by an override. 

8.4.3 Savings 

The amount of energy savings, the possible annual cost savings, and the 
likely payback period by implementing these provisions is highly variable 
based on the specific building, its occupancy type, and its current operat-
ing conditions. These specific actions are recommended for implementa-
tion to reduce energy usage at both the Camp Zama and Depot facilities. 

8.5 ECM #1&2 P&O – Planning and operational considerations 

8.5.1 Existing conditions 

Energy usage of facilities such as Camp Zama and SGD is directly propor-
tional to the size (volume) and number of buildings of the facility, the effi-
ciency of the mechanical and electrical systems that condition the build-
ings, the use of the buildings, and the geographic location or exposure 
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conditions of the buildings. One of these factors, the geographic location, 
obviously cannot be changed. This report assumes that the basic usage 
type (occupancy) for most of the Camp Zama and SGD facilities also can-
not be changed.  

Of the remaining factors, the easiest ways to save energy usage at these 
sites may be to minimize the amount of building volume being used and 
conditioned. 

Changing needs and time appear to have put both Camp Zama and SGD 
into a position to accomplish the reduction of energy usage. An evaluation 
of space and needs with follow up action can accomplish this. Based on ob-
servations from several days on these sites, it appears that space consoli-
dation is a likely opportunity for energy usage reduction. 

8.5.2 Solutions 

A comprehensive evaluation of current occupancy and use patterns of the 
buildings at both Camp Zama and SGD is recommended. At a minimum, 
this study should consider the following points: 

· current space that is actively used in the buildings 
· efficiency of space utilization 
· possibilities for space consolidation 
· physical relationships (distance) between operationally related build-

ings. 

The results of a study such as this should identify potentials for consolida-
tion of spaces and buildings that may not currently be used in the most ef-
ficient way. Studies such as this and action on the findings often has an 
added side benefit of facilitating more efficient operations by those using 
the facilities, particularly at very large campus type settings such as these. 

Military facilities are not necessarily sized for constant space needs and 
the amount of space needed may change dramatically over short periods of 
time. With this in mind, the findings of the studies recommended above 
may be used to accomplish one of the following actions. 

Consolidation of certain uses for “normal” operations mode, making it 
possible to reduce the amount of space used during most times. This can 
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allow certain buildings, or portions of buildings, to be put into a suspen-
sion mode until they are needed. A suspension mode could mean no space 
conditioning in some cases. In other cases, it may mean space condition-
ing can be greatly reduced and maintained at a minimum level sufficient to 
prevent deterioration of the facility. In either case, there is a potential for 
large energy usage reduction. A target of reducing the heating setpoint to 
52 °F in lieu of 72 °F should be reasonable. 

Other possibilities to consider are: 

· elimination of facilities that are marginal or not appropriate for current 
use 

· relocation of specific operations to facilities that are better positioned 
to save transportation time and costs as related to staff and military 
personnel and materials movement. 

8.5.3 Savings 

The amount of energy savings, the possible annual cost savings and the 
likely payback period by implementing these provisions maybe highly va-
riable based on the findings of the study and the specific actions that are 
undertaken. However the actions indicated above are recommended for 
implementation to reduce energy usage at both the Camp Zama and SGD 
SGD facilities. 

A simple assumption of 10 percent reduction in permanent conditioned 
volume (placing in suspension mode) results in a significant reduction in 
heating energy required. 

Reducing the heating setpoint to 52 °F in lieu of 72 °F for the targeted 
10 percent can result in a significant energy and cost reduction. 

An analysis of climate data indicates a reduction of approximately 
30 percent in heating energy for this revision in setpoint. Based on the 
overall energy used by the central plants, and assuming approximately 
70 percent of this to be dedicated to heating, an energy savings could be: 

30% x 70% x 10% space reduction = 2.1% central plant fuel oil reduction. 
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This translates to a cost savings of: 

2.1% x total fuel oil usage (1,685,000 gal average at Camp Zama and 2,280,000 gal at 
SGD from 2006 to 2008 @$2.82/gal) or 

$100K/yr at Camp Zama 
$135K/yr at SGD 

There are no capital costs for construction assumed for this revision. There 
should also be an electrical energy savings for lighting and some minor 
cooling energy, which are not considered in this analysis. Since cooling 
costs are relatively minor compared to heating for this site, and under-
standing that not all buildings subject to this suspension mode would be 
cooled, the energy costs for cooling have not been considered. 

It appears that this specific action is economically sound for this applica-
tion. The precise amount of energy savings and the possible annual cost 
savings will be dependent on the program revisions made for space utiliza-
tion. A comprehensive review of space utilization as the start point in eval-
uation of this option is recommended. 
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9 Summary, Recommendations, and 
Lessons Learned 

9.1 Summary 

This work conducted an Energy Optimization Assessment at Akizuki, Sa-
gami General Depot, Sagamihara Family Housing, and Camp Zama Japan 
as a part of the Annex 46 showcase studies to identify energy inefficiencies 
and wastes and propose energy-related projects with applicable funding 
and execution methods that could enable the installation to better meet 
the energy reduction requirements mandated by Executive Order 13423 
and EPACT 2005. The study was limited to the Level I assessment of most 
opportunities and a limited Level II assessment of central heating plants 
including distribution systems. The scope of the study included an analysis 
of building envelopes, ventilation air systems, controls, central plants, in-
terior and exterior lighting and evaluation of opportunities to use renewa-
ble energy resources. 

The study identified a total of 45 different potential energy conservation 
measures (ECMs) (Table 76). Table 77 groups the ECMs into:  Building 
Envelope, CEPs, Controls, HVAC, Lighting, P&O, and Water. If all these 
ECMs were implemented, they would result in approximately $8.5 million 
savings/yr (4810 MWh/yr in electrical energy savings, 286,178 MMBtu/yr 
in thermal savings (mostly fuel oil) in addition to $1.7 million/yr in main-
tenance savings). Implementation of these projects would require an addi-
tional investment of $33 million and will yield an average simple payback 
of 4 years. 

The Building Envelope category is believed to have opportunities, but 
they were not well quantified in this study since a separate study per-
formed by Pacific Northwest Laboratories did. 

The Planning and Operational have very little to no additional costs 
and significant potential savings of $136K/yr at Sagami Depot and 
$100K/yr at Camp Zama. 
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Table 76.  Potential ECMs. 

ECM # ECM Description  

Electricity Savings 

$/yr 
Thermal 
MMBtu/yr $/yr 

Labor  
& Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/yr 

Investment 
($) 

Simple 
Payback 
(yrs) MMBtu/Yr KWh/yr kW Dem 

BE #1 Roof Insulation and Cool Coating Retrofit Example  Bldg 642 4.8 1,404   $183   $0   $183 $15,600 85.5 

BE #2 – Not Proposed Opaque Wall Insulation Various Buildings - 0 0 $0 0 $0 $0 $0 $0 0 

BE #3 Window Weatherstripping Bldgs 101, 102, 642, 734, and, 
1050 

106 31,000   $4,030 6,740 $308,552 $0 $312,582 $3,614,180 11.6 

BE #4 Decrease Infiltration at Doors and Entrances Various Build-
ings 

0.0 0 0 $0 0 $0 $0 $0 $0 0 

P&O #1SD Planning And Operational Considerations – Sagami Depot - 0     6,703 $135,022 $0 $135,022 - - 

P&O #2Z Planning And Operational Considerations – Camp Zama - 0     4,954 $99,788  $99,788 - - 

CON #1Z Implement a Base Wide Energy Management & Control 
System (EMCS) 

- - - - - - - - - - 

CON #2Z Implement Automatic Adjustment Of Heating Hot Water 
Supply Temperature Setpoint In Response To Building Loads 

428 125,381   $16,516 2,148 $37,873   $54,389 $110,500 2.0 

CON #3Z Implement demand ventilation control of outside air intake in 
response to building occupancy/usage 

97 28,283   $3,677 420 $8,122   $11,799 $27,480 2.3 

CON #4Z Implement volumetric control in response to building 
loads/occupancy – Bldgs 267, 500, 505 

457 133,926   $17,410       $17,410 $20,475 1.2 

CON #5Z Install Variable Frequency Drives For Systems That Incorpo-
rate Variable Volume Supply 

118 34,721   $4,514   $0   $4,514 $10,920 2.4 

CON #6Z Implement Demand Limiting Control Of Air-conditioning 
Compressors For Buildings Served By Dedicated Equipment 

    443 $8,125       $8,125 $32,500 4.0 

CON #7Z Scheduled Operation of HVAC Systems to Match Building 
Occupancy 

  734,620     6,246 $125,811   $125,811 $28,500 0.2 

CEP #1SD – Option 1 Convert The Steam Boiler To A Hot Water With 10% Re-
placement Of The Distribution System CEP 174 

0 0 0 $0 57,829 $1,032,662 $166,200 $1,198,862 $4,093,845 3.4 

CEP #1SD – Option 2 Convert The Steam Boiler To A Hot Water With 90% Re-
placement Of The Distribution System CEP 174 

0 0 0 $0 55,272 $1,033,000 $0 $1,033,000 $11,307,000 10.9 

CEP #2SD Sagamihara Family Housing CEPs – Modification of Genera-
tion Facilities and Distribution 

0 0 0 $0 11,750 $258,000 $325,000 $583,000 $2,338,000 4.0 

CEP #3Z Change CEP131 From Steam Generation To Hot Water 
Generation And Absorption Cooling System To Electrical 
Chiller System 

0 0 0 $0 6,876 $163,036 $185,233 $348,269 $814,200 2.3 

CEP #4Z – Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
10% Distribution System CEP 350 

0 351,597 0 -$47,268 85,189 $1,535,482 $400,000 $1,888,214 $5,816,189 3.1 
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ECM # ECM Description  

Electricity Savings 

$/yr 
Thermal 
MMBtu/yr $/yr 

Labor  
& Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/yr 

Investment 
($) 

Simple 
Payback 
(yrs) MMBtu/Yr KWh/yr kW Dem 

CEP #4Z – Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
90% Distribution System CEP 350 

0 0 0 -$47,268 105,433 $1,649,733 $400,000 $2,002,465 $12,668,498 6.3 

CEP #5Z Replace Boilers and Distribution System CEP 1024 and 
Connect Incinerator Heat 

0 0 0 $0 1,500 $27,150 $100,000 $127,150 $227,930 1.8 

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And 
CEP 131 

0 0 0 $0   $687,960 $481,982 $1,169,942 $10,344,400 8.8 

HVAC #1K Add dedicated outdoor air supply (DOAS) Unit to Housing 
Unit, Bldg 200 

  -102,900   -$14,700     $10,000 -$4,700 $203,000 -43.2 

HVAC #2K Demilitarization System Heat Recovery         111 $2,245   $2,245 $13,000 5.8 

HVAC #3K Renovation Building Heat Recovery System, Building Kawa-
kami – Bldg 2677 

  -1,160   -$170 384 $7,730   $7,560 $76,000 10.1 

HVAC #4K Install Radiant Heating in Shop Areas -, Akizuki Bldg 440, 
Hiro Bldg 1227 & Kawakami Bldg 2705 

        -22 -$740 $2,436 $1,696 $82,700 48.8 

HVAC #5K Bunker Humidity Control - - - - - - - - - - 

HVAC #6SD Improve HVAC Controls Bldg 161-1 Sagami Depot   391,000   $50,830 4,890 $107,231   $158,061 $300,000 1.9 

HVAC #7SD Optimize De-humidification of Medical Warehouses, Sagami 
General Depot 

  -276,000   -$36,000 13,589 $298,229   $262,229 $141,400 0.5 

HVAC #8SD Laundry Heat Recovery   -89   -$160 331 $6,680   $6,520 $45,400 7.0 

HVAC #9SD Use Excess Heat from Air Compressor, Directorate of Logis-
tics (DOL) Warehouse, Sagami General Depot 

        180 $3,950   $3,950 $4,000 1.0 

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama   110,359   $14,347 23,417 $471,682   $486,028 $242,456 0.5 

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama   65,226   $8,479 1,320 $26,588   $35,067 $71,906 2.1 

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama   363,582   $47,266 13,080 $263,475   $310,741 $204,296 0.7 

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama   23,356   $3,036 1,135 $22,872   $25,908 $170,712 6.6 

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama   40,410   $5,253 1,545 $31,123   $36,376 $112,338 3.1 

HVAC #15Z Install a Pool Cover in Bldg 205 266 78,000   $10,000 300 $13,200   $23,200 $30,000 1.3 

HVAC #16Z Reduce Space Temperature in Bldg 683, Directorate Morale, 
Welfare, and Recreation (DMWR) Warehouse  

-     $0 1,344 $27,000   $27,000   0.0 

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven 
Equipment – Bldgs 131, 205, 642, 585, 795 & 1050  

230 67,532 35.6 -$321,700 33,203 $668,000 $29,200 $375,500 $1,520,903 4.1 

HVAC #18Z Use Ice Storage to Reduce Electrical Demand Charges – 
Bldgs 131, 205, 642 & 1050 

-286 -83,700 860 $153,917   $0   $153,917 $1,796,925 11.7 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers 
Having Ice Storage– Bldgs 131, 205, 642, 1050, 585 & 795 

230 67,532 35.6 -$175,425 33,203 $668,000 $29,200 $521,775 $1,826,663 3.5 
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ECM # ECM Description  

Electricity Savings 

$/yr 
Thermal 
MMBtu/yr $/yr 

Labor  
& Other 
$/yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/yr 

Investment 
($) 

Simple 
Payback 
(yrs) MMBtu/Yr KWh/yr kW Dem 

HVAC #20Z Improve Summer Working Conditions, Bldg 645 - - - -$2,250 - - $10,625 $8,375 $144,000 17.2 

ELCE#1Z Electric domestic hot water (DHW)  Heaters at Bldgs 101, 
238 

    13.6 $2,337       $2,337 $12,600 5.4 

LI #1SD Sagami Depot Lighting 3,013 883,004 297 $148,345       $148,345 $624,855 4.2 

LI #2Z Camp Zama Lighting 5,893 1,727,133 533 $253,889   $0   $253,889 $954,396 3.8 

WAT #1Z Low Flow Faucets Bldgs 743, 1050 and 642 plus others at 
Camp Zama 

-       1,015     $46,500 $14,700 0.3 

Totals  10,613 4,810,384 1,322 322,264 286,178 6,368,723 1,710,676 8,448,162 32,769,140 3.9 

1Inadequate information available to analyze economics 
2Costs are greater than savings, but comfort is improved 
3This is the minimum viable system.  A Level II analysis is required to determine base-wide opportunity, which would be much larger. 
4CEP ECMs used a cost of $2.5/gal whereas others used $2.82/gal 
5 Can do HVAC  17Z and 18Z, or just 19Z 
6Totals assume CEP #15D, CEP #4Z, and HVAC #19Z are implemented 

Table 77.  Group Summary of ECMs. 

