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...the development and utilization of safe, dependable, renewable and economic energy 

sources and the conservation of energy and energy resources.
The Energy Authority’s RD&D policy and program stress well-designed research, 

development and demonstration projects, based on technologies with potential for 
near-term commercialization and application in New York State. The Energy Authority 
seeks to accelerate the introduction of alternative energy sources and energy-efficient 
technologies and to improve environmental acceptability of existing fuels and energy 
processes. The Energy Authority also seeks to ensure that Federal research programs 
reflect the needs of the State.
The use of New York contractors and an awareness of energy-related growth 
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NOTICE

This report was prepared by Burns and Roe in the course of

performing work contracted for and sponsored by the City of

Jamestown and the New York State Energy Research and

Development Authority (hereafter the "Sponsors"). The opinions

expressed in this report do not necessarily reflect those of the

Sponsors or the State of New York and reference to any specific

product, service, process or method does not necessarily

constitute an implied or expressed recommendation or

endorsement of same. Further, the Sponsors and the State of

New York make no warranties or representations, expressed or

implied, as to the fitness for particular purpose, merchantability of

any product, apparatus or service or the usefulness,

completeness or accuracy of any processes, methods or other

information contained, described, disclosed or referred to in this

report. The Sponsors and the State of New York and the

contractor make no representation that the use of any product,

apparatus, process, method or other information will not infringe

privately owned rights and will assume no liability for any loss,

injury, or damage resulting from, or occurring in connection with,

the use of information contained, described, disclosed, or referred

to in this report. 
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ABSTRACT

The Industrial Corridor of Jamestown, New York, is an area of the City in

which more than twenty industrial/manufacturing companies are located. These
comoanies' thermal demands, in addition to space heatina, include sianificant

orocess heatina loads related to wood and metal product manufacturing, This

study investiaated in depth, the technical and economic feasibility of imple-
mentina a district heatina system in the Industrial Corridor which can serve

hoth process and space heating loads. Such a system which can reduce the

eneray costs of its customers will enhance their continued viability and

competitiveness with outside industries, and thereby, benefit the commun*ty as

a whole which relies on this large employment hase for economic stability and

arowth,

Based upor the heat load assessment conducted, tne study focused upon nine

companies with the laraest ther~al demand. Alternative system implementation
desians were considered includina new conventional centra*ized boiler plants,
eas turbine coaeneration, ard hoth hiah temcerature hot water and steam as

the heat transoort media én an underaround distribution system.

The study concluded that, in view of the nature of existina prospective

customer loads beira primarily steam based, the most economica’ system for

near term phased deve’oprent is a steam 5ased svstem with a new conventional

centrally located steam Sniler olant. The economic potential for a

cogeneration system was found to be sensitive to electric buy hack rates,
which at present, are not attractive. Imolemerting a modern high temnerature

hot water system would require sianificant custover retrofit costs ta convert

their steam hased systems to hot water, resultina in long and unattrac

hack pneriads. Untess customer hot water retrofit casts can be expended

without oenalty to the district svstem economics, hot water cistrict heatina

is not cansidered economically feasible. 
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EXECUTIVE SUMMARY

This report presents the results of an investigation into the feasibility of

implementing a district heating system to serve the Industrial Corridor of

Jamestown, New York. The study assesses the potential heating loads, develops

in conceptual form the distribution system and central heating plant design and

implementation plans, and evaluates the system and customer economics for both

caventional boiler and cogeneration district heat sources.

The Industrial Corridor depicted in Figure S-1, consists of many companies with

a diversity of manufactured products. A district heating system which can lower

energy costs of the companies in the Industrial Corridor will enhance their cen-

tinued competitiveness with outside industries, spur economic development in the

community as a whole and ensure the future stability and growth of this employ-

ment base on which the city relies.

THERMAL LOAD

Of the twenty companies identified in Figure S-1, the following nine companies

were selected for the thermal load analysis because of the size of their

potential loads and proximity to each other:

Area A

1. MRC Bearing

2. Weber-Knapp

Area B

1. Crawford Furniture

Oahistrom Manufacturing

hopes Windows

Essex Specialty Products

Jamestown Metal Manufacturing

 



“OWWOISNIV "G0udWIGANIC

WHOdN “NudOHO

4A)
SOTLS¥l
dNEF

“HIYWNOSNHOT “OQ“I39dSHH

SSTULLYWNIP

"OOd“J4dSX3SS7

“717DUNBLSIA SY3AUY]YASH

LS!1Y3NOLSNDTWILN3LOd ge¥vauv

V3NVJOIAMSSONILV3H

LOMLSIOWILNALOd-YOdINYODTWIELSNONI
NMOLSSINYE l-S3YuNd

|

 



6. Jamestown Metal Products

7. Blackstone Manufacturing

Of the eight major companies identified in Area A, MRC Bearing's and

Weber-Knapp's combined annual natural gas comsumption convertible to district

heating accounts for over 73% of the area's total. In Area B, the above seven

companies account for over 98%.

The results of the thermal load analyses performed for these nine potential

customers are summarized in Table S-1. In Area A, the peak potential district

heating ‘cad was estimated at 26.70 million btu's per hour (mmbtuh), 105.72

mmotuh in Area B, and 132.42 mmbtuh overall. These peaks include atl process

and space heating loads now served by boilers as well as direct-fired unit

heater and roof-top unit space heating loads. Ajiso noted in Table S-1 are the

peak load totals without the direct-fired loads and the annual district heating

loads (mmbtu) with and without direct-fired.

Evident from the heat load assessment results is the high percentage of direct-

fired loads for customers such as Hopes Windows, Weber-Knapp, and Blackstone wis

rely primarily on direct gas-fired equipment for space heating. Conversion cf

these loads to district heating would require unit replacement with steam or

hydronic systems.

It should also be noted that internal loads for the various customers are

process type (more so than domestic hot water), in which steam at pressures as

high as 75 psig are utilized in manufacturing processes. Overall, internal

steam loads account for nearly 20% of the total peak load including direct-

fired, and 44% of the peak load without direct-fired loads.
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HEAT SOURCE AND DISTRIBUTION SYSTEM ANALYSIS

In consideration of the load characteristics identified during the heat load

assessment, several options were considered far the optimum heat source and heat

transport media design. While a conventional low temperature hot water district

heating system (250 Deg. F maximum) could serve space heating loads, and a high

temperature hot water system both space heating and high thermal level process

demands, the associated retrofit costs to the potential customers would be high

resulting in extended payback periods to recover conversicn casts through enercy

savings.

It was recognized early in the study that both space heating and process loads

must be satisfied to implement a marketable system, and from the customer point
of view, low retrofit costs were a major concern to achieve favorable economic

results. Accordingly, the focus of this study was directed toward the

feasibility of implementing a steam district heating system with a new central

heat source.

Two conceptual cesigns were developed for a central heat source: (1) boilers

onty and (2} cogeneration. The cogeneration option consisted of installing gas

turbines with heat recovery boilers (with supplementary firing capability) in

conjunction with conventional steam boilers for peaking and standby service.

Both options were developed with base case phased implementation plans to serv-

ice the entire load potential of the nine customers in Areas A and B within

three years. In the cogeneration option, boilers alone would be installed in

the first year to minimize initial capital investment which could then serve in

the peaking and standby capacity in future years.

The estimated system capital costs including the central plant and distribution

system are summarized in Tables S~2 and S-3. Three phase implementation plans

for the boiler and cogeneration option are summarized in Table S-4. The

implementation plans are based upon serving all customers in Area A the secord

 



TABLE S-2

INDUSTRIAL CORRIDOR DISTRICT HEATING SYSTEM COST ESTIMATE
COGENERATION OPTION (1988 DOLLARS)

PHASE 1 PHASE 2 PHASE 3

BOILER PLANT

1000-HP Steam Boilers & Controls $222,000 $111,000
Auxiliary Equipment 28,000 14,000
Boiler Breeching 22,000 9,000 9,000
Mechanical & Piping Installation 408,000 201,000

Subtotal: $680,000 $335,000

COGENERATION PLANT

Gas Turbine-Generator w/Accessories

(4000kw) $1,400,000 $1,400,000
NOX Control (Water Injection) 50,900 50,000
Heat Recovery Boiler w/Auxiliary

Firing and Accessories 470,000 470,000
Gas Compressor 190,000 190,000
Deionized Water Treatment System 75,000 75,000
Switchgear & Motor Control Console 105,000 75,000
Auxiliary Equipment 100,000 100,000
Mechanical & Piping Installation 340,000 270,000
Electrical/I&C Installation 330,000 260,000

Subtotal: $3,060,000 $2,890,000

UTILITY INTERCONNECTION $50,000 $100,000 $0

SITE

Land $150,000 $0 $0
Building & HVAC w/Site Preparation 85,000 175,000 100,000

Subtotal: $235,000 $175,000 $100,000

DISTRIBUTION SYSTEM

Piping $515,000 $411,000 $84,000
Customer Metering 43,000 15,000 30,000

Subtotal: $558,000 $465 ,000 $114,000

SYSTEM SUBTOTAL: $1,523,000 $4,135,000 $3,104,000

Engineering, Design and Construction

Management @ 10% $152,300 $413,500 $310,400

Contingency @ 10% $152,300 $413,500 $310,500

PHASE TOTAL COST: $1,827,600 $4,915,200 $3,724,800

OVERALL SYSTEM COST: $10,467,600
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INDUSTRIAL CORRICDCR O15)

ALL BOILER

BOILER PLANT
Steam Boilers & Controls

Auxiliary Equipment
Boiler Breeching
Mechanical & Piping Installation

Subtotal:

SITE

Land

Building & HVAC w/Site Preparation

Subtotal:

DISTRIBUTION SYSTEM

Piping
Customer Metering

Subtotal:

SYSTEM SUBTOTAL:

Engineering, Design and Construction

Management @ 10%

Contingency @ 10%

PHASE TOTAL COST:

TON

PHASE 1

$222,000
28 ,CCO
22,000

408,000

$680,000

$150,000
85,000

$235,000

$515,000
43,000

$558,000

$1,523,000

$152,300

$152,300

$1,827,600

OVERALL SYSTEM COST:

PHASE 2

$222,000
28,00
22,900

408 ,000

$680,000

$0
52,500

$52,509

$411,000
15,000

$465,000

$1,197,000

$119,750

$119,750

$1,390,200

J HEATING SYSTEM COST ESTIMATE

(1988 DOLLARS)

PHASE3
$171,000

21,000
22,000

231,000

$445,000

$0
52,500

$52,500

$84,000
30,000

$114,000

$611,500

$61,150

$61,150

$733,800

$3,951,600 
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year, and Blackstonein the third year. The transmission and distribution sys-

tem (90 psig maximum steam) with condensate return is depicted in Figure S-2 in

single line form which also indicates the potential central plant location. The

maximum steam and condensate line sizes required are 18-inch and 10-inch

respectively from the Central Plant (Node B) to Node A.

SYSTEM ECONOMIC ANALYSIS

System economic analyses were performed using the "required revenue" approach to

establish the necessary unit cost of district heat for both municipal and pri-
vate ownership over a twenty year period. The economic analyses were performed
for the base case boiler and cogeneration options using the base economic

Parameters indicated in Table S-5. Other options were considered for system

implementation and evaluation as identified in Table S-6.

Table S-6 summarizes the results for al! the cases initially evaluated. Unit

costs of district heat required in each of the first three years are shown as

wel] as a 20-year Jevelized rate for each case. In summary, these results are:

For the base case, the boilers-only option is superior to the

cogeneration option primarily because the low §30/Mwhr value of

cogenerated power cannot offset the higher carrying charges or fixed

annual expenses associated with the added capital cost of the

cogeneration units;

Municipal ownership, as can be expected, is more favorable in the

respective case comparisons due to lower financing costs and tax

effects;

The economic viability of the cogeneration option relies upon lower fuel

and/or higher cogenerated power rates to be competitive with a

conventional boiler plant based system, and requires full implementation
jnto Phase 3; and

 



Debt Cost

Taxes

Property Taxes

Insurance

Buy Back Rate ($/MWhr)
Electricity Cost ($/MWhr)
Fuel Cost (1988 $/MMBtu)
Labor ($1000/manyear)
0 & M Materials

GT Heat Rate (Btu/Kwhr)
Boiler Efficiency

*Includes 6% Sales TAX

TABLE S-5

BASE CASE PARAMETERS

Municipal Private

Ownershio Ownership

9.5%

BASE AND SENSITIVITY CASES EVALUATED

Municipal Private

Case No. Case Nao.

MS1 PS1

MS2 PS2

MS3 PS3

MS4 PS4

MS5 PS5

MS6 PS6

MS7 PS7

Description

Base Case - Cogeneration Option

Cocen. Option - Implement Phases 1 & 2 Only
Base Case - Boiler Option
Cogen. Option - $35/MWhr Buyback Rate

Cogen. Option - $35/MWhr, Phase 1 & 2 Only
Boiler Option - Implement Phase 1 & 2 Only
Cogen. Option - 15% Lower Fuel Costs 



Ownershio

Municipal

Municipal

Municipal

Municipal

Municipal

Municipal

Municipal

Private

Private

Private

Private

Private

Private

Private

TABLE S-7

UNIT COST OF DISTRICT HEAT - CASE SUMMARY

Description

Base Case, Cogen. Option

Cogen. Option, Phase 1 & 2 Only

Base Case, Boiler Option

Cogen Option, $35/MWH

Cogen. Option, $35/MWH,
Phase 1 & 2 Only

Boilers Option, Phase 1 & 2 Only

Cogen. Option, 15% Lower Fuel

Base Case, Cogen. Option

Cogen. Option, Phase 1 & 2 Only

Base Case, Boiler Option

Cogen Option, $35/MWH

Cogen. Option, $35/MWH,
Phase 1 & 2 Only

Boilers Option, Phase 1 & 2 Only

Cogen. Option, 15% Lower Fuel

Cost of Heat ($/MMBTU) 20 Years

1989

$6.97

$6.97

$6.97

$6.97

$6.97

$6.97

$6.44

$7.92

$7.92

$7.92

$7.93

$7.93

$7.92

$7.37

1990

$9.61

$9.61

$7.51

$8.76

$8.76

$7.51

$8.44

$11.97

$11.97

$8.61

$11.11

$11.11

$8.61

$10.73

Levelizec

1991

$8.25 $8.

