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1 Introduction

Background

Watervliet Arsenal (WVA), established in 1813, specializes in the manufacture of"
cannons and gun tubes (barrels). Items produced at WVA originally included fuses,

rockets, percussion caps, sponges, and gun carriages. WVA also worked to store and

repair material. WVA thrived during the production “boom” of wartimes and man-

aged to survive times of decreased production between wars and during military

downsizing. WVA's manufacturing progressed with improvements in manufacturing

technologies and today is a vital part of the Department of Defense (DOD). WVA

supplies large caliber weapons to both U.S. and allied forces.

WVA is currently investigating modernization opportunities for the WVA Central
Heating Plant (CHP). The CHP contains five boilers; two are 42 years old, two are
40 years old, and one is 17 years old. The age of this equipment warranted an inves-
tigation of alternatives for providing thermal energy for this facility. Increasing elec-
trical costs have made cogeneration one potential alternative for modernizing the
CHP. Watervliet Arsenal requested the U.S. Army Construction Engineering
Research Laboratories (USACERL) to perform a study to determine the most viable
options available to provide energy for the coming years.

Objectives

The objectives of this study were to determine the status of the CHP and to identify
and evaluate (both technically and economically) options for meeting current and
future thermal energy needs at WVA.

Approach

Past studies and operating records were analyzed to establish baseline conditions.
A visual inspection of the CHP equipment was conducted to assess baseline oper-
ating conditions and problem areas.
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The energy use patterns for WVA were analyzed for current thermal and electrical
energy demand, heating load, and usage patterns. The future energy use for the
facility was projected. Potential thermal energy supply options were then identified
based on the energy use pattern analyses. These options were evaluated in terms
of capital cost, operating cost, efficiency, and reliability. The evaluation also consid-
ered regionally available and appropriate fuel supplies. The life-cycle cost analyses
were developed based on the study findings for maintaining the status quo, installing
new boilers, and building a new plant.

Scope

The evaluation methods developed for the analysis and assessment of thermal and
electrical requirements will be useful to many other installations, particularly those
with central heating or power plants.
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2 Existing Steam Supply Systems

Central Heating Plant

The WVA CHP, Building 136, was constructed in 1952. The two 50,000 1b/hr coal-
fired, field-erected boilers originally installed at the plant produced 135 psig steam.
However, the coal-firing systems were not used. These two boilers (#1 and #2) were
converted to fire No. 6 oil, an_d a 400,000-gal oil storage tank was installed. In 1956,
the building was expanded and two 110,000 lb/hr, oil-fired, water-tube boilers (#3
and #4) were addeq to the facility. Boiler 5, an oil-fired, 20,000 lb/hr, fire-tube boiler
was installed in the plant in 1978. All five boilers are currently in operating condi-
tion and are fired with #2 oil. Boilers 1 and 2 are only operated in emergency situa-
tions with a maximum firing rate of 35,000 lb/hr. Boilers 3 and 4 are being retro-
fitted with gas-firing equipment and will primarily use natural gas for fuel. The
installation of a low-NOx demonstration boiler to replace boiler #4 is currently being
considered. Table 1 includes CHP boiler information.

Additionally, a gas-fired, 20,000 lb/hr, fire-tube boiler (#6) is housed in building 36.
Boiler 6 is used to supply process steam during the summer months when the CHP
is not operated. Table 2 lists information about Boiler 6. The installation of a natu-
ral gas pipeline to the CHP was begun in 1994. Both boilers 3 and 4 will burn
natural gas as a primary fuel, reducing NOx emissions and essentially eliminating
SOx emissions. There may be a boiler demonstration project at WVA that will
provide the CHP with a new natural gas boiler equipped with a low-NOx burner to
replace Boiler 4.

Though aging, the CHP is generally in good condition. The equipment has been well
maintained, but much of the equipment is approaching the end of the typical useful

Table 1. Central heating plant boller data.

Boilers Manutfacturer . Year Built Type Capacity (Ib/hr)

Coal fired, converted to No. 6 fuel oil fired, retrofitted -
1and2 Erie City . 1952  to burn No. 2 fuel oil and natural gas . 50,000 -

' No. 6 fuel ail fired, later converted to No. 2 fuel oil
3and4 Unionlron Works . 1956 . fired, retrofitted for natural gas firing ¢ 110,000

s

5 Trane 1978 ‘Nb. 6 fuel oil fired - 20,000




10 USACERL TR 96/96

life. The asbestos piping insulation has been removed Table 2. Boiler 6 data.
from the CHP. The previous asbestos removal project | Boiler: 6

is important because it eliminates a significant cost
and safety hazard as well as reduces the time neces-

Manufacturer: Cleaver Brooks

] L Year built: 1984
sary to implement the CHP modernization plan.
Type: Natural gas fired
Capacity: 20,000 Ibs/hr

Steam Distribution System

The CHP provides steam for heating through a system of belowground and overhead
steam pipes. The pipes are run aboveground through buildings and underground
outside of buildings. The steam is distributed at 135 psig to 38 buildings. Conden-
sate is pumped back to the CHP through a condensate return system that parallels
the steam system. Steam system losses are indicated by the quantity of water added
(or made-up) to the system. The system makeup water replaces live steam losses
and condensate losses in places where the condensate is contaminated. Figure 1
shows boiler water makeup for 1993. The system makeup follows steam load, as
expected. The Central Energy Plant and steam system are shut down in the summer
months. Boiler 6, in Building 36, provides process steam for manufacturing systems
from late April to early October.

Makeup water use, as a percentage of steam flow, varies from 17.8 to 44.6 percent
in the winter and from 20.8 to 52.2 percent in the spring and fall. The higher
percentage of makeup in the spring and fall is due to the constant losses along the
distribution system and the relatively lower quantity of steam produced. Condensate
returns in excess of 80 percent (below 20 percent makeup) for central systems of this
type indicate that a system is in good condition and is operated properly with
condensate being returned where possible. The higher percentage of makeup water
being used at WVA is partially due to the fact that some of the steam is contami-
nated in manufacturing processes and must be sent to the water treatment facility
instead of being returned to the CHP in the form of condensate. Also, the high
makeup percentage indicates that there may be significant leaks in some of the
steam valves and traps in the system. -



USACERL TR 96/96

90

(0¢}
(@]

~
(@)
= |

D

o
N enn
————
_———
==
e

_<—§
=

»
o

-

N
(@)

Wﬁ“ —

[l ARRLTIE

10 |

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Makeup Water (gallons)
w
o
~——]
T
—&
—]
E——
=

N
(@]

Figure 1. Total boiler makeup water.
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3 Thermal Energy Supply and Con umption

This chapter describes current thermal energy supply and use at Watervliet Arsenal.
The CHP steam production and fuel consumption were analyzed for trends and
building heating loads, and distribution systems losses were modeled. Correlations’
between thermal energy use and heating degree days were developed to model
energy use.

CHP Steam Production

The CHP steam production was taken from the 1993 boiler logs. The boiler logs give
the steam flow for each boiler, total steam produced, fuel used, and makeup water
used. Figure 2 shows the steam load profile (Ib/hr) for 1993. The daily average
steam load for the plant varied from a high of 82,504 lb/hr in January to low loads
of approximately 20,000 Ib/hr in April and October, at the end and beginning of the
heating season. (The plant is shut down in April or May and restarted in October
when building heating is required.) Boiler 6 is operated during the summer months
to supply process steam. Figure 3 shows the plant energy output in million Btwhr
instead of Ib/hr as in Figure 2.

Steam End Use

The CHP output is a good indicator of current thermal energy use, but individual
building loads were estimated to determine the efficiency of the existing distribution
system. There are currently no operating steam meters to measure individual build-
ing heating or process loads. End user loads were estimated using modeling tech-
niques.

The HEATLOAD program was used to estimate the steam loads. HEATLOAD was
developed by USACERL to provide a simple method of calculatiﬁg building heat
requirements. Other computer programs such as BLAST or DOE2 can provide more
accurate analyses, but require much more detailed information to develop a reliable
heat load estimate. Experience with HEATLOAD has shown it to be quite accurate



USACERL TR 96/96

13

90 e S 8T e I

O o 9N @
e

N
2

(Thousands)

Steam Flow (lbs/hr)
w
Cl)

10_ IS RRPSPN R RSORRS KRR U

U
“ llllélv‘g‘l.l-lv‘lv ' AH' H.ll.l“lll 'v.l

Figure 2. Steam load profile (ib/hr).

Steam Flow (MBtwhr)

Figure 3. Steam load profile (milllon Btwhr).




14

USACERL TR 96/96

for estimating installation-wide building heat requirements for central energy plant
load modeling.

HEATLOAD is based on a series of linear regressions developed from heating use
measurements at typical facilities on several Army installations. The facility

categories and corresponding daily heating energy consumption equation takes the
form:

E, - a, - (b, x HDD,) [Eq 1]

E, = daily heating degree

a, = a constant representing energy usage that occurs for zero heating
degree days (HDD) and reflects nonheating loads such as hot water and
cooking

b, = the heating load parameter.

Building categories and area (sq ft) were obtained from the master planning files.
Table 3 lists the parameters used for buildings at WVA.

The climatological data required for HEATLOAD, such as the historical average
HDD and the design temperature, were obtained from the Army Technical Manual
Engineering Weather Data (TM 5.785, 1978) or directly
from the USAF Environmental Technical Applications

Center (ETAC) at Scott AFB, IL. With this information, Table 4. Estimated monthly

steam loads.

HEATLOAD will calculate the peak hourly heating load,
average monthly loads, maximum monthly loads, and total Month :::,T:.t’:%w)
annual heating load. Table 4 shows the total monthly January 43,899
steam loads estimated from steam consumption data. The e
individual building loads were estimated based on 1993 Febrary « 43293
heating degree days and summed for each month. Table 5 March 41,880
April 26,258
Table 3. Building categories and energy consumption. May ST
Building Consumption iune _____‘3]66 _
Administrationfl’_ raining ) E,. = 7571 +(7.02 x HDD,) Juty ‘ 1,941 —
Family Housing E, = 113,50 + (10,50 x HDD,) Augua _ 8004
Dining E,=241.90 + (0x HDD,) September 3,509
Storage/Warehouse E, = 35.70 + (10.53 x HDD,) Cxaobut 904
ProductiorvMaintenance E, = 138.25 + (10.53 x HDD Novermbec , 85,845
Fieldhouse/Gymnasiums €, = 73.69 + ( 4.39 X HDD,) Decomber . 25544
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gives the estimated building heating Table 5. Estimated building heat loads.

loads for the individual buildings at Yearly Average
WVA Building  Square Heat Load Heat Load
: Number Footage (Million Btu) (Million Btu/hr)
. ) 1 13,666 1,531 0.39
Heating loads are typically very closely D) 9828 1101 028
related to the outside temperature. A 3 9%88 1,091 0.28
, , e 4 14, 1,568 0.40
single year is not always a good prediction 6 15.970 1,789 046
f the st d d for th - T )
of the stedm femand for the Ziyear 8 11,173 1,252 0.32
period required for life-cycle cost analysis 9 4,338 486 - 0.12
alternati unless it i 1 to 10 66,867 5,004 1.29
of alternatives ss i 1s'very close 15 22.990 2788 668
the normal year. A correlation developed 17 7.714 935 0.23
between steam demand and heating de- 19 9.208 1,032 0.97
gree days (HDD) for 1 year can be used to 20 107,157 12,994 3.20
. : 21 17,711 1,564 0.18
project the steam demand for the life of 02 9.955 1207 030
the study period. Linear regressions were L 21,527 2,610 0.64
performed on the load profiles and the 24 11,876 889 0.23
corresponding HDD. The monthly HDD 25 185,850 22,537 5.56
. 35 336,381 28,200 8.62
from 1946 to 1992 were obtained from 36 6,293 763 0.19
USAFETAC. Table 6 lists the long-term 38 29,400 2,465 0.75
average monthly HDD data. 40 182,488 13,656 * 351
41 i 5,023 443 0.05
' _ . 44 . 61,009 4,565 1.17
Figure 4 shows the linear regression of 110 208,574 = 25,293 6.23
steam production (MBtwhr) and heating 112 _ 8,355 0 oA
degree days (HDD). Figure 5 reveals 114 4,888 410 0.13
th Tati in bt - od 115 52,072 . 4,365 1.33
e relationship between steam produc- 16, 2,320 | 194 0.06
tion in MBtu (daily) and HDD. This 120 101,975 ' 12,366 3.05
. . ; 0.
includes the total heat in the steam 14l se e . L
lant output (not just the heat of vapor- 122 . 1,552 130 0.04
P . tput ( . po 123 8,262 | 693 ‘ 0.21
ization). 124 | 13199 . 1,107 0.34
125 119200 & 14455 . 356
o ) 126 = 6614 554 0.17
A steam distribution system typically — , B
: . 130 | 30,904 2,591 ©0.79
consists of steam generators, piping, 133 | 7200 604 018
regulators, valves, and steam traps. 135 ;190,618 . 23,115 5.70

Steam enters the system at the steam

plant, passes through the piping and valves, and is delivered to the buildings. The
steam loses heat through the piping walls by conduction. As the steam passes
through the piping and valves, the pressure decreases due to the friction of the steam
with the pipe wall and fittings. Condensate forms in the piping as the steam
condenses and is removed through the steam traps. The quantity of energy lost
through the steam distribution system can be substantial.
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The heat lost in the distribution system can be estimated by Table 6. Average

comparing the user steam needs predicted by HEATLOAD and the degres diye

monthly heating

actual steam production data from the CHP records. The predicted

Month 'HDD

steam demand and the actual steam production (MBtu/hr) data are

plotted in Figure 6. The HEATLOAD prediction does not include January 0e

steam system losses or condensate losses. Figure 7 shows the heat [February 1180
lost due to steam and condensate loss, seen as makeup water use in  {March 954
the CHP, and added to the HEATLOAD model. The energy use April 543
model, based on HEATLOAD values and makeup water use, closely
agrees with actual steam production reported by WVA. The o] 219
difference in the curves was attributed to conduction and convection |June 9
losses from the steam and condensate system. Figure 8 shows a |July 0
similar relationship between the model and actual steam flow curves August i 0
in MBtu (daily). ;
September | 114
Previously, makeup water use, as a percentage of steam produced, |October 444
was reported to vary from 17.8 to 44.6 percent in the winter and from |November | 757
20.8 to 52.2 percent in the spring and fall. The data in Figure 7 show |5o omber 11172

that, for a day with 28 HDD, the steam flow would average 50
MBtuwhr; the HEATLOAD estimates the building steam demand to be 30 MBtu/hr,
resulting in a loss of 20 MBtw/hr (40 percent). This falls within the range previously
determined for distribution system losses. Some of the heat loss in the distribution
system was attributed to intentional dumping of contaminated condensate, but the
rest of the losses must be attributed to leaks in traps, valves, and pipes, and
conductive and convective heat loss. It would be beneficial to determine the amount
of condensate/steam intentionally dumped due to contamination so that the losses
attributable to leaks and conduction/convection could be accurately determined.
Again, makeup water use/heat loss under 20 percent indicates that a system is in
very good condition. Losses as high as 30 percent are not uncommon, but higher
losses indicate a need for some system repairs. It is possible that the system is in
good condition, but additional condensate dumping data must be collected before the
status of distribution system can be confirmed.
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Electrical Power Consumption

Niagara Mohawk Power Corporation supplies electric power to WVA. Table 7 shows
the rate schedule. The average cost of electricity reported by WVA was $0.078 per
kilowatt-hour (kWh), which equals $22.93 per million Btu. Electricity use at WVA
is heavily influenced by the use of process energy for manufacturing, and remains
essentially constant throughout the typical year. Table 8 includes the monthly and
annual electricity costs for WVA during 1992 and 1993. Figure 9 shows unscheduled
process electric demand for a day in 1990 for the large manufacturing systems at the
facility. Figure 10 shows the on-peak demand profile in kilowatts (kW) for 1993.
The peak demand approaches 10,000 kW and the minimum load over the course of
the year is approximately 8,000 kW. Figure 11 shows the electricity consumption in
kWh for WVA in 1993. Monthly electricity use usually falls between 3,600,000 kWh
and 4,100,000 kWh due to the high process electricity requirements of the manu-
facturing equipment at WVA. Electricity consumption (kWh) is plotted against
cooling degree days (CDD) in Figure 12. On-Peak demand (kW) is plotted against
CDD in Figure 13.

Table 7. Electric rate schedule.

Customer charge: $769.72 per month

On-peak energy charge: $0.066/kWh, $19.34/MBtu (0800-2200 hrs., Mon-Fri) _

Off-peak energy charge:  $0.055/kWh, $16.11/MBtu

i Demand charge: 'L $6.985/kW/month _
Power factor charge: I $1.0864/RKVA lagging reactive demand (KVAh)
Source:  Niagara Mohawk Electric Bill, October 1993

Average cost: J‘ $0.0782/kWh, $22.93/MBtu:
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Table 8. Total WVA electricity expenditures, 1992

and 1993.
Total Electricity Total Electricity
Month Cost, 1993 Cost, 1992
January 307,972 239,830
February 332,136 299,807
March 305,481 282,154
April 296,874 287,479
May 276,042 315,042
June 304,326 318,738
July 315,560 318,738
August 293,650 347,012
September 293,650 380,981
October 264,867 342,811
Navember 291,090 319,442 |
December 291,090 310,753
Total 3,711,237 3,680,879
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Figure 9. Unscheduled process electric demand.
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Projected Energy Consumption

WVA is not planning any large scale increase or decrease in the number of facility
buildings that would significantly impact the CHP or electrical power use. The exist-
ing plant average daily production for January and February 1993 was 61,435 lb/hr.
The maximum daily average steam production during the first 2 months of 1993 was
74,454 1b/hr, occurring on 1 February 1993. The recommended plant firm peak
design capacity was set at 95,000 lb/hr to allow the CHP to meet the expected load
at WVA. The plant firm capacity is the plant output with the largest boiler out of
service. The plant could then meet the load if the largest boiler were down for main-
tenance or had some component failure that forced it off line. Figure 4, Steam Load
(MBtwhr) vs. HDD, and Figure 5, Steam Load (MBtu) vs. HDD, serve as the steam
production model.