ECM Category # ECMs 

Electrical Savings Thermal 
Labor & Other 
$/yr 

Total Savings: 
Electrical Use, Elec 
Demand, Thermal, 
and Maint ($) 

Investment 
yrs 

Simple 
Payback KWh/yr $/yr MMBtu/yr $/yr 

Building Envelope 4 32,404 $4,213 6,740 $308,552 $0 $312,765 $3,629,780 11.6 

Controls 7 1,056,931 $50,242 8,814 $171,806 $0 $222,048 $230,375 1.0 

CEP 8 351,597 -$47,268 163,144 $3,704,290 $1,658,415 $5,315,437 $23,634,564 4.4 

HVAC 21 759,316 -$87,157 94,808 $1,949,265 $52,261 $1,914,369 $3,680,470 1.9 

Lighting 3 2,610,137 $402,234 0 $0 $0 $402,234 $1,579,251 3.9 

Planning & Operations 2 0 $0 $11,657 $234,809 $0 $234,809 $0 0.0 

Water 1 0 0 1,015 0 0 46,500 14,700 0 

Total 46 4,810,384 322,264 286,178 6,368,723 1,710,676 8,448,162 32,769,140 3.9 
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The Central Energy Plant category consists of eight ECMs, two of which 
were presented with the option of replacing either 10 or 90 percent of the 
distribution systems. Replacing only 10 percent of the distribution system 
has the best payback in both cases. In total, the six projects require a capi-
tol investment cost of approximately $24 million, which would return 
thermal savings of 163,144 MMBtu/yr and maintenance savings of $1.7 
million/yr, for a total of $5.4 million/yr in savings and a simple payback of 
4 years. This assumes that the ECMs with options implement the option 
with the best payback. 

The Controls category consists of seven ECMs involving multiple build-
ings for each ECM. They would save 1057 MWh/yr in electrical use and 
8814 MMBtu/yr in heating loads for a total of $222K savings/yr. The in-
vestment cost of $230K results in a quick simple payback of 1 year. 

The HVAC ECM group consists of 21 ECMs. If all HVAC ECMs were im-
plemented, they would save 759,316 KWh/yr in electrical use and 94,808 
MMBtu/yr in thermal savings (mostly fuel oil), and $52K in maintenance 
savings, resulting in a total of $1.9 million savings/yr. The investment cost 
of $3.7 million results in a simple payback of 1.9 years. 

The Lighting ECM group consists of two ECMs. If all were implemented, 
they would save 2610 MWh/yr of electrical use. The investment cost of 
$1.6 million results in a simple payback of 3.9 years. 

9.1.1 Kure Area 

Five ECMs were identified at installations in the Kure area (Table 78). The 
best opportunity found involves heat recovery from the DMIL facility. 

9.1.2 Sagami Depot 

Nine ECMs were identified at Sagami Depot (Table 79). The central heat-
ing systems were found to have the largest paybacks, due largely to the op-
eration of heating plants as a source of steam for absorption chillers dur-
ing the summer, which is very inefficient. If all ECMs were implemented, 
they would save 997,915 KWh/yr in electrical use and 95,272 MMBtu/yr in 
thermal savings (mostly fuel oil) resulting in a total of $2.5 million in sav-
ings/yr. The investment cost of $7.5 million results in a simple payback of 
3 years. 
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Table 78.  Kure Area ECMs. 

ECM # ECM Description 

Electricity Savings Thermal Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, Elec 
Demand, Thermal, 
and Maint 
($) 

Investment 
(yrs) 

Simple  
Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

HVAC #1K Add DOAS Unit to Housing Unit, Bldg 200 -102,900 -$14,700 0 $0 $10,000 -$4,700 $203,000 -43.2 

HVAC #2K Demilitarization System Heat Recovery 0 $0 111 $2,245 $0 $2,245 $13,000 5.8 

HVAC #3K Renovation Building Heat Recovery System, Building Kawakami – Bldg 2677 -1,160 -$170 384 $7,730 $0 $7,560 $76,000 10.1 

HVAC #4K Install Radiant Heating in Shop Areas -, Akizuki Bldg 440, Hiro Bldg 1227 & Kawakami Bldg 2705 0 $0 -22 -$740 $2,436 $1,696 $82,700 48.8 

HVAC #5K Bunker Humidity Control         

Totals   -1,160 -170 473 9,235 2,436 11,501 171,700 14.9 

Table 79.  Sagami Depot ECMs. 

ECM # ECM Description 

Electrical Savings Thermal 
Labor & Other 
($/yr) 

Total Savings:  
Electrical Use,  
Elec Demand,  
Thermal, and  
Maint 
($/yr) 

Investment 
($) 

Simple  
Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

P&O #1SD Planning And Operational Considerations – Sagami Depot 0 $0 6,703 $135,022 $0 $135,022   

CEP #1SD – Option 1 Convert The Steam Boiler To A Hot Water With 10% Replacement Of The Distribution System 
CEP 174 

0 $0 57,829 $1,032,662 $166,200 $1,198,862 $4,093,845 3.4 

CEP #1SD – Option 2 Convert The Steam Boiler To A Hot Water With 90% Replacement Of The Distribution System 
CEP 174 

0 $0 55,272 $1,033,000 $0 $1,033,000 $11,307,000 10.9 

CEP #2SD Sagamihara Family Housing CEPs – Modification of Generation Facilities and Distribution 0 $0 11,750 $258,000 $325,000 $583,000 $2,338,000 4.0 

HVAC #6SD Improve HVAC Controls Bldg 161-1 Sagami Depot 391,000 $50,830 4,890 $107,231 $0 $158,061 $300,000 1.9 

HVAC #7SD Optimize De-humidification of Medical Warehouses, Sagami General Depot -276,000 -$36,000 13,589 $298,229 $0 $262,229 $141,400 0.5 

HVAC #8SD Laundry Heat Recovery -89 -$160 331 $6,680 $0 $6,520 $45,400 7.0 

HVAC #9SD Use Excess Heat from Air Compressor, DOL Warehouse, Sagami General Depot 0 $0 180 $3,950 $0 $3,950 $4,000 1.0 

LI #1SD Sagami Depot Lighting 883,004 $148,345 0 $0 $0 $148,345 $624,855 4.2 

Totals   997,915 $163,015 18,990 $416,090 $0 $579,105 $1,115,655 1.9 
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9.1.3 Camp Zama 

Twenty-seven ECMs were identified at Camp Zama (Table 80). If all were 
implemented, they would save 3800 KWh/yr in electrical use and 287,781 
MMBtu/yr in thermal savings and $1.6 million maintenance resulting in a 
total of $7.8 million savings/yr. The investment cost of $35.7 million re-
sults in a simple payback of 4.6 years. Controls were found to have signifi-
cant savings potential, so a Level II analysis for this is recommended. 
CEPs were also found to have significant potential. 

The Level I analyses of multiple complex systems conducted during the 
Energy Optimization Assessment are not intended to be (nor should they 
be) precise. The quantity and quality of the systems improvements identi-
fied suggests that significant potential exists. 

9.2 Recommendations 

All types of ECMs were found to have paybacks of less than 5 years. Fund-
ing should be sought for implementation. Some of the more complex 
projects such as those involving CEPs require a more detailed Level II 
study. Others such as those involving Controls are not necessarily com-
plex, but require an investigation into the details yet to be determined; a 
study to determine a partial design is recommended. Planning and Opera-
tions opportunities require minimal additional investment and should be 
implemented. Table 81 groups the ECMs with good paybacks into four cat-
egories: Operational, Controls, CEPs, and Lighting. It is suggested that the 
operational ECMs be pursued with internal operational procedures and 
investment. The Controls ECMs could be pursued as a single installation 
wide building controls improvement project. This is estimated to have a 
cost of $1.7 million for the buildings identified, yielding $1.5 million an-
nual savings resulting in a quick simple payback of just over 1 year. A simi-
lar upgrade of the CEPs, if pursued as one large project would cost approx-
imately $39.6 million and have annual savings of $8.2 million and a 
simple payback of under 5 years. Lighting improvements identified would 
cost approximately $1.6 million, yield savings of $402K per year, and have 
a simple payback of under 4 years. 
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Table 80.  Camp Zama ECMs. 

ECM # ECM Description 

Electrical Savings Thermal Labor & 
Other 
$/Yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/Yr 

Investment 
$ 

Simple 
Payback 
yrs KWh/yr $/Yr MMBtu/Yr $/Yr 

CON #1Z Implement a Base Wide Energy Management & Control System (EMCS) —- —- — — — — — — 

CON #2Z Implement Automatic Adjustment Of Heating Hot Water Supply Temperature Setpoint In Response To 
Building Loads 

125,381 $ 16,516  2,148 $ 37,873 $ 0 $ 54,389 $ 110,500 2.0 

CON #3Z Implement demand ventilation control of outside air intake in response to building occupancy/usage 28,283 $ 3,677  420 $ 8,122 $ 0 $ 11,799 $ 27,480 2.3 

CON #4Z Implement volumetric control in response to building loads/occupancy – Bldgs 267, 500, 505 133,926 $ 17,410  0 $ 0 $ 0 $ 17,410 $ 20,475 1.2 

CON #5Z Install Variable Frequency Drives For Systems That Incorporate Variable Volume Supply 34,721 $ 4,514  0 $ 0 $ 0 $ 4,514 $ 10,920 2.4 

CON #6Z Implement Demand Limiting Control Of Air-conditioning Compressors For Buildings Served By Dedicat-
ed Equipment 

0 $ 8,125  0 $ 0 $ 0 $ 8,125 $ 32,500 4.0 

CON #7Z Scheduled Operation of HVAC Systems to Match Building Occupancy 734,620 $ 0  6,246 $ 125,811 $ 0 $ 125,811 $ 28,500 0.2 

CEP #3Z Change CEP131 From Steam Generation To Hot Water Generation And Absorption Cooling System To 
Electrical Chiller System 

0 $0 6876 $163036 $185233 $348269 $814200 2.3 

CEP #4Z – Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 10% Distribution System Central Energy 
Plant 350 

351596.8 -$47268 85189 $1535482 $400000 $1888214 $5816189 3.1 

CEP #4Z – Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 90% Distribution System Central Energy 
Plant 350 

0 -$47268 105433 $1649733 $400000 $2002465 $12668498 6.3 

CEP #5Z Replace Boilers and Distribution System Central Energy Plant 1024 and Connect Incinerator Heat 0 $0 1500 $27150 $100000 $127150 $227930 1.8 

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And CEP 131 0 $0 0 $687960 $481982 $1169942 $10344400 8.8 

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama 110,359 $ 14,347  23,417 $ 471,682 $ 0 $ 486,028 $ 242,456 0.5 

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama 65,226 $ 8,479  1,320 $ 26,588 $ 0 $ 35,067 $ 71,906 2.1 

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama 363,582 $ 47,266 13,080 $ 263,475 $ 0 $ 310,741 $ 204,296 0.7 

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama 23,356 $3,036 1,135 $22,872 $0 $25,908 $170,712 6.6 

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama 40,410 $5,253 1,545 $31,123 $0 $36,376 $112,338 3.1 

HVAC #15Z Install a Pool Cover in Bldg 205 78,000 $10,000 300 $13,200 $0 $23,200 $30,000 1.3 

HVAC #16Z Reduce Space Temperature in Bldg 683, DMWR Warehouse  0 $0 1,344 $27,000 $0 $27,000 $0 0.0 
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ECM # ECM Description 

Electrical Savings Thermal Labor & 
Other 
$/Yr 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 
Maint 
$/Yr 

Investment 
$ 

Simple 
Payback 
yrs KWh/yr $/Yr MMBtu/Yr $/Yr 

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven Equipment – Bldgs 131, 205, 642, 585, 795 
& 1050  

67,532 -$321,700 33,203 $668,000 $29,200 $375,500 $1,520,903 4.1 

HVAC #18Z Use Ice Storage to Reduce Electrical Demand Charges – Bldgs 131, 205, 642 & 1050 -83,700 $153,917 0 $0 $0 $153,917 $1,796,925 11.7 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers Having Ice Storage– Bldgs 131, 205, 642, 
1050, 585 & 795 

67,532 -$175,425 33,203 $668,000 $29,200 $521,775 $1,826,663 3.5 

HVAC #20Z Improve Summer Working Conditions, Bldg 645  -$2,250   $10,625 $8,375 $144,000 17.2 

ELCE#1Z Electric DHW Heaters at Bldgs 101, 238 0 $2,337 0 $0 $0 $2,337 $12,600 5.4 

LI #2Z Camp Zama Lighting 1,727,133 $253,889 0 $0 $0 $253,889 $954,396 3.8 

P&O #2Z Planning And Operational Considerations – Camp Zama 0 $0 4,954 $99,788 $0 $99,788 -  

WAT #1Z Low Flow Faucets Bldgs 743, 1050 and 642 plus others at Camp Zama 0 $0 1,015 $0 $0 $46,500 $14,700 0.3 

Totals   3,800,425 $276,555 287,781 $5,831,895 $1,607,040 $7,761,990 $35,682,583 4.6 

 

Table 81.  ECMs with exceptionally good paybacks. 