$9.69

$6.19

$7.31

$8.81

$7.67

$7.01

$10.28

$11.99

$6.97

$9.34

$11.10

$8.73

$8.97 



From the customer point of view, the boiler option under municipal

ownership (Case MS3) is best, offering the lowest rates (with the

exception of the lower fuel cost cogeneration sensitivity case MS7 or

scenarios with higher than $35/MWhr cogenerated power rates).

CUSTOMER ECONOMIC ANALYSIS

Customer economic analyses were performed by estimating retrofit costs and

comparing present system owning and operating costs with district system costs

on a unit rate basis for 20 years. Owning and operating costs of existing sys-
tems were estimated including non-fuel costs related to boiler maintenance,

operating labor, cnemicals, insurance, and capitalization of future boiler

replacement costs on an annual basis. Unit heat costs for existing system oper-

ations were compared with district heating costs, providing annual overall sav-

ings estimated for each year. Payback periods were then calculated as the time

required for district heating cumulative savings to exceed the custcmer's unpaid

principal of the retrofit costs assumed to be 100% financed.

Initial customer economic analyses were performed for each of the seven

municipal and private ownership cases. Results are summarized in Table S-8,
which indicates the payback year and the year of continued annual positive
cashflow for each case. Overall, these results Show the same trend as the dis-

trict heating rate comparison, notably, the best case from the point of view of

all customers is the boiler option under municipal ownership. Paybacks are

within four years and tess for MRC Bearing, Dahlstrom Manufacturing, Jamestown

Metal Manufacturing, and Jamestown Metal Products. The longer paybacks associ-

ated with Essex Specialty Products, Crawford Furniture, Hopes Windows,
Blackstone and Weber-Knapp, are not attractive due to the high proportion of

direct-fired loads which are more efficient and incur high retrofit costs.

In view of these results, a further case for system implementation was

considered (as a modification to Case MS3) in which the direct-fired loads of
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the above iatter five customers were not converted. The system capital costs

and economic analyses were revised accordingly and the payback analyses redone

for each customer. For this case (MS8}), the implementation plan was also

revised such that the remaining boiler load of Blackstone would be connected in

Phase 2, thereby eliminating Phase 3. Figure S-3 summarizes the resulting sicg-

nificant effect on customer paybacks. By eliminating the direct-fired loads

from these five customers, the paybacks were reduced to six years and less.

Further, the marginally higher district heating rates of Case MS8 only increased

the payback of one of the other customers, MRC Bearing, from 4 to 6 years.

CONCLUSICN

From the customer point of view, the results of this study have shown that under

near term economic conditions (fuel cost, cogenerated power buy back rates,

financing and tax considerations) a steam district heating system is technically
and economically feasible in the Industrial Corridor under specific conditions.

Municipal canership with a conventional boiler plant heat source provides the

most attractive district heating rates, while private ownership can also be con-

sidered feasible.

Unless cogenerated power is priced higher, or special low gas rates can be pro-

vided for a cogeneration facility, cogeneration is not a viable option.

Implementation of a more modern hot water district heating system in lieu of

steam would, for the most part, depend upon the willingness of potential

customers to expend the significant additional retrofit costs required without

penalizing the system for extended paybacks. Extended paybacks could, however,

be alleviated by subsidized loans or grant assistance to customers for their

retrofit costs, or by hot water conversions necessitated by presently

deteriorating building steam systems.

Accordingly, district heating in the Industrial Corridor is considered to have

significant potential. However, more advanced engineering and economic analysis
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is required to better define and optimize the most beneficial system for both

system cwner and Customer prior to an implementation decision. Renewed

consideration could be given to a medern hot water based system if customer's

technical and econemic constraints to such a system are identified and evaluated

in greater detail than the scope of this study allowed.
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SECTION 1

INTRODUCTION

This study develops in conceptual form, a centralized district heating system

for the Industrial Corridor of Jamestown, New York. It was performed under the

direction of the New York State Energy Research and Development Authority.

Jamestown is located in upstate New York about an hour and a half drive south-

west of Buffalo. The city, once a major center of the furniture manufacturing

industry, continues to be industry based. In addition to furniture and related

wood products still being manufactured, the city's industries today also inciude

numerous metal parts and product manufacturing concerns. Many of these compa-

nies are located south of downtown Jamestown, along the Chadakoin River in an

area known as the Industrial Corridor.

The essentials of a district heating system are the energy sources, transmission

and distribution piping system, and the heat load (energy consumers). A heat

load was identified and quantified, as outlined in Section 2. Options for heat

source development are presented in Section 3, and possibie routing for the

underground piping system is presented in Section 4. The development of the

prospective district heating system is discussed in Section 5.

The institutional and regulatory aspects of the prospective system are discussed

in Section 6. In Section 7, budgetary estimates of this system's capital,

maintenance and operation costs are used in an economic analysis to develop the

unit cost of district heating and determine the economic feasibility of

installing a system in Jamestown. Section 8 discusses the retrofit of

potential customers and presents the results of customer economic analyses

performed based upon the established unit costs of district heat. 



SECTION 2

HEAT LOAD

INTRODUCTION

For the purpose of this study, the Industrial Corridor has been segregated into

Areas A and B as shown in Figure 2-1, with 20 major companies identified.

During the initial phase of this study, fuel records were cbhtained for a major-

ity of the companies to identify likely candidates for eccnomical district heat-

ing potential in terms of (1) present annual fuel consumption, (2) types of

present fuel uses, and (3) location. Table 2-1 summarizes the fuel records cata

collected for the 20 companies.

Within Area A the two major potential loaas are MRC Bearing and Weber-Knapp

which are located within close proximity of each other, and closest to Area B.

These two potential district heating custemers represent nearly 74% of the

area's total fuel consumption, with the majority of their fuel consumption com-

ing from steam boiiers serving space heating and process loads. The remaining

companies in Area A were not ccnsidered for initial system study and in-depth

load assessment as (1) their respective loads are significantly smaller, (2) a

large porticn of their fuel consumption is in direct-fired heating equipment

which must be replaced to convert to district heating, and (3) their location cn

the other side of the river in conjunction with the smaller load potential would

lessen the overall? system economics if included.

Within Area 8 there are several large fuel users including Essex Chemical,

Dahlstrom, Hopes Windows, Blackstone, Jamestown Metal Manufacturing, Jamestown

Metal Products and Crawford Furniture. With the exception of Blackstone and

Hopes Windows, each of these customers fuel consumption is predominantly in

steam boilers. Approximately 64% of Hopes Windows fuel consumption and 54% of

Blackstone's is in direct-fired space and makeup air heating equipment.

 



-tne. original heating system for the Hopes Number 5 building included an air

a4 s tribution ductwork system with steam heating coils. If a new steam source

were to be provided this system may be reusable. This would avoid having to

spe md funds on the new rooftop unit, while satisfying the safety requirement of

oO open flame in the building.

CRAWEORD FURNITURE
cresS=eoO°wm

crawford Furniture is one of Jamestown's largest wood furniture manufacturers.

They buy untreated boards and take them through a process which includes treat-

ment in seven steam supplied drying kilns. The scrap wood is sald to individu-

ais who are willing to pick it up during the summer and is also used to

completely heat their Atlas building and 95% of the brick factory building dur-

4nqg the winter. Operators to load wood into the boiler are needed around the

ctock in the wintertime.

There is also an office/warehouse building which uses a water supplied humidity

system, while steam is used in the main factory building for humidification.

Steam unit heaters are used in the four floor factory building with cast iron

radiators in the office area and an auxiliary gas-fired rooftop unit. The

warehouse has a gas-fired air rotation system with no distribution ductwork.

The office area attached to the warehouse has a gas-fired rooftop heating/air
conditioning unit.

They also have a showroom heated by steam unit heaters from a three-year-old

30—-HP boiler.

JAMESTOWN METAL PRODUCTS

Jamestown Metal Products employs similar processes to that of Jamestown Metal

Manufacturing. They have installed a new 5-step wash process which uses 18,000

gallons of a chemically treated liquid, of which 11,000 gallons are heated.
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They have one main 150-HP boiler which is 20 years old, with a smaller 15-HP

boiler as backup. This small unit allows a more efficient operation during the

low load summer months. The larger boiler is due for replacement soon. The

building is 165,000 sq. ft.

BLACKSTONE

Blackstone is an international company with one of the largest plant spaces in
Jamestown at 630,000 sq.ft. However, the majority of their heat comes from

direct and indirect gas-fired rooftop units. Personnel have indicated these

units do not work well when the difference between the outside air and the

indoor temperature is greater than 15°. All units are tied into an energy man-

agement system which maintains a positive pressure in the building. In

Jamestown, their primary product is radiators for automobiles and trucks both in

the replacement and new vehicle market.

They presently have a $500,000/year heating bill due to the size of the plant.
Most of the units heat 100% outside air. The plant consists of several

buildings, with the main building using 259,000 to 400,000 cfm of make-up air.

This high exhaust rate is required because the soldering process employed emits

fumes which must be vented to the atmosphere.

Blackstone has a changing work load which can be heavily impacted by new

technology. Their 170,000 sq.ft. Malleable Iron Plant was sold due to this

fluid enviornment. Some new car radiators are now being produced with plastic

components instead of all metal. There is a gas-fired 125-HP boiler which pro-

vides two 3,000-gallon rinse tanks with hot water 24 hours/day. There are six

40-gallon domestic hot water heaters just in plant Number 12. 



HEAT LOAD ASSESSMENT METHODOLOGY

Buildings with high potential heat loads were surveyed in order to estimate peak

and annual load requirements. Information was gathered on building heating and

domestic hot water generation systems, fuel consumption histories, building

operating parameters and climatic data. The data was used to calculate peak and

annual district heating loads for each of the nine customers studied. Burns and

Roe has found through past experience, that an older boiler can be conservatively

estimated to operate at 65% efficiency while a newer unit would be considered

70% efficient. The loads were broken down into comfort and makeup air heating

and internal uses (domestic hot water, process steam, and other non-temperature

dependent heat uses).

A further breakdown was made between boiler loads and those associated with

direct-fired heating equipment such as gas unit heaters and rooftop units. This

distinction was considered necessary in view of the (1) high retrofit costs cus-

tomers would incur to replace such direct-fired units with hydronic or steam

systems, and (2) the high operating efficiency of direct-fired units (85 to

30%). These two factors tend to diminish the economic attractiveness of

district heating for the potential customer as the ratio of these loads to total

customer load (including boilers) increases.

Peak Load Calculations

Determination of peak loads was performed employing an in-house generated

computer spreadsheet program modeled to a modified ASHRAE degree day method.

Input data includes monthly fuel consumption records and coincident heating

degree day data, estimated annual average boiler and direct-fired heating equip-
ment seasonal efficiencies, and building operating parameters such as indoor

design temperature, indoor setback temperatures, normal and setback system

operating hours per week, and outside air ventilation quantities. Output data

includes peak ventilation and envelope heating loads during both normal and

mam
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owe
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setback hours, internal average hourly loads, and annual respective useful

(without firing inefficiencies) loads for the 12-month period of analysis. An

example of the analysis is presented in Exhibit 2-1.

Normalized Annual Load Calculations

While the computer model described above provides annual load quantities for

the period of fuel records examined, normalized annual Joad quantities are

required based upon average climatological data to determine both district and

customer average loads. This was accomplished utilizing the peak loads deter-

mined above for both normal and setback hours jin conjunction with 20-year

statistical temperature bin (reported annual occurences of 5°F temperature

ranges) data in another computer spreadsheet program developed in-house. The

program calculates and totals load quantities in each temperature bin and asso-

ciated observation hours to determine annual normalized load quantities,

generating the load profile curve. An example of the program hard copy is pre-

sented in Exhibit 2-2.

HEAT LOAD ASSESSMENT RESULTS

The peak and annual district heating loads determined for the nine potential

‘customers are Summarized in Table 2-2. Since many of these customers’ facili-

ties include more than one building and/or more than one gas meter, Appendix B

includes a Summary of each customers specific load analysis results as well as

the following:

o Specific Facility Computer Load Analyses;

o Graphical Representation of Fuel Consumption by Month; and

o Overall Facility Load Profile Curves.

As indicated in Table 2-2, Area A was determined to have a peak district heating

load of 32.09 million btus per hour (mmbtuh), and Area B, 109.16 mmbtuh. The

 



EXHIBIT 2-1

LOAD ANALYSIS
for

DAHLSTROM MANUFACTURING

YEAR:

HEATING SEASON HDD:

DAYS IN SEASON:
AVG. OUTSIDE TEMP (DEG. F):

OUTSIDE DESIGN TEMF (DEG. F):

NCRMAL HOURS

1994

6597

273

40.8
>

COMFORT SETTING
da

INTERNAL TEMF GAIN <%
» FQ:

VENTILATION (CFM):

SET-BACK HOURS FER WEEK:
COMFORT SETTING (DEG. F):

INTERNAL TEMP GAIN (DEG. Fd:

VENTILATION (CFM):

ESTIMATED BOILER EFF ;

% INTERNAL USE TO DH:

BILLING HEATING NAT GAS QUANTITY BILLING AVG. CAILY
MONTH DES. DAYS (CCF > (MMBTU) DAYS LSE (MMETU;

JAN, 1.7278 104, 19,744,
FEB. a99 BO,110 8,211.
MAR, 1,167 89.900 9,214.
AFR. Si9 75,240 7,722.
MAY. 62,180 6,373.