The consumption in the normal year was developed by taking electricity use data
from 1992, a year similar to the average weather year in terms of cooling degree
days, and adjusting it to match the average cooling degree day year. The consump-
tion for a normal year peaks slightly higher than the 1993 year, but is not higher in
all months. Table 9 gives a tabulation of the 1993 electrical use and the predicted
usage for a normal (average) year. The data and predictions in Table 9 show that the
electrical consumption at WVA is essentially independent of cooling load. The
electrical consumption at WVA is primarily determined by the electricity-intensive

manufacturing pro- 7
cesses. The electric- Table 9. Electrical loads, normal and 1993.

ity use at WVA is Normal ' Estimated Normal 1993 1993 Electrical
fairly consistent and Month cDD Electrical Load (kWh) CDD Load - kWh
heavﬂy dependent on January 0 3,888,213 0 3,91 6,504
) February 0 - 3,868,213 0 4,120,578
manufacturing pro- | March 0 3868213 0 4,151,058
cess. The electricity |, 2 | 3868936 2 4,077,133
consumption model | May 15 ! 3,873,632 15 3,473,564
was fairly repre. |JUn® 62 . 3890612 122 .~ 3,844,456
sented by the data | July 206 | 3,942,634 . 258 4,097,972
; in Fi 10 August 143 5 3,919,874 o221 3,860,479
given In Xigures September 8 | 3,871,103 55 3,860,479
.and 11 and Table 9. : B
October : 0 ! 3,868,213 2 3,619,640
November | 0 J 3,868,213 0 3,773,777
Decembey ! 0o ! 3,868,213 0 3,866,766
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6 Study Alternatives

Status Quo Alternative

The status quo (baseline) alternative was developed using the STATUS QUO
computer program. STATUS QUO was developed by USACERL for the DOD Coal
Use Program to provide a microcomputer-based technique to establish the existing
condition of a CHP. The “status quo” situation implies the continued operation of the
plant by performing routine maintenance and repair along with replacement of the
various pieces of equipment on a scheduled basis. The STATUS QUO model provides
a baseline alternative with which to compare the other plant alternatives.

The evaluation of the status quo of the CHP is determined through a field survey of
the plant equipment. Evaluation forms are completed for all major components in
the plant. The model is capable of estimating the life expectancy and cost of boiler
equipment in the 20 to 200 million Btw/hr range. The model input consists of équip-
ment size, capacity, performance data, general condition, and year of installation.
The STATUS QUO program will display the year the equipment should be replaced
and the equipment cost in the study year dollars. Costs are based on average
industry prices and the replacement year is based on industry experience and
average expected equipment life.

The program allows the default values to be changed if better information is avail-
able. For instance, a good method for establishing water-tube boiler life is to mea-
sure the steam drum metal thickness and compare it to the original thickness and
pressure rating. Boiler codes limit allowable pressures, which are based on the drum
metal thickness. Other components have methods available to determine the condi-
tion of the component and its life expectancy. Vibration analysis, motor testing,
ultrasonic testing, thickness testing, oil analysis, infrared thermal surveys, eddy
current testing, equipment performance tracking, and equipment run time can all
be used as an indication of the current condition of equipment and can help predict
a remaining useful life.

The program contains default values for labor, maintenance, spare parts, and utility
costs. The actual plant operating costs should be used if they are available. The
STATUS QUO model uses the LCCID program to perform the LCC analysis, and
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produces an LCCID input file containing all the plant components with their

replacement cost, year the equipment will be replaced, along with labor, mainte-
nance, spare parts, and utility costs.

For the Status Quo case, the two existing 110,000 1b/hr boilers (Boilers 3 and 4)
would be replaced in the year 2001, and Boilers 1 and 2 would not be operated
(essentially abandoned in place). Replacement burners would be included with the
new boilers in 2001.

Table 10 shows the LCC summary for this alternative. Costs shown are the 1994 net
present worth of the LCC of the plant based on a 25-year life. The cost for the No.
2 oil is based on the reported cost of $0.78 per gal or $5.62 per million Btu.

The maintenance labor and supply costs are estimated from the cost predictions from
the CHPECON (Central Heating Plant Economics) Program and plant information.
The discount rate used in the LCC analyses is 4.0 percent. The escalation rate is
0.84 percent for electricity and 2.50 percent for No. 2 oil. Appendix A includes a copy
of the computer program output.

Alternative 1: New Gas/Qil Boilers

Alternative 1 replaces the existing boilers (#3 and #4) with new gas/oil boilers in
1996. The two 110,000 Ib/hr boilers would be replaced by two 110,000 lb/hr natural
gas boilers. The plant operating pressure would remain at 135 psig. The new boilers
would allow the plant to meet the peak load with one large boiler out of service and
would allow the plant to turn down to the steaming rates that it can now achieve
more efficiently. '

Table 10. Status quo aiternative LCC summary.

Initial Investment Cost $0
Energy Costs:
Electricity : $1,082,748
- Fuel Ol . $39,990,180

Total Energy Cost | | 341,072,928
i Recurring Maintenance, Repair, and Custodial Costs | $16,938,960

Major Repair and Replacement Costs ﬁ $3,827,140
, Basggeczncw& Cost | . $76,500,000

Net Prasent Worth of the LCCs and Benefits (1994 $) | $138,339,028
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The boiler burners would be set up to fire natural gas or No. 2 fuel oil. The fuel oil
would be a standby fuel used only if the gas supply were interrupted. The new burn-
ers would be low NO, burners. Economizers would be provided for the new 110,000
Ib/hr boilers. Boiler efficiency would be 82 percent when firing natural gas and 85
percent when firing fuel oil. New controls would be furnished with the new boilers.
The existing fuel oil system would be used to handle the No. 2 fuel oil. One of the
new 110,000 Ib/hr boilers could be installed in the same location as Boiler 1 or Boiler
2 and the space left by removal of the other boiler would be vacant, allowing for the
possible future addition of cogeneration, gas cooling, or fuel cell equipment. The,
second new boiler would replace Boiler 4. Boiler 3 could be left in place and used’
until the new boilers were completed and then kept as a reserve unit or removed to
accommodate other equipment.

Table 11 shows the LCC summary for this alternative. Costs shown are the 1994 net
present worth of the LCC of the plant, based on a 25-year life. Appendix A includes
a copy of the cost estimate. The fuel cost for operation of the new boilers is lower
than the fuel cost for the Status Quo alternative because of the increased efficiency
(conservatively set for 5 percent savings) of the new boilers. The annual mainte-
nance labor and service cost estimates are the same for the New Gas/Oil Boiler
alternative and the Status Quo alternative.

Alternative 2: New Natural Gas-Fired Plant

The new plant includes three 36,000 Ib/hr steam boilers. The number and size of
boilers was calculated by the CHPECON program based on average monthly steam
flow data from WVA. The boilers would be fitted with gas/oil burners. Boiler
efficiency would be 80.8 percent when firing natural gas. Number 2 oil would be

Table 11. New gas/oil boilers (installed in 1996) alternative LCC summary.

Initial investment Cost i * $0

Energy Costs: |

Electricity f  $1,031,009 f N
(E_uel ol | $36,279,440 '

Total Energy Cost : $37,310,449

Recurring Maintenance, Repair, and Custodial Costs

Major Repair and Replacement Costs ‘ . $4,403,923

Base Electricity Cost : . $76,500,000

Net Present Worth of the LCCs and Benefits (1994 ) : $135,153,332
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used as the reserve fuel during natural gas supply interruptions. Table 12 shows the
LCC summary for this alternative. Costs shown are the 1995 net present worth of
the LCC of the plant based on a 25-year life. The investment cost listed is the cost
of building the new facility. Appendix B includes a copy of the CHPECON results.

Alternative 3: New No. 2 Oil-Fired Plant

As in the previous option, the new plant includes three, 36,000 1b/hr steam boilers.
The number and size of boilers was calculated by the CHPECON program based on
average monthly steam flow data from WVA. Heating plant efficiency would be 84.1
percent when firing No. 2 oil. Table 12 shows the LCC summary for this alternative.
Costs shown are the 1995 net present worth of the LCC of the plant based on a 25-
year life. The investment cost listed is the cost of building the new facility.
Appendix B includes a copy of the CHPECON results. The Operation and Mainte-
nance (O&M) costs are identical to those predicted for the New Natural Gas-Fired
Plant (Alternative 2). The energy cost is slightly higher that that of Alternative 2
because of higher fuel cost.

Alternative 4: New Natural Gas-Fired Plant With Cogeneration

The new cogeneration plant includes three 42,000 lb/hr steam boilers with a
cogeneration system sized for the plant maximum continuous rating of 125,000 lb/hr.
The number and size of boilers was calculated by the CHPECON program based on
average monthly steam flow data from WVA. The boilers would be fitted with gas/oil
burners. Boiler efficiency would be 80.9 percent when firing natural gas. No. 2 oil ‘
would be used as the reserve fuel. Table 12 shows the LCC summary for the cogen-

Table 12. New plant options LCC summary.

. New Plant ‘New Plant . Cogeneration Cogeneration

|Natural Gas  #2 0l 'Follow Heat Load Operate All Year
Investment | 85552055  $5552055 |  $12679.887 | $13479,820
»Plant Energy Cost I’ $42,911,903 $43,074,248 $49,927,858 ‘ $99,080,786
AnnualOBM . | $8280674 | $8.280674 | $9,005485 | $12,735,865
Non-Annual OBM  $250552 |  $250,552 $1,117,963 | $1,133,706
Base Electricity Cost . $76,500,000 = $76,500,000 = $76,500,000 |  $76,500,000
Electicty Crdi i | $38725304 . $77,213,900
Total LCC (‘94) $133,495,184 $133,667,827 | $110,506,889 | $126,716,268
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eration alternative with natural gas as the primary fuel. The first cogeneration
option presented in Table 12 is for operation following the heat load and the second
cogeneration option shown is for operating the cogeneration system all year. Costs
shown are the 1995 net present worth of the LCC of the plant, based on a 25-year
life. Appendix B includes a copy of the CHPECON results.
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Conclusions

The thermal and electrical energy usage at Watervliet Arsenal, NY was studied as
part of an investigation of modernization alternatives for the Central Heating Plant.
The energy consumption data was used to create thermal and electrical energy
models. Thermal energy supply options were evaluated and compared to continued
operation of the existing CHP on a life cycle cost basis. The baseline (status quo)
option was developed for comparison of the alternatives to the existing situation.
LCC analyses were performed to determine the option with the lowest LCC.

Based on the available data, Alternative 4: New Natural Gas Fired Plant With
Cogeneration, has the lowest LCC based on a 25-year facility life. This option
includes replacing Boilers 3 and 4 with new steam boilers and implements a cogen-
eration system operated during the heating season, when the CHP normally
operates. A potential drawback to Alternative 4 is the relatively high initial invest-
ment cost, though this option does produce substantial financial savings in the long
term through the process of cogeneration. Although Alternative 1: New Gas/Oil
Boilers (in the existing facility) has a larger LCC than Alternative 4, it has lower
initial investment costs (included in the status quo program as Major Repair/
Replacement costs in 1996), which are attractive in the short term. If Alternative
1 were chosen, the cogeneration system could be added sometime in the future,
placed in the current location of Boilers 1 and 2.

It is recommended that, when the low NOx boiler demonstration project is
completed, which will replace Boiler 4, WVA should continue'using the new boiler
and replace or refurbish Boiler 3 (pursuant to Alternative 1: New Gas/Oil Boilers).
These two boilers would provide enough steam capacity to drive a cogeneration
system (as identified in Alternative 4). A boiler useful life inspection could be
performed on Boiler 3 to determine its actual remaining life before deciding to
refurbish or replace it. Any plans for its replacement should be made in conjunction
with the investigation of a cogeneration alternative, and should provide the neces-
sary connections to facilitate future connection to a cogeneration system. Boiler 5
should also be maintained to provide an additional increment of steam capacity if
either Boiler 3 or 4 becomes inoperable during the heating season.
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Appendix A: LCC Analyses
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LIFE CYCLE COST ANALYSIS STUDY: WVAR

LCCID 1.065 DATE/TIME: 02-08-95 10:56:29
PROJECT NO., FY, & TITLE: FY 1995 STATUS QUO
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK

DESIGN FEATURE:
ALT. ID. A; ZTITLE: STATUS QUO
NAME OF DESIGNER:

BASIC INPUT DATA SUMMARY

CRITERIA REFERENCE:Tri-Service MOA for Econ Anal/LCC (Energy)
DISCOUNT RATE: 4.0%

KEY PROJECT-CALENDAR INFORMATION

DATE OF STUDY (DOS) JAN 94

MIDPOINT OF CONSTRUCTION (MPC) JAN 95

BENEFICIAL OCCUPANCY DATE (BOD) JAN 96

ANALYSIS END DATE (AED) JAN 21
I I | EQUIVALENT | f
| COST / BENEFIT | COoSsT | UNIFORM | TIME(S) I
I | | DIFFERENTIAL | |
! DESCRIPTION | IN DOS § | ESCALATION | COST INCURRED|
| | | RATE I |
! I($ X 10**0)| (% PER YEAR) | |
—======-========c=T==========|z===ss====z|=====z===z=z==== | = =============|
| INVESTMENT COSTS I .0 .00 | JAN 95 |
| ELECTRICITY | 65740.3 | .84 | JUL96-JUL20 |
| ELECT DEMAND ] .0 | .00 | JUL96-JUL20 |
| DISTILLATE OIL | 1938782.0 | 250 |  JULS6-JUL20 |
| MAINT LABOR | 540000.0 | .00 | JUL96~JUL20 |
| MAINT SERV I 610000.0 | .00 |  JULY96-~-JUL20 |
| OPACMONITOR | 50000.0 | 00 | JAN 01 !
| STACK [« 50000.0 | .00 | JAN 01 |
| AIRHEAT | 58500.0 | .00 | JAN 01 |
| AIRPHEAT ! 8750.0 | .00 | JAN 01 I
| DRUMCTL | 5000.0 | .00 | JAN 01 |
| DRUMCTL ! 5000.0 | .00 | JAN 07 |
| DRUMCTL | 5000.0 | .00 | JAN 08 !
| FTBOILER | 600000.0 | .00 | JAN 03 |
| FTBURNER | 42752.0 | .00 | JAN 03 |
| FW_REG | 600.0 1| .00 | JAN 01 I
| FW_REG | 2400.0 | .00 | JAN 18 |
| RELVALVE | 2344.0 | .00 [ JAN 98 !
| RELVALVE | 1953.0 | .00 | JAN 01 |
| RELVALVE | 1969.0 | .00 | JAN 01 i
| RELVALVE ] 5859.0 | .00 ! JAN 01 i
| RELVALVE | 5907.0 | .00 | JAN 01 I
| WIBOILER ! 3200000.0 | .00 | JAN 01 !
| WTBURNER | 200000.0 | .00 ] JAN 01 |
| WTBURNER | 103333.0 | .00 | JAN 01 |
| PUMPSIMPLEX | 6000.0 | .00 | JAN 11 |
| TANKPOLY | 800.0 | .00 | JAN 11 |
| BOILMASTER | 5000.0 | .00 l JAN 01 !
| BOILMASTER | 5000.0 | .00 | JAN 17 I
| DAMPACT | 1100.0 ! .00 ! JAN 01 |
| DAMPACT | 1100.0 | .00 | JAN 17 I
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LCCID 1.065 DATE/TIME: 02-08-95 10:56:29
PROJECT NO., FY, & TITLE: FY 1995 STATUS QUO
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK
DESIGN FEATURE:

ALT. ID. A; TITLE: STATUS QUO

NAME OF DESIGNER:

BASIC INPUT DATA SUMMARY

| FLAMESAFE | 20000.0 | .00 | JAN 01 I
| FLAMESAFE | 20000.0 | .00 | JAN 17 |
| O2TRIM I 10000.0 | .00 | JAN 17 [
| OILREMOVAL | 80000.0 | .00 ! JAN 01 |
| CONDPUMP | 18750.0 | .00 [ JAN 98 [
| CONDREC I 15600.0 | .00 | JAN 01 !
| DAIRHEATER | 67500.0 | .00 I JAN 01 !
| FEEDPUMP | 40000.0 1| .00 ! JAN 15 l
| FWHEATER I 55800.0 | .00 | JAN 01 |
| NAGPIPEBELOW | 6000.0 | .00 I JAN 19 [
| PUMP | 8000.0 | .00 | JAN 17 |
| TANKABOVE | 187000.0 | .00 | JAN 05 |
| FLASHTANK ! 1550.0 | .00 ! JAN 01 !
| SZSOFT | 256800.0 | 00 | JAN 01 |
| LIGHTS ! 20.0 | .00 I JAN 18 !
| ROOF ! 7.0 | .00 | JAN 14 |
OTHER KEY INPUT DATA
LOCATION - NEW YORK CENSUS REGION: 1
RATES FOR INDUSTRIAL SECTOR. TABLES FROM OCT 92

ENERGY USAGE: 10**6 BTUS ELECTRIC DEMAND: 10**0 DOLLARS

ENERGY TYPE $/MBTU AMOUNT ELECT. DEMAND PROJECTED DATES
ELECT 22.93 2867.0 « 0 JANS6-JAN21

DIST 5.62 344979.0 JAN96-JAN21
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LCCID 1.065 DATE/TIME: 02-08-95 10:56:29
PROJECT NO., FY, & TITLE: FY 1985 STATUS QUO
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK
DESIGN FEATURE:

ALT. ID. A; TITLE: STATUS QUO

NAME OF DESIGNER:

LIFE CYCLE COST TOTALS*

INITIAL INVESTMENT COSTS 0.