ECM # ECM Description 

Electrical Savings Thermal Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

Operational 

BE #2 - Not Proposed Opaque Wall Insulation Various Buildings 0 0 0 0 0 0 0 0 

BE #4 Decrease Infiltration at Doors and Entrances Various Buildings 0 0 0 0 0 0 0 0 

HVAC #16Z Reduce Space Temperature in Building 683, DMWR Ware-
house  

0 0 1,344 27,000 0 27,000 0 0 
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ECM # ECM Description 

Electrical Savings Thermal Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

HVAC #9SD Utilize Excess Heat from Air Compressor, DOL Warehouse, 
Sagami General Depot 

0 0 180 3,950 0 3,950 4,000 1 

CON #7Z Scheduled Operation of HVAC Systems to Match Building 
Occupancy 

734,620 0 6,246 125,811 0 125,811 28,500 0 

Total - Controls   734,620 0 7,770 156,761 0 156,761 32,500 0.2 

Controls 

CON #5Z Install Variable Frequency Drives For Systems That Incorporate 
Variable Volume Supply 

34,721 4,514 0 0 0 4,514 10,920 2 

CON #4Z Implement volumetric control in response to building 
loads/occupancy - Buildings 267, 500, 505 

133,926 17,410 0 0 0 17,410 20,475 1 

CON #3Z Implement demand ventilation control of outside air intake in 
response to building occupancy/usage 

28,283 3,677 420 8,122 0 11,799 27,480 2 

CON #6Z Implement Demand Limiting Control Of Air Conditioning Com-
pressors For Buildings Served By Dedicated Equipment 

0 8,125 0 0 0 8,125 32,500 4 

HVAC #6SD Improve HVAC Controls Bldg 161-1 Sagami Depot 391,000 50,830 4,890 107,231 0 158,061 300,000 2 

ELCE#1Z Electric DHW Heaters at Bldgs 101, 238 0 2,337 0 0 0 2,337 12,600 5 

HVAC #2K Demilitarization System Heat Recovery 0 0 111 2,245 0 2,245 13,000 6 

WAT #1Z Low Flow Faucets Buildings 743, 1050 and 642 plus others at 
Camp Zama 

0 0 1,015 0 0 46,500 14,700 0 

HVAC #7SD Optimize De-humidification of Medical Warehouses, Sagami 
General Depot 

-276,000 -36,000 13,589 298,229 0 262,229 141,400 1 

HVAC #15Z Install a Pool Cover in Building 205 78,000 10,000 300 13,200 0 23,200 30,000 1 

CON #2Z Implement automatic adjustment of heating hot water supply 
temperature setpoint in response to building loads 

125,381 16,516 2,148 37,873 0 54,389 110,500 2 

HVAC #11Z Improve HVAC Controls Bldg 389 Camp Zama 65,226 8,479 1,320 26,588 0 35,067 71,906 2 

CON #3Z Implement demand ventilation control of outside air intake in 
response to building occupancy/usage 

28,283 3,677 420 8,122 0 11,799 27,480 2 

HVAC #14Z Improve HVAC Controls Bldg 715 Camp Zama 40,410 5,253 1,545 31,123 0 36,376 112,338 3 
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ECM # ECM Description 

Electrical Savings Thermal Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

CON #6Z Implement Demand Limiting Control Of Air Conditioning Com-
pressors For Buildings Served By Dedicated Equipment 

0 8,125 0 0 0 8,125 32,500 4 

HVAC #13Z Improve HVAC Controls Bldg 642 Camp Zama 23,357 3,036 1,135 22,872 0 25,909 170,712 7 

HVAC #8SD Laundry Heat Recovery -89 -160 331 6,680 0 6,520 45,400 7 

HVAC #3K Renovation Building Heat Recovery System, Building Kawakami 
– Building 2677 

-1,160 -170 384 7,730 0 7,560 76,000 10 

HVAC #10Z Improve HVAC Controls Bldgs 205 Camp Zama 110,359 14,347 23,417 471,682 0 486,028 242,456 0 

HVAC #12Z Improve HVAC Controls Bldgs 457 Camp Zama 363,582 47,266 13,080 263,475 0 310,741 204,296 1 

Total - CONTROLS   1,145,279 167,262 64,105 1,305,172 0 1,518,934 1,696,662 1.1 

Central Plants 

CEP #5Z Replace Boilers and Distribution System CEP 1024 and Con-
nect Incinerator Heat 

0 0 1,500 27,150 100,000 127,150 227,930 2 

CEP #3Z Change CEP131 From Steam Generation To Hot Water Genera-
tion And Absorption Cooling System To Electrical Chiller System 

0 0 6,876 163,036 185,233 348,269 814,200 2 

CEP #4Z - Option 1 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
10% Distribution System CEP 350 

351,597 -47,268 85,189 1,535,482 400,000 1,888,214 5,816,189 3 

CEP #1SD - Option 1 Convert The Steam Boiler To A Hot Water With 10% Replace-
ment Of The Distribution System CEP 174 

0 0 57,829 1,032,662 166,200 1,198,862 4,093,845 3 

HVAC #19Z Replace Steam Absorption Chillers with Electrical Chillers 
Having Ice Storage– Buildings 131, 205, 642, 1050, 585 & 
795 

67,532 -175,425 33,203 668,000 29,200 521,775 1,826,663 4 

CEP #2SD Sagamihara Family Housing CEPs – Modification of Generation 
Facilities and Distribution 

0 0 11,750 258,000 325,000 583,000 2,338,000 4 

HVAC #17Z Replace Steam Absorption Chillers with Electrical Driven 
Equipment – Buildings 131, 205, 642, 585, 795 & 1050  

67,532 -321,700 33,203 668,000 29,200 375,500 1,520,903 4 

CEP #4Z - Option 2 Replace 5 Steam Boilers with Hot Water Boilers and Replace 
90% Distribution System CEP 350 

0 -47,268 105,433 1,649,733 400,000 2,002,465 12,668,498 6 
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ECM # ECM Description 

Electrical Savings Thermal Labor & Other 
($/yr) 

Total Savings: 
Electrical Use, 
Elec Demand, 
Thermal, and 

Maint 
($/yr) 

Investment 
($) 

Simple Payback 
(yrs) KWh/yr $/yr MMBtu/yr $/yr 

CEP #6Z Interconnection Of Central Heating Systems CEP 350 And CEP 
131 

0 0 0 687,960 481,982 1,169,942 10,344,400 9 

Total - CEP   486,660 -591,661 334,983 6,690,023 2,116,815 8,215,177 39,650,628 4.8 

Lighting 

LI #1SD Sagami Depot Lighting 883,004 148,345 0 0 0 148,345 624,855 4 

LI #2Z Camp Zama Lighting 1,727,133 253,889 0 0 0 253,889 954,396 4 

Total - Lighting   2,610,137 402,234 0 0 0 402,234 1,579,251 3.9 
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9.3 Lessons Learned 

An EPOA is a complex undertaking. There are several key elements that 
require significant attention to guarantee success: 

1. The involvement of key facility personnel who know what the problems 
are, where they are, and have thought of many solutions. 

2. The facility personnel’s sense of “ownership” of the ideas, which in turn 
develops a commitment for implementation. 

3. The EPOA focus on site-specific, critical cost issues, which, if solved, will 
make the greatest possible economic contribution to the installation’s facil-
ity’s bottom-line. 

Major cost issues are: 

· facility utilization (bottlenecks) 
· maintenance and repair optimization (off spec, scrap, rework) 
· labor (productivity, planning/scheduling) 
· energy (steam, electricity, compressed air) 
· waste (air, water, solid, hazardous) 
· equipment (outdated or state-of-the-art), etc. 

From a cost perspective, facility capacity, materials, and labor utilization 
are far more significant than energy and environmental concerns. Howev-
er, all of these issues must be considered together to achieve DOD’s mis-
sion of military readiness in the most efficient, cost-effective way. The 
Energy Assessment Protocol developed by CERL in collaboration with a 
number of government, institutional, and private sector parties is based on 
the analysis of the information available from literature, training mate-
rials, documented and undocumented practical experiences of contribu-
tors, and successful showcase energy assessments conducted by a diverse 
team of experts at the U.S. Army facilities. The protocol addresses both 
technical and nontechnical, organizational capabilities required to conduct 
a successful assessment geared to identifying measures that can reduce 
energy and other operating costs without adversely impacting product 
quality, safety, morale, or the environment. 

Expertise in energy auditing is not an isolated set of skills, methods, or 
procedures; it requires a combination of skills and procedures from differ-
ent fields. However, an energy and process audit requires a specific talent 
for putting together existing ways and procedures to show the overall 
energy performance of a building and the processes it houses, and how the 
energy performance of that building can be improved. A well grounded 
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energy and process audit team should have expertise in the fields of 
HVAC, structural engineering, electrical and automation engineering, and 
they should also have a good understanding of production processes. 

Most of the knowledge necessary for an energy audit is a part of already 
existing expertise. Designers, consultants, contractors, and material and 
equipment suppliers should be familiar with the energy performance of 
the specific field in which they are experts. Structural designers and con-
sultants should be familiar with heat losses through the building shell and 
what insulation should be added. Heating and ventilation engineers 
should be familiar with the energy performance of heating, ventilation, 
compressed air, and heat recovery systems. Designers of electrical systems 
should know energy performance of different motors, VFD drives and 
lighting systems. An industrial process and energy audit requires know-
ledge of process engineers specialized in certain processes. 

Critical to any energy and process audit team member is the ability to ap-
ply a “holistic” approach to the energy sources and sinks in the audited 
target (installation, building, system, or their elements), and the ability to 
“step outside the box.” This ability presumes a thorough understanding of 
the processes performed in the audited building, and of the needs of the 
end users. For this reason, the end users themselves are important mem-
bers of the team. It is critical for management, production, operations and 
maintenance (O&M) staff, energy managers, and on-site contractors to 
“buy in” to the implementation by participating in the process, sharing 
their knowledge and expertise, gathering information, and developing 
ideas. 
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Acronyms and Abbreviations 
Term Spellout 
ACM Asbestos Containing Material 
ACSIM Assistant Chief of Staff for Installation Management 
AFCESA Air Force Civil Engineer Support Agency 
AHU Air-handling unit 
ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
ASME American Society of Mechanical Engineers 
AST Average Summer Temperature 
AWT Association of Water Technologies 
BF ballast factor 
BTT Building Thermal Transmission (factor) 
Btu British Thermal Unit 
CERL Construction Engineering Research Laboratory 
CFL Compact Fluorescent Lamp 
CFM cubic feet per minute 
CHP combined heat and power 
COP coefficient of performance 
DC District of Columbia 
DDC direct digital control 
DH District Heating 
DHW domestic hot water 
DMIL Demilitarized 
DMWR Directorate Morale, Welfare, and Recreation 
DOAS dedicated outdoor air supply 
DOE U.S. Department of Energy 
DOL Directorate of Logistics 
DPW Directorate of Public Works 
DX Direct Expansion  
ECBCS Energy Conservation in Buildings and Community Systems 
ECM Energy Conservation Measure 
EEAP Engineering Energy Analysis Program 
EFLH equivalent full load hours 
EIA Energy Information Administration 
EIF Energy Improvement Factor 
EMCS Energy Management Control System 
EPACT Energy Policy Act of 2005 
EPOA Energy and Process Optimization Assessment 
ER Emergency Room 
ERDC Engineer Research and Development Center 
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Term Spellout 
ESCO Energy Service Company 
ESPC Energy Savings Performance Contract 
FEDS Facility Energy Decision System 
FY fiscal year 
GE General Electric 
HDD heating degree days 
HID high intensity discharge 
HP horsepower 
HPS High Pressure Sodium 
HQIMCOM Headquarters, Installation Management Command 
HQUSACE Headquarters, U.S. Army Corps of Engineers 
HTHW high temperature hot water 
HV heating value 
HVAC heating, ventilating, and air-conditioning 
HW Hot Water 
IEA International Energy Agency 
IESNA Illuminating Engineering Society of North America 
IMCOM Installation Management Command 
IP internet protocol 
LED light emitting diode 
LTL low temperature limit 
MARS Military Auxiliary Radio System 
MBtu 1 million Btus 
MH Metal Halide 
MMBtu million Btu 
MV mercury vapor 
MW Megawatt 
NAVFAC Naval Facilities Engineering Command 
OA outside air 
OH occupied hours 
P&O Planning and Operations 
PCB polychlorinated biphenyl 
PNNL Pacific Northwest National Laboratory 
PUR Polyurethane 
PX Post Exchange 
RA return air 
RH relative humidity 
SCFM standard cubic feet per minute 
SFH Sagamihara family housing 
SGD Sagami Depot 
SI Systeme Internationale 
SSP summer [thermostat] setpoint 
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Term Spellout 
TR Technical Report 
TSC Theater Support Command 
UFC Unified Facilities Criteria 
URL Universal Resource Locator 
USAG U.S. Army Garrison 
USARJ U.S. Army Japan 
USFJ U.S. Forces, Japan 
VAV variable air volume 
VFD variable frequency drive 
VPN Virtual Private Network 
WWW World Wide Web 
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Appendix A:  Descriptions of Installation 
Locations 