* JUNE 35,410 3,629
*JULY 16,5230 1,694
*AUG. 31,240 3,202.1

44,620 4,573.5
52,740 5,405.8
78,700 8,066.7
94,450 9,681.1

O

pita
1
+
2

8
=

~

a]

Ss co
4

TOTAL 766,040 78,519.1

DISTRICT HEATING LOADS NORMAL

DAILY INTERNAL USE (MMBTU/DA
ANNUAL INTERNAL BBE (MMBTU):

FEAK VENTILATION LOAD (MMBTU/HR):
ANNUAL VENTILATION LOAD (MMBTU):

FeOr. ENVELOPE LOSSES (MMBTU/HR):
ANNUAL ENVELOPE LOSSES (MMETU): 6,716.82 z 29,050.66

TOTAL ANNUAL COMFORT HEAT (VENTILATION &
ENVELOPE) (MMETUD: 6,914.82 22,137.83 29,050.56aay
FEAK COMFORT HEAT LOAD (VENTILATION &
ENVELCFE) (MMBTU/HR): 1.28 11.28 N7A

'

DISTRICT HEATING LOAD (COMFORT HEAT
NTERNAL) (MMETU/HR): 21.95

months selected as representative of internal loads

2-14
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total potential district peak load of 141.25 mmbtuh (41.4 MWt) is approximately
three times that of the existing hot water district heating system now serving
downtown Jamestown. The average efficiencies shown in Table 2-2 reflect the

respective facilities seasonal efficiencies for all fuel burning equipment
identified in the load analysis. Load profile curves for Area A, Area B, and

the overall system were developed and are shown in Figures 2-3, 2-4, and 2-5

respectively. The Load Factor indicated in each load profile curve represents
the ratio of equivalent full load operating hours to total annual hours (8760
hours).

OTHER POTENTIAL CUSTOMER CONSIDERATIONS

It should be noted that internal loads for the various customers are more proc-

ess type than domestic hot water demands, where steam pressures as high as 75

psig are utilized. Further, in general, process loads which represent 23.5% of

the overall system peak load and more than 50% for some customers, are fed by
steam in distribution systems which do not segregate process from heating uses,

but rather employ pressure reducing stations in the distribution system as

required. Also in some instances, such as drying kilns and steam ovens, the

load can only be served by steam.

Accordingly, it was deemed necessary to consider options for the heat source and

distribution system which could serve the entire steam load of all customers

with minimal retrofit cost. Implementing a conventional low temperature (250 to

160°F) hot water district heating system could not serve a majority of the cus-

tomer process loads, would require extensive retrofit costs in modifying build-

ing steam distribution systems to segregate heating and process loads, and would

reduce the efficiencies of existing boilers required to stay in operation at

reduced loads, The net effect would result in customer paybacks which could not

be achieved for many years, if at all. 
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SECTION 3

HEAT SOURCE ANALYSIS

INTRODUCTION

A variety of heat sources were investigated in Jamestown, ranging from existing

boilers of potential customers to a new boiler pliant or cogenerating station.

The heat sources were evaluated on the basis of reliability, efficiency, overall

cost effectiveness and ease of operation.

As pointed out in Section 2, the predominance of existing space heating and

process loads of the Industrial Corridor companies are served by steam boilers

and distribution systems. In many instances, process loads require high thermal

levels which could not be served by conventional hot water district heating

systems. From the outset, the heat source and distribution system options were

limited to high temperature hot water or steam.

It was also recognized early in the study, that in view of current low gas

prices, the economic attractiveness of district heating would depend upon low

retrofit costs to achieve favorable customer paybacks. Accordingly, further in-

depth study was limited to the feasibility of implementing a steam district

heating system. A high temperature hot water system is technically feasible

with system capital costs comparable to a steam system. However, the cost of

customer heat transfer equipment and/or the cost of converting existing steam

systems to hot water would be high, with associated unfavorable customer paybacks.

EXISTING SOURCES

Utilizing existing boilers and other existing heat sources is the least expen-

sive option for a district heating central heat source. They are already par-

tially or fully depreciated, there is less uncertainty in construction costs,
 



and jn many cases the equipment owner will also serve as the district heating

utility owner so that the incremental capital cost is zero. The equipment is

already onsite so that delivery delays and environmental permitting delays are

not a problem. However, there are also many disadvantages in using existing

equipment. The size of the available equipment is fixed and may not meet the

needs of the district heating system and the location may not be optimum for the

district heating distribution network. If the equipment is very old the

reliability and efficiency may not be as good as new modern equipment. Also,

the system owner must deal with more complex institutional issues in operating

or leasing boilers owned by others, including equitable compensation and

considerations of boiler owner business failures.

Older equipment is best used as a first phase heat source or to backup a new

heat source. The low cost eases the initial development of the system which is

the most difficult phase of any project. In future phases, as more modern heat

sources are brought on-line, the existing equipment can be used for backup serv-

ice if desired, or retired to reduce maintenance costs.

One such candidate is a stand alone boiler house with two 1960 Union Iron Works

600-HP steam boilers on Hopes Windows property. Originally coal units, at one

point an engineering study was performed to determine ways to conserve fuel and

_cut operating costs. The original recommendation was to burn wood. At the time

of the study New York State was in the process of thinning out some of its state

owned and protected forests. Wood was felt to be an almost inexhaustible and

economical fuel supply. However, as the study progressed other considerations

including manpower and storage space requirements led to the wood fed proposal

being abandoned by Hopes.

As an alternative, it was decided to convert one unit into a dual fuel burner

boiler. An underground oi] tank was installed as well as natural gas piping.

Fach of these boilers are rated for 200 psi and can produce 22,500 Jbs/hr at

100 psi. Once Plant 6 was torn down and Plants 4 and 5 were sold, it was felt
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that the large boilers were not economical to run. The second of the two units

was never converted from coal and some of its equipment has been removed. When

Plant 5 was sold to Essex Specialty Co., the underground fuel oi1 storage tank

which was now on their property, was required to be removed because of the

nature of Essex's product.

The pipe tunnels from the boiler house to the remaining Plants 1, 2, and 3 were

valved off and each building had its own heat source installed. The converted

boiler has, however, been well maintained and is kept as backup to Plants 1 and

3 allowing for emergency repairs and a planned summer outage for maintenance.

A new boiler plant capable of serving all of Areas A and B, including Blackstone

Corp., would need to have a total peak capacity of approximately 4,000 HP.

Accordingly, the 600 HP boiler at Hopes could logically only be considered a

potential backup to a new heat source, particularly in a phased district heating

system implementation pian. For example, if the first phase were to include

only Area B without Blackstone, the total peak demand is approximately 1600 HP.

If a new centrally located boiler plant was constructed with a first phase

capacity of two 800-HP or two 1000-HP units, the Hopes boiler could provide nec-

essary backup during the phase. This would minimize initial capital investment

and enhance system economics.

NEW BOILER PLANT

The construction of a new steam boiler plant installation, centrally located to

ultimately serve both Area A and 8, is a possible heat source for the system.

The boiler plant would be required to maintain 75 psig steam pressure in the

distribution system in order to serve all the customers' existing steam process

and space heating loads.

One benefit of installing new boilers at a single central location is that the

site and structure to house the boilers can be designed to be easily enlarged to

 



accommodate more boilers or a cogeneration facility in the future. Centralized

system maintenance and operation also maximizes efficiency and reliability.

NEW COGENERATION PLANT

Cogeneration is the production of electricity and heat simultaneously while

using less fuel than that needed to produce each individually. In Jamestown

particularly, the Board of Public Utilities has expressed the need for more

local power generation capacity to supplement the existing municipally owned

power station capacity. Thus cogeneration was considered as a potential heat

source for the Industrial Corridor. The disadvantage of cogeneration plants,

however, is the high capital expense relative to conventional boiler plants.

System economics are strongly dependent upon the price at which the cogenerated

power can be sold, as wil] be evidenced in Section 7.

Several options were considered for a prime mover, including gas turbines,

steam turbines and combustion engines. A steam turbine system was considered to

be too expensive for the size range. To properiy match the thermal and electric

loads a condensing/extracting type of turbine would be best. This type of

arrangement is quite complicated, requires much auxiliary equipment and is

expensive. For any steam turbine arrangement to be efficient, higher steam

pressures would be required. Typical units have pressures in the range of 400

to 1100 psig. Pressures over 125 psig greatly increase the cost and complexity
of a boiler installation.

Both gas turbines and combustion engines are good prime movers for smali

cogeneration projects. They are inexpensive to instal] (relative to larger
units and steam turbine plants), have high efficiency when designed properly and

are easy to operate. On an equivalent energy basis a gas turbine cogeneration

system produces about twice as much thermal energy as electricity. A combustion

engine produces about the same amount of each. The selection of the gas turbine

was based mainly upon district heat thermal requirements and local availability
of low cost gas.
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The cogeneration system must meet certain restrictions set up by the Public

Utility Regulatory Policies Act (PURPA) of 1978. The main requirement being

that if over 15% of the systems total energy production is heat, then an average

efficiency of 42.5% must be met. And if the thermal portion of the energy pro-

duction is between 5% and 15% of the total, then an average efficiency of 45%

must be attained. The thermal production must be at least 5% of the total for a

system to qualify. The average efficiency for purposes of a PURPA evaluation is

defined as 50% of the thermal output plus 100% of the electric output (in equiv-

alent energy units) divided by the total fuel input (LHV) on an annual basis.

PURPA EFF = E + Q/2

Fuel

Annual useful thermal production;

= Annual useful electric production; and

Fuel = Annual fuel input (Lower Heating Value).

Sas turbines in the size range appropriate for this project have standalone

electric generation efficiencies on the order of 20% to 30%, much less than the

PURPA requirements. By capturing the waste heat in their exhaust gases,

cogenerated steam is produced and has virtually no effect on electric power

production. Since only a 50% credit is given for waste heat recapture, most of

the theoretically available heat must be recaptured to meet the PURPA efficiency

requirements. This requires that the turbine be sized to meet the base steam

load of the district, without being so oversized that there are long periods in

which the district steam load is less than the turbine capability.

The unit selected for evaluation is a 4000 KW Solar Centaur H Gas Turbine

Cogeneration Facility with supplementary firing to maximize steam production.

This unit has an unfired steam generating capacity of over 21,000 Jbs/hr, and

over 57,000 Ibs/hr with supplementary firing in the heat recovery boiler. With
 



a total district system demand in Areas A and B of approximately 135,000 Ibs/hr,
two such units in conjunction with peaking and back-up boilers could serve the

district system thermal load.
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SECTION 4

SYSTEM IMPLEMENTATION

As the economics of district heating often are dependent upon minimizing capital

expenses in the initial years, a phased implementation plan for the Industrial

Corridor system was developed. Two basic scenarios were considered under the

concept of a new central plant, on which the system and customer economic analy-

ses were based.

The first scenario envisions a conventional boiler plant for the first phase of

implementation with cogeneration units installed in subsequent phases to ulti-

mately serve the entire load of Areas A and B. The boilers initially installed

(along with others in subsequent phases) would serve as peaking and backup units

to the cogeneration units. The second scenario considers only conventional

steam boilers to serve the load, without cogeneration. In both cases, the

location of the central plant was selected approximately between Area A and B

(see Figure 5-3) where vacant tand exists for possible sale or lease.

Three phases have been developed which could bring district heating to each of

the nine potential customers in the Industrial Corridor by the third year, using

either heat source option. In the first phase, the load of all Area B customers

would be served with the exception of Blackstone. As Blackstone's load is now

primarily direct-fired gas units planned for replacement to hydronic units, this

in-house conversion would probably be deferred several years. In the second

phase (year 2) the distribution system as well as the central plant capacity

would be expanded to include Area A customers MRC Bearing and Weber-Knapp. The

final phase (year 3) would extend the service and central plant capacity to

include Blackstone. During the first phase, backup capacity could be provided

by the 600-HP boiler at Hopes Windows. Phase 2 and 3 would include required

backup capability at the central plant for single largest unit failure. 



A summary of the proposed implementation plans for both the boiler and

cogeneration options is presented in Table 4-1.
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TABLE 4-1

COGENERATION OPTION

Total System
Plant Peak

Capacity Load
Production Plant (Lbs/Hr) (Lbs/Hr)

Phase 1 68,000 1b/hr Boiler Plant 68,000 52,000
Two 1,000-HP Boilers (34,000)*

Phase 2 Add Single Cogen. Unit 159,000 79,200
57,000 Ibs/hr Fired (102,000)
and One 1,000-HP Boiler

Add 2nd Cogen. Unit 216,000 134,700
(159,000)

BOILERS ONLY OPTION

Total System
Plant Peak

Capacity Load
Production Plant (Lbs/Hr) (Lbs/Hr)

Phase 1 68,000 lb/hr Boiler Plant 68,000 52,000
Two 1,000-HP Boilers (34,000)*

Phase 2 Add Two 1,000-HP Boilers 136,000 79,200
(102,000)

Phase 3 Add One 1,000-HP and 181,900 134,700
One 350-HP Boiler (147,900)

*Plant Capacity with Largest Unit Out of Service (Typical) 



SECTION 5

TRANSMISSION AND DISTRIBUTION SYSTEM ASSESSMENT

Development of the transmission and distribution system should coincide with the

development of heat sources and the addition of known or potential heat loads to

the system.