ENERGY COSTS:

ELECTRICITY 1082748.

DISTILLATE OIL 39990180.

TOTAL ENERGY COSTS 41072930.
RECURRING M&R/CUSTODIAL COSTS 16538560.
MAJOR REPAIR/REPLACEMENT COSTS 3827140.
OTHER O&M COSTS & MONETARY BENEFITS 0.
DISPOSAL COSTS/RETENTION VALUE 0.
LCC OF {ALL COSTS/BENEFITS (NET PW) 61839030.

*NET PW EQUIVALENTS ON JAN94; IN 10**0 DOLLARS; IN CONSTANT JANS4 DOLLARS
*ENERGY ESCALATION RATES FROM NIST HANDBOOK 135 SUPPLEMENT DATED OCT 92
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LCCID 1.065 ’ DATE/TIME: 02-08-95 10:56:29
PROJECT NO., FY, & TITLE: FY 1985 STATUS QUO
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK

DESIGN FEATURE:
ALT. ID. A; TITLE: STATUS QUO
NAME OF DESIGNER:

YEAR-BY-YEAR BREAKDOWN OF LIFE CYCLE COSTS*

DOLLARS IN 10**0

BENEFICIAL OCCUPANCY DATE: JANS6
ANNUAL PAYMENTS OCCUR: JULS6 THROUGH JUL20

| PAY | ELECT | DIST | M & R | R / R | OTHER |
|===|========|========|z=======| ======== | ========|
| 1] 60517.11884006.11042592. | 0.1 0.1
| 2] 58570.11880251.11002493.1| 0.1 0.1
| 3] 56879.11875664.] 963935.| 18031.| 0.1
| 4| 55291.11873248.| 926861.1| 0.1 0.1
| 5] 54053.11869782.1 851212.| 0.1 0l
| 6| 52878.11855276.] 856935.13188023.| 0.1
| 71 51242.]1832184.| 823976. | 0.1 0.1
| 8! 49593.11802828.1 792284.1 451589.]| 0.1
| 91 48108.11767913.| 761812.| 0.1 0.1
] 101 46813.11731770.1 732512.1 121472.1 0.1
| 111 45430.11692273.| 704338.] 0.! 0.1
| 121 44090.11652104.1 677248.| 3003.1 0.1
| 131 42515.11614158.| 651200.| 2887. | 0.1
| 141 41007.11575646.1 626154. | 0.1 0.1
| 151 39986.11532679.1 602071.1 0.l 0.l
| 161 38791.11497481.1 578915. 1| 3491.1 0.1
| 171 37528.11465408.| 556649. | 0.1 0.1
I 18] 36307.11433593.] 535239.| 0.1 0.1
] 19t 35127.11402053.| 514653.]| 3.1 0.1
| 201 33986.11370817.| 494859.1 17553.| 0.1
| 211 32883.11339910.| 475826. | 0.1 0.1
I 221 31817.11309352.1 457525.1 17893.| 0.1
| 231 30776.11276652.| 439927.| 944. 1 0.1
| 241 29768.11243714.1 423007.1 2251.| 0.1
| 25] 28794.11211421.| 406738.| 0.1 0.1
| I |
|

*NET PW EQUIVALENTS ON JANS4; IN 10**0 DOLLARS; IN CONSTANT JAN94 DOLLARS
*ENERGY ESCALATION RATES FROM NIST HANDBOOK 135 SUPPLEMENT DATED OCT 92
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ECCID
PROJECT NO., FY,

LIFE CYCLE TOST ANALYSIS

1.065

& TITLE:

DATE/TIME:

FY 1985

STUDY: WVAR

02-08-95

10:40:55

NEW BOILERS IN 1996

INSTALLATION & LOCATION: WATERVLIET ARSENAL
DESIGN FEATURE:

ALT. ID. A; TITLE: STATUS QUO

NAME OF DESIGNER:

NEW YORK

BASIC INPUT DATA SUMMARY

CRITERIA REFERENCE:Tri-Service MOA for Econ Anal/LCC (Energy)
DISCOUNT RATE: 4.0%

KEY PROJECT-CALENDAR INFORMATION

DATE OF STUDY (DOS) JAN 94

MIDPOINT OF CONSTRUCTION (MPC) JAN 95

BENEFICIAL OCCUPANCY DATE (BOD) JAN 96

ANALYSIS END DATE (AED) JAN 21
| | | EQUIVALENT | |
l COST / BENEFIT ! cosT I UNIFORM | TIME(S) |
I I | DIFFERENTIAL | |
| DESCRIPTION | INDOS § | ESCALATION | COST INCURRED|
| | | RATE | !
f 1($ X 10**0)| (% PER YEAR) | I
=+ 4+t -+ 5 - -+ l SE=E=SS=s=s===== | ==E=SsSss=sS====s I =SS =EEZ=sZ==s==== [
| INVESTMENT COSTS | .0 | .00 ! JAN 95 |
| ELECTRICITY I 62598.9 | .84 | JUL96~JUL20 |
| ELECT DEMAND | .0 .00 | JULS6-JUL20 |
| NATURAL GAS | 1697641.0 | 2.77 | JULS6-JUL20 |
| MAINT LABOR | 540000.0 | .00 | JUL96-JUL20 |
| MAINT SERV | 610000.0 | .00 |  JULS6-JUL20 |
| OPACMONITOR | 50000.0 | .00 | JAN 01 !
| STACK | 50000.0 | .00 ! JAN 01 I
| AIRHEAT | 58500.0 | .00 | JAN 01 |
| AIRPHEAT | 8750.0 | .00 ! JAN 01 |
| DRUMCTL | 5000.0 | .00 . JAN 01 I
| DRUMCTL [ 5000.0 | .00 ! JAN 07 |
| DRUMCTL ! 5000.0 | .00 | JAN 08 I
| FTBOILER ’ | 600000.0 ! .00 | JAN 03 ]
| FTBURNER ] 42752.0 | .00 | JAN 03 |
| FW_REG I 600.0 | .00 [ JAN 01 |
| FW_REG | 2400.0 | .00 | JAN 18 |
| RELVALVE I 2344.0 | .00 | JAN 98 |
| RELVALVE | 1953.0 | .00 | JAN 01 |
| RELVALVE | 1969.0 | .00 i JAN 01 l
| RELVALVE ] 5859.0 | .00 | JAN 01 I
| RELVALVE I 5907.0 | .00 | JAN 01 !
| WTBOILER ! 3200000.0 | .00 | JAN 96 |
| WTBURNER | 200000.0 ! .00 | JAN 96 |
| WTBURNER 1 103333.0 | .00 | JAN 96 !
| PUMPSIMPLEX I 6000.0 | .00 | JAN 11 |
| TANKPOLY | 800.0 | .00 ! JAN 11 |
| BOILMASTER I 5000.0 | .00 | JAN 01 ]
| BOILMASTER | 5000.0 | .00 | JAN 17 |
| DAMPACT I 1100.0 | .00 ! JAN 01 l
| DAMPACT i 1100.0 | .00 | JAN 17 |
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LCCID 1.065 DATE/TIME: 02-08-95 10:40:55
PROJECT NO., FY, & TITLE: FY 1995 NEW BOILERS IN 1996
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK

DESIGN FEATURE:
ALT. ID. A; TITLE: STATUS QUO
NAME OF DESIGNER:

BASIC INPUT DATA SUMMARY

| FLAMESAFE I 20000.0 | 00 | JAN 01 [
| FLAMESAFE | 20000.0 | .00 | JAN 17 I
| O2TRIM I 10000.0 | .00 | JAN 17 [
| OILREMOVAL f 80000.0 | .00 | JAN 01 |
| CONDPUMP f 18750.0 | 00 | JAN 98 !
| CONDREC | 15600.0 | 00 ! JAN 01 |
| DAIRHEATER [ 67500.0 | 00 ! JAN 01 |
| FEEDPUMP | 40000.0 | 00 ! JAN 15 !
| FWHEATER [ 55800.0 | 00 | JAN 01 |
| NAGPIPEBELOW ! 6000.0 | 00 I JAN 19 !
| PUMP | 8000.0 | 00 | JAN 17 |
| TANKABOVE | 187000.0 | 00 ! JAN 05 |
| FLASHTANK | 1550.0 | 00 | JAN 01 |
| SZSOFT | 256800.0 | 00 l JAN 01 !
| LIGHTS ! 20.0 | .00 | JAN 18 |
| ROCF | 7.0 1 .00 | JAN 14 |
OTHER KEY INPUT DATA
LOCATION - NEW YORK CENSUS REGION: 1
RATES FOR INDUSTRIAL SECTOR. TABLES FROM OCT 92

ENERGY USAGE: 10**6 BTUS ELECTRIC DEMAND: 10**0 DOLLARS

ENERGY TYPE $/MBTU AMOUNT ELECT. DEMAND PROJECTED DATES
ELECT 22.93 2730.0 .0 JANS6-JAN21

NAT G 5.18 327730¢.0 . JANS6-JAN21
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LCCID 1.065 DATE/TIME: 02-08-95 10:40:55
PROJECT NO., FY, & TITLE: FY 1995 NEW BOILERS IN 1996
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK
DESIGN FEATURE:
ALT. ID. A; TITLE: STATUS QUO
NAME OF DESIGNER:
LIFE CYCLE COST TOTALS*

INITIAL INVESTMENT COSTS 0.
ENERGY COSTS:
ELECTRICITY 1031009.
NATURAL GAS 36279440.
TOTAL ENERGY COSTS 37310440.
RECURRING M&R/CUSTODIAL COSTS 16938960.
MAJOR REPAIR/REPLACEMENT COSTS 4403923.
OTHER O&M COSTS & MONETARY BENEFITS 0.
DISPOSAL COSTS/RETENTION VALUE 0.

58653320.

LCC OF ALL COSTS/BENEFITS (NET PW)

*NET PW EQUIVALENTS ON JAN94; IN 10**0 DOLLARS; IN CONSTANT JAN94 DOLLARS
*ENERGY ESCALATION RATES FROM NIST HANDBOOK 135 SUPPLEMENT DATED OCT 92
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LCCID 1.065 DATE/TIME: 02-08-95 10:40:55
PROJECT NO., FY, & TITLE: FY 1995 NEW BOILERS IN 1996
INSTALLATION & LOCATION: WATERVLIET ARSENAL NEW YORK
DESIGN FEATURE:

ALT. ID. A; TITLE: STATUS QUO

NAME OF DESIGNER:

YEAR-BY-YEAR BREAKDOWN OF LIFE CYCLE COSTS*

DOLLARS IN 10**0

BENEFICIAL OCCUPANCY DATE: JAN96
ANNUAL PAYMENTS OCCUR: JUL96 THROUGH JUL20

S=SsS===sS=s==s==s==== ======

{PAY| ELECT | NAT G| M&R ! R /R | OTHER |
|z==|z========| ==z=z=z==== | =z=====z= | =s====z=s==| ========|
| 1] 57626.11612021.11042592.13239028.1 0.1
| 21 55771.11583730.11002493. | 0.1 0.1
I 31 54161.11564419.1 963935.1| 18031.1 0.1
| 41 52649.11564935.| 926861. | 0.1 0.1
| S 51470.11567138.| 891212.1| 0.1 0.1
| 61 50351.(1568284.| 856935.| 525778.| 0.1
| 71 48793.11569873.| 823976.1 0.1 0.]
| 81 47224.11565659.] 792284.1 451589.| 0.1
| 91 45810.11556130.1 761812.1 0.1 0.1
i 101 44576.11546255.| 732512.| 121472.1 0.1
| 111 43259.11524587.1 704338.1 . 0.1}
] 12 41983.11503942.1 677248.1 3003.1 0.1
[ 431 40483.11484348.1 651200.1 2887.1 0.l
| 141 39047.11478531.| 626154.1| 0.1 0.1
| 151 38075.11474211.| 602071.1 0.1 0.1
| 16] 36938.11449407.| 578915.1 3491.1 0.!
b 171 35735.11418363.| 556649.1 0.l 0.1
i 181 34572.11387566.| 535239.1 0.1 0.1
1 191 33448.11357038.1 514653.| 3.1 : O
| 201 32362.11326807.1 494859.] 17583.1 0.1
| 211 31312.11296892.| 475826. | 0.1 0.1
| 221 30296.11267319.1 457525.1 17893.] 0.1
| 23J 29306.11235667.1 439927. 944.| 0.1
| 24 28345.11203788.| 423007.1 2251.1 0.1
| 251 27418. |1172529 | 406738. | 0.1 0l
| | ! |
|

]***11031009 "*t’*"ﬁ"k’*t"*’|4403923

*NET PW EQUIVALENTS ON JAN94; IN 10**0 DOLLARS; IN CONSTANT JANS4 DOLLARS
*ENERGY ESCALATION RATES FROM NIST HANDBOOK 135 SUPPLEMENT DATED OCT 92
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L2 2R RS2SRRSRttt Rl R 222222 iR Rt R R R R R R R R R R R R R R R R I R U O R e

*x Central Heating Plant Economics Evaluation Program rage 1 **
*w File: WVAR1 Type: New plant (NP) 01/05/95 *x
* ¥ Desc: WATERVLIET ARSENAL *w
*w Tech: Gas / 0Oil Fired Boiler *x

L R R R R s R R R R R R R R R R S R AR R R R R R R R I R R R R e L

Stace : NY - New York
Location : 424 43m - 73d 42m
County

Emission regulation region

# 0 - State and federal only
Annual heating degree days: 6725

trrrxrrrrrrrrrrrrrrcrrerrerr Bojler CharacterisStics rrrrrrrrrrrrrrrrrrrrrrerrres

Type of heating system : Steam

Average Monthly Steam Flows (million Btu/hr)

Jan Feb Mar Apr May Jun
59 65 56 36 8 4
Jul Aug Sep Oct Nov Dec
3 4 5 35 49 61

Calculated PMCR: 107 thousand lb/hr steam
Boiler technology: Gas / 0il Fired Boiler

Boiler sizes (thousand lb steam/hr)
’ 1l: 36 2: 36 3: 36

Natural gas composition - volume basis

82.90 % Methane 0.00 ¥ Ethylene 14.90 ¥ Ethane

0.00 % Propane 0.00 ¥ Butane 0.00 % Hydrogen

2.20 % Nitrogen 0.00 ¥ Oxygen 0.00 ¥ Hydrogen Sulfide (H2S)
0.00 ¥ Carbon Monoxide (CO) 0.00 % Carbon Dioxide (CO2)

1107 Btu/SCF Heating Value

Natural gas composition - weight basis

73.70 ¥ Carbon 22.94 ¥ Hydrogen 0.00 ¥ Oxygen
0.00 % Sulfur 0.00 ¥ Carbon Monoxide 3.36 ¥ Inert gases (N2, CO2)
22695 Btu/lb heating value

Boiler Operating Parameters -- Natural Gas

Combustion air temp: 70 deg F 30 ¥ relative humidity

Flue gas temp: 350 deg F 3.00 ¥ oxygen (dry basis)

40.02 ¥ combustibles

10.25 % CO2 86.73 ¥ N2

0.00481 1lb/1lb dry air 0.00772 mole/mole dry air

14.94 ¥ excess air 0.020 % combustibles
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*******1‘***'l'*t‘l‘**tt’*t***'***t**fti**t*f'l'"***ti'*'l't*it*t**t't'*ff*'***'*"*"t

*w Cencral Heating Plant Economics Evaluation Program Page 2 *w
** File: WVARL Type: New plant (NP) 01/05/95 r
w Desc: WATERVLIET ARSENAL *w
*w Tech: Gas / 0il Fired Boiler *x

AR A A SRR R R R R R RS a i iRl R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

Boiler Performance -- Natural Gas
Sensible dry gas loss: 5.370 % Loss H20 vapor in air: 0.C044 %
Fuel H20 heat loss: 0.000 % H2 comb H20 heat loss: 10.742 %
Radiation heat loss: 1.972 % Unaccounted for loss: 1.000 %
Combustible gas heat loss: 0.064 %
Boiler efficiency: 80.808 %
Fuel Oil #2 composition - weight basis
87.40 % Carbon 12.50 % Hydrogen 0.00 ¥ Oxygen
0.00 % Nitrogen 0.10 ¥ Sulfur 0.00 % Ash
0.00 % Moisture
18993 Btu/lb heating value
0.856 Specific gravity
Boiler Operating Parameters -- Fuel 0il #2
Combustion air temp: 70 deg F 30 ¥ relative humidity
Flue gas temp: 350 deg F 2.50 ¥ oxygen (dry basis)
50.02 % combustibles
13.69 % CO2 83.79 % N2
0.00481 1lb/1b dry air 0.00772 mole/mole dry air
12.65 % excess air 0.020 ¥ combustibles
Boiler Performance -- Fuel 0il #2
‘Sensible dry gas lcss: 5.775 % Loss H20 vapor in air: 0.048 %
Fuel H20 heat loss: 0.000 % H2 comb H20 heat loss: 6.993 %
Radiation heat loss: 1.972 % Unaccounted for loss: 1.000 %
Combustible gas heat loss: 0.068 %
Beoiler efficiency: 84.144 %

Trrr ke r ke x ek e rreres Boiler Performance @ PMCR *rrrrerddrrbrrrdrrrrbb ey
Blowdown H S %

Temperature out of stack : 350 deg F

Steam pressure : 150 psig

Steam temperature : 367°'deg F enthalpy : 1195.6 Btu/lb
Condensate return temp : 150 deg F enthalpy : 118.0 Btu/lb
Makeup water temperature : 50 deg F enthalpy : 18.0 Btu/lb
Inlet water temperature : 120 deg F enthalpy : 88.1 Btu/lb

*kkkkk kAR TRRCTCRIEYCYY Area and Water Req-uirements @ PMCR *rrhdrddwrdbrrbrrrrrred

Building size : 7500 sq ft Condensate Return : 75 %
Plant area : 1.17 acres Boiler house leakage : 2 %
Plant height : 40 ft Water requirements g 100 gpm (est)
Stack height : 60 ft Railway track length : 125 ft

Sewer dischrg : 25 gpm (est)
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*x Coal Fired Boiler Evaluation Program Page 3 *x
*w File: WVAR1 Type: New plant (NP) 01/05/95 e
** Desc: WATERVLIET ARSENAL *w
**  Tach: Gas / Oil Fired Boiler xx

22 2 AR R EEEEEERRRRR AR AR R 2R il i i a2 Rid il il iRl R iR iRl i i 2R R R R R R R R E R R RE X R KRR
rrrrrrrrrrrrTRNTNFTIFCFCIRLCCIYRYT Goneral Site Considerations Frrrrkrrrrrr kAT NTXITICNNN A A
Development and Construction
Contractcors MAY BE AVAILABLE for CHP construction near the base.
The potential of having to bring in contractors for the
construction of the central heating plant can require additional
funds which are not accounted in the cost model.