Table A1.  (Appendix I:) Camp Zama CEP 131 AREA 
 CAMP ZAMA CEP 131 AREA     1200 800 1100 

       Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   Area  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  in SF  Built Description                   

101  181,410  1953 ADMIN FACS 20 2.5 25 3,628   454   4,535   3,024   567   4,123  

101  23,854  1953 INFO PROC CTR 20 2.5 25 477   60   596   398   75   542  

101  10,618  1953 ADMIN FACS 20 2.5 25 212   27   265   177   33   241  

101  7,626  1953 EOC/SCIF FACS 20 2.5 25  153   19   191   127   24   173  

101  7,105  1953 INFO SYS FACS 20 2.5 25  142   18   178   118   22   161  

101  5,760  1953 EXCH EATING FAC 20 2.5 25  115   14   144   96   18   131  

101  5,597  1953 ADMIN FACS 20 2.5 25  112   14   140   93   17   127  

101  1,741  1953 ORG CLASSROOM 20 2.5 25  35   4   44   29   5   40  

101  1,400  1953 PLT/UTIL BLDGS 20 2.5 25  28   4   35   23   4   32  

101  1,349  1953 EOC/SCIF FACS 20 2.5 25  27   3   34   22   4   31  

101  1,197  1953 INFO SYS FACS 20 2.5 25  24   3   30   20   4   27  

  247,657  Total Building 101     4,953   619   6,191   4,128   774   5,629  

             

102  112,285  1953 ADMIN FACS 20 2.5 25  2,246   281   2,807   1,871   351   2,552  

102  13,223  1953 EOC/SCIF FACS 20 2.5 25  264   33   331   220   41   301  

102  5,104  1953 ORG CLASSROOM 20 2.5 25  102   13   128   85   16   116  

102  1,416  1953 INFO SYS FACS 20 2.5 25  28   4   35   24   4   32  

102  868  1953 PLT/UTIL BLDGS 20 2.5 25  17   2   22   14   3   20  

  132,896  Total Building 102     2,658   332   3,322   2,215   415   3,020  

             

103  21,017  1990 HQ BLDG, CO 20 2.5 25  420   53   525   350   66   478  

103  6,547  1990 EOC/SCIF FACS 20 2.5 25  131   16   164   109   20   149  

103  6,016  1990 ADMIN FACS 20 2.5 25  120   15   150   100   19   137  

104  24,428  1955 ADMIN FACS 20 2.5 25  489   61   611   407   76   555  

106  2,261  1954 HQ BLDG, CO 20 2.5 25  45   6   57   38   7   51  

110  2,589  1996 CLINICS 20 2.5 25  52   6   65   43   8   59  

111  1,893  1996 PLT/UTIL BLDGS 20 2.5 25  38   5   47   32   6   43  

111  849  1996 PLT/UTIL BLDGS 20 2.5 25  17   2   21   14   3   19  

116  11,166  1952 ADMIN FACS 20 2.5 25  223   28   279   186   35   254  

121  8,218  1986 INFO SYS FACS 0 0 0  -   -   -   -   -   -  

123  8,259  1988 ADMIN FACS 20 2.5 25  165   21   206   138   26   188  

123  4,941  1988 HQ BLDG, BN 20 2.5 25  99   12   124   82   15   112  

123  1,500  1988 HQ BLDG, CO 20 2.5 25  30   4   38   25   5   34  

125  9,128  1990 INFO SYS FACS 20 2.5 25  183   23   228   152   29   207  

125  1,081  1990 INFO SYS FACS 20 2.5 25  22   3   27   18   3   25  

131  8,162  1992 PLT/UTIL BLDGS 0 0 0  -   -   -   -   -   -  

137  7,300  1998 PLT/UTIL BLDGS 20 2.5 25  146   18   183   122   23   166  
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 CAMP ZAMA CEP 131 AREA     1200 800 1100 

       Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   Area  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  in SF  Built Description                   

138  9,992  2001 PLT/UTIL BLDGS 20 2.5 25  200   25   250   167   31   227  

160  1,799  1954 HQ BLDG, CO 20 2.5 25  36   4   45   30   6   41  

160  1,778  1954 ADMIN FACS 20 2.5 25  36   4   44   30   6   40  

  138,924  Total other Buildings in CEP 131 Area   2,451   306   3,064   2,042   383   2,785  

 

Table A2.  (Appendix II:) CAMP ZAMA BP 350 AREA 
 CAMP ZAMA BP 350 AREA      1200 800 900 

   Area     Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   in SF  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  Quantity  Built Description                   

36  4,668  1950 FAM HSG DWELL 40 5 30  187   23   140   156   29   156  

37  4,668  1950 FAM HSG DWELL 40 5 30  187   23   140   156   29   156  

45  6,844  1991 FAM HSG DWELL 40 5 30  274   34   205   228   43   228  

46  5,133  1991 FAM HSG DWELL 40 5 30  205   26   154   171   32   171  

47  6,844  1991 FAM HSG DWELL 40 5 30  274   34   205   228   43   228  

48  6,829  1991 FAM HSG DWELL 40 5 30  273   34   205   228   43   228  

80  10,548  2004 FAM HSG DWELL 40 5 30  422   53   316   352   66   352  

81  10,590  2004 FAM HSG DWELL 40 5 30  424   53   318   353   66   353  

82  9,786  2004 FAM HSG DWELL 40 5 30  391   49   294   326   61   326  

86  4,950  2003 FAM HSG DWELL 40 5 30  198   25   149   165   31   165  

88  6,556  2004 FAM HSG DWELL 40 5 30  262   33   197   219   41   219  

89  9,788  2002 FAM HSG DWELL 40 5 30  392   49   294   326   61   326  

205  53,879  2001 FITNESS FACS 25 20 30  1,347   1,078   1,616   1,122   1,347   1,796  

205  17,657  2001 INDOR SWIM POOL 40 20 20  706   353   353   589   441   392  

227  1,356  1987 ADMIN FACS 20 2.5 30  27   3   41   23   4   45  

228  5,320  1988 POLICE/MP STA 20 2.5 30  106   13   160   89   17   177  

228  2,414  1988 ADMIN FACS 20 2.5 30  48   6   72   40   8   80  

228  2,044  1988 CIDC FACS 20 2.5 30  41   5   61   34   6   68  

229  2,213  1988 POLICE/MP STA 20 2.5 30  44   6   66   37   7   74  

235  1,259  1979 POLICE/MP STA 20 2.5 30  25   3   38   21   4   42  

238  5,342  1987 FIRE/RESCUE FAC 20 2.5 30  107   13   160   89   17   178  

250  52,250  1989 ADMIN FACS 20 2.5 30  1,045   131   1,568   871   163   1,742  

253  2,222  1954 ARMS STORAGE-BN 20 0 30  44   -   67   37   -   74  

267  32,499  1996 AUDITORIUMS GP 40 12 40  1,300   390   1,300   1,083   487   1,444  

278  16,836  1987 LIBRARY FACS 20 2.5 30  337   42   505   281   53   561  

278  9,692  1987 ACES FACS 20 2.5 30  194   24   291   162   30   323  

278  7,875  1987 RELIG ED FACS 25 0 20  197   -   158   164   -   175  

314  15,363  2001 YOUTH SPT FACS 20 2.5 30  307   38   461   256   48   512  

316  9,020  1954 NONAUTO SKL CTR 20 2.5 30  180   23   271   150   28   301  

320  4,932  1950 ENCL STOR INST 20 2.5 30  99   12   148   82   15   164  

320  2,632  1950 MIL CLOTH SALE 20 2.5 30  53   7   79   44   8   88  

322  18,929  1953 BAND TNG FACS 20 2.5 30  379   47   568   315   59   631  

322  4,409  1953 PVT/ORG CLB BLD 20 2.5 30  88   11   132   73   14   147  
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 CAMP ZAMA BP 350 AREA      1200 800 900 

   Area     Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   in SF  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  Quantity  Built Description                   

332  33,895  1979 UPH, ENL FACS 20 2.5 30  678   85   1,017   565   106   1,130  

333  6,644  1979 UPH DINING FACS 22.5 25 45  149   166   299   125   208   332  

341  33,839  1974 UPH, ENL FACS 20 2.5 30  677   85   1,015   564   106   1,128  

344  2,217  1953 EXCH RETAIL FAC 20 2.5 30  44   6   67   37   7   74  

344  1,553  1953 CREDIT UNION 20 0 30  31   -   47   26   -   52  

344  1,313  1953 EXCH SPT FACS 20 2.5 30  26   3   39   22   4   44  

350  11,904  1955 PLT/UTIL BLDGS 0 0 0  -   -   -   -   -   -  

375  1,747  1954 LNDRY/DRYCL FAC 20 2.5 30  35   4   52   29   5   58  

375  1,728  1954 PVT/ORG CLB BLD 20 2.5 30  35   4   52   29   5   58  

378  2,403  1954 EXCH RETAIL FAC 20 2.5 30  48   6   72   40   8   80  

379  3,635  1956 EXCH RETAIL FAC 20 2.5 30  73   9   109   61   11   121  

379  2,029  1956 EXCH WAREHOUSE 20 0 30  41   -   61   34   -   68  

381  6,042  1995 EXCH SVC STA 20 2.5 30  121   15   181   101   19   201  

383  3,331  1950 POSTAL FACS 20 2.5 30  67   8   100   56   10   111  

383  2,070  1950 ENCL STOR INST 20 2.5 30  41   5   62   35   6   69  

389  15,979  1979 BOWLING FACS 20 2.5 30  320   40   479   266   50   533  

393  3,986  1990 BANKS 20 0 30  80   -   120   66   -   133  

402  7,242  1985 ACS CENTERS 20 2.5 30  145   18   217   121   23   241  

406  12,736  1954 EXCH RETAIL FAC 20 0 30  255   -   382   212   -   425  

406  2,142  1954 EXCH RETAIL FAC 20 0 30  43   -   64   36   -   71  

425  54,260  1988 EXCH RETAIL FAC 20 0 30  1,085   -   1,628   904   -   1,809  

425  5,762  1988 EXCH EATING FAC 22.5 25 45  130   144   259   108   180   288  

450  6,179  1984 POSTAL FACS 20 2.5 30  124   15   185   103   19   206  

457  45,399  1993 OPEN DINING 22.5 25 45  1,021   1,135   2,043   851   1,419   2,270  

500  16,913  1954 RELIGIOUS FACS 25 0 20  423   -   338   352   -   376  

502  2,826  1955 RELIG ED FACS 25 0 20  71   -   57   59   -   63  

502  2,007  1955 CLINICS 20 20 30  40   40   60   33   50   67  

505  14,733  1950 AUDITORIUMS GP 40 5 40  589   74   589   491   92   655  

533  10,809  1952 RECREATION CTR 20 12 30  216   130   324   180   162   360  

533  10,263  1952 PVT/ORG CLB BLD 20 2.5 30  205   26   308   171   32   342  

533  1,905  1952 ACES FACS 20 2.5 30  38   5   57   32   6   64  

550  12,059  1955 ARMY LODGING 20 2.5 30  241   30   362   201   38   402  

551  12,885  1955 UPH OFFICER FAC 20 2.5 30  258   32   387   215   40   430  

552  35,163  1991 ARMY LODGING 20 2.5 30  703   88   1,055   586   110   1,172  

563  14,477  1955 UPH OFFICER FAC 20 2.5 30  290   36   434   241   45   483  

570  2,079  1950 ENCL STOR INST 20 2.5 30  42   5   62   35   6   69  

581  24,464  1955 UPH, ENL FACS 20 2.5 30  489   61   734   408   76   815  

585  32,630  2003 UPH, ENL FACS 20 2.5 30  653   82   979   544   102   1,088  

600  7,010  1993 ENCL STOR INST 20 2.5 30  140   18   210   117   22   234  

602  19,114  1988 VEH MNT DOL/DEH 20 2.5 30  382   48   573   319   60   637  

602  3,417  1988 VEH MAINT SHOPS 20 2.5 30  68   9   103   57   11   114  

602  1,292  1988 VEH MAINT SHOPS 20 2.5 30  26   3   39   22   4   43  

602  842  1988 OPS SPT BLDGS 20 2.5 30  17   2   25   14   3   28  

605  6,009  1950 UNIT STOR BLDGS 20 2.5 30  120   15   180   100   19   200  

605  2,054  1950 VEH MAINT SHOPS 20 2.5 30  41   5   62   34   6   68  
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 CAMP ZAMA BP 350 AREA      1200 800 900 