PIPING SYSTEM DESIGN

Piping sizes were determined using the building heating loads and design

parameters of the district heating system. Since the boiler plant would be

designed to produce 90 psig steam at 360°F, the supply piping must be capable of

carrying this quality steam with a minimum of pressure drop between the plant
and each customer, to guarantee a minimum service pressure of 75 psig.

Referring to Figure 5-1, a prefabricated conduit piping system consisting of

schedule 40 steel pipe, calcium silicate insulation, an air space, steel casing
and an exterior coating was selected to meet the design conditions. The

expansion movement of the steel service pipe is partially taken up in the air

space between the carrier pipe and the conduit. The system is also allowed to

expand by the use of expansion "U" loops. This extra piping in the form of a

"U" gives the system flexibility. Fittings as well as piping lengths are shop
fabricated and shipped to the field.

The pipe is installed by butt-welding the carrier pipe sections together. The

two half shells of calcium silicate are then tie-wrapped in place. The outer

steel casing is then welded in place and an exterior coating of high melting
point asphalt in sheet form is wrapped around and heat shrunk to a tight fit.

This coating provides corrosion protection for the outer steel casing.

The condensate return piping will be installed with the larger steam supply

piping side-by-side in a single trench. The trenches will generally be less
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FIGURE 5-1

DISTRICT HEATING CONDUIT

CARBON STEEL CARRIER Pipe

CARBON SILICATE INSULATION

Arr SPACE

QuTER STEEL THINWALL CasING

Hiek MeLtine Potnt (1200°F AseHatt CoaTINnG)

FIGURE 5-2

DISTRICT HEATING CONDUIT INSTALLATIONS

Sidewalk Installation

Concrete Walk

Roadway

Note: Walk is cut, removed and repaired
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FIGURE 5-2

(Cont'd)

DISTRICT HEATING CONDUIT INSTALLATIONS

treet Installation

oy
MUM 3" Black Toe

<— 8" Concrete

C, Sidewalk Installation

Concrete Walk
Soil/Grass Surface

1 LLLLLL LLL,as:

Homogeneous .
oo -. .

Sand . ae
:

Fill

Walk is broken, removed and new walk

installed

 



than 5 feet deep and require no shoring. The conduit is laid directly in the

trench on a compacted 4 inch sand base. The excavation provides for a clearance

of 6 inches between conduits and 4 inches between the conduit and trench wall.

The conduit is then covered with at least 16 inches of homogeneous stone-free

sand. Figure 5-2 shows the typical conduit installations.

PIPE ROUTING AND COST

A potential pipe routing for the system is shown in Figure 5-3 with the line

sizes and cost estimate indicated in Table 5-1. The transmission and

distribution piping capacity was 20 percent oversized to provide for the present
heat loads and potential future expansion.

Often in district heating projects, the cost of the transmission and

distribution system represents a significant portion of the total capital

investment. Primarily this is due to expensive surface restorations and the

interferences encountered under city streets and below sidewalks. In the

Industrial Corridor area of Jamestown however, the major portion of the proposed

pipe routing is planned along streets and access roads with road shoulders

presently unpaved and with few sidewalks. This will minimize surface

restoration costs. Fewer interferences with utilities are also expected.
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TABLE 5-1

DISTRIBUTION PIPING SIZING AND COST ESTIMATE

NOMINAL PIPE SIZE - IW

CUSTOMER OR NODE

FEET PHASE1 PHASE2 PHASE3 COND.
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TOTAL PIPING COST (#1000)

PHASE 1 PHASE 2 PHASE 3

Piping Cost

Contingencies (15%)
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Cost Per Linear Foot:
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SECTION 6

INSTITUTIONAL ASSESSMENT

OWNERSHIP OPTIONS AND FINANCIAL CONSIDERATIONS

Existing and planned district heating systems in the U.S. reflect a variety of

corporate structures. The Trenton, New Jersey system was built and operated by

a private corporation. The St. Paul, Minnesota system is owned and operated by

a non-profit corporate entity with close ties to the city government. Wilmar,

Minnesota, owns and operates its system. The existing Jamestown system is also

municipally owned. District steam systems in place in various communities also

reflect different ownership structures such as the private system in Scranton,

Pennsylvania. In planning a district steam system for the Industrial Corridor

it is necessary to weigh the desirability of different owner/operator

structures.

REGULATORY CONSIDERATIONS

The Public Utility Regulatory Policy Act (PURPA) encourages high-efficiency

cogeneration and requires that utilities purchase cogenerated power at rates

corresponding to the costs they avoid by not generating power. For a facility

to qualify as a cogenerator, it must also meet certain PURPA regulations.

1. The annual thermal or process heat production of the cogeneration

facility, Qp, must be at least 5% of its total energy output

(Qp+P). Here, P is the annual electrical output in equivalent

energy units.

If Qp/(Qp+P)} is at least 5% but less than 15%, then the overall

efficiency of the cogeneration facility must be greater than 45%. 



3. If Qp/(Qp+P) is greater than 15% then the plant efficiency

(P40.5 Qp}/Qt must be greater than 42.5%.

The proposed gas turbine option has an annual efficiency in excess of 45% for

all phases, meeting PURPA requirements.

There are also constraints to the operation of a district heating system imposed

by the public utility regulatory framework and the franchise authority of the

local municipality. The degree of such constraint varies with the form of

ownership.

It is necessary to consider the response of potential customers to the ownership

option chosen. Private ownership requires interjection of an untried corporate
structure. The need for customer trust in the reliability and responsibility of

the system is paramount for its saleability. A system owned and operated by the

Municipal utility will engender such trust at an early stage, particularly in

Jamestown where such a utility already exists.

FINANCIAL CONSIDERATIONS

Options available for financing the plant retrofits and piping of a district

‘heating project include: tax deductions and credits, loans and grants, bonds,
federal assistance, and private financing.

Tax breaks extended to states or localities may be in the form of income tax

deductions for capital investments and/or operating expenses, property tax

deductions or exemptions for certain forms of real property, and tax credits.

Loans and grants may come through direct appropriations, special tax levies and

federal assistance in the forms of Community Development Block Grants and Urban

Development Action Grants. Grants are useful in reducing initial investment

costs, while subsidized loans generally lower annual expenses.

 



The Community Development Block Grants are awarded through the U.S. Department
of Housing and Urban Development (HUD) to assist communities in meeting finan-

cial needs and promoting revitalization. The grants are available to local

governments and community groups, private non-profit entities and development
corporations. The grants are often used in conjunction with other forms of

financing such as municipal funds or bonds. The grants are awarded on a com-

petitive basis with population, extent of poverty, overcrowded and aging housing
and growth lag being the factors analyzed.

Urban Development Action Grants are also administered by HUD and directed

towards assisting distressed cities. Eligibility is limited to certain urban

areas as specified by HUD. Applications are accepted for any program guided at

strengthening the economy or vitality of an urban area through commercial,
industrial or residential development. The selections are judged by age of

housing, poverty, Jack of growth and unemployment. The funding is not granted
unless private capital is committed.

Municipal governments may issue bonds to finance a district heating project as

was previously done in Jamestown. General obligation (G.0.) bonds are commonly
used to finance capital improvements. These bonds are attractive to

municipalities when setting the debt service of the bond at an amount less than

the eventual payback which results in the issuing unit of government realizing a

net gain. G.0. bonds require public support since they are subject to

referendums. By pledging property tax revenues in repayment, the municipality
can receive a low interest rate.

Revenue bonds are tax-exempt bonds issued by municipalities in order to build or

purchase public facilities. Revenue bonds are long term securities that require
a special act of Jegislation for issuance. Revenue bonds carry a risk because

they are repayed from the revenues of the facility and such income can fluctuate

considerably. Revenue bond financing does not affect the municipal balance

sheet or borrowing capacity, the municipality retains control after the bonds

have matured.

 



SECTION 7

SYSTEM ECONOMIC ANALYSIS

The economic analyses of steam district heating in Jamestown were performed from

the viewpoints of private and municipal ownership. The analyses determined the

annual carrying charges for each investment phase, the composite carrying

charges for all investment phases and the unit cost of district heat.

The “required revenue" approach was used to determine the necessary charges for

district heating. The annual carrying charges are calculated based on debt-to-

equity ratio, return rates, book life, taxes, and insurance rates. The total

system costs are comprised of these fixed expenses, operating expenses, and

electricity sales credit for the cogeneration option. The calculated system
costs were compared with the amount of heat sold to determine the minimum

required charges for district heat.

The capital costs are derived in 1988 dollars. They include al? direct and

indirect costs associated with the heat sources and the transmission and distri-

bution systems for each respective phase.

CAPITAL COST

The capital costs for all phases and cases evaluated were prepared based on

previous experience and recent vendor's budget estimates. The costs were based

on 1988 dollars and escalated to the implementation dates using a general
inflation rate of 4%.

The cost for the base central plant options are shown in Tables 7-1 and 7-2 and

broken down by phases. They include all equipment and installation costs plus

engineering and construction management and contingency.

 



TABLE 7-1

INDUSTRIAL CORRIDOR DISTRICT HEATING SYSTEM COST ESTIMATE
COGENERATION OPTION (1988 DOLLARS)

BOILER PLANT
1000-HP Steam Boilers & Controls

Auxiliary Equipment
Boiler Breeching 22,000
Mechanical & Piping Installation

Subtotal:

COGENERATION PLANT
Gas Turbine-Generator w/Accessories

(4000kw)
NOX Control (Water INjection)
Heat Recovery Boiler w/Auxiliary

Firing and Accessories
Gas Compressor
Deionized Water Treatment System
Switchgear & Motor Control Console

Auxiliary Equipment
Mechanical & Piping Installation
Electrical/I&C Installation

Subtotal:

UTILITY INTERCONNECTION

SITE
Land

Building & HVAC w/Site Preparation

Subtotal:

DISTRIBUTION SYSTEM

Piping
Customer Metering

Subtotal:

SYSTEM SUBTOTAL:

Engineering, Design and Construction

Management @ 10%

Contingency @ 10%

PHASE TOTAL COST:

PHASE 1

$222,000
28,000
9,000

408 ,000

$680,000

$50,000

$150,000
85,000

$235,000

$515,000
43,000

$558,000

$1,523,000

$152,300

$152,300

$1,827 ,600
OVERALL SYSTEM COST:

7-2

PHASE 2

$111,000
14,000
9,000

201,000

$335,000

$1,400,000
50,000

470,000
190,000
75,000

105,000
100,000
340,000
330,000

$3,060,000

$100,000

$0
175,000

$175,000

$411,000
15,000

$465 ,000

$4,135,000

$413,500

$413,500

$4,915,200

PHASE 3

$1,400,000
50,000

470,000
190,000
75,000
75,000

100,000
270,000
260,000

$2,890,000

$0

$0
100,000

$100,000

$84,000
30,000

$114,000

$3,104,000

$310,400

$310,500

$3,724,800
$10,467,600
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TABLE 7-2

INDUSTRIAL CORRIDOR DISTRICT HEATING SYSTEM COST ESTIMATE
ALL BOILER OPTION (1988 DOLLARS)

BOILER PLANT
Steam Boilers & Controls

Auxiliary Equipment
Boiler Breeching
Mechanical & Piping Installation

Subtotal:

SITE

Land

Building & HVAC w/Site Preparation

Subtotal:

DISTRIBUTION SYSTEM

Piping
Customer Metering

Subtotal:

SYSTEM SUBTOTAL:

Engineering, Design and Construction
Management @ 10%

Contingency @ 10%

PHASE TOTAL COST:

PHASE 1

$222,000
28,000
22,000

408 ,000

$680,000

$150,000
85,000

$235,000

$515,000
43,000

$558,000

$1,523,000

$152,300

$152,300

$1,827 ,600
OVERALL SYSTEM COST:

PHASE 2

$222,000
28,000
22,000

408,000

$680,000

$0
52,500

$52,500

$411,000
15,000

$465,000

$1,197,000

$119,750

$119,750

$1,390,200

PHASE 3

$171,000
21,000
22,000

231,000

$445 ,000

$0
52,500

$52,500

$84,000
30,000

$114,000

$611,500

$61,150

$61,150

$733,800
$3,951,600 



OPERATING COSTS

The operating costs of the central system are comprised of: operating labor,

maintenance labor, maintenance materials and fuel. Included in the maintenance

materials are such consumables as make-up water, chemicals and lube oi1. For

both the municipal and private ownership options operating and maintenance labor

was estimated to be nine (9) man-years annually from Phase 3 on. Materials were

estimated at 1.7% of the capital investment. Fue? costs are estimated using

$2.71/MMBtu (1988), based on discussions with the National Fuel Company for a

service of this size.

CARRYING CHARGES

The carrying charges (or fixed costs) for the plant consist of interest on debt,

depreciation, taxes and insurance. These costs are fixed because they do not

depend on the plants thermal operation level. The method used to calculate the

carrying charges is based on the Electric Power Research Institute (EPRI) meth-

odology as developed in their Technical Assessment Guide.

The method develops charges suitable for use in a required revenue analysis. In

this type af analysis the annual revenues required to sustain the project are

.
Calculated and compared against the revenue requirements of alternative sce-

narios to determine the best investment strategy.

Depreciation is calculated on a straight line basis with zero salvage value.