Score: 2

Total: 20/ 50 . 40%

Fuel Supply and Site Access

Gas purchase contracts:
Score: 0

0il supply contracts:
Score: 0

'

Total: 0/ 0 0%

Ecology

Total: 0/ 0 0%

t: 2 F EEEEFEE LR EEFEEFEEEEE RS R EE R P E RS R F R F SRR TR R YRR E SRR E R OSSR BOE R B OR 2 E X 2 F J
Social Considerations

Total: 0/ 0 0%

Facility Services
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L Central Heating Plant Economics Evaluation Program Page 4 *w
¥ File: WVARL Type: New plant (NP) 01/05/95 *x
*ex Desc: WATERVLIET ARSENAL . *x
**  Tach: Gas / 0il Fired Boiler *x

L2 AR R ARl ittt il ARttt il i il s i sl iR R R R 2 R R R R R R R R

Condition of system is fair
Additional costs may be required to install a new distribution system.
These costs are not ccnsidered in the detailed evaluation program.
Score: 3
Steam distribution system routing is medium
It may be difficult to incorporate the existing distribution system
into the new plant. Additional costs may be required heavily modify
the existing distribution system. These costs are not considered in
the new plant detailed evaluation section of this program.
Score: 2

City water available: Yes
Score: S

New electrical substation required: No
Score: 5

Total: 120/° 170 70%

Waste Handling and Emissions

Local sewer system available: Yes
Score: 5 ’

Total: 50/ 50 100%

Military

Total: o/ 0 0%
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I R e R R R R R R R R R R R R A A AR R A2 2R 2R R R Rttt sl RS R 2222222222222 RE R 22 2R RN

* % Central Heating Plant Economics Evaluation Program Page 5 *r
*x rile: WVAR1 Type: New plant (NP) 01/05/95 v
*¥ Desc: WATERVLIET ARSENAL *w
* ¥ Tech: Gag / 0il Fired Boiler *w

R R 2222222222222 22222 22222222222t i i i s R i il il il i s il s sl i s il ittt d ]

General Questions Summary

Total Max Rating
Development and Construction 20 50 40
Fuel Supply and Site Access 0 0 0
Ecology 0 0 0
Social Considerations 0 0 0
Facility Services 120 170 70
Waste Handling and Emissions 50 50 100
Military 0 0 0

Boiler technoleogy rating: 10

Feasibility score: 10/10 = 100%
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page 1
File: WVARL Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Taech: Gas / 0il Fired Boiler

LA S AL SRR RS RS R R R AR Rttt sl il il i R R R R I R Y R R R R R R R R

Base and Plant Information
f***t*ttt*****tt*******i***t**t********fi***t**iii*****************t******f*t*

State: NY - New York Base DOE Region: 1
PMCR: 107,000 lb/hr steam Number of boilers: 3

Height of the plant: 40 ft
Building area: 7500 sqg ft
Plant area: 1.17 acres

2222222222222l il it ittt il l il il il il it i i il 2222 R R

Facility Parameters
2222222222222 2222222222 2222222222222 2222222222t 2222222222222 22222222 2R R 2

Capital Egquipment Escalation Factor: 1.102 (5032.16/1995)

Non-Labor Operation & Maintenance Escalation Factor: 1.092 ( 935.60/1995)
Operation & Maintenance Labor Escalation Factor: 1.119 (4626.82/1995)
Construction Labor Escalation Factor: 1.024 ( 271.10/1995)

Annual electricity usage: 794,786 kW-hr

1995 cost for distillate: 0.780 $/gallon

1995 cost for residual: 0.600 $/gallon

1995 cost for natural gas: 5.180 $/million Btu
1995 cost for electricity: 0.078 $/kW-hr

Annual Facility Output: 279,504 thousand lb steam
Annual Natural Gas Usage: 346 10"6 SCF

Heating plant efficiency: 80.8% natural gas

Year of Study: 1995

Years of Operation: 1999 - 2023

Annual #2 Fuel 0il Usage: 2,711 10”°3 gal

Heating plant efficiency: 84.1% #2 fuel oil

(2222222222222 R22R2R2 2 2d22d iR 2222222222222 222R 2222222 2R2aXatAtRS S

Facility Capital Costs
i3 2222222222222 222222222222 22 2222222 222222222222 2222222222222 22 2222222222222

Equipment Cost Equipment ; Cost

Boiler: LS 1,083,737 Stack: $ 34,709
Building/service: $ 1,143,696 Water trtmnt: $ 188,681
Feedwtr pmps: $ 18,757 Cond xfr pmps: $ 16,385
Cond strg tnk: $ 5,934 0il (long) storage: $ 201,113
0il day strg pmp: $ 4,958 0il heaters: $ 5,454
Oil day strg tanks: $§ 16,098 0il unload pumps: $ 14,544
0il xfr pmps: $ 4,793 Fire protection: $ 44,075
Cont bldn tnk: $ 845 Intr bldn tnk: S 845
Compressor: $ 27,196 Car puller: $ 22,037
Rail: $ 11,707 Site preparation: $ 3,223
Site improvements: § 169,139 Mobile equipment: $ 42,973
Elec substation: $ 60,803 Electrical: $ 131,896
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Central Heating Plant Economics Evaluation Program -- Cost Analysis rag
File: WVAR1 Type: New plant (NP) 01/05
Jesc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

Y**ttt********t**‘.l‘t****1‘******************if***t*****t**t******'****t****'t**t

Facility Capital Costs, cont
T T T R R T T I T T N P P N R P A T R A R A N R AR AN AN AT A AR Y Y

Piping: $ 747,411 Instrumentation: $ 276,353
Direct costs: S 1,485,804

2222222 222222222t iatd i it iRl s i iRl R R R R S R R AR A R R 2 R R R R R R g

Plant installed cost: 5 6,245,307

AR SRSttt ittt il l ittt iiiili i 2222222222222 2

Facility Annual O & M and Energy Costs

LR AAE R 2R RS2 2 2Rl sl il i il st il 22t 22222 222222222222 2}

Operating staff: 10
Annual Labor Costs: $ 514,488

Annual Year Non-Labor O & M Costs : §$ 597,285
1999 Natural gas costs : §$ 2,212,754
1999 Auxiliary Energy Costs - 63,767

1999 #2 fuel o0il costs : § 2,452,774

LA 222 AR AR AR ARl it iil st ists i s issssdR222 2 X222 22X 22 R 2

Periodic Major Maintenance Cost Summary
(222 ARRRRRS22222 2Rl i il sl ili il i 222222 2d 2222222222222 222222222 2]

Time Interval Cost Time Interval Cost

3 years $ 30,000 5 years S 6,251
10 years $ 59,691 15 years $ 73,127
18 years $ 6,554 20 years $ 12,862

(A2 AR ARRARR ARl iRttt R Rl l iRttt il i iz A0SR E 2D

Facility Life Cycle Cost Summary
(2 22 222222222222 2222222222222 2222222 22222222 222222222 2RR2R2222222R22ZRREZR R 24

Analysis using natural gas as primary fuel

+ PV ‘Adjusted’ Investment Costs = $ 5,552,055

+ PV Energy + Transportation Costs = $ 42,911,903

+ PV Annually Recurring O&M Costs =3 8,280,674

+ PV Non-Annually Recurring Repair & Replacement =3 250,552

+ PV Disposal Cost of Existing System = $ 0

+ PV Disposal Cost of New/Retrofit Facility = $ 0
Total Life Cycle Cost (1995) . = § 56,995,185
Levelized Cost of Service (1999 start) = 12.772 $/MMBtu
Levelized Cost of Service (1999 start) = 15.270 $/1000 1lb steam

A2 S22 R RS2 2R 2222222222222 2222222222222 2222222222222 222t 222 RS

Facility Life Cycle Cost Summary
2222222222222 2222222222222 iR X2 X222 X222l 2222 2222222222 2R2i Rl

Analysis using #2 fuel oil as primary fuel
+ PV 'Adjusted’ Investment Costs = 3 5,552,055
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page 3
file: WVAR1 Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

L2 2 R R RS R 22222222 RSl iiid 2l il Rl il iRl il i it il i AR AR AR R R R 2R R AR K R 22

Facility Life Cycle Cost Summary, cont
22 222222222 R 2222222l 2l li it il i il i il i il il i it il il i i R A 2222222 A2 R KR 2 X"

+ PV Energy + Transportation Costs = $ 43,074,246
+ PV Annually Recurring O&M Costs = 3 8,280,674
+ PV Non-Annually Recurring Repair & Replacement = $ 250,552
+ PV Disposal Cost of Existing System = S 0
+ PV Disposal Cost of New/Retrofit Facility = $ 0
Total Life Cycle Cost (1995) = $ 57,157,529
Levelized Cost of Service (1999 start) = 12.808 $/MMBtu

Levelized Cost of Service (1999 start) = 15.313 $/1000 1lb steam
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page -
File: WVAR1 Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

I R R R R R LR RS2 2 2222 R2 2222 222 R 222 AR R 222 At 222 R 2222222 2 2222t iia s i s X2 R 8 R R 21

Base Information
t*tt**t't*t**t****t***f*t***ti***t**'t****t***i********t**Q******t*t*****t****

State: NY - New York Base DOE Region: 1
PMCR: 107,000 lb/hr steam Number of boilers: 3

Steam Properties: 150 psi (1195.6 Btu/lb)
Inlet water temp: 120 deg F enthalpy: 88.1 Btu/lb

I A R R R R L2 2222222222222 2 2222222222222 222222 il 222 2222002222222 2222 28R ZRE2 2

Boiler Design Parameters
e R R R R R R R R AR R R 2R 2222222222 2222 2222222222 Rt i isosssddisd i s iiisssisiissssssds

A mixed bed for condensate polishing IS NOT NEEDED
A dealkalizer unit IS INCLUDED
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page
File: WVAR1 Type: New planc (NP) 01/05/9
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

2
5

2SR S RS2l Rttt i ittt his st it sttt ii ol il il il R R R R R R R ]

Plant Design Parameters --- Space Requirements
22 R EZE2 2222 AR RS2t ARttt il it i il sl il il i d s i iisd b 220 R R R R R R TR IR I

Height of the plant: 40 ft
Building area: 7500 sq fc
Plant area: 1.17 acres

iS22 RS RR2RR2R2 R 222t s i 2ot il i it it i 222l i il il il iid it i2i i d2ii i il st R X4

Plant Design Parameters --- Water & Water Treatment Specifications
222 R 2R 2R3 2222222222222 222222222222 22222222l 22222222222 2 X 2R 2]

Number of deaerators: 1
Number of resin vessels / train: 1
Number of mixed beds / train: 0

Boiler 1: 1 motor-driven feedwater pump -- 69 gpm
Boiler 2: 1 motor-driven feedwater pump -- 69 gpm
Boiler 3: 1 motor-driven feedwater pump -- 69 gpm

Number of condensate transfer pumps: 3
Condensate transfer pump size: 848 gpm

Condensate storage tank size: 3430 gallons

Number of long term oil storage tanks: 1

Capacity of one long term oil storage tank: 625000 gal
Number of ocil (day storage) pumps: 3

Short term storage tank size: 3,464 gallons

Length of rail track: 125 ft
Annual personnel water use: 89,162 gallons
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Central Heating Plant Economics Evaluation Program -- Cost Analysis P
File: WVARL Type: New plant (NP) 01/
Desc: WATERVLIET ARSENAL

Tach: Gas / 0il Fired Boiler

I 22 RS R 2 AR R X222 2222 iSRSttt ittt ltiisi it iil it il sl lli il R R R R'E XX R

Facilicy Capital Costs
I R R R R R R R R R R R AR RSS2 282 RS2t it lt ittt il i isi sttt ittt il it i i s st sl XX R 2 22"

Boiler capital costs: § 1,093,737
Boiler #1 ( 36 k-1lb stm/hr) cost: $ 364,579
Boiler #2 ( 36 k-1lb stm/hr) cost: $ 364,579
Boiler #3 ( 36 k-1lb stm/hr) cost: $ 364,579

Stack capital costs: $§ 34,709

Building and service capital costs: $ 1,143,696
Boiler house capital costs: § 1,033,016
Miscellaneous building costs: $§ 110,680

Boiler Water Treatment System Capital Costs: $ 188,681
Cost of zeolite softeners: $§ 15,514
Cost of dealkalizers: $ 101,706
Cost of chemical injection skid: § 22,037
Cost of water lab: $§ 22,037
Cost of 1 deaerator: $ 27,385

Cost of boiler feedwater pumps: $ 18,757
Cost of condensate transfer pumps: $ 16,385

Cost of condensate storage tank: $ 5,934

Cost of long term oil storage: $ 201,113
Cost of long term storage tanks: $ 163,255
Cost of long term storage-other: $ 37,857

Cost of oil (day storage) pumps: $ 4,958
Cost of o0il (day storage) heaters: $§ 5,454
Cost of short term storage tanks: $ 16,098

Cost of o0il unloading pumps: $ 14,544

Cost of [3] oil transfer pumps: $ 4,793

Cost of fire protection equipment: $ 44,075

Cost of 1 continuous blowdown tank: $ 845

Cost of 1 intermittent blowdown tank: $ 845
Compressor cost (2 - 30 Hp - 150 psig): $ 27,196

Cost of car puller and accesscories: $ 22,037
Cost of rail tracks: $ 11,707

Site preparation cost: $ 3,223
Site improvement cost: $ 169,139

Total cost of mobile equipment: $ 42,973
Cost of fork 1lift: § 22,037
Cost of pickup truck: $ 15,426
Cost of power sweeper: $ 5,509

Cost of electric substation: $ 60,803
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page 4
File: WVAR1 Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler
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Facility Capital Costs, cont
P R R R R R L 222222222222 2R d sl 22Xt il il il il il i il i iil il il it il st ittt il il

Electrical costs: $ 131,896
Piping costs: $§ 747,411
Instrumentation costs: $ 276,353
Spare parts cost: $ 24,321
Initial consumables: $ 8,512

Tools cost: $ 22,037
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page 3
File: WVAR1 Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Tech: Gas / Q0il Fired Boiler
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Direct Costs
I R R R R R R AR A 22222 222222222222 222 i R 22 A R A 2R R R AR SRR 222 il i R R R R R R R R X RS

Direct costs: $ 1,485,804
Development permit cost: $§ 60,803
Project contingency costs: $ 451,063
Construction management costs: $ 210,496
Engineering and design costs: $ 360,851
Owner management costs: § 180,425
Startup cost: $ 222,163

22 2222 RS 2R R 222222 2R X222 Rl it il sl iiii s it i i i ol o st 2R R

Installed Capital Equipment Cost Summary
I EE RS R R 2222 R 2R 2222222222222t Rid il il i it iit i i oi i i 2l sl sl f iR R R

Total Capital Costs: $ 3,326,420
Total Direct labor cost: $ 837,303
Total Freight cost: § 63,833

Total Bulk material cost: $ 531,946
Total Direct costs: $ 1,485,804

Plant installed cost: $ 6,245,307
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Desc: WATERVLIET ARSENAL :

Tech: Gas / 0il Fired Boiler
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Facility Operating Labor Requirements
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Operation personnel requirements
plant manager: 1
plant engineer: 0
plant technician: 0
plant clerk: 0
plant secretary: 0
plant janitor: 0
operations operator: 4
operations assistant operator: 1
fuel storage operator equipment: O
maintenance a mechanic: 1
maintenance a electrician: 1

Operating staff: 10

Annual Labor Costs: $§ 514,498
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File: WVAR1 Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

A RS R R R R RS2SRRSR R ARl a2 AR RS Rl s R it a2 d i it il R AR R R X X R R R EER L

Yearly O & M Costs Summary
2 AR 2 R r 2 22222222 R R AR 222222 d R i AR a2 R R R SRR R 22 A2 A R 2 R 2R R R R R R R R R R R X B XL

Annual boiler maintenance costs: $§ 7,656

Annual insurance cost: $ 106,389

Maximum electrical consumption @ PMCR: 272 kW
Annual electricity usage: 794,786 kW-hr

Annual O & M (materials/supplies) costs: § 40,343
Annual condensate make-up water cost: $ 25,113
Annual blowdown make-up water cost: $ 5,022
Annual facility washdown water cost: $ 2,340
Annual personnel water cost: $ 267
Annual zeolite softener water cost: $ 4,252
Annual chemicals cost: § 787
Annual sanitary sewer cost: $ 2,559

Annual miscellaneous maintenance costs: $ 8,983

Study year water cost: $3.00/1000 gallon

1995 cost for distillate: 0.780 $/gallon

1995 cost for residual: 0.600 $/gallon

1995 cost for natural gas: 5.180 $/million Btu

1995 cost for electricity: 0.078 $/kW-hr
Annual consumables cost: § 1,702
Annual spare parts cost: $ 3,648
Annual mobile equipment maintenance: $§ 3,437

1999 Natural gas costs : § 2,212,754

1999 Auxiliary Energy Costs : § 63,767

1999 #2 fuel oil costs : § 2,452,774
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File: WVAR1 Type: New plant (NP) 01/05/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler
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Periodic Maintenance Costs Summary
L2 A2 A SRS AEERRR Rl lili it Attt iitlit ittt Rl il il il il i il il 2R R R X R R R R R R R R