   Area     Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   in SF  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  Quantity  Built Description                   

621  7,179  1950 AUTO SKL CTR 20 2.5 30  144   18   215   120   22   239  

624  9,503  1994 PLT/UTIL BLDGS 20 2.5 30  190   24   285   158   30   317  

625  10,988  1976 EXCH WAREHOUSE 20 2.5 30  220   27   330   183   34   366  

625  4,585  1976 UNIT STOR BLDGS 20 2.5 30  92   11   138   76   14   153  

642  37,936  2000 ADMIN FACS 20 2.5 30  759   95   1,138   632   119   1,265  

645  13,937  1990 INST MNT/REP 20 2.5 30  279   35   418   232   44   465  

645  1,992  1990 INST MNT/REP 20 2.5 30  40   5   60   33   6   66  

645  881  1990 EMP CHG FAC 20 2.5 30  18   2   26   15   3   29  

646  34,691  1991 INST MNT/REP 20 2.5 30  694   87   1,041   578   108   1,156  

646  3,564  1991 PLT/UTIL BLDGS 20 2.5 30  71   9   107   59   11   119  

646  2,832  1991 EATING FACS 22.5 25 45  64   71   127   53   89   142  

649  9,655  1993 INST MNT/REP 20 2.5 30  193   24   290   161   30   322  

671  56,018  1976 ENCL STOR INST 20 2.5 30  1,120   140   1,681   934   175   1,867  

671  8,245  1976 ADMIN FACS 20 2.5 30  165   21   247   137   26   275  

680  5,097  1952  20 2.5 30  102   13   153   85   16   170  

680  3,431  1952 CLINICS 20 2.5 30  69   9   103   57   11   114  

681  3,210  1988 MEDICAL LABS 20 2.5 30  64   8   96   54   10   107  

681  1,896  1988 VETERINARY FACS 20 2.5 30  38   5   57   32   6   63  

683  20,694  1993  20 2.5 30  414   52   621   345   65   690  

685  6,063  1950 EXCH WAREHOUSE 20 0 30  121   -   182   101   -   202  

685  2,541  1950 EATING FACS 22.5 25 45  57   64   114   48   79   127  

685  1,067  1950  20 2.5 30  21   3   32   18   3   36  

690  13,503  1993 COMMISSARIES 20 2.5 30  270   34   405   225   42   450  

691  8,575  1990 CHILD DEV CTRS 20 2.5 30  172   21   257   143   27   286  

694  18,681  1977  20 2.5 30  374   47   560   311   58   623  

694  2,284  1977 EATING FACS 22.5 25 45  51   57   103   43   71   114  

694  1,987  1977 EMP CHG FAC 20 2.5 30  40   5   60   33   6   66  

696  5,524  1993 INFO SYS FACS 20 2.5 30  110   14   166   92   17   184  

704  29,482  1979 CLINICS 20 2.5 30  590   74   884   491   92   983  

704  8,798  1979 DENTAL FACS 20 2.5 30  176   22   264   147   27   293  

715  24,964  1997 MED RES LABS 20 2.5 30  499   62   749   416   78   832  

719  7,389  1986 REC CTR/EQP CHK 20 2.5 30  148   18   222   123   23   246  

721  3,715  1982 MED WAREHOUSES 20 2.5 30  74   9   111   62   12   124  

722  3,551  1950 DEPENDENT SCHL 20 2.5 30  71   9   107   59   11   118  

726  1,543  1950 INST MNT/REP 20 2.5 30  31   4   46   26   5   51  

742  19,676  1983 ARMY LODGING 20 2.5 30  394   49   590   328   61   656  

743  83,293  1992 FAM HSG DWELL 20 2.5 30  1,666   208   2,499   1,388   260   2,776  

743  56,167  1992 FAM HSG DWELL 20 2.5 30  1,123   140   1,685   936   176   1,872  

743  2,138  1992 CONFERENCE CTRS 20 2.5 30  43   5   64   36   7   71  

760  18,711  1955 UPH SR NCO FACS 20 2.5 30  374   47   561   312   58   624  

761  24,490  1955 UPH SR NCO FACS 20 2.5 30  490   61   735   408   77   816  

762  12,778  1955 UPH OFFICER FAC 20 2.5 30  256   32   383   213   40   426  

763  12,878  1955 UPH OFFICER FAC 20 2.5 30  258   32   386   215   40   429  

770  2,024  1964 PLT/UTIL BLDGS 20 2.5 30  40   5   61   34   6   67  

771  11,329  1964 INFO SYS FACS 20 2.5 30  227   28   340   189   35   378  



ERDC/CERL TR-10-20 316 

 

 CAMP ZAMA BP 350 AREA      1200 800 900 

   Area     Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   in SF  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  Quantity  Built Description                   

780  24,477  1955 ARMY LODGING 20 2.5 30  490   61   734   408   76   816  

781  12,927  1955 UPH OFFICER FAC 20 2.5 30  259   32   388   215   40   431  

782  12,927  1955 UPH OFFICER FAC 20 2.5 30  259   32   388   215   40   431  

793  18,731  1955 UPH OFFICER FAC 20 2.5 30  375   47   562   312   59   624  

795  28,282  2003 UPH OFFICER FAC 20 2.5 30  566   71   848   471   88   943  

801  3,670  1977 PRO SHOP/GOLF 20 0 30  73   -   110   61   -   122  

803  2,332  2007 PRO SHOP/GOLF 20 0 30  47   -   70   39   -   78  

807  10,672  1986 PRO SHOP/GOLF 20 0 30  213   -   320   178   -   356  

808  2,396  1988 PRO SHOP/GOLF 20 0 30  48   -   72   40   -   80  

812  4,835  1999 PRO SHOP/GOLF 20 0 30  97   -   145   81   -   161  

832  3,049  2001 PLT/UTIL BLDGS 20 2.5 30  61   8   91   51   10   102  

858  1,701  2001 PLT/UTIL BLDGS 20 2.5 30  34   4   51   28   5   57  

871  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

872  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

873  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

874  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

875  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

876  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

877  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

878  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

879  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

880  2,342  1997 FAM HSG DWELL 40 5 30  94   12   70   78   15   78  

906  37,510  1990 DEPENDENT SCHL 20 2.5 30  750   94   1,125   625   117   1,250  

912  7,577  1980 DEPENDENT SCHL 20 2.5 30  152   19   227   126   24   253  

913  38,303  1980 DEPENDENT SCHL 20 2.5 30  766   96   1,149   638   120   1,277  

915  17,252  1979 DEPENDENT SCHL 20 2.5 30  345   43   518   288   54   575  

917  2,160  2000  20 2.5 30  43   5   65   36   7   72  

918  836  1990  20 2.5 30  17   2   25   14   3   28  

919  30,817  2007 DEPENDENT SCHL 20 2.5 30  616   77   925   514   96   1,027  

951  1,998  1994 PLT/UTIL BLDGS 0 0 0  -   -   -   -   -   -  

955  7,048  1996 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

956  7,048  1996 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

957  7,048  1996 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

958  7,048  1997 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

959  7,048  1997 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

962  10,541  1997 FAM HSG DWELL 40 5 30  422   53   316   351   66   351  

963  7,048  1997 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

964  7,048  1997 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

965  7,048  1997 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

971  7,048  1996 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

972  7,048  1995 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

973  7,048  1995 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

974  7,048  1995 FAM HSG DWELL 40 5 30  282   35   211   235   44   235  

983  6,819  1994 FAM HSG DWELL 40 5 30  273   34   205   227   43   227  

984  6,819  1994 FAM HSG DWELL 40 5 30  273   34   205   227   43   227  
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 CAMP ZAMA BP 350 AREA      1200 800 900 

   Area     Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   in SF  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  Quantity  Built Description                   

985  6,819  1994 FAM HSG DWELL 40 5 30  273   34   205   227   43   227  

986  6,819  1994 FAM HSG DWELL 40 5 30  273   34   205   227   43   227  

987  6,819  1994 FAM HSG DWELL 40 5 30  273   34   205   227   43   227  

988  6,819  1994 FAM HSG DWELL 40 5 30  273   34   205   227   43   227  

997  4,206  2003 DEPENDENT SCHL 20 2.5 30  84   11   126   70   13   140  

998  5,147  2005 DEPENDENT SCHL 20 2.5 30  103   13   154   86   16   172  

1033  3,418  1974 FAM HSG DWELL 40 5 30  137   17   103   114   21   114  

1034  3,418  1974 FAM HSG DWELL 40 5 30  137   17   103   114   21   114  

1035  3,418  1974 FAM HSG DWELL 40 5 30  137   17   103   114   21   114  

1036  1,709  1974 FAM HSG DWELL 40 5 30  68   9   51   57   11   57  

1037  3,418  1974 FAM HSG DWELL 40 5 30  137   17   103   114   21   114  

1050  96,457  1999 FAM HSG DWELL 40 5 30  3,858   482   2,894   3,215   603   3,215  

1050  51,682  1999 FAM HSG DWELL 40 5 30  2,067   258   1,550   1,723   323   1,723  

1050  1,912  1999 CONFERENCE CTRS 20 2.5 30  38   5   57   32   6   64  

1101  3,501  1953 PLT/UTIL BLDGS 20 2.5 30  70   9   105   58   11   117  

1120  758  1952 PLT/UTIL BLDGS 20 2.5 30  15   2   23   13   2   25  

5061  1,064  1950  20 2.5 30  21   3   32   18   3   35  

060H1  3,646  2004 PLT/UTIL BLDGS 20 2.5 30  73   9   109   61   11   122  

683H1  1,550  2005 PLT/UTIL BLDGS 20 2.5 30  31   4   47   26   5   52  

2,083,025 SF        51,455   9,065   63,075   42,879   11,331   70,084  

 

Table A3.  (Appendix III:)  CAMP ZAMA BP 1024 AREA 
CAMP ZAMA BP 1024 AREA      1200 800 900 

       Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   Area  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  in SF  Built Description          

1000  5,144  1955 FAM HSG DWELL 40 5 30  206   26   154   171   32   171  

1001  4,289  1955 FAM HSG DWELL 40 5 30  172   21   129   143   27   143  

1002  3,733  1955 FAM HSG DWELL 40 5 30  149   19   112   124   23   124  

1003  3,733  1955 FAM HSG DWELL 40 5 30  149   19   112   124   23   124  

1004  3,406  1955 FAM HSG DWELL 40 5 30  136   17   102   114   21   114  

1005  3,406  1955 FAM HSG DWELL 40 5 30  136   17   102   114   21   114  

1006  3,406  1955 FAM HSG DWELL 40 5 30  136   17   102   114   21   114  

1007  3,733  1955 FAM HSG DWELL 40 5 30  149   19   112   124   23   124  

1008  3,733  1955 FAM HSG DWELL 40 5 30  149   19   112   124   23   124  

1009  3,733  1955 FAM HSG DWELL 40 5 30  149   19   112   124   23   124  

1010  1,886  1974 FAM HSG DWELL 40 5 30  75   9   57   63   12   63  

1011  1,886  1974 FAM HSG DWELL 40 5 30  75   9   57   63   12   63  

1012  1,886  1974 FAM HSG DWELL 40 5 30  75   9   57   63   12   63  

1018  2,443  1987 FIRE/RESCUE FAC 20 2.5 30  49   6   73   41   8   81  

1022  7,510  1986 OPS BDGS AFLD 20 2.5 30  150   19   225   125   23   250  

1024  2,264  1955 PLT/UTIL BLDGS 0 0 0  -   -   -   -   -   -  

1027  2,153  1994 PRO SHOP/GOLF 20 2.5 30  43   5   65   36   7   72  
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CAMP ZAMA BP 1024 AREA      1200 800 900 

       Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   Area  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  in SF  Built Description          