Plant life is assumed to be 20 years. Income taxes are calculated using a 40%

tax rate (34% federal and 6% state) and apply only to the private ownership
option. Tax depreciation was calculated using a 150% declining balance for 19

years. Property taxes were assumed at a levelized rate of 1.5% of the installed

cost and insurance at a levelized 0.75%. 
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OPTIONS AND SENSITIVITY

The analysis used the "required revenue" approach to develop unit costs for the

district heating system. A price per million btu's (MMBtu) of district heat was

developed covering twenty years for each case and option studied. There were

two ownership options studied, Municipal and Private Developer, and two basic

heat source options, Boiler Plant and Cogeneration. The Base case cogeneration

option assumes sale or avoided cost of excess electricity at an average rate of

3¢/KWH.

Sensitivity analyses were run for both heat source and ownership options. The

base case parameters and inputs are shown in Table 7-3 and the sensitivity cases

initially studied are shown in Table 7-4.

RESULTS AND RECOMMENDATIONS

Table 7-5 shows the base case unit cost of heat developed for the base case

boiler heat source option for both municipal and private ownership. The results

are shown graphically in Figures 7-1 and 7-2. Similarly, the results for the

base case cogeneration option are shown in Table 7-6, and Figures 7-3 and 7-4,

Conclusions drawn from these base case results can be summarized as follows:

o The boilers only option is superior to the cogeneration option, primar-

ily because of the low $30/MWhr buyback rate for power which cannot off-

set the additional carrying charges associated with the added capital

cost of the cogeneration units. The rates associated with cogeneration

are on average $1.48/mmbtu higher for municipal ownership and

$2.49/mmbtu higher for private ownership.

Municipal ownership, as can be expected, is more favorable than private

due to higher financing costs and tax effects. For the cogeneration

option, the average municipal rate is $1.72/mmbtu lower, and $0.71 mmbtu

lower for the boiler option.

 



TABLE 7-3

BASE CASE PARAMETERS

Municipal Private

Ownership Ownership

Debt Cost
Taxes

Property Taxes
Insurance

Buy Back Rate ($/MWhr)
Electricity Cost ($/MWhr)
Fuel Cost (1988 $/MMBtu)
Labor ($1000/manyear)
0 & M Materials
GT Heat Rate (Btu/Kwhr)
Boiler Efficiency

*Includes 6% Sales TAX

TABLE 7-4

BASE AND SENSITIVITY CASES EVALUATED

Municipal Private
Case No. Case No. Description

MS1 PS1 Base Case - Cogeneration Option
MS2 PS2 Cogen. Option - Implement Phases 1 & 2 Only
MS3 PS3 Base Case - Boiler Option
MS4 PS4 Cogen. Option - $35/MWhr Buyback Rate
MS5 PS5 Cogen. Option - $35/MWhr, Phase 1 & 2 Only
MS6 PS6 Boiler Option - Implement Phase 1 & 2 Only
MS7 PS7 Cogen. Option - 15% Lower Fuel Costs
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TABLE 7-5

UNIT COSTS OF DISTRICT HEAT

BOILERS ONLY OPTION

Municipal Owership - Case MS3

1989 1980 1991 1992 1993 1994

Unit Cost of Heat - $/MMBTU
1. Fixed Expenses
2. 0 &M Expenses
3. Fuel

Total

YEAR

Unit Cost of Heat - $/MMBTU

1. Fixed Expenses . $1.22 $1.18 $1.15
2. 0 &M Expenses . $1.30 $1.35 $1.40

3. Fuel . $5.36 $5.57 $5.80

20 Year Levelized Rate:

BOILERS ONLY OPTION

Private Ownership - Case PS3

YEAR 1989 1990 1991 1993

Unit Cost of Heat ~- $/MMBTU

1. Fixed Expenses
2. 0 & M Expenses
3. Fuel

Total

YEAR 2000 2001

Unit Cost of Heat - $/MMBTU

,
Fixed Expenses . $1.53 $1.48 = $1.44 . . $1.29 $1.24 $1.19 $1.14

O & M Expenses : $1.30 $1.35 $1.41 . . $1.58 $1.65 $1.71 $1.78

3. Fuel
: $5.68 $5.91 $6.14 : . $6.91 $7.19 $7.48 $7.78

Total . $8.52 $8.75 $8.99 . . $9.78 $10.07 $10.38 $10.69

20 Year Levelized Rate:

;
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TABLE 7-6

UNIT COSTS OF DISTRICT HEAT

BOILERS/GAS TURBINE COGENERATION OPTION

Municipal Qwernship - Base Case MS1

YEAR 1991 1992 1993 1994 1995 1996 1997 1998

Unit Cost of Heat - $/MMBTU

1. Fixed Expenses ‘ . : . : $2.21

2. 0 & M Expenses . . . . . $0.97

3. Fuel . . : . . $5.32

Total . . . : . $8.50

YEAR

Unit Cost of Heat - $/MMBTU

1. Fixed Expenses . $1.77, $1.71 $1.64 «$1.58 $1.52 $1.46 $1.40 $1.35

2. 0 &M Expenses . $1.14 $1.18 $1.21 $1.25 $1.28 = $1.32, $1.36 = $1.40

3. Fuel . $6.28 $6.46 $6.65 $6.84 $7.08 $7.25 $7.47 $7.69

Total . $9.20 $9.35 $9.50 $9.67 $9.84 $10.03 $10.23 $10.44

BOILERS/GAS TURBINE COGENERATION OPTION

Private Ownership - Base Case PS1

1990 1991 1992 1993 1994

unt Cost of Heat - $/MMBTU

.
Fixed Expenses . $4.81 $3.65 $3.49 $3.32 $3.16 $3.01 $2.87 $2.75 $2.63

2. 0 & M Expenses . $1.37 $0.98 $1.00 $1.03 $1.05 $1.08 $1.11 $1.14 $1.17

3, Fuel . $5.79 $5.66 $5.80 $5.95 $6.10 $6.26 $6.42 $6.59 $6.77

Total : $11.97 $10.28 $10.29 $10.29 $10.31 $10.35 $10.41 $10.48 $10.57

YEAR 1999 2000 2006 2007 2008

Unit Cost of Heat - $/MMBTU

7 Fixed Expenses $2.51 $2.41 $2.30 $2.20 $2.10 $2.01 $1.91 $1.82 $1.73 $1.64

O & M Expenses $1.20 $1.23 $1.27 $1.30 $2.34 $1.38 $1.42 $1.46 «$1.50 = $1.55

Fuel $6.96 $7.15 $7.35 $7.55 $7.77 $7.99 $8.22 $8.46 $8.70 $9.96

Total $10.67 $10.79 $10.92 $11.06 $11.21 $11.37 $11.55 $11.73 $11.93 $12.15

20 Year Level{zed Rate: $10.684
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FIGURE 7-3 COGENERATION OPTION - MUNICIPAL OWNERSHIP

UNIT COST OF DISTRICT HEAT - CASEMS1
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o From the potential customer point of view, the boiler option under

municipal ownership is best, offering the lowest rates.

Table 7-7 summarizes the results for all the cases initially evaluated, indicat-

ing the cost of heat for the first 3 years and the levelized rate over 20 years

which can be used to readily compare the various cases over the analysis period.
The levelized rate represents a unit cost of heat which can be charged each of

the first 20 years, calculated at an interest rate of 7%. The levelized rate

comparison is shown graphically in Fiqure 7-5 and can be summarized as follows:

o The municipal ownership option remains the most favorable case.

Implementation of oniy the first two phases under both ownership and

heat source options results in somewhat higher rates than full system

implementation indicating, as expected, that the addition of

Blackstone's jload enhances overall system economics.

Increasing the price for cogenerated power to $35/MWhr begins to enhance

the competitiveness of the cogeneration option with boilers. A further

sensitivity to cogenerated power cost is illustrated by Figures 7-6 and

7-7. Under municipal ownership, a rate of approximately $42/MWhr would

be competitivewith the boiler option.

The base case boiler option for private ownership is more favorable than

municipal ownership cases MS6 (Boilers, Phase 1 and 2 only), MSi (base
case cogeneration), MS2 (cogeneration phases 1 and 2 only), and MS5

(cogeneration phases 1 and 2 only with power sold at $35/Kwhr).

The private ownership base case cogeneration option and phase 1 and 2

only cogeneration options are the least economic.

Tt should be noted, however, that levelized rate comparisons do not take into

account rate fluctuations in early years which affect customer paybacks.

 



TABLE 7-7

UNIT COST OF DISTRICT HEAT - CASE SUMMARY

Cost of Heat ($/MMBTU) 20 Years

Levelized

Ownership Description 1989 1990 1991 Rate

Municipal Base Case, Cogen. Option $6.97 $9.61 $8.25 $8.963

Municipal Cogen. Option, Phase 1 & 2 Only $6.97 $9.61 $9.69 $10.258

Municipal Base Case, Boiler Option $6.97 $7.51 $6.19 $7.481

Municipal Cogen Option, $35/MWH $6.97 $8.76 $7.31 $7.782

Municipal Cogen. Option, $35/MWH, $6.97 $8.76 $8.81 $9.184 1]
Phase 1 & 2 Qnly

Municipal Boilers Option, Phase 1&2 Only $6.97 $7.51 $7.67 $8.828 f
Municipal Cogen. Option, 15% Lower Fuel $6.44 $8.44 $7.01 $7.379

f
Private Base Case, Cogen. Option $7.92 $11.97 $10.28 $10,684

Private Cogen. Option, Phase 1 & 2 Only $7.92 $11.97 $11.99 12.116
Private Base Case, Boiler Option $7.92 $8.61 $6.97 $8.195

Private Cogen Option, $35/MWH $7.93 $11.11 $9.34 $9,502 0
Private Cogen. Option, $35/MWH, $7.93 $11.11 $11.10 $11,043

Phase 1 & 2 Only rf
Private Boilers Option, Phase 1&2 Only $7.92 $8.61 $8.73 $9.721

Private Cogen. Option, 15% Lower Fuel $7.37 $10.73 $8.97 $9.004 
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FIGURE 7-6
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Accordingly, the customer economic analyses presented in Section 8 provide addi-

tional insight for comparing the cases evaluated.oneie

Appendix D includes the individual economic analyses for the various case stud-

jes as well as graphical results for the unit cost of heat in each case.
i
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SECTION 8

CUSTOMER RETROFIT, ECONOMIC ANALYSIS, AND CONCLUSIONS

PRESENT OPERATING COSTS

In addition to fuel costs, other operating costs for the nine potential custom-

ers were estimated for the purpose of the economic analysis performed comparing

district heating with present operations. These costs include water treatment

chemicals, boiler operation and maintenance labor, insurance, and capitalization

costs for future and near term boiler replacement.

With regard to boiler replacement, the estimate was made on the assumption of 30

years economic boiler service life and boiler(s) replacement at that time.

Thirty years is the median average service life for large boilers as reported by

ASHRAE under average maintenance conditions. Based upon the respective ages of

the potential customers present boilers, replacement costs were based on estab-

lishment of sinking funds contributed annually to accumulate funds for future

replacement and/or amortization of near term repiacement as applicable. These

estimates were based upon a 4% annual escalation of present boiler costs, 4.5%

sinking fund, and 15-year amortization at 9.5%.

Water treatment chemical costs, and other boiler maintenance costs were esti-

Mated based upon the following:

o TSP - $315.00 Per Million Pound Steam;

o Neutralizer - $10.00 Per Million Pound Steam;

o Oxygen Scavenger - $4.00 Per Million Pound Steam;

0 Operation & Maintenance Labor - $25.00/manhour; and

 



o Annual Boiler Efficiency Test & Burner Adjustment - $1,000/boiler.

Table 8-1 summarizes the above non-fuel owning and operating costs for each

customer estimated in 1988 dollars and the cost per million Btus in 1989 (first

year of economic analysis). Appendix E provides additional details.

RETROFIT TO DISTRICT HEATING

Two means of interconnecting the potential customers were considered initially,

direct steam connection to the customer steam distribution system and indirect

connection installing steam generators to isolate the district system from the

customer. In cases such as Blackstone, in which existing boilers are hot water,

a steam to hot water converter would be required.

Direct System

In the direct system, existing steam boilers would be isolated from the steam

distribution and condensate return system by means of new or refurbished isola-

tion valves as required. As the district system will be providing steam in the

range of 75 to 90 psig, the service connection will include a pressure reducing
valve station. This valve will protect those customers whose existing systems

Operate or are designed for lower operating pressures and allow for future

upgrade of the district system pressure if required by later expansion. As

depicted in Figure 8-1, other features of the direct system service connection

include a pressure relief valve downstream of the pressure reducing valve, pres-

sure and temperature gages, isolation valves for maintenance and service needs,

and two metering stations. Customers existing pumping stations would be util-

ized for condensate return to the district system.