Major boiler maintenance costs (every 15 years): $ 65,624

Major stack maintenance costs (every 10 years): $ 6,941

Major water treatment system maintenance costs (every 10 years): $ 52,749
Major deaerator maintenance costs (every 20 years): $ 6,846

Motor-driven feedwater pumps maint costs (every 15 years): $ 7,502
Centrifugal pump maint costs (every 18 years): $ 6,554

Sump pump maintenance costs (every 20 years): $ 6,016

0il pump maintenance costs (every 5 years): $ 6,251

Periodic EPA permit testing/renewal costs (every 3 years): $ 30,000
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Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler
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Economic Data Summary
2SR A RS SRR R RSttt i iR iR R R R R R e R R R R R R R R R R R R SRS EE R R R R R R R R R

Capital Equipment Escalation Factor: 1.102
based on Engineering News Record, Construction Cost Index: 5032.16

Non-Labor Operation & Maintenance Escalation Factor: 1.092
based on Chemical Engineering, M & S Index, Steam Power Comp: 935.60

Operation & Maintenance Labor Escalation Factor: 1.119
based on Engineering News Record, Skilled Labor Index: 4626.82

Construction Labor Escalation Factor: 1.024
based on Chemical Engineering, Construction Labor Index: 271.10

Annual Facility Output: 279,504 thousand lb steam
Steam enthalpy: 1195.6 Btu/lb

Inlet enthalpy: 88.0 Btu/lb

Annual Natural Gas Usage: 346 10“6 SCF
Heating plant efficiency: 80.8% natural gas
Discount Rate: 4 %

Year of Study: 1995

Years of Operation: 1999 - 2023

10% Investment Cost Exclusion IS NOT applied
Annual #2 Fuel 0il Usage: 2,711 10”3 gal
Heating plant efficiency: 84.1% #2 fuel oil
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Cash Flow Summary
t*t***i*t***i*i*i*******t********i*********t*******‘t********t********tt*******

Analysis using natural gas as primary fuel

1998 adjusted investment: 6,245,307 existing plant salvage: 0
Year Boiler Auxiliaxy Non-Energy Repair and
Fuel Energy o&M Replacement
1559 2,212,754 63,767 580,270 0
2000 2,302,342 64,951 597,295 0
2001 2,396,397 66,055 §97,295 30,000
2002 2,494,939 66,370 597,295 0
2003 2,584,525 66,844 597,295 6,251
2004 2,669,623 67,474 597,295 30,000
2005 2,759,210 68,341 597,295 0
2006 2,821,927 68,894 597,295 0]
2007 2,898,069 ) - 69,564 597,295 30,000
2008 2,974,210 69,604 597,295 65,942
2009 3,090,686 69,880 597,295 0
2010 3,202,655 71,102 597,295 30,000
2011 3,260,197 71,536 597,295 0
2012 3,317,720 71,976 597,295 0
2013 3,375,262 72,419 597,295 109,378
2014 3,432,787 72,868 597,295 0
2015 3,490,327 73,322 597,295 ' 0
2016 3,547,852 73,781 597,295 36,554
2017 3,605,394 74,245 597,295 0
2018 3,653,332 74,683 597,295 78,804
2019 3,701,285 75,125 597,295 30,000
2020 3,749,221 75,574 597,295 0
2021 3,797,158 76,028 597,295 0
2022 3,845,112 76,488 597,295 30,000
2023 3,893,049 76,953 597,295 6,251

- = e e e e @ @ m = e ® ® ® @ ® ® e @ w e e e & . . & e ® . e o ® . .- .- - -

2024 new plant salvage: 0

- = = e e & & = e = @ ® ® e ® ®w ® @ ® ® @@ ® e ® ®w ® . @ ® e w- e ® @ .- . - o
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Tech: Gas / 0il Fired Boiler
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Life Cycle Cost Summary
P R R R R R R R R R R R R 2222222222222 22222222222 222222222222t i ittt i sl 2 X 2 X R X

Analysis using natural gas as primary fuel

+ PV 'Adjusted’ Investment Costs = $ 5;552;055
+ PV Energy + Transportation Costs = § 42,911,903
+ PV Annually Recurring O&M Costs = $ 8,280,674
+ PV Non-Annually Recurring Repair & Replacement = $ 250,552
+ PV Disposal Cost of Existing System = $ 0
+ PV Disposal Cost of New/Retrofit Facility = § 0

..................

Total Life Cycle Cost (1995)

$ 56,995,185

Levelized Cost of Service (1999 start) = 12.772 $/MMBtu
Levelized Cost of Service (1999 start) = 15.270 $/1000 1lb steam
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Desc: WATERVLIET ARSENAL

Tech: Gas / Oil Fired Boller

IR R R X R R R R R R R R R R R R R A R R R R R R R R 222 R AR A R R E R R R RSS2 222222 e Rt sttt sl it

Cash Flow Summary
I R R R R R R R R R R R R R R R R R R R L A R R R R R R R R R R R R A AR R RS R R RS R LR A2 AR ts RSt a Rl il s RS REE &

Analysis using #2 fuel oil as primary fuel

1858 adjusted investment: 6,245,307 existing plant salvage:
Year Boiler Auxiliary Non-Energy Repair and
Fuel Energy o&M Replacement
2,452,774 63,767 580,270 0
2,545,266 64,951 597% ;295 0
2,621,657 66,055 587,295 30,000
2,650,006 66,370 587,285 0
2,750,335 66,844 597 295 6,251
2,802,602 67,474 597,295 30,00¢C
2,854,871 68,342 597,295 c
2,899,096 68,854 5¢7,295 0
2,543,322 62,564 597,285 30,000
2,991,588 €5,604 587,285 65,942
3,C3z,814 €%, 88C ES7,285 0
3,067,978 T 282 £€7,295 30,00¢
2,%23,08BE 7%;5386 ES7 ;255 c
B 27821568 T2;S76 £S7,298 0
3,238,229 72,428 537,2¢%3 1C9,378
3,288,43¢ 72,8868 Ee%,285 n
CTE 3,343,847 73,322 BEST 285 ¢
g B35k, B58 73,782 £27,2658 3,534
ey 3,432,784 74,2452 £27,2¢8 c
CL& 3,456 ,¢€5%¢€ 74,683 £¢7,295 78,804
e 3,545,628 75,225 £87,285 3¢,00°C
g2 3,522 ,55¢ TE,874 £5%7,288 C
cz2 3,627,4E¢% 7¢,028 587,283 C
czz 2,6E83,4CL 75,488 587,285 3C,000
lZ3 3,72¢,333 7€,533 527,295 6,285

2024 new glant salvage 0
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File: WVARL Type: New plant (NP) 01
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler
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Life Cycle Cost Summary
XX A R N N T N R R N A N A A AR A AR XA TS

Analysis using #2 fuel oil as primary fuel

+ PV 'Adjusted’ Investment Costs =S 5,552,055

+ PV Energy + Transpertation Costs = $ 43,074,246

+ PV Annually Recurring O&¥ Costs : = § 8,280,674

+ PV Non-Annually Recurring Repailr & Replacement = $ 250,552

+ PV Disposal Cost of Existing Sys:tem = § 0]

+ PV Disposal Cost of New/Retrofit Facility = $ 0
Total Life Cycle Cost (1995) ; = $ 57,157,529
Levelized Cost of Service (199¢ star:t) = 12.808 $/MMBtu
Levelized Cost cf Service (192925 start) = 15.313 $/100C 1lb steam
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Heating Flant Economics Evaluaticn Program

* *

*w

Desc:

Tanw

WVARCOGL Tyoei
VATERVLIET ARSENAL

Gas / Cil Fired Bcil

Cogeneration new plant

o

(CG)

Page
0z/08/¢

q

=]

*x
*x
* x
*x

2 e A R R R A R R AR SRS EE RS SRS E R SRS R ARttt it il st il sl it lss s s is st s s

State : NY - New Ycr
Location : 42¢ 43m -  73¢ 42m
County :

Emission regulation region

# 0 - State and federal only
Annual heating degree days: 6725

XX TN AT T LTI NT T AN YR

Tyope of heating system : Steam

Average Monthly Steam Flows

Jan Feb Mar Apr
3 65 56 38
oo Augc Sep Bles
2 4 5 35

Calculated PMCR: 125 zhousané lb/hr steam

Averaze Monthly Electrical Loads (kW)
Jarn Fek Mar Acr
s v g0CC 7000 700¢C
cul Ruc Ser Oct
&Ll 7008 7000 7CCC
Peak Moxmchlvy Electrical Lioads (kW)
can Felk Mzr Apr
gloc E=C0 80CC 8000
ol Aug Sez Oczt
£59.C g3CC 80C0 8000
Maximum peax ménchly electrical load:
Cocenerzticn 30%
Steam reguir 83,72€ lb/hr
Flant spesc.: scteam

Boiler technology: Gas / 0il Fired Boiler
b steam/hr)

Boiler sizes (thousand
2 &2 3 42

1: &2

(milliorn Btu/hr)

9500 kW

May
8
Nov
45

Jun
4
Dec
61

*** manual

May
70C0
Nov
7000

May
§000
Nov
8000

recuirements for peak

JUuny
7000
Dec
7008

Jun
8300
Dec
80C0

entry

Beoiler CharachLeriSiiCsS *rrtr ettt ek kkr e e Tk Ak &
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Heating Plant Economics Evaluation Program Page 2
WVARCOGL Type: Cogeneration new plant (CG) 02/08/95
WATERVLIET ARSENAL

Gas / Cil Fired Boil

2 e A R R R R R R A R A AR R R R R e RS R AR RS SRR RS Rdd sl Rttt i s iRt Radd

* x

.....
* ¥
* x

ar * %

Natu gas composition
Methane
Propane

% Nitrogern

% Carbon Monoxide

S
g

A% o\°

composition -
Carbon
u-

Parameters

40.

b

Q0

b
>

o]

oD
10
TBonm

o e

w0
OO my
O et

D Mot

o WMot

@®

_———— Tl

1t

3 ) o\® o o° b))

Cezbexn
N-—voﬁza

W ) OO

mn o

GY M D O b2

U

G,

m

350 deg
combustibles

¥ CC2

0.004&2 1b/lb éry air
12.65 % excess air

Flue gas temp:
50.C2 %
13,68

°

Boiler Performance
Sensible dry gas loss:
Fuel H20 heat loss:

R heza: loss:
Combus e gas heat loss:
Eciler efficiency:

Pl OGS

RS s as 4

g

(SRS &

8

[(s s Reg
£t
),

weicht
22.%4 % Hydrogen
0.00 ¥ Carbon Monoxide

b heating value

Ooroump

7C deg F

n

Fuel 0Cil #2

S
0.
1.
0.
.267

E

thig U WOoOmoWw
A1) [TV 25 MU s RGO IS |
N0 OO0

f.

- volume basis
0.00 ¥ Ethylene
0.00 % Butane
.00 % Oxygen

(co)

2tu/SCF Heating Value

basis

Natural Gas

30 %

2.00 %

86.73 %

0.
c.

1

(0]
HQ 0
m $1-

@51

0C772

020 %

A A o o o\

2
30 %

2.50 %

83.79 %

0.
.020 %

0

775
000
849
068

00772

o o\® of® o\ o\®

14.90 % Ethane

0.00 % Hydrogen

0.00 % Hydrogen Sulfide
0.00 ¥ Carbon Dioxide

(H2S
(CC2)

0.00 % Oxygen
3.36 % Inert gases

relative humidity
oxygen (dry basis)

N2
mole/mole dry air
combustibles

0.044
10.742
1.00¢C

Loss E20 vapcr in air:
H2 comb E20 heat loss:
Unaccountced for loss:

0.00 % Oxygen
0.00 % Asnh

relative humidity
oxygen {(dry basis)

N2
mole/mole dry air
combustibles

.048
983
.000

Loss H20 vapor in air:
H2 comb H20 heat loss:
Unaccounted for loss:

oy O

)

o\ \® o\®

N o o
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*x Cozl Fired Boiler Evaluation Program Page 3 * ¥
*x File: WVARCOG1L Type: Cogeneration new plant (CG) 02/08/%5 *x
¥ Desc: WATERVLIET ARSENAL * *
*x Tech: Gas / 0Oil Fired Bciler **

R R R R R R R R R R R A R S22 SRa 22 A 2Rt s i a2 R R R R R R R R 2R A2 22222222 222X 22 R R R R &

TEERTRE KRN A *XFAFTXTXTTIXYT Boiler Performance @ PMOR *rrrrrkdrrrdrrr btk ke r b dw

Elowdown : 5 %

Temperature out of stack : 350 deg F

Steam pressure : 600 psig

Steam temperature : 750 deg F enthalpy : 1378.9 Btu/lb
Condensate return temo : 150 deg F enthalpy : 118.0 Btu/lb
Makeup water temperature : 50 dec F enthalpy : 18.0 Btu/lb
Inlet water temperature : 120 deg F enthalpy : 88.1 Btu/lb

AT FXXTXTFATXAXTA**AY*Y Avyoa and wWater Requirements @ PMCR *¥**¥rdrrrrrrrrrrrrrrds

Building size : 10500 sg ft Condensate Return : 75 %

Plant area : 1l.42 acres Boiler house leakage : 2 %

Plant height : 40 £t Water reQuirements : 100 gpm (est)
Stack heicht : 60 £t Railway track leng:th : 125 fc

3]
o
]
1

Sewer dischrg : 50

t
H
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*x Cozl Fired Boiler Evaluation Program Page 4 *x
** File: WVARCOG: Type: Cogeneration new plant (CG) 02/08/85 * o
o Desc: WATERVLIET ARSENAL *x
¥k Tech: Gas / 0Oil Fired Boiler *x

I 2 R R R R R R R R R R R R R R R R SR e e R R R R R R A R R R R R R R R SRR RSS2SR 2222222222222 Rt S

TExXXX A XX FTETXIEIXXTTRTRYITYT Goenergl Site Considerations **rrkrrrrrrrrrrdrrrrdrrrdrs

Developmen: and Construction

Total: o/ 0 0%

Fuel Supply and Site Access

Gas purchase contracts:
Score: 0

0il supply contracts:

Score: C

Total c/ ¢ 0%
======================================‘======S============_========‘===========
Eceipsy

Total: 0. 0 0%
E R R S R 2 -+ & -+ ¢+ ¢ ¥ T E A X F T E Y E 2 SR 2 -
Sccial Consicderations

Total: c/ C %
=====‘.====================================S====================8===============

Facility Services

Condition of system is fair
Additional costs may be reguired to install a new distribution system.
These costs are not considered in the detailed evaluation program.

Score: 3
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* ¥ Central Heatinc Plant Economics Evaluation Program Page 5 ek
xx File: WVARCOGZ Type: Cogeneration new plant (CG) 02/08/85 *x
g Desc: WATERVLIET ARSENAL * ¥
L Tecnh: Gas / Cil Fired Boiler * ¥

I 2 R e R R R R R R R e R A R R A AR R R R R R R e A R R R R RS ESsE R R 2Rttt tls t &l

'
istribution system routing is medium
may be difficult to incorporate the existing distribution system
1to the new plant. Additional costs may be regquired heavily modify
he existing distribution system. These costs are not considered in
tne new plant detailed evaluation section of this program.

Score: 2

g
t

ity water available: Yes

Sccre: 5
Total: 95/ 145 65%

Waste Handlinc and Emissions

Local sewer system availatle: Yes
Score; =
Total 58/ £0 100%
E S 2 bk b RS -k 2 2Rk & 2 F & 3 2 2 3 2 B 2 222 2 2 2 5 2 2 2 R 8 5 55 5

+]
o
(r
)
'
(@]
=4
@)
o
L

e i R o R Y 2 R R R R TR R 2

< operated for over 6000 hours per year
fa y will be operating enough to justify building a cogeneration
o
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o Centrzl Heating Plant Economics Evaluation Program Page 6 L
*x PRl WVARCOGL Type: Cogeneration new plant (CG) 02/08/85 **
T Desc: WATERVLIET ARSENAL * x
*ox Tec Gas / Cil FPirec 3ciler *x
I EE R R R R R R T TS ES TR EEAE RS IR L SR L S L AR 2RSS AL R2 2222222222 222222222222 222222t

ity WILL mzintain and repalr interconnection facilities
=

8

The utility MAY be cooperative in setting up the
electrical interconnections and stand by power costs
Additional costs may be reguired to set up the electrical interconnections
né stand by power costs. This should be further evaluated before
proceeding to a detailed evaluation.
Sccre 2
The electric utility DOES use coal as their primary fuel
Cogeneration may not be cost effective due to the local
availakility of relativaly low cost electricity generated by coal.
Seore: Y

Th ity’s average electrical power / steam ratio is above 75 kWh/MBtu
Cogeneratiorn may rnot be ccst effective because a significant portion
cZ the 's electric recuirements must still be purchased from
the local utility. A mcre detailed analysis cf the electrical and
thermzl Zcad curves snoull be perfcrmed prior to a detailed evavuation.
Seers = .
Cos C cents/kWn Costz of coal: £.10 $/Mbru
The make cogeneraticn prohikitive
The is below 23 Mw
Due i¢c load mearurements it mav not be
cos .
S

lent to warrant cogeneration.

ua ectrical power / steam ratio is above 75 kWh/MB:tu
oL cest eZfective because a significant portion
Z the base’s electric recuirements must still be purchased from
the local uvtility. A mcre detailed analysis c¢f the electrical and
thermal load curves should be performed prior to a detailed evavuation.
Scere 5 : . .