1029  2,263  1988 PLT/UTIL BLDGS 20 2.5 30  45   6   68   38   7   75  

1030  1,902  1977 PVT/ORG CLB BLD 20 2.5 30  38   5   57   32   6   63  

1038  5,045  2004 FLT CONT TOWER 20 2.5 30  101   13   151   84   16   168  

1039  32,374  1988 ACFT MAINT FACS 20 2.5 30  647   81   971   540   101   1,079  

1042  4,053  1979 VETERINARY FACS 20 2.5 30  81   10   122   68   13   135  

1043  3,547  2000 PLT/UTIL BLDGS 20 2.5 30  71   9   106   59   11   118  

1044  1,608  1974 ANIMAL SHELTER 20 2.5 30  32   4   48   27   5   54  

1045  2,032  1982 PRO SHOP/GOLF 20 2.5 30  41   5   61   34   6   68  

1064  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1065  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1066  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1067  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1068  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1070  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1071  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1072  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1073  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1074  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1075  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1076  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1077  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1078  7,600  1983 FAM HSG DWELL 40 5 30  304   38   228   253   48   253  

1079  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1090  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1091  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1092  7,600  1983 FAM HSG DWELL 40 5 30  304   38   228   253   48   253  

1093  6,928  1983 FAM HSG DWELL 40 5 30  277   35   208   231   43   231  

1094  7,600  1983 FAM HSG DWELL 40 5 30  304   38   228   253   48   253  

1095  7,600  1983 FAM HSG DWELL 40 5 30  304   38   228   253   48   253  

  260,730        9,012   1,127   7,754   7,510   1,408   8,616  

Table A4.  (Appendix IV:)  CAMP ZAMA BP 1024 AREA (after disconnection) 
CAMP ZAMA BP 1024 AREA (after disconnection)       1200 800 900 

       Heat DHW Cool Heat DHW Cool Heat DHW Cool 

Facility   Area  Year FCG MBtu/SF MBtu/SF MBtu/SF MMBtu MMBtu MMBtu MBtu/h MBtu/h MBtu/h 

No.  in SF  Built Description                   

1018  2,443  1987 FIRE/RESCUE FAC 20 2.5 30  49   6   73   41   8   81  

1022  7,510  1986 OPS BDGS AFLD 20 2.5 30  150   19   225   125   23   250  

1029  2,263  1988 PLT/UTIL BLDGS 20 2.5 30  45   6   68   38   7   75  

1039  32,374  1988 ACFT MAINT FACS 20 2.5 30  647   81   971   540   101   1,079  

1042  4,053  1979 VETERINARY FACS 20 2.5 30  81   10   122   68   13   135  

1043  3,547  2000 PLT/UTIL BLDGS 20 2.5 30  71   9   106   59   11   118  

  52,190        1,044   130   1,566   870   163   1,740  
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Table A5.  (Appendix V:)  Sagami Depot Building Area's 
SAGAMI DEPOT Building Area's    1,200 h/a 

       Heating DHW Heating DHW Heating DHW 

Facility  Design Cat Code  Bldg Area  Year MBtu/ft2 MBtu/ft2 MMBtu MMBtu MBtu/h MMBtu/h 

No. Description  SF  Built       

706 FH SR NCO  6,267  1959 20 2.5  125   16   104   13  

707 FH JR NCO/ENL  6,224  1959 20 2.5  124   16   104   13  

708 FH JR NCO/ENL  6,224  1959 20 2.5  124   16   104   13  

709 FH JR NCO/ENL  6,224  1959 20 2.5  124   16   104   13  

806 FH SR NCO  1,638  1957 20 2.5  33   4   27   3  

807 FH JR NCO/ENL  2,326  1957 20 2.5  47   6   39   5  

818 FH SR NCO  2,822  1957 20 2.5  56   7   47   6  

819 FH SR NCO  2,822  1957 20 2.5  56   7   47   6  

821 FH JR NCO/ENL  2,326  1957 20 2.5  47   6   39   5  

901 FH JR NCO/ENL  4,244  1951 20 2.5  85   11   71   9  

902 FH JR NCO/ENL  4,530  1951 20 2.5  91   11   76   9  

903 FH CO/W0  4,530  1951 20 2.5  91   11   76   9  

904 FH LTC/MAJ  1,942  1951 20 2.5  39   5   32   4  

911 FH JR NCO/ENL  5,504  1951 20 2.5  110   14   92   11  

912 FH JR NCO/ENL  5,504  1951 20 2.5  110   14   92   11  

914 FH SR NCO  3,386  1951 20 2.5  68   8   56   7  

914 FH JR NCO/ENL  2,604  1951 20 2.5  52   7   43   5  

916 FH JR NCO/ENL  2,822  1957 20 2.5  56   7   47   6  

917 FH JR NCO/ENL  2,326  1957 20 2.5  47   6   39   5  

918 FH SR NCO  1,638  1957 20 2.5  33   4   27   3  

919 FH JR NCO/ENL  1,832  1957 20 2.5  37   5   31   4  

924 FH JR NCO/ENL  1,832  1957 20 2.5  37   5   31   4  

925 FH JR NCO/ENL  2,326  1957 20 2.5  47   6   39   5  

926 FH JR NCO/ENL  2,326  1957 20 2.5  47   6   39   5  

927 FH SR NCO  2,822  1957 20 2.5  56   7   47   6  

1021 STORAGE GP DEP  37,028  1950 20 0  741   -   617   -  

1022 CONT HUM WH DEP  5,841  1950 20 2.5  117   15   97   12  

1026 WTR SUP/TRT BLD  3,324  1992 20 2.5  66   8   55   7  

1031 CONT HUM WH DEP  4,546  1950 20 2.5  91   11   76   9  

1039 ADMIN GEN PURP  8,430  1954 20 2.5  169   21   141   18  

1045 STORAGE GP DEP  111,262  2000 20 0  2,225   -   1,854   -  

1046 SHIP/RECV FAC  5,402  2000 20 2.5  108   14   90   11  

1049 ADMIN GEN PURP  1,169  2000 20 2.5  23   3   19   2  

1051 HAZ MAT STR DEP  21,119  1991 20 2.5  422   53   352   44  

1061 CONT HUM WH DEP  75,713  1998 20 1  1,514   76   1,262   63  

1071 STORAGE GP DEP  196,979  1954 20 0  3,940   -   3,283   -  

1121 STORAGE GP DEP  35,366  1950 20 0  707   -   589   -  

1125 PVT/ORG CLUB  2,208  1950 20 2.5  44   6   37   5  

1146 SEP TOIL/SHOWER  920  1950 20 2.5  18   2   15   2  

1163 CONT HUM WH DEP  75,717  1998 20 1  1,514   76   1,262   63  

1221 STORAGE GP DEP  72,791  1950 20 0  1,456   -   1,213   -  

1222 CONT HUM WH DEP  11,304  1950 20 2.5  226   28   188   24  

1239 SEP TOIL/SHOWER  1,701  1994 20 2.5  34   4   28   4  

1267 TT ENL BARRACKS  42,861  1950 20 1  857   43   714   36  
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1267 ADMIN GEN PURP  22,034  1950 20 2.5  441   55   367   46  

1291 STORAGE GP DEP  85,955  1954 20 0  1,719   -   1,433   -  

1303 POLICE/MP STA  4,304  1950 20 2.5  86   11   72   9  

1303 ADMIN GEN PURP  1,331  1950 20 2.5  27   3   22   3  

1308 ORG STR BLDG  2,020  1954 20 2.5  40   5   34   4  

1312 INST STR OTHER  11,136  1950 20 2.5  223   28   186   23  

1313 VET FACILITY  1,733  1950 20 2.5  35   4   29   4  

1323 STORAGE GP DEP  15,341  1950 20 2.5  307   38   256   32  

1326 HEALTH CLINIC  1,277  1950 20 2.5  26   3   21   3  

1326 ADMIN GEN PURP  964  1950 20 2.5  19   2   16   2  

1341 STORAGE GP DEP  13,318  1950 20 0  266   -   222   -  

1342 INST STR OTHER  13,328  1950 20 2.5  267   33   222   28  

1351 INST STR OTHER  13,073  1950 20 2.5  261   33   218   27  

1352 CONSOL OPEN DIN  9,648  1950 20 2.5  193   24   161   20  

1352 BOWLING CENTER  5,826  1950 20 2.5  117   15   97   12  

1352 CMTY/CONF CTR  3,902  1950 20 2.5  78   10   65   8  

1354 ENG/HOUSING MNT  1,658  1950 20 2.5  33   4   28   3  

1371 SHIP/RECV FAC  194,056  1954 20 0  3,881   -   3,234   -  

1391 STORAGE GP DEP  83,179  1954 20 0  1,664   -   1,386   -  

1401 EXCH WAREHOUSE  11,417  1950 20 2.5  228   29   190   24  

1411 STORAGE GP DEP  11,473  1950 20 2.5  229   29   191   24  

1412 STORAGE GP DEP  38,101  1950 20 0  762   -   635   -  

1414 ADMIN GEN PURP  818  1950 20 2.5  16   2   14   2  

1423 C-E QA/CAL DEP  9,239  1998 20 2.5  185   23   154   19  

1431 INST STR OTHER  13,198  1950 20 2.5  264   33   220   27  

1432 CARE/PRES SHOP  23,616  1950 20 2.5  472   59   394   49  

1435 FIRE STATION  3,889  1988 20 2.5  78   10   65   8  

1441 SHIP/RECV FAC  35,273  1950 20 2.5  705   88   588   73  

1445 COMMO CTR  4,080  2004 20 2.5  82   10   68   9  

1454 PHYS FIT CTR  11,831  1950 20 2.5  237   30   197   25  

1501 EXCH WAREHOUSE  6,563  1950 20 2.5  131   16   109   14  

1502 STORAGE GP DEP  6,623  1950 20 2.5  132   17   110   14  

1504 ADMIN GEN PURP  26,483  1950 20 2.5  530   66   441   55  

1511 INST STR OTHER  6,604  1950 20 2.5  132   17   110   14  

1514 INST STR OTHER  6,599  1950 20 2.5  132   16   110   14  

1522 STORAGE GP DEP  77,970  1954 20 0  1,559   -   1,300   -  

1532 STORAGE GP DEP  78,035  1954 20 0  1,561   -   1,301   -  

1535 HAZ MAT STR DEP  3,252  1998 20 2.5  65   8   54   7  

1541 INST STR OTHER  11,164  1950 20 2.5  223   28   186   23  

1544 LAUNDRY/DRY CLN  30,747  1994    -   -   -   -  

1544 PICKUP POINT  1,038  1994 20 2.5  21   3   17   2  

1546 SEW/WST WTR TRT  1,250  1994 20 2.5  25   3   21   3  

1547 HEAT PLT BLDG  3,151  1994 20 2.5  63   8   53   7  

1556 FLAM MAT STR IN  1,117  1998 20 2.5  22   3   19   2  

1557 CARE/PRES SHOP  70,531  1998 20 1  1,411   71   1,176   59  



ERDC/CERL TR-10-20 321 

 

SAGAMI DEPOT Building Area's    1,200 h/a 

       Heating DHW Heating DHW Heating DHW 

Facility  Design Cat Code  Bldg Area  Year MBtu/ft2 MBtu/ft2 MMBtu MMBtu MBtu/h MMBtu/h 

No. Description  SF  Built       

1561 BN HQ BLDG  14,814  2000 20 2.5  296   37   247   31  

1561 ADMIN GEN PURP  9,055  2000 20 2.5  181   23   151   19  

1561 CO HQ BLDG  1,790  2000 20 2.5  36   4   30   4  

1604 STORAGE FH  12,383  1950 20 0  248   -   206   -  

1604 BN HQ BLDG  7,915  1950 20 2.5  158   20   132   16  

1604 CO HQ BLDG  4,262  1950 20 2.5  85   11   71   9  

1604 ORG CLASSROOM  2,004  1950 20 2.5  40   5   33   4  

1611 ENG/HOUSING MNT  76,827  2002 20 2.5  1,537   192   1,280   160  

1646 MNT STORAGE DOL  7,050  1950 20 2.5  141   18   118   15  

1646 ADMIN/SHOP DOL  6,040  1950 20 2.5  121   15   101   13  

1647 COM ITM REP DOL  7,202  1952 20 2.5  144   18   120   15  

1647 ADMIN/SHOP DOL  6,102  1952 20 2.5  122   15   102   13  

1654 MNT GEN PURPOSE  55,723  1950 20 1  1,114   56   929   46  

1654 ADMIN/SHOP DOL  7,087  1950 20 2.5  142   18   118   15  

1666 STORAGE GP DEP  81,674  1994 20 0  1,633   -   1,361   -  

1671 VEH MAINT SHOP  5,285  1999 20 2.5  106   13   88   11  

1682 WK ANIMAL BLDG  1,323  1974 20 2.5  26   3   22   3  

1718 INST STR OTHER  16,482  1950 20 2.5  330   41   275   34  

1727 SHIP/RECV FAC  13,342  1950 20 2.5  267   33   222   28  

1729 INST STR OTHER  5,613  1950 20 2.5  112   14   94   12  

1731 MNT GEN PURPOSE  61,964  1950 20 1  1,239   62   1,033   52  

1731 VEH PNT/PREP DL  12,281  1950 20 2.5  246   31   205   26  

1732 MNT STORAGE DOL  818  1950 20 2.5  16   2   14   2  

1733 STORAGE GP DEP  45,548  1950 20 0  911   -   759   -  

1735 MNT STORAGE DOL  1,350  1950 20 2.5  27   3   23   3  

1736 INST STR OTHER  4,037  1952 20 2.5  81   10   67   8  

1737 OIL STR BLD DOL  4,043  1952 20 2.5  81   10   67   8  

1741 HEAT PLT BLDG  7,273  1950 20 2.5  145   18   121   15  

1742 INST STR OTHER  4,942  1950 20 2.5  99   12   82   10  

1751 STORAGE GP DEP  184,551  1950 20 0  3,691   -   3,076   -  

1751 VEH ST BD DEP  155,115  1950 20 0  3,102   -   2,585   -  

1753 SEP TOIL/SHOWER  1,430  1950 20 2.5  29   4   24   3  

1753 EMP CHG FAC  1,343  1950 20 2.5  27   3   22   3  

1764 INST STR OTHER  74,770  1955 20 1  1,495   75   1,246   62  

1764 ORG STR BLDG  2,984  1955 20 2.5  60   7   50   6  

1771 STORAGE GP DEP  80,303  1990 20 0  1,606   -   1,338   -  

1861 CONT HUM WH DEP  20,360  1990 20 2.5  407   51   339   42  

1862 CONT HUM WH DEP  29,703  1990 20 2.5  594   74   495   62  

1862 COLD STR DEPOT  10,863  1990 20 2.5  217   27   181   23  

7010 FH CO/W0  7,290  1959 20 2.5  146   18   122   15  

7011 FH LTC/MAJ  5,199  1959 20 2.5  104   13   87   11  

7011 FH CO/W0  1,556  1959 20 2.5  31   4   26   3  

7012 FH LTC/MAJ  6,932  1959 20 2.5  139   17   116   14  

7013 FH LTC/MAJ  6,932  1959 20 2.5  139   17   116   14  

7014 FH LTC/MAJ  6,932  1959 20 2.5  139   17   116   14  
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7111 HEAT PLT BLDG  2,528  1958 20 2.5  51   6   42   5  