As the direct system option results in customer steam and condensate tosses

being absorbed by the district system, both steam supply and condensate return

meters are considered necessary. In some cases, customers utilize live steam in
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TABLE 8-1

CUSTOMER ESTIMATED ANNUAL NON-FUEL OWNING AND OPERATING COSTS

(1988 Dollars)
$/mmbtu

Other Total **

Boiler Boiler Useful Load
Chemicals Costs Replacement* (1989)

MRC Bearing $6,170 $9,200 $ 3,200 $0.84

Weber-Knapp 5,950 10,950 13,060 0.89

Crawford Furniture 1,100 6,900 820 1.43

DahIstrom 14,200 31,400 15,200 1,36

Essex Specialty Production 750 4,950 5,810 1.53

Hopes Windows 2,900 15,800 4,100 0.74

Jamestown Metal Mfg. 3,700 15,500 9,680 2.54

Jamestown Metal Production 2,350 9,650 3,750 2.30

Blackstone 17,800 14,700 2,700 0.24

* Average over 20 year analysis period
** Includes Direct Fired Loads as Applicable

TABLE 8-2

ESTIMATED CUSTOMER REFTROFIT COSTS

(1988 Dollars)

Direct Indirect
Connection Connection

MRC Bearing $ 9,200 $167,600

Weber-Knapp 28,000 91,200

Crawford Furniture 60,300 97,500

Dahtstrom 16,000 217,800

Essex Specialty Production 32,300 63,900

Hopes Windows 31,000 203,800

Jamestown Meta) Mfg. 10,300 67,900

Jamestown Metal Prod. 12,300 39,900

Blackstone Not Appi. 42,000
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Figure 8-1
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process applications which is not returned. Further, many systems are experi-

encing significant losses in traps and leaking equipment with associated makeup
water requirements. The two meter arrangement will enable customers to be

billed accordingly for in-house losses which are passed along to the system,
insuring equitable service rates among all customers.

ect System

The indirect system (also depicted in Figure 8-1) isolates the customer from the

system by means of steam generators, or two-pass shell and tube type heat

exchangers (as selected for evaluation). Customers' existing condensate pumps

are utilized to pass condensate through the shell side to generate their steam

needs. A mew condensate pump will be required on the district system side of

the steam generator to return condensate to the system.

Control of the steam generator would be by means of a self contained pressure

control valve preset to the customers desired main header pressure need.

Metering is simply accomplished by a condensate meter since no system losses are

incurred at the customer. The condensate meter was selected in view of lower

cost and greater reliability over varying load conditions. A further discussion

of metering is provided in Appendix C.

The system arrangement would be similar for customers such as Blackstone where

existing boiler systems are hot water (i.e. steam to hot water heat exchanger).

CUSTOMER RETROFIT COSTS

Table 8-2 summarizes the retrofit costs for the nine potential customers for

both the direct and indirect service connection options. These costs also

include the replacement of direct-fired space heating and makeup air heating
systems with steam systems as applicable. However, the retrofit cost for

Blackstone is based upon service connections only (3 required), as they have

 



indicated plans to replace their deteriorating gas units with hydronic systems.

The cost of this conversion would necessitate new boiler capacity in the absence

of district heating, and therefore heat exchanger and conversion costs should

not penalize district system economic evaluations.

CUSTOMER ECONOMIC ANALYSIS

The benefit or economic viability of district heating for the Industrial

Corridor relies upon achieving attractive customer paybacks to render the system

marketable under the present and near term future economic climate. To perform
this evaluation, the customer economics were based upon determining customer

payback periods or the years needed for cumulative energy cost savings to offset

capital expenses incurred by the retrofit. For this analysis, the payback years

were calculated as the year in which cumulative savings exceed unpaid principal

assuming 15-year 100% retrofit cost financing at 9.5% interest. This analysis

was initially conducted for each of the seven municipal and private ownership

cases established in Section 7.

Exhibit 8-1 presents a typical analysis for the most attractive district heat

rate structure, the base case boiler option under municipal ownership (MS3). As

shown in Exhibit 8-1, a comparison is made between annual owning and operating
costs for the customer's present system and the annual district system costs

over a 20 year period. Customer fuel costs are consistent with recent 1988 gas

prices for the customers' respective service classifications and include sales

tax. Escalation of both fuel and non-fuel costs (except boiler replacement)
were taken as 4%, the same as for the system economics. Existing system rates

reflect the estimated boiler/direct-fired heating equipment inefficiencies (i.e.
useful load rates) for comparison with district heat costs. Tax effects of sav-

ings were also considered in determining the customer paybacks. Retrofit costs

were based on direct system connections for best case results.

Table 8-3 summarizes the payback analysis performed for each customer.

Indicated are the respective payback years as well as the year of continued pos-
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itive annual cash flow. Overall, the results reflect the same trend as

summarized in Section 7, with respect to district heating rates. The best case,

from the point of view of all customers, is the boiler option under municipal

ownership (Case MS3). The analysis for Case MS3 showed paybacks in the first to

fifth year for MRC Bearing, Dahlstrom Manufacturing, Jamestown Metal

Manufacturing and Jamestown Metal Products.

As could be expected, the paybacks for Essex Specialty Products, Weber-Knapp,

Crawford Furniture, Hopes Windows and Blackstone, are not attractive due to the

high proportion of their existing loads being in efficient direct gas-fired

units incurring high retrofit costs. In view of these results, a further option

or case was considered for study under the municipal ownership, boiler option.

In this option, Case MS8:

o Eliminate the direct-fired loads of these five customers; and

o Revise the implementation plan such that Phase 2 also includes adding

the load of Blackstone boilers only, accordingly eliminating Phase 3.

The result is a system peak steam load reduction to 33,900 tbs/hr for Phase I

and 58,700 ibs/hr for Phase 2. Thus, in Phase 1 only one 1,000-HP boiler is

required with two additional 1,000-HP boilers in Phase 2. In this case the sys-

tem capital costs were estimated at $1,432,800 and $1,431,000 respectively for

Phases 1 and 2. The system economic analysis for Case MS8 is included in

Appendix D as well. The resulting district heating rates are marginally higher

than Case MS3, but the effect on the five customers is significant as shown

graphically in Figure 8-2. The payback of Hopes Windows has been reduced from

over 20 years to 3 years, Crawford Furniture from 11 to 2 years, Weber-Knapp

from 10 to 3 years, Blackstone from 20 years to 6 and Essex Specialty Products

from 6 to 2 years.

This dramatic reduction in paybacks is attributable directly to the lower effi-

ciency of the boiler only loads, the resulting higher boiler owning and operat-

ing expenses on a mmbtu basis, and minimal retrofit costs.

U

U

0

0

U

U

0

0

0

D

D

U

0

0

0

O

0

0

U

 



iSdiSW480)[anysamo]4S]‘uotzdgwoTyesauaing 9849SATUGZA|aseygworydyJaytog

SSdccuAyug221aseug'azeyx2egAng

syMN/oes‘uOT}dgworzesauabog Sd+SWJamogs0yyeyy2eGAngJUNW/Ge$‘UO1}dQUOTyeravabog $dtSuotzdgSuaytog'ase7aseg

z5duswAluZR]aSeYg‘worydguoTyzesauaboy Sd1SWuoqzdguotqzPuavaioy'ase9aseq

ayeatsg[edrarunysuatzdts3saqase}

fbbt99661ST0002ZO0Z2KBoata

#002
=024tooZ
=2$002StGnozUK

$002
=024002
=02K$002a0020249NdZ=02K

bbb}8Boat
=

8}700%£00202K000z(02

‘West01oatLTb4]00020fbol

00029002OC8002«0K9902auoN=aUDNavoy=BUdN

Sool$00ZUC2002ONC#00240020%GazUk

6841£oat8fool16419641ttZAI

6Batqtoo}$1SbbT

1
3

)

$002£002029002

6841

1
)

6661

r
aaba)

b
h7002$007

=29007

6841£1661o
t

TéattTodtLoot$1val

686141661qslo
f

Voat16a}91Tot

16616#002(02K£0020%9002av0N BUON$002

T6bT$ibo}$
I

9bb4+
t

1002£0020%6681

NOVANGAMWJA
|UN3AUvdAMUASYdANGAMWIA
|MWTAMVJAMWAMWAMURAMyaA

LF|aQliNINMOldANAwold
=(YONGmO1dINEOld=X0V8AVS
=NONEM014

HSV)AdRSW]ANHSY)AdHSYJ)ANdHSY3)ANdHSv)ANdHSH]ANdHow

“SOd“80d“$Qd“S0d“Sd“$04"S0d“SOd

SNTSNLOVSANYK“a0udW1aW“O4MTH1GNSMOUNIMS340HSLINedydWOHLSTKYG“NandCuOa8veddd¥NXY3@3NONTYY39JuH

3NOLSX2078NAOLSINYENADLS3KYE“JadS£3959

AMYMHNISMOVIHSYDWANNY3ATLISOdWY9ASUISONYAIVGAYdYIKOLSAI

€-831avl

 



esWasva[

O
O

n
R

O
N

M
T

N
A

O
C

Uv
>

o
>»

g
m

i
B

°

GSWASVD&ACSIASVD

NOISIYVdNOSYVAAMOVEAVdYAWOLSNO é-8JUNOT

 



As to the impact of Case MS8 on the other customers, with the exception of MRC

Bearing, whose payback increases from 4 to 6 years, all other paybacks remain at

3 years and less. The individual economic payback analysis for each customer

for Case MS8 as well as Case MS3 are provided in Appendix F.

CONCLUSIONS

From the customer point of view, the results of this study have shown that under

near term economic conditions (fuel cost, cogenerated power buy back rates,

financing and tax considerations) a steam district heating system is technically
and economically feasible in the Industrial Corridor under specific conditions.

Municipal ownership with a conventional boiler plant heat source provides the

most attractive district heating rates, while private ownership can also be con-

sidered feasible.

Unless cogenerated power is priced higher, or if special low gas rates can be

provided for the cogeneration facility, cogeneration is not a viable option.

Implementation of a more modern hot water district heating system in lieu of

steam would, for the most part, depend upon the willingness of potential
customers to expend the additional significant retrofit costs required, without

penalizing the system for extended paybacks. Extended paybacks could, however,
be alleviated by subsidized loans or grant assistance to customers for their

retrofit costs, or by hot water conversions necessitated by presently
deteriorating building steam systems. 
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VAN STEE FURNITURE

Van Stee is a family owned furniture business which specializes in bedroom

furniture. Business has slowed in the last four years, prompting them to open
their plant doors to the public and sel! direct. They buy raw green wood and

dry it in their own kiln. In addition to the high steam usage of the kiln,
there are steam fan type humidifiers. In 1974, the building was insulated and

gas consumption was reduced such that they no longer consume enough to qualify
for a reduced commercial rate. In addition to a 200-HP boiler to serve the main

building, there is a gas-fired hot air furnace for the office area and there are

two gas-fired rooftop make-up air units. Make-up air is needed to replace paint
spray booth exhaust.

UNION NATIONAL FURNITURE

Located next door to Van Stee Furniture, Union National manufacturers exotic,
hand-painted furniture to custom order, such as dining room tables, china

closets, and bedroom dressers. Their operation is similar to Van Stee in that

they buy raw wood and take it through the entire process with two steam heated

drying kilns and steam humidification. There is also a steam make-up air unit

to replace the exhausted air from the paint spray booths.

The building has two boilers, a 200-HP and a 400-HP boiler. The smaller is 65

years old and burns scrap wood which will vary with the work load. The larger
boiler fires Number 2 oi] and is used for peaking on coldest days and when not

enough wood is available for the 200-HP unit.

EMCO CHEMICAL

Emco Finishing Company, because of the chemicals involved, cannot have any open
flames in the work area, similar to Essex Chemical. Their hot water boiler is

separated from the finishing area by a cinderblock wall. The unit is now three
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years old. There is electric baseboard heat in the office. The plant is

located on an island next to Dawson Metal.

DAWSON METAL

Dawson Metal has a unique heating system. In addition to a steam boiler which

runs in the morning to feed the unit heaters, there is a gas-fired rooftop unit

which is centrally located in the warehouse portion of the building. In order

to achieve maximum comfort from the hot air supplied, two transparent round

flexible plastic air distribution tubes have escape holes cut into them. This

distributes an even amount of air throughout the building and can be modified

according to the needs along the way by closing off various holes (with tape).

The force of the hot air through the plastic tube keeps it inflated. Rips in

the plastic can be temporarily patched with duct tape while the entire air tube

is inexpensive enough to be replaced annually.

This company represents a typical Jamestown metal products manufacturer, in that

there is a heated chemical bath to clean the metal, a bonderizer and batch bath.

They also use a bag system to recover heat from the exhaust air from several

machines.

MASON CARVINGS

Mason Carvings does specialized carving for the wood furniture industry in a one

story building heated by unit heaters. They are in the part of the town near

MRC, Chautaqua Hardware and Jamestown Electroplating. All of these companies

are potential customers if the present hot water district heating system in

Jamestown were to be expanded. Mason Carvings has two 75-HP boilers, one of

which fires natural gas and the other which burns wood. The wood burning boiler

used scrap wood which is kiln dried and burns clean. The boiler cracked in 1985

and cannot be repaired. Their fuel bill is about $2,000 in a cold month and

they would like to purchase a used boiler which could be converted to burn wood.

 



If district heating were made available, they would hook-up if the retrofit cost

did not exceed $7,000 (expected cost of used boiler). They presently sell scrap

wood for $2 a box. At night the building is set back to 55°F.

AREA B

JAMESTOWN MATTRESS

Jamestown Mattress is a small business started in 1979, which has recently

opened their doors to the public. The downstairs is rented since their market

isn't big enough for them to use the entire building. The building is 80,000

sq. ft. and uses natural gas-fired unit heaters, though the original steam dis-

tribution system is in-place (condition unknown).

H & H SPECIALTY PRODUCTS

H & H Specialty Products is a small establishment which does piece work. They

have been expanding slightly to improve crowded working conditions. It is a

very competitive business and depends on making specialized parts for oi}

tankers. The building is approximately 11,750 sq. ft. and is heated by some

electric baseboard as weil as gas-fired unit heaters.