PMCR Is below 200 MMEBriu output; facility is probably not suitable for cogenerat

Total: 400/ =50 72%
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% Central Heating Plant Economics Evaluation Program Page 7 *x
* % File: WVARCOGL Type: Cogeneration new plant (CG) 02/08/95 * %
*x Desc: WATERVLIET ARSENAL * x
* % Tech: Gas / 0il Fired Bciler *x

2RSS RS A RS R RS RS R 2SS AR R R R e e R R e R e R R R R R R R R R R R R R R R R R R R

General Questicns Summary

Total Max Rating

Development and Construction 0 0 0
Fuel Supply and Site Access 0 0 0
Ecologcy 0 0 . . 0
Social Consideration 0 0 0
Facility Services 95 145 €5
Waste Handlirng anéd Emissions 50 50 100
Militaxy 0 0 0
Cogenezration 400 E80 72
Boilexr technology rating: 30
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Centrzl Heating Plant Economics ?v luvation P*og*am -- Cost Analysis Page 1
File: WVARCOG1 Tvpe: Cogeneraticn new plant (CG) = - - sfrmo~ 02/08/88
Desc: WATERVLIET ARSENAL ) /
Tech: Gas / 0il Fired Boiler ft,“- v’f~LCGQ

e e e R R R R R R R R R R R R R e R R R AR 22 R E 222 E RS2SRRSR R S &84
Base ang Plant Information
P e R R R R R R R R R R R R R R R R e e e R 22 2 R A R R R R R A R R SRS R RS2SR R RS2SRSS 2222222t R e i B i

State: NY - New York Base DOE Region: 1
PMCR: 123,000 lb/hr steam Number of boilers: 3
Height of the plant: 40 £t

Building area: 10500 sg ft

Plant drea: 1.42 acres

R R R e R e e R R e R RS R AR SRR RS RS A RS R AR R AR R R s SRRt S &l

Facility Parameters
P Rt R R R R R R R R R R et e A e R e R R R R R R R R R R R R R R R S RS R A S AR A 2R AR 2222222222222 Rt &8 &

Capital Eguipment Escalation Factor: 1.102 (5032.16/1995)

Non-Labor Operation & Maintenance Escalation Factor: 1.092 ( $35.60/1995)
Operaticr & Maintenance Labor Escalation Factor: 1.119 (4626.82/1995)
Constructicn Labor Escalation Factor: 1.024 ( 271.10/1995)

Rnoypal elsctricisy usage: 2,018,734 kW-hr

1008 gest £fo¥ distillate:r 0.780 $/galiloxn

1985 pgoET for resicdusl C.600 S$/galion

1985 EEst r macpral gasy E5.1B0 S/millicm BEw

188E geet ricizoys C.07B S/kW-h¥

cilicy Output: 278,784 thousandé lb steam

278,784 thousand lb steam (incl cogen
Annual Natural Gas Usage: 4C1 1076 SCF
Heating plant efficiency: B0.9% natural gas

R

Year of Sgucye L8985

YEEYE BE Cpézatinrn: 1999 - 2023

Annual #2 Fuel Cil Usage: 3,147 10°3 gal
Heating plant efficiency: B84.3% #2 fuel oil

X X X T A A A Ak kA Ak A Ak A A AR A A A AT AT I XTI A Ao *
Facility Capital Costs
********************t*************t***************i’***************************

Eguipmenst Cost Equipment Cost

Boiler: S 1,553,656 Stack: $ 34,708
Building/servic S 1,582,998 Cogen Equipment: g 2,363,542
Water trimnt S 645,440 Feedwtr pmps: $ 138,724
Condéd xfr pmps g 18,658 Cond strg tnk: S 6,293
0il (long) storage: $ 245,946 0il day strg pmp: $ 6,280
0il hezters: S 6,380 0il day strg tanks: $ 18,151
0il uznloacd S 14,544 0il xfr pmps: S 5,454
Fire prote $ 44,075 Cont bldn tnk: S 885
Int¥ blén S 8¢5 Compressor: $ 27,19¢
Car pullers S 22,087 Rail: S 2, 707
Site prepzrztion: S 3p8%1 Site improvements: §$ 179,0%5¢&
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File: WVARCOGL Type: Cogeneration new plant (CG) 02/08/¢2
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

I R LR R R R e 2 A R R R S R R R R R R R R R R R A A R R A R R R R R R R R R RSS2SR SRR SRS SRSl

Facilicy Capital Costs, cont
Pl AR e R R e R e e 2 s E R R RS R R A RS AR A AR RS SRR R RS2SRRSRt istt sl il las sttt i &

Mcbile eguipment: g »2 73 Elec substation: S 95,663
Elegrzrigcal: $ 182,554 Piping: S 1,036,966
Instrumentation: S 383,416 Direct costs: $ 3,084,850
i****t1***t*******t*t*******t************************************

Plant installed cosct: 5 14,263,149

R e e AR R R R R e e R R R R R R R R R R R R R R R R R R R R R R SRR e s eSSl S

Facility Annual O & M and Energy Costs

I 2 R R R R R R R RS R RS R RS Ea R RS R AR R RS R e SR ARl R Rt iR E s &

Operating staff: 11l

nnual Labor Cost S 544,914

Annua. Year Non-Labor O & M Costs : § 645,840
1899 Naturel gas costs ¢ § 2,568,396
198% Auxiliary Energy Costs i 8 81,818
298¢ %2 fuel cil costs : § 2,847,185

IR e R R R R R R R R e R e R e e S R R R R R RS AR R R R R R R SRS E RS R E SR R R RS S

Periodic Majcr Mzintenance Cost Summary
******************************************************************************

Time Intexrvel Ces: Time Interval Cost

2 years = 3C,000 S years S 254,262
10 yezazs g 250,368 15 years S 148,7CS
1ls yeazs S 7,483 20 years S 12,862
25 years $ 6,458

2RSSR RS RS E SRS R RS SRR At it s R R SRttt iRt RSttt Rttt Rttt Rttt Rttt R Rl S & &

Pacility Life Cycle Cecst Summary
I A R R R R R R R R R A R e RS A R R R R R R R R R AR AR R R RS R RS R RS R SRR RS RARR LR RS A RR SRR AR S s S & i

Analysis using natural gas as primary fuel

+ BV ‘Acdjusted’ Investment Costs s 12,67%,887
- PV Energy + Transportation Costs = $ 49,527,858
- PV Annually Recurring O&M Costs =S 9,005,485
+ PV Non-Annusally Rncu**ing Repair & Replacement = § 1,117,963
- PV Cogeneration Electricity Credit = $ 38,725,304
+ PV Disposal Cost of Existing System = S 9
+ PV Dispcsal Cost of New/Retrofit Facility = 5 0
Total Life Cycle Cost (18¢5) = $ 34,005,881

[
[e)]
o
]
S
S

Levelized Cost of Service (189¢ start) $/MMBtu
Levelized Cost of Service (1999 start) = 9,1344 $/1000 1lb steam
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/8
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

22 S RS SRS S SRR R RS SRS d SRRt RS R AR R RS tiiiii 2 a2 s iR sttt Rttt n SRS

Facility Life Cycle Cost Summary

AKX R T T A A A A R A A R A A kA kA A kA A A A Ak A kXA A AT TR X AN

Analysis using #2 fuel oil as primary fuel
PV ’'Adjusted’ Investment Costs

PV Energy + Transportation Costs
PV Annually Recurring O&M Costs

PV
PV
PV
BV

Non-Annually Recurring Repair & Replacement
Cogeneration Electricity Credit

Disposal Cost of Existing System

Disposal Cost of New/Retrofit Facility

R E"

Total Life Cycle Cost (1985)
Service (

Cost of 1
Service (1

Cost of

Levelized

S
Levelized e

S s
S s

t ct
[T
o
ot ot

9
S

$ 12,679,887
$ 50,119,842
$ 9,005,485
S 142127 ,;8963
$
S
$

38,725,304
34,197,875

$/MMBtu
$/1000 1lb steam

=
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Tile: WVARCOG1 Tvps: Cogeneration new plant (CG) Ffeinw & - Low 02/08/95
Desc: WATERVLIET ARSENAL

e % e %
ol b Hext Load
R A R R R R R R R T R e R R E S A2 R R AR R R AR AR R R R R R R R R R R R A S EERAE SR 2SS 2 222222222 R4

Base Information
R e R A R R R R e e R R R R R R R a2 2SR R A A R R R R R R R R R R R S RS2 R R 2222222222222 222 Rt

Tech: Gas / 0il Fired Eciler

State: NY - New York Base DOE Region: 1
PMCR: ,000 lb/hr steam Number of boilers: 3
Steam Properties: 600 psi (1378.9 Btu/lb)

Inlet water temp: 120 deg F enthalpy: 88.1 Btu/lb

LR R R R R R R R R e e R E R R RS R R R R R R A R R R R R RS R R AR E RS2 2 RSl S22 2SR 2R R R R

Boiler Design Parameters
I R R R e R R R R R R A R R R R R R R R R R RS R R R R R R AR R AR R R AR RS2SRRSR 2R 2R 22

A mixed bed for condensate polishing IS REQUIRED
A dealkalizer unit IS NOT NEEDED

I A 2 A S R e R R R R L AR R R R S R R R R R R R R R R RS2 ESRR 2222222222222 d R

Cogeneration Subsystem Desi gn Parameters
A kR E KK R T E KR TR R X AR AT F TR A TR F R Xk Ak kA kAR F Rk F AR R F R XA A AR R Rk Ak kA H R AN *

Average Steam Loads (100C lb/mx)
Jarn Feo Mar Apr May Jun
Eeat /Proz: Scx Es¥ 5€* 35x gx* 4%
Cogen EBys: B2 ol €2 62 62 62
Fex Aug Sep Ece Nov Dec
Eeat/Proc: B& Lx B® 5% 429% 61l
Cogen Sys: 7 62 62 €2 62 62
Coceneration efficiency: 30%
Ccgen system sized fcr £4,000 1b steam/hr
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File: WVARCOG1 Type: Cogeneration new plan:z (CG) 02/08/¢
Desc: WATERVLIET ARSENAL '

Tech: Gas / Oil Fired Bciler

RS R RS 2 a2 S R R e R R R A R RS R R R R R R A R R R R R RS EESES AR RS RE R AR R SRSl R R
Flant Design Parameters --- Space Reguirements
e R S R S R A R R R R R R R R R R A RS EREE e ER R R R SRR RS RSS2SRt R R R St Rt RS

Height of the plant: 40 £t
Building area: 10500 sg £t
Plant area: 1.42 acres

I 2SS s S R RS e R e R R R R e e e R R R R R R R R R RS RSS2SR R 2 2222222222222 Rt E S &Y

Plant Design Parameters --- Water & Water Treatment Specifications
22 R S S S a2 S R 2R R S 2 A SRR R AR AR R SRR SRR R R SRR S R 222222222222ttt d

Feedwater flow: 263 gom

Surface area of feedwater heater: 0 sqg ft

Number of deaerators: 1

Number of resin vessels / train: 2

Number of mixed beds / train: 1

Boiler 1: 1 motor-drivern feedwater pump -- 81 gpm
Beiler 2: 1 motor-driven feedwater pump -- 81 gpm
Boiler 3: 1 motor-driven feedwater pump -- 81 gpm
Number of ccndensate transfer pumps: 3

Condensate transfer pump size: 991 gpm

Condensate storage tank size: 4000 gallons

Namber of long term eoil sterage tanks: 4

Capaczty ©f cone iong term oil storage tank: 8€1000 gal
Number of @il (daw storage. pumps: 3

Erxoxrt tern sterage tenk sizer 4,778 galions

encth of ralil track: 128 £t

Annual personnel water use: $3,537 gallons
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Central Heating Plant Econcmics Evaluation Program -- Cost Analysis
File: WVARCZCGL Type: Cogeneration new plant (CG)

Desc: WATERVLIET
Tech: Gas / Qi1 F

d
b
!1%
M n

L S AR S A S SRR R R R A RS2SRRSR R e A SRR R R R R R R A R R R R RS R AR EREE 2SS LRSS SR SXR SRR RE S S 2

Facility Capital Costs

A SRS S SRR R R s RS ALt a AR R RSt il l RS R RS ss2 2ttt 22222322 R R 22

Boiler capital costs: § 1,552,656
Boiler #1 ( 42 k-1lb stm/hr) cost: § 517,885
Beiler $#2 (42 k-1b stm/hr) cost: $ 517,885
Boiler #3 ( 42 k-1lb stm/hr) cost: $ 517,885

Stack capital costs: $ 34,709

Building and service capital costs: $ 1,582,965
Boiler house capital costs: $ 1,446,222
Miscellaneous building costs: $ 136,773

Cogeneration equi pme 1t capital costs: $§ 2,363,542

Coocling tower and condenser not required. Heating uses all steam.

Cost of feedwater heater: $§ 5,511
Cost of turbine generator: $ 2,358,031

Boiler Water Treatment Sys:tem Capital Costs: $ 645,440
Cost cf demi 3
CosE X $ 154,704
Cost cf
Cogs B8
Chst &2

Cost of condensate storage tank: $§ €,283

Cost of lcng term cil storage: $ 245,946
Cost of long term storage tanks: $ 202,231
Cost ©f lcorg term Sterace-othér: § 43,715

Cost cf cil (day stcrage) pumps: $ 6,280
Cost of oil (day storage) heaters: $ 6,290
Cost cf shert term storage tanks: $ 18,151

Cost c¢f oil unloading pumps: $ 14,544

Cost cf (3] cil transfer pumps: $ 5,454
Cost of firé protection eguipment: $ 44,075
Cost cf 1 continuous blowdown tank: $§ 895
Cost of 1 intermittent blowdown tank: $ 895

Compressor cost (2 - 30 Ep - 150 psig): $ 27,196

Cost ©f car puller and accessories: $ 22,037
Cost c¢f rail tracks: $ 11,707

»“U

reparat
mpr

icn cost:
PXovVeERmElL

m w
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tral Heating Plant Economics Evaluation Program -- Cost Analysis Pa
ile: WVARCOG1 Type: Cogeneration new plant (CG) c2/0
Desc: WATERVLIET ARSENAL
Tech: Gas / 0il Fired Boiler
S22 SRS S S R RS 2SR 2SRl SRRt R R R R e R R R R R R R R R R R

Facility Capital Costs, cont
**************************************i***************************************

Cost of fork lift: § 22,037
Cost of pickup truck: § 15,426
Cost of power sweeper: $ 5,508

Cost of electric substation: $ 95,6€3
Electrical costs: $ 182,994

Piping costs: § 1,036,966
Instrumentation costs: $ 383,416
Spare parts cost: $ 32,555
Initial consumables: $ 11,394

Tools cost: $ 28,648
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m

tral Heating Plant Economics Evaluation Program -- Cost Analysis Page
le: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/88
sc: WATERVLIET ARSENAL

h: Gas / 0il Fired Boiler

. H

IS RS S R R RS2 ss iSRS SRRt dRR ittt ittt iii ittt R R R RS

Direct Costs
222 S22 2 S R R R R R R R 2 S R 2 SRR A A R R R A SRR RS A2 R R SRR 2R R R RS RS2SR R 2R E R &

Direct costs: $ 3,084,850
Development permit cost: $ 81,389
Project contipgency costs:s $ 1,037,361
Construction management costs: $ 484,102
Engineering and design costs: $§ 829,889
Owner management costs: $ 414,544
Starcdp cost: § 237,162

22 A RS R S SR E R R R s R R e R R R R e R R R R R R R R R R R s R R SRR RS2SR RS2SRRSR 2 2

Installed Capital Eguipment Cost Summary
A A R E A E X Ak kA kA Ak kT r A A A A A AT AT AR AT A AR ALY Y

Tocal Cagital Costs: § 7,342,135
Tctal Direct labor cost: $§ 2,241,343
Total Freight cost: § 17C; 873

Total Bulk material cost: $ 1,423,546
Total Direct costs: $§ 3,084,850

Plant installed cost: $§ 14,263,145
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page .
File: WVARCOG1 Type: Cogeneration new plant (CG) 02/0&8/¢z
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

R A SRR RS R RS R R R e R R R R SRR R R R R R RS R R R R R R e R R AR SRS E S S E SRS SRR RS R

Facility Operating Labor Regquirements
22 S SR RS AR RS R A SR R AR R R R R AR R R R R R R R R R R R R R R AR R RS SSRRS RS RSS SR R RS S

Operation personnel requirements
plant manager: 1
plant engineer: 0
plant technician: 0
plant clexk: 0
plant secretary: 0
plant janitor: O
operations operator: 4
operations assistant operator: 1
maintenance a mechanic: 1
maintenance a electrician: 1

Operating staff: 11

Annual Labor Costs: $ 544,914
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page 7
WVARCOSL Tvpe: Cogeneration new plant (CG) £2/08/985
Desc: WATERVLIET ARSENAL

Teck: Gas / 0il Fired Bociler

2SS S S S S R R R R e S AR R R R RS R A R e R R R R R R R S R R R R e R R AR R LR R R RS R RS R R R

Yearly O & M Costs Summary
2 A R S R A S R A R R R R R R R e A R A R S R R A A R R R R R R R R R R R R R SRR R R R R R R S R R R R R R R R R R R RS R

Annual boiler maintenance costs: $ 10,875

Annual insurance cost: $ 264,785

Maximum electrical consumption @ PMCR: 370 kW
Annual electricity usage: 1,019,734 kW-hr

Annual O & M (materials/supplies) costs: $ 48,757

nual condensate make-up water cost: $ 25,048
Annual blowdown make-up water cost: $ 5,008%
Annual facility washdown water cost: $ 2,340
Annual personnel water cost: $ 280
Annual condensate polisher water cost: $ 910
Annuzl demineralizer water cost: $ 2,348
Annual mixed bed water cost: $ 9210
Anniual chemicals cost: $ 10,346
Annual sanitary sewer cost: $ 2,562