8010 PVT/ORG CLUB  2,359  1953 20 2.5  47   6   39   5  

8011 COMMISSARY  3,701  1959 20 2.5  74   9   62   8  

8022 CDC UNDER 6 YRS  4,072  1986 20 2.5  81   10   68   8  

8110 FH SR NCO  2,822  1957 20 2.5  56   7   47   6  

9110 FH CO/W0  2,326  1957 20 2.5  47   6   39   5  

12310 REC SHELTER  1,609  1957 20 2.5  32   4   27   3  

14410 COMMO CTR  1,283  1968 20 2.5  26   3   21   3  

14513 REC SHELTER  4,401  1953 20 2.5  88   11   73   9  

14515 PHYS FIT CTR  1,069  1994 20 2.5  21   3   18   2  

14523 ADMIN GEN PURP  6,531  1968 20 2.5  131   16   109   14  

15110 INST STR OTHER  5,818  1950 20 2.5  116   15   97   12  

15127 ENTOMOLOGY FAC  1,118  2005 20 2.5  22   3   19   2  

15128 REFUSE/GARB BLD  6,688  2004 20 2.5  134   17   111   14  

15129 ENG/HOUSING MNT  4,996  2004 20 2.5  100   12   83   10  

15131 HAZ MAT STR DEP  2,687  2008 20 2.5  54   7   45   6  

15710 STORAGE GP DEP  81,579  1993 20 0  1,632   -   1,360   -  

15717 SEW/WST WTR TRT  2,937  1984 20 2.5  59   7   49   6  

16211 REFUSE/GARB BLD  13,078  1950 20 2.5  262   33   218   27  

16311 HAZ MAT STR DEP  9,798  1998 20 2.5  196   24   163   20  

16312 HAZ MAT STR DEP  5,006  1998 20 2.5  100   13   83   10  

16313 HAZ MAT STR DEP  20,293  1998 20 2.5  406   51   338   42  

16314 HAZ MAT STR DEP  11,265  1998 20 2.5  225   28   188   23  

16315 HAZ MAT STR DEP  11,300  1998 20 2.5  226   28   188   24  

16316 HAZ MAT STR DEP  11,265  1998 20 2.5  225   28   188   23  

16317 HAZ MAT STR DEP  11,300  1998 20 2.5  226   28   188   24  

16516 VEH MNT FAC DEP  4,633  1950 20 2.5  93   12   77   10  

16517 MNT STORAGE DOL  4,730  1961 20 2.5  95   12   79   10  

16525 STR SHED GP INS  1,691  1994 20 2.5  34   4   28   4  

17110 SHIP/RECV FAC  69,243  1954 20 1  1,385   69   1,154   58  

17210 INST STR OTHER  5,535  1950 20 2.5  111   14   92   12  

17527 SEW/WST WTR TRT  3,008  1986 20 2.5  60   8   50   6  

 3,180,028      62,986   2,920   52,488   2,434  

 

Table A6.  (Appendix VI:) Sagamihara FH 
Sagamihara FH 

Facility   Area in  Year FCG Heating DHW Heating DHW 

No.  SF  Built Description MBtu/SF MBtu/SF MMBtu MMBtu 

158  7,332  1991 FAM HSG DWELL 35 10  257   73  

238  7,332  1991 FAM HSG DWELL 35 10  257   73  

253  7,332  1991 FAM HSG DWELL 35 10  257   73  

262  7,332  1991 FAM HSG DWELL 35 10  257   73  

263  7,332  1991 FAM HSG DWELL 35 10  257   73  
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Facility   Area in  Year FCG Heating DHW Heating DHW 

264  7,332  1991 FAM HSG DWELL 35 10  257   73  

301  7,332  1991 FAM HSG DWELL 35 10  257   73  

303  7,332  1991 FAM HSG DWELL 35 10  257   73  

304  7,332  1991 FAM HSG DWELL 35 10  257   73  

305  7,332  1991 FAM HSG DWELL 35 10  257   73  

306  7,332  1991 FAM HSG DWELL 35 10  257   73  

309  4,440  1975 FAM HSG DWELL 35 10  155   44  

311  4,440  1975 FAM HSG DWELL 35 10  155   44  

335  4,440  1975 FAM HSG DWELL 35 10  155   44  

373  7,332  1991 FAM HSG DWELL 35 10  257   73  

388  7,332  1991 FAM HSG DWELL 35 10  257   73  

502  7,332  1991 FAM HSG DWELL 35 10  257   73  

544  7,332  1991 FAM HSG DWELL 35 10  257   73  

574  7,332  1991 FAM HSG DWELL 35 10  257   73  

11101  6,556  2003 FAM HSG DWELL 35 10  229   66  

11102  6,556  2003 FAM HSG DWELL 35 10  229   66  

11103  6,556  2003 FAM HSG DWELL 35 10  229   66  

11301  7,060  2003 FAM HSG DWELL 35 10  247   71  

11302  6,556  2003 FAM HSG DWELL 35 10  229   66  

11303  6,556  2003 FAM HSG DWELL 35 10  229   66  

11304  6,556  2003 FAM HSG DWELL 35 10  229   66  

12301  7,060  2003 FAM HSG DWELL 35 10  247   71  

12302  6,556  2003 FAM HSG DWELL 35 10  229   66  

12303  6,556  2003 FAM HSG DWELL 35 10  229   66  

12304  6,556  2003 FAM HSG DWELL 35 10  229   66  

12305  7,060  2005 FAM HSG DWELL 35 10  247   71  

12306  6,556  2005 FAM HSG DWELL 35 10  229   66  

12307  6,556  2005 FAM HSG DWELL 35 10  229   66  

12308  6,556  2005 FAM HSG DWELL 35 10  229   66  

12309  7,060  2005 FAM HSG DWELL 35 10  247   71  

12310  6,556  2005 FAM HSG DWELL 35 10  229   66  

12311  6,556  2005 FAM HSG DWELL 35 10  229   66  

12312  6,556  2005 FAM HSG DWELL 35 10  229   66  

  257,212  Newer buildings 1975 - 2005   9,002   2,572  

        

115  4,759  1951 FAM HSG DWELL 40 10  190   48  

133  2,124  1951 FAM HSG DWELL 40 10  85   21  

135  1,268  1951 FAM HSG DWELL 40 10  51   13  

137  2,040  1951 FAM HSG DWELL 40 10  82   20  

139  1,301  1951 FAM HSG DWELL 40 10  52   13  

143  2,327  1957 FAM HSG DWELL 40 10  93   23  

145  4,010  1951 FAM HSG DWELL 40 10  160   40  

147  4,347  1951 FAM HSG DWELL 40 10  174   43  

149  4,010  1951 FAM HSG DWELL 40 10  160   40  

151  2,327  1957 FAM HSG DWELL 40 10  93   23  

152  2,327  1957 FAM HSG DWELL 40 10  93   23  

153  1,376  1951 FAM HSG DWELL 40 10  55   14  
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154  2,210  1951 FAM HSG DWELL 40 10  88   22  

155  4,010  1951 FAM HSG DWELL 40 10  160   40  

156  4,347  1951 FAM HSG DWELL 40 10  174   43  

200  2,211  1951 FAM HSG DWELL 40 10  88   22  

201  4,010  1951 FAM HSG DWELL 40 10  160   40  

204  1,301  1951 FAM HSG DWELL 40 10  52   13  

205  2,532  1951 FAM HSG DWELL 40 10  101   25  

206  1,942  1951 FAM HSG DWELL 40 10  78   19  

208  1,376  1951 FAM HSG DWELL 40 10  55   14  

209  4,328  1951 FAM HSG DWELL 40 10  173   43  

210  1,942  1951 FAM HSG DWELL 40 10  78   19  

211  2,532  1951 FAM HSG DWELL 40 10  101   25  

212  1,301  1951 FAM HSG DWELL 40 10  52   13  

213  2,602  1951 FAM HSG DWELL 40 10  104   26  

214  4,010  1951 FAM HSG DWELL 40 10  160   40  

216  4,347  1951 FAM HSG DWELL 40 10  174   43  

217  2,327  1957 FAM HSG DWELL 40 10  93   23  

218  4,010  1951 FAM HSG DWELL 40 10  160   40  

222  4,422  1951 FAM HSG DWELL 40 10  177   44  

224  1,376  1951 FAM HSG DWELL 40 10  55   14  

225  2,327  1957 FAM HSG DWELL 40 10  93   23  

226  1,301  1951 FAM HSG DWELL 40 10  52   13  

228  3,486  1951 FAM HSG DWELL 40 10  139   35  

230  4,422  1951 FAM HSG DWELL 40 10  177   44  

231  1,942  1951 FAM HSG DWELL 40 10  78   19  

232  1,376  1951 FAM HSG DWELL 40 10  55   14  

233  1,376  1951 FAM HSG DWELL 40 10  55   14  

234  1,301  1951 FAM HSG DWELL 40 10  52   13  

236  4,010  1951 FAM HSG DWELL 40 10  160   40  

237  4,010  1951 FAM HSG DWELL 40 10  160   40  

241  4,422  1951 FAM HSG DWELL 40 10  177   44  

243  4,754  1951 FAM HSG DWELL 40 10  190   48  

245  4,166  1951 FAM HSG DWELL 40 10  167   42  

247  4,754  1951 FAM HSG DWELL 40 10  190   48  

249  5,676  1951 FAM HSG DWELL 40 10  227   57  

251  3,486  1951 FAM HSG DWELL 40 10  139   35  

251  2,602  1951 FAM HSG DWELL 40 10  104   26  

314  1,942  1951 FAM HSG DWELL 40 10  78   19  

316  4,578  1951 FAM HSG DWELL 40 10  183   46  

340  1,942  1951 FAM HSG DWELL 40 10  78   19  

342  2,124  1951 FAM HSG DWELL 40 10  85   21  

343  1,376  1951 FAM HSG DWELL 40 10  55   14  

344  4,010  1951 FAM HSG DWELL 40 10  160   40  

345  2,327  1957 FAM HSG DWELL 40 10  93   23  

347  4,422  1951 FAM HSG DWELL 40 10  177   44  

348  4,759  1951 FAM HSG DWELL 40 10  190   48  

349  6,088  1951 FAM HSG DWELL 40 10  244   61  
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350  4,010  1951 FAM HSG DWELL 40 10  160   40  