JOHNSON MACHINE

Johnson Machine is a small business which depends on custom orders. Work is

solicited outside the Jamestown area and includes specialized parts for IBM

machines. Machines necessary to do the jobs are very expensive, some costing

$100,000 or more. Non-union labor and Jow electric cost in Jamestown has

enabled the company to survive. District heating is not attractive due to a

small building (11,000 sq.ft) and their use of heat pumps.
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JAMESTOWN PLASTICS

Jamestown Plastics is next door to Johnson Machine. Some of the 11,000 sq. ft.

is used as storage for finished goods from Johnson Machine. The area is main-

tained at a reasonable temperature by direct-fired natural gas unit heaters.

ROLLFORM

Rollform makes rolled metal products to customer's order. They make a strong
metal pallet as their own product but it has a limited use due to its high price

compared to a wooden unit. Their heating system consists of ceiling hung gas-

fired unit heaters. If they expand within the next couple of years, a hot water

heating system would be desirable.

AREA C

BUSH INDUSTRIES

Bush Industries makes wood furniture using high quality particle board with a

glued-on veneer finish. They are located in the new J. Mason Industrial Park.

Their space heating is 94% gas-fired hot air units. In the process of making
computer furniture and entertainment centers they produce a large amount of

scrap wood and sawdust which they pay approximately $1500 a week to have

removed. The process also involves a large air compressor toad.

JAMESTOWN COMMUNITY COLLEGE

Jamestown Community College is located on Falconer Street in Jamestown, but on

the outskirts of the town near Falconer. The school has a large campus consist-

ing of several buildings. The heating system is mostly hot water. In addition

to heating there is a pool and a large domestic hot water load due to showers.

The college is located next to Lutheran Social Services. Any service connection

 



installed should serve both complexes. Neither system is old enough to be plan-

ning on boiler replacement in the near future.

LUTHERAN SOCIAL SERVICES

Lutheran Social Services is a complex of buildings which provide youth and aged

adult care. There are seven buildings, each with their own space heating boiler

and domestic hot water heater. All these buildings are heated by hot water,

although there 15 no central tie-in location. This complex is close to

Jamestown Community College which is also a hot water system.
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MRC BEARING 1965 GAS CONSUMPTION SRESKDGWN
(ALL Usages in Hundred Cubic Feet

22-411/21/85 3 29590
4-10/22/35 22480 24920

:

22300 Z4tag

15870 119

9969

17929

22819

27019

T3150

39749

12/26/84-1/25/85 é

35680 29G 3400
£1/23/84-$2/26/34

?
22880

)

33th

17,246

Peak (mmbtuh)

Space Heating:
Internal:

Total:

Annual Loads (mmbtuh)

Space Heati

Internal;

Total: 18,749

Note: (1) Windsor Street Building to be closed,

(2) Chanoler Street Building (Warehause) not to be intercannect
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LDAD ANALYSIS

for

WEBBER KNAPP (PLANT)

YEAR: 1986
HEATING SEASON HDD: 6157

DAYS IN SEASON: 212
AVG. OUTSIDE TEMF (DEG. Fo: 26.0

OUTSIDE DESIGN TEMF (DEG. F): a

NORMAL. HOURS FER WEE: 88
COMFORT SETTING (DEG. F):

INTERNS. TEMP GAIN (DEG. F):
VENTILATION (CFM):

SET-BACE HOURS FER WEEK:
COMFORT SETTING (DEG. F):

INTERNAL TEMP GAIN (DEG. F):

VENTILATION (CFM):

ESTIMATED HOILER EFF : 7O%
“% INTERNAL LSE TO DH: 100%

CURRENT ENERGY USAGE----------------------------
EILLING HEAT ING NAT GAS  BUANTITY HILLING AVG. DAILY

MONTH DES. DAYS EQUIV (CZF)  (MMBTUD) USE (MMETUD

JAN, 1,215
FER, 1,128
MAR. Bes

AFR, Sig

¥MAY. 197
* JUNE ao
* JULY 4

eA. 42

*SEF. 137
oct. 420 29196,
NOV. gil 16921.5
DEC.

E

1,149 32689.8

3,085.8 : 99.

1.

oan
SG

b

fous

a]

ooo
TOTAL 251,991

STRICT HEATING LOADS

DAILY INTERNAL USE (MMB
ANNUAL INTERNAL USE (MM

FEAF VENTILATION LOAD (MMBTU/HR): 9.00
ANNUAL VENTILATION LOAD (MMBTU): Oo, OO

FEAR ENVELOFE LOSSES (MMBTU/HR): Z.1d
ANNUAL ENVELOFE LOSSES (MMBTU): 2,884.26 2 6,807.47

TOTAL GNNUAL COMFORT HEAT (VENTILATION &
ENVELOPE) (MMBTU): 3,884.26 : 6,907.47FEAK COMFORT HEAT LOAD (VENTILATION %&
ENVELOPE) (MMETU/HR): Zell >. Nfe

FEA DISTRICT HEATING LOAD (COMFORT HEAT
& INTERNAL) (MMETU/HR):

 



LOAD ANSL

for
WEBBER KNAFF (OF

YEGR:
HEATING SEASON HDD:

DAYS IN SEASON:
AVG. OUTSIDE TEMF (DEG. F):

BUTSIDE DESIGN TEMF (DEG. F):

NORMAL HOURS FER WE
COMFORT SETTING (DEG. F):

RNAL TEMF GAIN (DEG. F)

VENTILATION (CFM):

SET-BACK HDURS FER WEEF.
COMFORT SETTING (DEG. F)

INTERNAL TEMP GAIN (DEG. F)

VENTILATION (CFM):

ESTIMATED DF EFFICIENCY:
% INTERNAL USE TO Dr:

wove coe ==CURRENT ENERGY USAGE
BILLING HEAT ING NAT GAS QUANTITY BILLING

MONTH DEG. DAYS EQUIV (CCF) (MMBTUD DAYS USE (MMETL)

JAN, 1,215 9808 1,005,23 Z1 -4
FER. 1,128 9475 971

2 7
MAR. 885 485.2 7
APR. S19 476.
MAY. 197 i 398.
JUNE BO 3

*¥GULY

#AUG,

*SEF.

QcT.

NOV.

DEC.

TOTAL

DISTRICT HEATING LOADS

DAILY INTERNAL USE (MMBTU/DAY):
ANNUAL INTERNAL USE (MMETU):
PEAR VENTILATION LOAD (MMBTU/HR):
ANNUAL VENTILATION LOAD (MMBTU): 1,454.48 . 1,454.48

PEAK ENVELOPE LOSSES (MMBTU/HR): 1.02 N/A
ANNUAL ENVELOFE LOSSES (MMBTU): 612.15 1,549.48 2,162.67

TOTAL ANNUAL COMFORT HEAT (VENTILATION &
ENVELOFE) (MMBTU): 2,067.64 1,549.48 Z,617.12
FEAK COMFORT HEAT LOAD (VENTILATION &
ENVELOFE) (MMBTU/HR): at O.94 N/A

PEAK DISTRICT HEATING LOAD (COMFORT HEAT
&® INTERNAL) (MMBTU/HR): 7. 75 O.94

 



LOAD ANALYSIS

for

WEBBER bNAFF (FLANT DIRECT F

YEARS: 1986

HEATING SEASON HDL 6571

DAYS IN SEASO

AVG. OUTSIDE TEMF (DEG. F

OUTSIDE DESIGN TEMF (DEG. F):

NORMAL HOURS FER WEE

COMFORT SETTING (DEG.

ERNAL TEMP GAIN (DEG. F):

VENTILATION (CFM):

cn

or

rr.

re
|

Hf

ACh. HOURS

T SETTING

INTERNAL 7 F GAIN (DEG. F

VENTILATION (CFM):

ESTIMATED DF EFFICIENCY:

“% INTERNAL USE TO DH:

non ane CURRENT ENERGY USAGE- --

LLING HEATING NAT GAS QUANTITY BILLING AVG. DAILY
MONTH DEG. DAYS E@QUIV (CCF) (MMBTU) DAYS USE (MMBTU)

14479 a 47.

LT7L1S 25. 28 So,

1518

él

1460

440

277

98

765

72485

10688

DEC. LSL21

JAN.

-

OF

WD

er

BD

SCT

OF

poe
Br.

oO

b Ou
cdatiti
dD

TOTAL 8,286.1

NORMAL

36

ANNUAL INTERNAL USE (MMBTLU): : 66

FEAR VENTILATION LOAD (MMBTU/HR): 0,00 N/A

ANNUAL VENTILATION LOAD (MMETU): 7,111.06 0.00 7,111.06

FEAR ENVELOFE LOSSES (MMBTU/HR): Oeil 10 N/A

ANNUAL ENVELOPE LOSSES (MMETU): 78.87 2. 272.81

TOTAL ANNUAL COMFORT HEAT (VENTILATION &

ENVELOFE) (MMBTU): 7,189.93
FEA COMFORT HEAT LOAD (VENTILATION %&

ENVELOFE) (MMETU/HR)s

FEAR DISTRICT HEATING LOAD (COMFORT HEAT

& INTERNAL) (MMBTU/HR):
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CRAWFORD FURNITURE SAS USAGE BREAKDOWN
{All Usages in Hundred Cubic Feet)

FACTORY/
SHOWROOM OFFICE + FACTORY

1605 ALLEN 1661 ALLEN 406) ALLEN
MONTH YEAR (BOILER) (ROOF DF) (BOLTLER}

Total Usage: 32,162

WAREHOUSE

& OFFICE

1021 ALLEN

(ROOF DF)

* Not To Be Considered For District Heating

USEFUL LOAD ANALYSIS SUMMARY

1005 Allen 1021 Ailen

Boiler Dir Fired
Feak Loads (mmbtuh} (70% EFF) (88% EFF)

Internal:

Space Heating:

Total

Annual Loads (mabtu)

Internals

Space Heating:

Total

$0461 Alien

Boiler

(63% EFF)

Total

Crawtord

Facilities

0

a

0

0

0

0

U 



LUAU ANALYEIS
for

CRAWFORD FURNITURE ~ 1005 ALLEN (RBoiler)

YEAR: 1986(G6N 87)
HEATING FASON HDD:

DAYS IN SEASON:
AVG. QUTSIDE TEMP (DEG. F):

OUTSIDE DESIGN TEMF (DEG. F):

NORMAL HOURS FER WEE:
COMFORT SETTING (DEG. F):;

INTERNAL TEMF GAIN (DEG. F)

r

r

r

if

f VENTILATION (CFM): ; ESTIMATED

|

|

|

l

l

SET-BACH) HOURS FER WEE:
COMFORT SETTING (DEG. F):

INTERNAL TEMP GAIN (DEG. F):

VENTILATION (CFM) ESTIMATED

ESTIMATED Eciler EFF:

% INTERNAL USE TO DH:

woe econ CURRENT ENERGY USAGE
BILLING HEATING NAT GAS QUANTITY Li AVG.

LY

MONTH DEG. DAYS (CCF) (MMETU) USE <MMETU)

1,15 3865 296.2
1,128 3523 Tél.

385 547 163

S19 196
4197

*# JUNE 80
* JULY 4

*AUG. 42

¥SEF. 127

act.

NOV.

DEC.

TOTAL

DISTRICT HEATING LOADS

NTERNAL USE (MMBTU/DAY

USE (MMETU):

| BeAr VENTILATION LOAD (MMBTU/HR):
ANNUAL VENTILATION LOAD (MMBTU): o,00

PEAK ENVELOPE LOSSES (MMBTU/HR): 9.62| ANNUAL ENVELOFE LOSSES (MMETU): 468.90

TAL ANNUAL COMFORT HEAT (VENTI ION %&
NVELOFE) (MMBTU):

PEAK COMFORT HEAT LOAD (VENTILATION %&
ENVELOPE) (MMBTU/HR):

PEAR. DISTRICT HEATING LOAD (COMFORT HEAT
& INTERNAL) (MMETU/HR):

|

L

 



LOAD ANALYSIS

#or
CRAWFORD FURNITURE -

YEAR:
HEATING SEASON HDD:

DAYS IN SEASON:

TEMP (DEG.

TEMF (DEG.

AVG. OUTSIDE

OUTSIDE DESIGN

NORMAL HOURS
COMFORT SETTING (DEG. F):

INTERNAL TEMF GAIN (DEG. F):

VENTILATION (CFM):

FER WEES

SET-BACE HOURS FER WEEK:
COMFORT SETTING (DEG. F):

INTERNAL TEMP GAIN (DEG. F)

VENTILATION (CFM):

ESTIMATED Boiler EFF:

% INTERNAL USE TO DH:

wennCURRENT ENERGY
BILLING HEATING NAT GAS

MONTH DEG. DAYS (CCF)

6972

5947

4744

519 1941

197 298

80 S1

JAN. (87)

FEB.

MAR.

APR.

MAY.

* JUNE

*#JULY

*xAUG.

SEF.

OCT.

NOV.

DEC.