Annual miscellaneous maintenance costs: $ 10,903

Study year water cost: $3.00/1000 gallon
18¢5 cost istd = 0.780 S$/gallon
1885 cosc : 0:600 S/gailon
1885 comc foy dareras gast 5.1B0 s/millicE By
1895 eosc fzr electricic 0.C78 S/kW-hx
Arnmiua.l Consimibles cos 5 2,278
Arnual Spare parts cos S &,8E%2
Annual mokbile ecuipment maintenance: $ 3,437
188¢ Neturzsl gas costs =3 2;568,329€
1ece Ruxiliazry BEnergw Costs : S 81,815
1985 #z fael L. coscs S 2,847,188



B40 USACERL TR 96/96

Central Heating Plant Economics Evaluation Program -- Cost Analysis Page €&
File: WVARCOG1 Type: Cogeneration new plant (CG) gz/ce/ek
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

IS A2 S SRS S s e e R R R e e R A R R A R R R R R R SRR SRR RS R SRRttt R iR Rt S

Periodic Maintenance Costs Summary
it 2 2 a A R R R R R R R R R R R R R R e e R A A R A R R R R R R R R R R R R AR R RS AR RS RS RS R RS S SRR SRR R R

Major boiler maintenance costs (every 15 years): $ 93,219

Major stack maintenance costs (every 10 years): $§ 6,941

Major cooling tower maintenance costs (every 15 years): $ 0
Turbine generator maintenance costs (every 5 years): $ 247,593
Major water treatment system maintenance costs (every 10 years): $ 243,415
Major deaerator maintenance costs (every 20 years): $ 6,846
Motor-driven feedwater pumps maint costs (every 15 years): $ 55,489
Centrifugal pump maint costs (every 18 years): § 7,463

Circulation water pump maintenance costs (every 25 .years): $ 6,497
Sump pump maintenance costs (every 20 years): $ 6,016

Cil pump maintenance costs (every 5 years): $ 6,569

Periodic EPA permit testing/renewal costs (every 3 years): $ 30,000
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Central Heating Plant Economics Evaluation Program -- Cost Analysis Page S
File: WVARCOGL pe: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Bollex

2222 S 2R S S S A A RS E S R R R R R AR R SR AR AR RE SRR RS REiis s 2SRl R Rst s st n SR R

Economic Data Summary
I R R R e e R R R R R R R e R R R R R R e e e A R e R R R R R R R R R R A R R A e R R R R AR R R R R R RS R R R RS R R RS R R R R

Capital Eguipment Es

cala Facters 1.102
based on Engineeri

tion
ng News Record, Construction Cost Index: 5032.16

Non-Labor Operation & Maintenance Escalation Factor: 1.092
based on Chemical Engineering, M & S Index, Steam Power Comp: 935.60

Operation & Maintenance Labor Escalatiorn Factor: 1.119
based on Engineering News Record, Skilled Labor Index: 4626.82

Constructior Labor Escalation Factor: 1.024
based on Chemical Engineering, Construction Labor Index: 271.10

Annual Facility Output: 278,784 thousand 1lb steam
278,784 thousand 1lb steam (incl cogen)

Steam enthalpy: 1378.9 Btu/lb

Inlet enthalpy: 88.0 Btu/lb

Annual Natural Gas Usage: 401 10%6 SCF
Beating poant efficiency: 80.85% natursl gas
Discount Rate: 4 %

Coger=rat-on Elegtricity Cigdit Basis: 32,632,008 kW-hx
Yeex ©f Steey: 1983

Years ©f Opezeticon: 19%% - 2023

~0% ZIavestment Cost Exclusiorn IS NCT applied
nnual #2 Fuel Cil Usage: 3,147 1072 cgal
Eescine pugnt efficiesncy: BE.3% #2 Zuel cil
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File: WVARCOGL Type: Cogeneration new plant (CG) 02/08/¢%
Desc: WATERVLIET ARSENAL 2

Tech: Gas / 0il Fired Becilerx

2RSS R R A R S A R R 2222 SRR R R SRttt R SRR R R SRR Rd 222 tii il ittt a RS R RS SRR
Cash Flow Summary
22 2 A SR S A A S R A A RS SRR 22 2SR S R R AR SRR Rdl A RSt ittt Rttt il st lii il st R Rt S A S

Analysis using natural gas as primary fuel

1298 adjusted investment: 14,263,148 existing plant salvage: ' 0
Year Boiler Auxiliary Non-Energy Repair and Cogen Elec
Fuel Energy O&M Replacement Credit
1995 2,568,386 81,818 627,051 s 0 2,537,919
200¢C 2,672,382 82,334 645,840 0 2,585,010
2001 2,781,554 84,750 64¢,840 30,000 2,628,958
2002 2,895,835 BS, L85 649,840 0 2,641,508
2003 2,899,919 85,762 642,840 254,162 2,660,350
2004 3,098,694 86,572 642,840 30,000 2,685,453
2005 3,202,680 87,684 645,840 0 2,;728;9867
200¢ 3,275,477 88,393 645,840 0 2,741,952
2007 3,363,856 BS ;253 645,840 30,000 2,768,629
2008 3,452,235 gS,304 642,840 504,520 2,770,201
200¢ 2,587,431 85,€58 645,840 c 2,76.,282
20LE En B BB §2,235 64S,840 30,00¢C 2,82%,845
2055 3,784,287 92, TBE 645,840 ¢ 2,827,318
2022 3,859,955 02,357 64S,840 0 2,864,602
20L3 %, 8.7, T4E £2,9286 64¢,84C 432,872 2,882,257
ool 3,884 ,85L7 €3,482 645 ,84°C Cc 2,900,330
2025 4,082,308 4,075 642,840 £ 2,818,187
2058 &, el 078 $¢,6¢2 645,840 37,463 2,938,457
2027 4,.8%,8¢6¢ 8E,;285% 64%,840 9 2,954,536
2015 4,24C,50¢8 Bs 827 64¢,840 517,382 2,972 ,35Z
20Lge 4,296,168 S€,388 64S,840 30,000 2,985,960
2020 %,3583,808 9¢,964 645,840 0 3,007,810
2021 4,407,450 ¢7,54¢ 64%,840 0 3,025,878
2022 4 463,212 98,~36 645,840 30,000 3,044,188
B23 4,518,754 98,734 64S,840 260,660 3,062,725
2024 new plant salvage 0
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File: WVARCOG1 Type: Cogeneration new plant 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

I 222 s A 2 e R R R R R R R R R e e R AR R R R R R R R R R R R R R R e R e A R RS AR S22 S S

Life Cycle Cost Summary

22 S 2 S R R R R R R R R R R R e R A A R R R R R R R R A R R SRS RS iRl Rttt d SR

Analysis using natural gas as primary fuel

+ PV ’'Adjusted’ Investment Costs

PV Energy + Transportation Costs

PV Annually Recurring O&M Costs

PV Non-Annually Recurring Repair & Replacement
PV Cocgeneration Electricity Credit

PV Disposal Cost of Existing System

PV Disposal Cost of New/Retrofit Facility

v+ o+ o+

+ o+

Total Life Cycle Cost (1895)

Levelized Cost of Service (19 st
Levelized Cost of Service (1° sta

art)

29
98 )

$ 12,679,887
$ 45,827,858
$ 9,005,485
$ 1:117,; 963
$ 38,725,304
$
$

= $ 34,005,891

= 6.6244 $/MMBtu
= 9.1344 $/1000 lb steam
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File: WVARCOGL Type: Cogeneration new plant (CG) 02/08/¢5
Desc: WATERVLIET ARSENAL

Tech: Gas / Oil Fired Boiler

<

T Xk o X A A A A AN T A A A R A R A A T R A AT XA AT XTXTXTR XX TN

Cash Flow Summary
K X N A A N A o R R A S A A R N A A A A A A A A A AT XXX,

Analysis using #2 fuel oil as primary fuel

1998 acdjusted investment: 14,263,149 existing plant salvage: ; 0
Year Boiler Auxiliary Non-Energy Repair and Cogen Elec

Fuel Energy o&M Replacement Credit
1809 2,84%,199 81,815 . 627,051 0 2,537,518
2000 2,954,564 83,334 645,840 ’ 0 2,585,010
20021 3,043,240 84,750 649,840 30,000 2,628,955
2002 3,122,580 85,155 649,840 : 0 2,641,508
2003 3,192,610 85,762 649,840 254,162 2,660,350
2004 3;253,283 86,572 649,840 30,000 2,685,453
2005 3,313,956 87,684 649,840 0 2,719,967
2006 3,365,283 88,353 649,840 0 2,741,952
2007 3,416,630 BS,253 649,840 30,000 2,768,629
2008 3,472,660 82,304 645,840 504,520 2;770,201
2008 3,523,95¢6 8¢ ,658 645,840 0 2,781,182
2¢10 5, 56x 333 91,226 645,840 30,000 2,B2c,845
7 2,625,388 92,783 645,840 0 2,B47,2.5
202 3,688,277 892,347 649,840 -0 2,864,6C2
203 SnTE3.27L 92,898 648,840 432,872 2,882,257
2C2¢ 2,817,242 63,482 649,840 0 2,900,130
20318 25 BEZ,225 94,075 64¢,84C 0 2,508,287
20286 3,845,188 84,663 64CS,840 37,4€53 2;5936;457
2027 £, 60e 2E7 85,258 64%,84°C 0 2,954,836
201EB 4,062,474 95,821 645,840 547,382 2,992,352
201¢ 4,135,758 86,388 649,840 30,000 2,98%,560
2020 4,168,108 96,964 642,840 0 3,007,820
2022 4,222,428 87,54¢€ 645,840 0 3,025,878
2022 4,275,720 98,136 649,840 30,000 3,044,188
2025 4,528,038 Sg,734 645,840 260,660 3,082, 7.5
2024 new plant salvage 0
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08B/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

IR R R R A R R R e R R R e R R e E R RS e R S R R A R SRR R R R SRS AR SRR E RS SRS R2 2222 S

Life Cycle Cost Summary
IR A e R R R R R R R R R R R R R R R R e R A SR AR R R AR AR R R R R R RS R R SRR RS R R R R R R R R R RS RS XSRS RS SRS 88

Analysis using #2 fuel oil as primary fuel

+ PV ‘Adjusted’ Investment Costs =$ 12,679,887
+ PV Energy + Transportation Costs = $ 50,119,842
+ PV Annually Recurring O&M Costs = $ 9,005,485
+ PV Non-Annually Recurring Repair & Replacement = $ 1,117,963
- PV Cogeneration Electricity Credit = $ 38,725,304
+ PV Disposal Cost of Existing System = $ 0
+ PV Disposal Cost of New/Retrofit Facility = $ 0
Total Life Cycle Cost (19S55) = $ 34,197,875
Levelized Cost of Service (1995 start) = 6.6618 $/MMBtu

Levelized Cost of Service (1989 start) = 9.1859 $/1000 lb steam
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File: WVARCOG: Type: Cogeneration new plant (CG)» - « 0z2/08/¢
Desc: WATERVLIET ARSENAL ~ ) -,

Tech: Gas / Oil Fired Boiler Coperas A1

R e R e R R R R e R R R e R e A R R RS SRR RS Ed R E Rt SRttt i

=2ase and Plant

Irfom

ol

P

-
i.

*****************************’k************************************************

State: NY New Yor

PMCR:

Height of the plant:
Building area: 10500
Plant area: 1.42 ac

k

v S
res

125,000 lb/hr steam

OC
G‘

»
o
E

Base
Number of

q

DOE Region:
boilers: 3

I R R R R R R R e R A R e R AR R R RS R SR R R AR R SRR R RS R AR RSS2 E s 2t Rl st &

Facility Paramet

exs

************************t*****************************************************

Capital Equipment Escalation Factor:

ds

102 (5032.16/1995)

Non-Labor Operation & Maintenance Escalation Factor: 1.092
Operation & Maintenance Labor Escalation Factor: 1.119
Construction Labor Escalation Factor: 1.024 ( 271.10/1895)
Annugl electricity usage: 1,649,523 kW-hxr
28eE cosr fer 0.78C $/galloxn
iELE eost fox .80C $/gallon
196z ebst fox da_“-al gags B.28C symillipr Brv
19EE ©Est fox elegrEisisy: 0,078 S/RW-EE
Expwal Faci ity Cuspdty 278,782 thoussnd lb stesm
EZZ,6864 thousand lb steam (incl cogen)
Annual T Gas Usage: 800 1076 SCF
Heating pi efficiencys: B8C0.9% natural gas
Yesxr © Studyy 18gh
Yezrs o©of Operaticrn: 1885 - 2023
Enrnuval #2 Fuoel OLL Usage: 6,275 10%3 gal
Heating plian:c efficiency: 84.3% #2 fuel bl

( 835.60/1995)
(4626.82/1995)

I EE RS RS R R R SRR SRR SRR RS R R R R R R R R R R R R R R R R R R R RS EERR R RS RS R R RS ER R R RE SRS

Facility Capital

~
<

| -

e R A RS R RS S S R S R R R R R R R R R R e R e R R R R R R R R A R R R R R R R A R SRS SRS SR RS R AR LSS RS R AR RS RE RS

Egul pmers

Bollesy
Building/servi
Water trtmnt:
cond xfr pmp
0il (long)
Cil heaters:

Cil unload pumes:
Fire protection:
I bl'

Car pullez:
Bl o

£4
-
<

orage:

-
actr

mnunuyn,mnnnnn

Cost
1,553,656
1,582,995

645,440
18,658
245,94¢
6,390
14,544
44,075
895
22,037
3813

Stack:

Cogen Equipment:
Feedwtr pmps:
Cond strg tnk:

0il day strg pmp:
0il day strg tanks:
0il xfr pmps:

Cont bldn tnk:
Compressor:

Rail:

Site improvements:

w0 v nneann

N g
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File: WVARCOGL Type: Cogeneration new plant (CG) 02/08/23
Desc: WATERVLIET ARSENAL

Tech: Gas / 0Oil Fired Boiler

2222 e S R e s R R R R S R A R R AR R SR R RS SRR RS RRE RS AR RRRl sl S

Facility Capital Costs, cont
I R R R R R R e R R R R e R R 2 A R RS2 R R R AR A SRR RSS2 2 22222l d S

Mobile equipment: S 42,973 Elec substation: S 95,663
Electrigalsy $ 182,994 Piping: g 1,036,966
Instrumentation: S 383,416 Direct costs: $ 3,258,433
I 2 R R R S R R R R R R R R R R e R A R AR AL R R R R R R R R R RS AR R R RS s iRt RS2 R 2

Plant installed cost: 8 15,162,968

R R R R 2R 2R 2R 2R R R R R R R R R R R R R R R R R R R 2R 2 2222222 L]

Facility Annual O & M and Enercgy Costs
**************i********tt***t****t**************************t********i********

Operating staff: 11
=

Cae jA

Annuzl Labor Costs: $§ 544,914

Annuzl Year Non-Labcr O & M Costs : $ G18,445
159¢ Natural gas costs : §$ 5,121,083

199% Auxiliary Energy Costs 3 3 132,345
19SS #2 fuel cil costs : $ £,676,996

2SR S R A S S RS SRS R R R R R R A RS R R R R R R R R R e R R R R R R A R R R R RS R R R R R R SRR R AR SRS RS

Perigdic Masigr Maintermancs Cost Summary
R R R R e ST e TR S TR T S TR X

Time Threrve Cosc Time Interval Cost

3 years S 20,6087 g years S 254,162
1C vezrs s 2EC, 358 5 years S 180,601
18 years S 7,483 20 years $ 12,862
28 Years S 5,488

IR SRS S S A S S R RS R R R R RS A SR AR R e R R R R R R RS R SRS SRS AR RS SRR RS R R E R

Fagi=08y 1i89¢ Cyele Cost Summ
***t***t*7*********t*t********************************************************

Anzlysis usinc natural gas as primary fuel

+ PV 'Adjusted’ Investment Costs $ 13,479,820
- PV Energy + Transportation Costs =$ 95,080,786
+ Pl ually Recurring O&M Costs = $ 12,735,865
+ PV Non-Annually Recurring Repair & Replacement = $ 1,183,706
- PV Cogeneration Electricity Credit = $ 77,213,908
+ PV Disposal Cost of Existing Syste =8 0
+ PV Disposal Cost oI New/Retrofit Facility = $ 0
Total Life Cycle Cost (1995) = $ 49,216,269

9.5874 $/MMBtu
13.220 $/1000 1lb steam

Levelized Cost of Service (1999 start)
Levelized Cecst cf Service (19¢9 start)
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File: WVARCOGL Type: Cogeneration new plant (CG)

Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

LR R S s R R e R R e e e R R R R R eSS SRR

Facility Life Cycle Cost Summary
L2 2 R e e R R e R R R R R R R e R R A A R R R R R R R R R R R AR R R R R R AR RS2t Edd

Analysis using #2 fuel oil as primary fuel

+ PV ‘Adjusted’ Investment Costs = $ 13,479,820
+ PV Energy + Transportation Costs = $ 99,463,582
+ PV Annually Recurring O&M Costs = § 12,735,865
+ PV Non-Annually Recurring Repair & Replacement = 1,133,706

PV Cogeneration Electricity Credit =8 77,213,908
+ PV Disposal Cost of Existing System = $ 0
- PV Disposal Cost of New/Recrofit Facility = § 0
Total Life Cycle Cost (1995) = $ 49,599,065

Levelized Cost of Service (199% start) = 9.6620 $/MMBtu
Levelized Cost of Service (1995 start) = 13.322 $/1000 1lb steam
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File: WVARCOG1 Type: Cogeneration new plan: (CG) =m0 v 02/08/ s
Desc: WATERVLIET ARSENAL ) .