351  4,422  1951 FAM HSG DWELL 40 10  177   44  

353  1,376  1951 FAM HSG DWELL 40 10  55   14  

355  1,638  1957 FAM HSG DWELL 40 10  66   16  

356  2,327  1957 FAM HSG DWELL 40 10  93   23  

357  2,327  1957 FAM HSG DWELL 40 10  93   23  

358  4,010  1951 FAM HSG DWELL 40 10  160   40  

359  4,759  1951 FAM HSG DWELL 40 10  190   48  

360  4,347  1951 FAM HSG DWELL 40 10  174   43  

361  3,486  1951 FAM HSG DWELL 40 10  139   35  

361  2,602  1951 FAM HSG DWELL 40 10  104   26  

362  4,010  1951 FAM HSG DWELL 40 10  160   40  

363  4,759  1951 FAM HSG DWELL 40 10  190   48  

365  1,301  1951 FAM HSG DWELL 40 10  52   13  

366  2,602  1951 FAM HSG DWELL 40 10  104   26  

367  2,327  1957 FAM HSG DWELL 40 10  93   23  

369  1,376  1951 FAM HSG DWELL 40 10  55   14  

400  1,301  1951 FAM HSG DWELL 40 10  52   13  

401  2,602  1951 FAM HSG DWELL 40 10  104   26  

404  1,301  1951 FAM HSG DWELL 40 10  52   13  

406  2,327  1957 FAM HSG DWELL 40 10  93   23  

407  2,838  1951 FAM HSG DWELL 40 10  114   28  

408  2,327  1957 FAM HSG DWELL 40 10  93   23  

410  2,838  1951 FAM HSG DWELL 40 10  114   28  

411  3,486  1951 FAM HSG DWELL 40 10  139   35  

411  2,602  1951 FAM HSG DWELL 40 10  104   26  

413  2,838  1951 FAM HSG DWELL 40 10  114   28  

414  3,486  1951 FAM HSG DWELL 40 10  139   35  

414  2,602  1951 FAM HSG DWELL 40 10  104   26  

415  1,638  1957 FAM HSG DWELL 40 10  66   16  

416  2,838  1951 FAM HSG DWELL 40 10  114   28  

417  1,376  1951 FAM HSG DWELL 40 10  55   14  

418  1,942  1951 FAM HSG DWELL 40 10  78   19  

419  1,638  1957 FAM HSG DWELL 40 10  66   16  

421  1,638  1957 FAM HSG DWELL 40 10  66   16  

422  4,754  1951 FAM HSG DWELL 40 10  190   48  

424  3,486  1951 FAM HSG DWELL 40 10  139   35  

424  2,602  1951 FAM HSG DWELL 40 10  104   26  

425  1,638  1957 FAM HSG DWELL 40 10  66   16  

426  4,754  1951 FAM HSG DWELL 40 10  190   48  

427  1,638  1957 FAM HSG DWELL 40 10  66   16  

430  1,942  1951 FAM HSG DWELL 40 10  78   19  

433  1,638  1957 FAM HSG DWELL 40 10  66   16  

434  4,010  1951 FAM HSG DWELL 40 10  160   40  

435  1,638  1957 FAM HSG DWELL 40 10  66   16  

439  1,376  1951 FAM HSG DWELL 40 10  55   14  

441  2,327  1957 FAM HSG DWELL 40 10  93   23  



ERDC/CERL TR-10-20 326 

 

Sagamihara FH 

Facility   Area in  Year FCG Heating DHW Heating DHW 

443  1,942  1951 FAM HSG DWELL 40 10  78   19  

445  1,376  1951 FAM HSG DWELL 40 10  55   14  

446  1,301  1951 FAM HSG DWELL 40 10  52   13  

447  2,602  1951 FAM HSG DWELL 40 10  104   26  

448  3,486  1951 FAM HSG DWELL 40 10  139   35  

449  2,602  1951 FAM HSG DWELL 40 10  104   26  

450  3,486  1951 FAM HSG DWELL 40 10  139   35  

451  4,422  1951 FAM HSG DWELL 40 10  177   44  

452  3,486  1951 FAM HSG DWELL 40 10  139   35  

452  2,602  1951 FAM HSG DWELL 40 10  104   26  

542  1,638  1957 FAM HSG DWELL 40 10  66   16  

545  2,577  1951 FAM HSG DWELL 40 10  103   26  

546  2,536  1951 FAM HSG DWELL 40 10  101   25  

547  2,518  1951 FAM HSG DWELL 40 10  101   25  

547  2,241  1951 FAM HSG DWELL 40 10  90   22  

549  2,577  1951 FAM HSG DWELL 40 10  103   26  

551  2,327  1957 FAM HSG DWELL 40 10  93   23  

552  4,347  1951 FAM HSG DWELL 40 10  174   43  

553  1,376  1951 FAM HSG DWELL 40 10  55   14  

554  1,638  1957 FAM HSG DWELL 40 10  66   16  

555  1,268  1951 FAM HSG DWELL 40 10  51   13  

557  4,166  1951 FAM HSG DWELL 40 10  167   42  

558  2,518  1951 FAM HSG DWELL 40 10  101   25  

558  2,060  1951 FAM HSG DWELL 40 10  82   21  

559  1,376  1951 FAM HSG DWELL 40 10  55   14  

560  1,411  1957 FAM HSG DWELL 40 10  56   14  

560  916  1957 FAM HSG DWELL 40 10  37   9  

561  1,268  1951 FAM HSG DWELL 40 10  51   13  

562  1,411  1957 FAM HSG DWELL 40 10  56   14  

562  916  1957 FAM HSG DWELL 40 10  37   9  

563  1,301  1951 FAM HSG DWELL 40 10  52   13  

564  4,422  1951 FAM HSG DWELL 40 10  177   44  

565  2,518  1951 FAM HSG DWELL 40 10  101   25  

565  2,241  1951 FAM HSG DWELL 40 10  90   22  

566  4,166  1951 FAM HSG DWELL 40 10  167   42  

567  1,301  1951 FAM HSG DWELL 40 10  52   13  

568  4,422  1951 FAM HSG DWELL 40 10  177   44  

570  2,536  1951 FAM HSG DWELL 40 10  101   25  

572  1,411  1957 FAM HSG DWELL 40 10  56   14  

572  916  1957 FAM HSG DWELL 40 10  37   9  

573  1,301  1951 FAM HSG DWELL 40 10  52   13  

575  1,301  1951 FAM HSG DWELL 40 10  52   13  

576  1,411  1957 FAM HSG DWELL 40 10  56   14  

576  916  1957 FAM HSG DWELL 40 10  37   9  

577  1,942  1951 FAM HSG DWELL 40 10  78   19  

578  1,411  1957 FAM HSG DWELL 40 10  56   14  

578  916  1957 FAM HSG DWELL 40 10  37   9  
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Sagamihara FH 

Facility   Area in  Year FCG Heating DHW Heating DHW 

586  4,120  1951 FAM HSG DWELL 40 10  165   41  

600  4,010  1951 FAM HSG DWELL 40 10  160   40  

601  1,301  1951 FAM HSG DWELL 40 10  52   13  

603  1,301  1951 FAM HSG DWELL 40 10  52   13  

605  2,327  1957 FAM HSG DWELL 40 10  93   23  

606  1,301  1951 FAM HSG DWELL 40 10  52   13  

607  3,486  1951 FAM HSG DWELL 40 10  139   35  

608  2,518  1951 FAM HSG DWELL 40 10  101   25  

608  2,241  1951 FAM HSG DWELL 40 10  90   22  

609  2,602  1951 FAM HSG DWELL 40 10  104   26  

610  1,638  1957 FAM HSG DWELL 40 10  66   16  

611  3,486  1951 FAM HSG DWELL 40 10  139   35  

612  1,638  1957 FAM HSG DWELL 40 10  66   16  

613  1,376  1951 FAM HSG DWELL 40 10  55   14  

614  1,301  1951 FAM HSG DWELL 40 10  52   13  

615  2,327  1957 FAM HSG DWELL 40 10  93   23  

616  1,638  1957 FAM HSG DWELL 40 10  66   16  

617  4,422  1951 FAM HSG DWELL 40 10  177   44  

618  1,376  1951 FAM HSG DWELL 40 10  55   14  

619  4,166  1951 FAM HSG DWELL 40 10  167   42  

620  4,422  1951 FAM HSG DWELL 40 10  177   44  

621  4,422  1951 FAM HSG DWELL 40 10  177   44  

622  4,166  1951 FAM HSG DWELL 40 10  167   42  

623  1,929  1951 FAM HSG DWELL 40 10  77   19  

624  4,422  1951 FAM HSG DWELL 40 10  177   44  

625  2,336  1951 FAM HSG DWELL 40 10  93   23  

626  2,602  1951 FAM HSG DWELL 40 10  104   26  

627  3,486  1951 FAM HSG DWELL 40 10  139   35  

627  2,602  1951 FAM HSG DWELL 40 10  104   26  

628  1,638  1957 FAM HSG DWELL 40 10  66   16  

629  1,929  1951 FAM HSG DWELL 40 10  77   19  

630  1,929  1951 FAM HSG DWELL 40 10  77   19  

631  2,336  1951 FAM HSG DWELL 40 10  93   23  

632  1,860  1951 FAM HSG DWELL 40 10  74   19  

633  2,000  1951 FAM HSG DWELL 40 10  80   20  

634  1,929  1951 FAM HSG DWELL 40 10  77   19  

635  1,942  1951 FAM HSG DWELL 40 10  78   19  

636  1,942  1951 FAM HSG DWELL 40 10  78   19  

  502,720   Older FH Buildings  20,109   5,027  

  257,212   New FH Buildings  9,002   2,572  

  759,932   Non FH Buildings  5,073   1,100  

     34,184   8,700  
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Table A7.  (Appendix VII:)  Non Family Housing in Sagamihara FHA 
Non Family Housing in Sagamihara FHA 

   OSD     

Facility   Area  Year FAC Heating DHW Heating DHW 

No.  SF  Built Title MBtu/SF MBtu/SF MMBtu MMBtu 

3  34,570  1976 CVR STG BLDG, INSTN 20 2.5  691   86  

4  8,177  1980 COLD STG, INSTN 20 2.5  164   20  

16  5,375  1991 UTILITY BLDG 20 2.5  108   13  

101  1,241  1998 POLICE STATION 20 2.5  25   3  

104  22,038  1985 COMMISSARY 20 5  441   110  

104  337  1985 VETERINARY FAC 20 2.5  7   1  

107  11,671  1984 NURSERY/CHILD CARE 20 5  233   58  

108  6,977  1951 MISC MWR FAC 20 2.5  140   17  

112  674  1951 EXCHG AUTO FAC 20 2.5  13   2  

113  3,061  1953 EXCHG EATING FAC 20 10  61   31  

113  889  1953 LAUNDRY/DRY CLEANING 20 2.5  18   2  

113  541  1953 EXCHANGE SALES 20 2.5  11   1  

114  2,149  1953 LIBRARY, GEN USE 20 2.5  43   5  

114  1,852  1953 EXCHANGE SALES 20 2.5  37   5  

116  7,627  1952 PRIVATE ORGANIZATION 20 2.5  153   19  

116  607  1952 NON-EXCHG EATING FAC 20 2.5  12   2  

117  8,642  1952 AUDITORIUM/THEATER 20 2.5  173   22  

120  973  1982 SIMULATOR FAC 20 2.5  19   2  

122  213  1951 UTILITY BLDG 20 2.5  4   1  

123  2,505  1955 RESTROOM/SHOWER 20 10  50   25  

124  2,989  1951 COMMO BLDG 20 2.5  60   7  

126  2,737  1953 CVR STG BLDG, INSTN 20 2.5  55   7  

126  1,766  1953 CLUB/ORGN BLDG 20 2.5  35   4  

126  1,589  1953 INDOOR FITNESS FAC 20 20  32   32  

134  15,737  1951 UTILITY BLDG 20 2.5  315   39  

146  3,861  1989 FIRE STATION 20 2.5  77   10  

150  4,662  1953 FE MAINT SHOP 20 2.5  93   12  

150  1,515  1953 CVR STG BLDG, INSTN 20 2.5  30   4  

174  408  1977 CVR STG BLDG, INSTN 20 2.5  8   1  

177  1,371  1977 CVR STG SHED, INSTN 20 2.5  27   3  

337  5,556  1984 NURSERY/CHILD CARE 20 10  111   56  

637  2,042  1953 CLUB/ORGN BLDG 20 5  41   10  

720  221  1991 CVR STG BLDG, INSTN 20 2.5  4   1  

721  480  2007 CVR STG BLDG, INSTN 20 2.5  10   1  

726  1,979  1981 UTILITY BLDG 20 2.5  40   5  

1011  316  1998 MISC PERS SHELTER 20 2.5  6   1  

1501  480  1992 CVR STG BLDG, INSTN 20 2.5  10   1  

1503  480  1992 CVR STG BLDG, INSTN 20 2.5  10   1  

1505  2,178  2000 CVR STG BLDG, INSTN 20 2.5  44   5  

7391  1,103  1968 CVR STG BLDG, INSTN 20 2.5  22   3  

11207  1,408  2003 UTILITY BLDG 20 2.5  28   4  

12201  104,972  2003 DEPENDENT SCHOOL 20 5  2,099   525  

12202  728  2003 PAVILION 20 2.5  15   2  

12202  329  2003 RESTROOM/SHOWER 20 10  7   3  
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Non Family Housing in Sagamihara FHA 
   OSD     

Facility   Area  Year FAC Heating DHW Heating DHW 

No.  SF  Built Title MBtu/SF MBtu/SF MMBtu MMBtu 

12203  306  2003 DEPENDENT SCHOOL 20 5  6   2  

12315  3,779  2004 UTILITY BLDG 20 2.5  76   9  

12315  3,170  2004 UTILITY BLDG 20 2.5  63   8  

12315  1,717  2004 UTILITY BLDG 20 2.5  34   4  

107H3  224  2005 CVR STG BLDG, INSTN 20 2.5  4   1  

  288,222       5,073   1,100  

  759,932        

1,048,154 SF       
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