Tech: Gas / 0il Fired Boiler CD?*fJ‘Q /§97 reqr

2SS R R R S S R R e R R R R R s AR R R R R A R R R R S R R R R RS R RS SRS S 2RSSR SRR RRRS RS

Base Information
(2 S A 2 A R R S RS 22 RSS2SR 2R 2R ARt R R R RS R 2R 22222t d iRttt sR 2R R R X T

State: NY - New York Base DOE Region: 1
PMCR: 125,000 lb/hr steam Number of boilers: 3

Steam Properties: 600 psi (1378.9 Btu/lb)
Inlet water temp: 120 deg F enthalpy: 88.1 Btu/lb

LR SRS SR AR A SRR R AR et Rt SR RE Rl Rl Rl Rt R e R RS S RS S R E R

Boiler Design Parameters
22 S SRS A SR 2222 RS E SR iRt s s Rt R Rl R e R R A R R R R R R R R SRR RS S R

A mixed bed for condensate polishing IS REQUIRLD
A dealkalizer unit IS NCT NEEDED

AR S SRS RS REEE SRt R SRR Rl RS RS S R R R R R e R R e R R R R R R R R R R R R R R R R R

Cogeneration Subsystem Design Parameters
2 A RS RS A RS S R SRR RE RS sl R R R R RS R R R R R R R R R R R R R R R R R R R R R R R R

Average Steam Loads (100C 1b/hr)
Jan Feb Mzx Apr May Jun
Heat/Proc g9 6< BE 35 g “
Cogern Sys €2% To* g2* 62* 62* 2%
Fl Aug Seg Oex Nev Dec
Hezt/Proc: 2 4 5 35 45S 62
Cogen Sys: Lk E2* E2% E2% 2% 62%
Cogeneration efficiency: 320%
Cogen system sized for £4,000 1b steam/hxr
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Pile: WVARCOGL Type: Cogeneration new plant (CG) 02/08/55
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

********************i********************t*******************;****************

Plant Design Parameters --- Space Requirements
2 e R R S R R R e e e R R R R R R R E R R RS S AR R LR RS SRR R RS2SRRSRt i sttt RS S

Height of the plant: 40
Building area: 10500 sg ft
Plant area: 1.42 acres

+h th
ot

*******************i*****************************‘*******f*********************

Plant Design Parameters --- Water & Water Treatment Specifications
L2 2 A R R S R R R R S R R R R SR R R AR R R R R R R R R R LRSS aRRES R

Cooling tower-condenser water circulation rate: 9,336 gpm
Feedwater flow: 2863 gpm

Surface area of feedwater heater: 0 sg ft

Number of deaeratcrs: 1

Number of resin vessels / train: 2

Number of mixed beds / train: 1

Beoiler 1: 1 motor-driven feedwater pump -- 81 gpm
Soiler 2: 1 motor-driven feedwater pump -- 81 gpm
Boiler 3: 1 motor-driven feedwater pump -- 81 gpm
Number of condensate transfer pumps: 3

Condensacte transier pump size: 991 gpm

(9]
23
(o]

e
rm oil storage tanks: 1
rm oil storage tank: B€1000 gal

! pumps: 3
ize: 4,779 gallons

£ 9
b b
(rm O mo

a8
O

nanZon

erack: 128 ft
cocling tower makeur water use: 67,256,332 gallons
I water use: %3,537 gallons
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/8%
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

2R R R R R R R R 22222 R R R R R R R R R R R R R SR R S R AR R RSS2SRt i sttt sl s

Facility Capital Costs
P R R R R R R R R R R 2 e 2222 e 2 R R R R S R R AR RS SRS AR RS RE SR 22222222 it 2t RRas ittt

Boiler capital costs: $§ 1,553,656
Boiler #1 ( 42 k-lb stm/hr) cost: $ 517,885
Boiler #2 ( 42 k-lb stm/hr) cost: $ 517,885
Boiler #3 ( 42 k-lb stm/hr) cost: $ 517,885

Stack capital costs: $ 34,709

Building ancé service capital costs: § 1,582,995
Boiler house capital costs: $ 1,446,222
Miscellaneous building costs: $ 136,773

Cogeneration equipment capital costs: $ 2,797,500
Cost ©f condenser: § 115,036 .
Cost cf cooling tow
Cost of feedwater h
Cost of turbine gen

z¢ & 218,922
ater: § 5,511

ory § 2,358,031

M (b

Boiler We: eatment System Capital Costs: $ 645,440

e Tr

Cost of deminereslizers: § 386,219

Cost ©f mixed bed for ccndensate polishing: $ 154,704

Coet ©Ff ghenmiga. iphescisr srKigdy & 33,056

Cosc cf water lat: § 44,075

Cost ©f - deaexator: § Z27;38E
Cost ¢f boilier feedwater purps: S 138,724
Cost ¢f coniensare transfer pumps: & 18;638
Cost cZf condensate steorace tank: $§ 6,293
Ccst of lcng term oil storage: § 245,946

Cost ©f long term storage tanks: § 202,231

Cost of lonc term storage-other: §$ 43,715
Cost ¢f oil (day storage) pumps: $ 6,280
Cost cf cii (day storage) heaters: $ 6,290
Cost cf shoxrt term storage tanks: $ 18,151

Cost of o0il-unloading pumps: $ 14,544

Cost cf [3] oil transfer pumps: $ 5,454
Cost of fire protection eguipment: $ 44,075
Cost 0of 1 continucus blowdown tank: $ 835

Cost of 1 intermittent blowdown tank: $ 895
Compressor cost (2 - 30 Hp - 150 psig): $ 27,186

Cost o©f car puller and accessories: $ 22,037
Cost ©f rail trackss § 12:707 ’
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/85
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

(AR A SRR SRR RS2 2Rt il RS si Sl it d 2Rttt iRt

Facility Capital Costs, cont
2 S A R S 2RSSR RS2SRt iR RS R iRl sttt s i lilii it il X R d 2SR S

Total cost of mobile equipment: $ 42,973
Cost of fork lift: § 22,037
Cost of pickup truck: $ 15,426
Cost of power sweeper: $ 5,509

Cost of electric substation: $ 95,663
Electrical costs: $ 182,994

Piping costs: $ 1,036,966
Instrumentation costs: $ 383,416
Spare parts cost: § 32,555
Initial consumables: $ 11,394

Tools cost: $ 28, 64¢&
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

22 R R R R R R R R R RSS2 22 RSS2 2RSS Rss sttt iR R Rs st &

Direct Costs
I E R R S P R R R R R E R R R R R A R R AR LRSS RS EE R E S22 22222222222 id2R2i2 sttt sl

Direct costs: $ 3,258,433
Development permit cost: $ 81,389
Project contingency costs: $ 1,102,455
Construction management costs: $ 514,478
Engineering and design costs: $ 881,964
Owner management costs: $ 440,582
SEarevdn cost: § 237,482

R e A R R 2222222 2222222222 2222 2 2222222 2R 22222223

Installed Capital Egquipment Cost Summary
I 2 e R e R R R X R R R R R R R R R R S R R A R R R R R R RS R SRR SRR R RS R AR RSS2SR s st Rds RS &

Total Cdpital Cosgs: § 7,776,083
Total Direct labor cost: § 2,412,110
Total Freight cost: $ 183,892

Totzal Bulk materizl cost: $ 1,532,43%
Total Direct costs: $ 3,258,433

o

- s A =¥
Feallt LHBLaLiE
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Q
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ot
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0
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/¢:
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Bcoiler

LA A R SRS R R R e e R R R SRR AR R R R R R R R R RS R A SRR R SRR RRs s Rt R R R S

Facility Operating Labor Requirements
L2 2 S A R R R R R R R RS R R R R R R A R A R R A R R R R R R R RS R R R SRR E ARl 222222222222 2R 2R R 2 R X

Operation personnel requirements
plant manager: 1
plant engineer: O
plant technician: 0
plant clerk: 0
plant secretary: 0
plant janitor: O
operations operator: 4
operations assistant operator: 1
maintenance a mechanic: 1
maintenance a electrician: 1

Operating staff: 11

Annual Labcr Costs: $ 544,914
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

2 RS RS S R R S R R R RS S R R R AR R RS R AR R R R RS R R RS d s AR 22222222222 2 2

Yearly O & M Costs Summary
2222222 2R AR SR RS A RS AR R R R Rl iR R AR R SRR AR AR AR R R 2Rl Rl RS RS RS X3

Annual boiler maintenance costs: $ 10,875

Annual insurance cost: $ 306,487

Maximum electrical consumption @ PMCR: 370 kW
Annual electricity usage: 1,649,523 kW-hr

Annual & M (materials/supplies) costs: $ 318,362
Annual condensate make-up water cost: $ 49,944
Annual blowdown make-up water cost: $ 9,988
Annual facility washdown water cost: $ 2,340
Annual cooling tower water cost: $ 201,768
Annual personnel water cost: $ 280
Annual condensate polisher water cost: $ 1,815
Annual demineralizer water cost: $ 4,682
Annual mixed bed water cost: $ 1,815
Annual chemicals cost: $ 21,308
Annual sanitary sewer cost: $ 24,417

Annual miscellaneous maintenance costs: $ 10,903

Study year water cost: $3.00/1000 gallon
198 cost for digcillate: ©.780 S/callon
19885 cost foy residual: 0.600 S/gallon
1985 cost for natural gas: 5.18C S/milliion Btu
18cE gost for elecirigity 0.078 S/KW-hxr
Annual 3 i6s gpet: $ 2,278
Boaual TS cesti & 4,883
Eomual guipnent meinptensnge: § 3,437
1292 Ner costs @ § 5,125 5, 085
188S Rumoli erxgy Costs - 132,345
1885 &2 costs : S 5.,676,8%E
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/25
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

AR A S R A S R R RS2 RS2SRSSttt i Rt RSS2ttt ittt Rl S

Periodic Maintenance Costs Summary
222 R R R A S A R R R R R R e e R R RS2 R R R R R R R R R S SRR 2 22 2222222222222 22222222 R AR RS R

Major boiler maintenance costs (every 15 years): $ 93,219

Major stack maintenance costs (every 10 years): $ 6,941

Major cooling tower maintenance costs (every 15 years): $§ 31,892
Turbine generator maintenance costs (every 5 years): $ 247,593
Major water treatment system maintenance costs (every 10 years): $ 243,415
Major deaerator maintenance costs (every 20 years): $§ 6,846
Motor-driven feedwater pumps maint costs (every 15 years): $ 55,489
Centrifugal pump maint costs (every 18 years): $ 7,463

Circulation water pump maintenance costs (every 25 years): $ 6,497
Sump pump maintenance costs (every 20 years): $ 6,016

0il pump maintenance costs (every 5 years): $ 6,569

Periodic EPA permit testing/renewal costs (every 3 years): $ 30,000
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

LRSS A SRS S R R R R R R R R RS R AR E AR iSRS 2222t sl di iRt 222222 d S

Economic Data Summary
LA AR A S A R R RS S sERl sttt sttt it ittt i iRttt sttt stttz 222l E S

Capital Egquipment Escalation Factor: 1.102
based on Engineering News Record, Construction Cost Index: 5032.16

Non-Labor Operation & Maintenance Escalation Factor: 1.092
based on Chemical Engineering, M & S Index, Steam Power Comp: 935.60

Operation & Maintenance Labor Escalation Factor: 1.119
based on Engineering News Record, Skilled Labor Index: 4626.82

Construction Labor Escalation Factor: 1.024
based on Chemical Engineering, Construction Labor Index: 271.10

Annual Facilizy Output: 278,784 thousand lb steam
555,864 thousand 1lb steam (incl cogen)

Steam enthalpy: 1378.% Btu/lb
Inlet enthalpy: 88.0 Btu/lb

nnual Natural Gas Usage: 800 10%6 SCF

Heating plan: efficiency: 80.9% natural gas

Discount Rate: ¢ %

Cogeneration Electricity Credit Basis: €2,070,663 kW-hr
Year of Study: 1965

Years of Operetiogn: 288% - 2022

i0% Investment Cost Exclusicn IS NOT applied
Axmivel #2 Z Gl Usage: 6;27% 1€"3 gal
Heatoinge Tlént efficiency? 84.3% #2 fuel oil
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL :

Tech: Gas / 0il Fired Boiler

I e e R R R R 2L R R R R R SRR SRS AR X2 RS2 2 222222222 22222ttty

Cash Flow Summary

L2 2SS 2R 2 S e R S R s s S SAR SRR RS RSRRSs Rl Rdt ittt ittt sl s S

Analysis using natural gas as primary fuel

1998 adjusted investment: 15,162,965 existing plant salvage:

Year Boiler Auxiliary Non-Energy Repair and Cogen Elec

Fuel Energy o&aM Replacement Credit
18889 5,121, 093 132,345 895,656 0 5,060,326
2000 5,328,481 134,801 918,445 0 5,154,220
2001 5,546,108 137,092 918,445 30,000 5,241,842
2002 5,774,169 137,747 918,445 0 5,266,871
2003 5,981,502 138,730 918,445 . 254,162 5,304,440
2004 €,178,4458 140,039 918,445 30,000 5,354,493
2005 6,385,786 141,838 918,445 0 5,423,308
2006 6,530,934 142,985 918,445 0 5,467,145
2007 6,707,152 144,376 518,445 30,000 5,520,338
2008 6,883,369 144,458 918,445 504,520 5,523,472
2008 93182 938 148,031 918,445 0 5,545,366
2010 7,422,072 147,568 518,445 30,000 5,642,383
202 7,545,245 148,468 518,445 0 5,676,822
2012 7,678,373 14¢,381 S18,445 0 5,711,688
20238 7,821,547 150,302 918,445 464,763 5,746,887
2014 7,544,675 153,233 918,44¢ 0 5,782,532
20258 - 8,077,848 182,176 928,445 0 5+8218,;5858¢%
20L1% 8,220:87¢ 1B, 228 G1lE,644¢C 37,453 5,854,865
2027 8,344,353 154,082 S18,44°% 0 5,883,532
2028 &,428,087 155,000 918,445 517,382 5,826,827
Z02g 8,555,07¢ 155,928 916,445 30,000 5,961,646
2020 6,677,018 156,849 918,445 0 5,887,237
2821 &,787,562 157,793 918,445 0 6,083,282
2022 8,89¢&,945 158,746 918,44°5 30,000 6,069 ; 765
2823 9,00%,888 189,712 918,445 260,660 6; 106, 7.0
2024 new plant salvage 0
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler

I 2R R R S R R R R R R e R R R S R R R e R R R R R R R R R R R R A R R R R R e R R R R R R R R R R RS2SRSS

Life Cycle Cost Summary

L2 22 2 S A2 AR 2 R R a2 R 222 E AR AR e el d e R R SR a RS2 R R a Rt i s 2SS 2R3

Analysis using natural gas as primary fuel

+ PV ’'Adjusted’ Investment Costs = $ '13,479,820
+ PV Energy + Transportation Costs = $ 99,080,786
+ PV Annually Recurring O&M Costs = $ 12,735,865
+ PV Non-Annually Recurring Repair & Replacement = §$ 1,133,706
- PV Cogeneration Electricity Credit = $ 77,213,909
+ PV Disposal Cost of Existing System =S 0
+ PV Disposal Cost of New/Retrofit Facility = $ 0
Total Life Cycle Cost (1995) = $ 49,216,269
Levelized Cost of Service (1999 start) = 9.5874 $/MMBtu

Levelized Cost of Service (1999 start) = 13.220 $/1000 1lb steam
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File: WVARCOG1 Type: Cogeneration new plant (CG) 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler
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Cash Flow Summary
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Analysis using #2 fuel oil as primary fuel

1998 adjusted investment: 15,162,965 existing plant salvage:
Year Boiler Auxiliary Non-Energy Repair and Cogen Elec
Fuel Energy O&M  Replacement . Credit
1999 5;676;9986 132,345 895,656 0 5,060,326
2000 5,891, 070 134,801 918,445 ' 0 5,154,220
2001 6,067,879 137,092 918,445 30,000 5,241,842
2002 6,226,075 137,747 918,445 0 5,266,871
2003 6,365,707 138,730 918,445 254,162 5,304,440
2004 6,486,681 140,039 918,445 30,000 5,354,483
2005 6,607,657 141,838 918,445 0 5,423,309
2006 6,710,016 142,985 918,445 0 5,467,145
2007 6,812,378 144,376 918,445 30,000 5,520,335
2008 6,924,084 144,458 918,445 504,520 5,523,471
2009 7,026,453 145,031 918,445 0 5,545,366
2010 7,100,898 147,568 S18,445 30,000 5,642,383
2032 7,228,452 148,469 918,445 0 5,676,829
2012 7 256,005 142,381 918,445 0 5,711,686
20233 7,483,602 150,301 918,445 464,763 5,746,897
2024 F,625,283 81,233 S18,445 0 5,782,533
2015 7,738,708 152,176 818,445 0 5,818,559
2016 7. 866,257 iE%, 128 $18,44% 37,463 5,854,965
202 7:852 ,80¢& ~5&,081 818,445 0 5,883,832
2028 8,208,116 158,000 918,445 517,382 5,826,537
20x8 8,206,424 355,828 918,445 30,000 5,961,646
2020 8,332,735 15¢,849 918,445 0 5,897,237
2022 8,425,042 357,721 518,445 0 6,033,262
2022 B ;525,307 158,746 916,445 30,000 6,068,769
2023 8,632,628 182,712 918,445 260,660 6,106,710
2C24 new plant salvace 0
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File: WVARCOG1 Type: Cogeneration new plant (CG) . 02/08/95
Desc: WATERVLIET ARSENAL

Tech: Gas / 0il Fired Boiler
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Life Cycle Cost Summary
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Analysis using #2 fuel o0il as primary fuel

+ PV ’'Adjusted’ Investment Costs = $ 13,479,820
+ PV Energy + Transportation Costs = $§ 99,463,582
+ PV Annually Recurring O&M Costs = $§ 12,735,865
+ PV Non-Annually Recurring Repair & Replacement = $ 1,133,706
- PV Cogeneration Electricity Credit =$ 77,213,909
+ PV Disposal Cost of Existing System = $ ’ 0
+ PV Disposal Cost of New/Retrofit Facility = $ 0
Total Life Cycle Cost (1995) = $§ 49,599,065
Levelized Cost of Service (1999 start) = 9.6620 $/MMBtu

Levelized Cost of Service (1999 start) = 13.322 $/1000 1lb steam
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