1,159

1,128
885

az

TOTAL

DISTRICT HEATING LOADS

DAILY INTERNAL USE

ANNUAL INTERNAL USE

(MME

(MMB

(MMBTU/HR?:
(MMBTU):

FREAK VENTILATION LOAD
ANNUAL VENTILATION LOAD

FEAR ENVELOPE LOSSES
ANNUAL ENVELOFE LOSSES

(MMBTU/HR):
CMMETU)s

TOTAL ANNUAL COMFORT HEAT (VENTILATION &
ENVELOFE) (MMBTU):

FEAR COMFORT HEAT LOAD
ENVELOPE) (MMBTU/HR):

(VENTILATION &

FEA DISTRICT HEATING LOAD
& INTERNAL) (MMETU/HR):

(COMFORT HEAT

1961 ALLEN

1986(JAN 97)

64735

273

41.4

ESTIMATED

ESTIMATED

65%

100%

US

QUANTITY

(MMETU)

BILLING

DAYS

CH

RJ

re

oeNomis
Ot

Ur

1.471.554

1,471.54

a.9ga

O.,9a

USE

(Boiler>

AVG. DAILY

(MMBTU)

OOnhPreHonpor
1,924.2

1,921.29

N/A

 



uLCAD ANALYSIS

for
CRAWFORD FUANITURE - (O21 ALLEN - DIRECT FISED

YEAR: 1986(3AN 87)
HEATING SEASON HD 6435

DAYS IN SEASO 272
AVG. CUTSIDE TEMF (DEG. F) 41.4

QUTSIDE DESIGN TEMF (BES. F): 7

NORMAL HOURS FER WEE
COMFORT SETTING (DEG. F

INTERNAL TEMP GAIN (DEG. F)

VENTILATION (CFM): . ESTIMATED

SET-BACE HOURS FER WEE
COMFGRT SETTING (DEG. F):

INTERNAL TEMF GAIN (DEG. F):

VENTILATION (CFM): ESTIMATED

ESTIMATED DF EFF:
% INTERNAL USE TO DH:

aoncence -CURRENT ENERGY USAGE
BILLING HEATING NAT GAS QUANTITY BILLING

MONTH DEG. DAYS (CCF) (MMETU) DAYS

JAN. (8&7) 1.159 S991
FER. 1,128 S791
MAR. BBS 9117
AFR, S19 1904
MAY. 197 B90

* JUNE BO

*xJIULY 4

*AUG. 42

SEF. 137

oct.

NOV.

DEC.

one

ANrPOon
TOTAL

;

2 2 365

HEATING LOADS NORMAL SETBACE.

DAILY INTERNAL USE (MMBTU/DA
ANNUAL INTERNAL USE (MMBTU):

PEAR VENTILATION LOAD (MMBTU/HR): 9.00
ANNUAL VENTILATION LOAD (MMETU): a,00

FEAF ENVELOFE LOSSES (MMBTU/HR): 1.08
ANNUAL ENVELDPE LOSSES (MMBTU): 605.42

TOTAL ANNUAL. COMFORT HEAT (VENTILATION &
ENVELOFE) (MMBTU):

FEAR COMFORT HEAT LOAD (VENTILATION %
ENVELOPE) (MMETU/HR):

FEAR DISTRICT HEATING LOAD (COMFORT HEAT
& INTERNAL) (MMETU/HR):
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O61 Allen
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oCF
BAS USAGE

MA

JUN

JUL

Yatal

(Gt 65% Borler &fficiency?)

fmmbtiih > 19B&/

Anritial Cmmabtu>

Space tleating 2

:

I,
2hF

Internal: 12,926

Totals: 7195

* Ovens (non-convertible)

U

U

0

U

0

0

0

Q

"

Q

0

0

0

0

0

l

0

0

 



USE (MMETLU/DAY) :

SE (MMETU) +

LOAD (MMETU/HR):
TIGN LOAD (MMETU):

PEAR TENVELOGPE L 3 (MME TU/HR) 2

ANNUAL ENVELOPE CMIMESTLS)&

TOTAL ANNUAL COMFORT HEAT (VENTILATION

VEL. OF'E:>
:

COMFORT HEAT LOAD (VENTILATION %&

SMVELOPE) CMMETU/E :

sEEODISTRICT HEATING LOAD (COMFORT HEAT

INTERNAL)  (MMETU/HA)¢

;

.

,

[

|

|

|

|

|

|

:

l.

[

L

L
E

LOAD ANAL YSIS

fe

MGShFACTUR ING

/fea: Jul yso/dun
7

9,494.7

10,173.14

NORMAL.

N/A

N/A 
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OVERALL

ESSEX SFEC. FRODUCTS

26

LGAD BNALYSI

FREAK LOAD CNM

HEATING

HOPE ING

i)

TONE

TOTAL

TOTAL

GAS CONSUMPTION

HOPE INS

1986

ANAL LOAD cM
SMES t 



LOAD ANALYSIS

for

ESSEX FAINT -

YEAR:

HEATING ASGN HDB:

aAvG.

GUTSIRE DESIGN TEP

NORMAL HOURS FER

(DEG

GEIN (D

VENTILATION

WEE:

Fo):

Fis

(CFM):

SET~-RAC

COMFORT

INTERNAL

HOURS FER W :

TING (DE Fos

TEMF GAIN (DEG. F):

VENTILATION (CFM):

ESTIMATED

INTE RMAL

BOILER

USE TO

EFFs
Des

LRSY

NAT GAS

(CCF)

RLLWING

MCN TH

JAN,

MAR,

AFF.

MAY.

* JUNE

# JULY

*AUG.

yey

1170

S380

19160

D Y INTERNAL USE

_

ANNUAL INTERNAL USE

(MMETU/ DAY

(MMBTU):

VENTILATION LOAD

VENTILATION LOAD

(MMETU/HR):
(MMBTU):

FEAR ENVELOFE LOSSES (MMBTU/HR):
ANNUAL ENVELOPE LOSSES (MMBETUD):

TOTAL ANNUAL COMFORT HEAT

ENVELOFE) (MMBTU):

PEAK COMFORT HEAT

ENVELOFE)

(VENTILATION &

LOAD

(MMETU/HR)

(VENTILATION &

FEAR DISTRICT HEATING LOAD
& INTERNAL) (MMBTU/HR):

(COMFORT HEAT

ae
a MLACE STONE

1986

471
Sate iedaf

44.70

ESTIMATED

USAGE

QUANT IT

(MME TU)

SETEACE

N/A

N/A

O,o00

o.oo

54

77

1.62 1.

918.

USE

t ryf
{) TAL 



LOAD ANALYSIS

126 HG

DAY

AVG. OUTSIDE TEMF

QUTSIDE DESIGN TEMF

NORMAL HOWRS

TING (D F)

GAIN (DEG. F)s

VENTILATION (CFM)=

SET-BACE HOURS F :

COMFORT TING (DEG. F):

INT WAL TEMF GAIN (DEG. ye

VENTILATION (CFM):

ESTIMATED DIR. FI

% INTERNAL USE

- ~CURRENT
C

HEATING : CUANTITY

MONTH
. DAYS

} (MMATU)

1,215

1,128
885

S19

197

80

&

8

>

4

9

ei

S

7

DISTRICT H

DAILY INTERNAL USE (MMBTU/DAY):
ANMUAL INTERNAL USE (MMETU>:

FEAR VENTILATION LOAD (MMBTU/HR):
ANNUAL VENTILATION LOAD (MMETU): 144.06

FEAR ENVELOFE LOSSES (MMETU/HR): 1.35

ANNUAL ENVELOFE LOSSES (MMBTU)s 488.64

TOTAL ANNUAL COMFORT HEAT (VENTILATION &

ENVELOPE) (MMETU):

FEAR COMFORT HEAT LOAD (VENTILATION %&

ENVELOPE) (MMETU/HR):

FEAR DISTRICT HEATING LOAD (COMFORT HEAT

& INTERNAL) (MME

ESTIMAT

BILLI

BAYS

ED

AVG.NG

Tl
AS

USE nan]
(MMS

26.

Hore
PRO

moe
wem

eee
ee

me

ee

eel
Oe
Oe

ele
Ome
ee

lo

144.06

N/A

229 



» Heating Dagrae Days

MA
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HOPES WINDOWS 1984 GAS USAGE BREAKDOWN
(All Usages in Hundred Cubic Feet-Excludes Paint Shoo Ovens}

PLANT 1

Ditice &

Dir Fired PLANT 1 PLANT 2 PLANT 3 PLANT 7
Unit Htrs (Boilers) (Dir Fired) (Dir Fired) (Boilers)

JANUARY 30,491 13,663
FEARUORY 2,330 14,436
MARCH

0 11,215
APRIL 9,253
MAY

7 6,756
JUNE

4,924
JULY 5,038
AUSUST

5,410
SEPTEMBER 6,598
CCTCBES 2.726
NOVEMBER 12,702
DECEMBER 22,042

an

LA

Ote=

OR

p

oO

oO

Br
naPN

ee
Now

UD

oumn
mo

TOTAL USAGE: 40,693 532,494 121,673 257,544

USEFUL LOAD ANALYSIS SUMMARY

PLANT 1

Office &

Dir Fired PLANT 1 PLANT 2 PLANT 3 PLANT 3
Unit Ktrs Boilers Dir Fired Dir Fired Boilers
(BBY Ett) (76% E¢4) (88% Ett) (88% E¢f¢) (45%

Space Heating:
Internals

Totals

Annuai (mmbtu)

Space Heating:
Internal:

Totals 



LOAD ANALYSIS

for

HCFES WINDGWS FLANT 2 DIR. FIRED

YEAR: 1986

HEATING SEASON HDD: 6491
DAYS IN SION:

AVG. OUTSIDE TEMF (DEG.

QUTSIDE DESIGN TEMF (DEG.

NORMSL HOURS

ASSUMED

RNAL TEMF GATN ¢ oO

VENTILATION (CFM): o ASSUMED

IMATED BOILER EFF : 92%

INTERNAL USE TO DH: LOO”

vee eee @CURRENT ENERGY USAGE~-----2-eee eeecee-

BILLING HEATING NAT GAS QUANTITY BILLING AVG. DAILY
MONTH DEG. DAYS (MMBTLD MAYS USE (MMBTU)

JAN. ~215

FEB. 1.128

MAR, eas

AFR, S19

MAY. 197 600

*#dUNE 8

*IULY ca)

xAUG. 2 65

SEF. B96

2,108

DISTRICT HEATING

tLY INTERNAL USE

ANNUAL INTERNAL USE

FEAR VENTILATION LOAD (MMBTU/HR):
NUAL VENTILATION LOAD (MMRTU):

< ENVELOFE LOSSES (MMETU/HR): .
:

ANNUAL ENVELOPE LOSSES (MMETU): Z 2,760.90

TOTAL ANNUAL COMFORT HEAT (VENTILATION %

ENVELOFE) (MMETU): om 2,760.90
FEAR. COMFORT HEAT LOAD (VENTILATION &

ENVELOPE) (MMETU/HARD+

Ak DISTRICT HEATING LOAD (COMFORT HEAT

INTERNAL?) (MMETU/HR): 2o2 NA

 



LOAD ANALYSIS

for

HOFES WINDOWS FLANT 1 DIRECT FIRED

YEAR: 19734
HEATING SEASON HDD:

DAYS IN SEASON:

AVG. OUTSIDE TE

DESIGN TE?

NORMAL HOURS FER WEEK:

COMFORT SETTING (DEG. Fis

‘NGL TEMF GAIN (DEG, F):

VENTILATION (CFM):

GET-BACE HOURS FER

COMFORT SETTING (DEG. :

‘NAL TEMF GAIN (DEG. F):
.

VENTILATION (CFM): : ASSUMED

cee ma “CURRENT ENERGY USAGE

BILLING AE 3 NAT GAS QUANTITY BILLING AVG. DAILY
MONTH DEG. DAYS (CCF) (MMRBTU) AYS USE (MMBETIS)

~ ae
dae

108.

B11

939

119.
«JUNE . Qo

.

«JULY 0

*¥ALG. 2 a

S 214

OcT. 30 7.958

NOV. 19,326 1, 980,
DEC. 26,577 ore

TOTAL 142,601 14, 719.1

CISTRICT HEATING LOADS NORMAL SETRACE

_

DAILY INTERNAL USE (MMBTU/DAY N/A
GNNUAL INTERNAL USE (MMETU): N/A

FEA@r VYENTTLATION LOAD (MMETU/HR): 8.42 9.00
ANNUAL VENTILATION LOAD (MMETL): “ALIS O,o00

FEAR ENVELOFE LOSSES (MMBTU/HR)s a 2.17
ANNUAL ENVELOPE LOSSES (MMETU): 2795.08 ? -18

TOTAL ANNUAL COMFORT HEAT (VENTILATION %
ENVELOFE) (MMETU): 265

a »18
FEAR COMFORT HEAT LOAD (VENTILATION &

ENVELOFE) (MMETU/H) : eu 2.417

FEAR DISTRICT HEATING LOAD (COMFORT HEAT

& INTERNAL) (MMBETU/HR):

 



LOAD ANALYSIS

for

HOFES WINDOWS FLAN!

YEAR:

HEATING SEASON HDD:

DAYS IN SEASGN:
AVG. OUTSIDE TEMF (DEG. F):

SUTSIDE DESIGN TEMF (DEG. Fi:

NORMAL HOURS

COMFORT SETTING (DEG. F):

[INTERNAL TEMP GAIN (DEG. F):

VENTILATION (CFM):

PER WEEK

SET-BACE HOURS FER WEE:

COMFORT SETTING (DEG. F):
INTERNAL TEMF GAIN (DEG. Fs

VENTILATION (CFM):

ESTIMATED BOILER EFF :

% INTERNAL USE TO DH:

BILLING

MONTH

HEATING

DEG. DAYS

NAT GAS

(CCP)

JAN,

FEE.

MAR.

AFR.

MAY.
* JUNE

* JULY

eOUG.

SEF.

oct.

NOV.

DEC, EST 1,169

TOTAL 6,617

NISTRICT HEATING LOADS

D@ILY INTERNAL

ANNUAL

USE

INTERNAL USE

(MMB DAY

(MMETU)s

VENTILATION LOAD> (MMBTU/HR):
ANNUAL YVENTILATIDN LOAD (MMETU):

FEA ENVELOFE LOSSES
ANNUAL ENVELOFE LOSSES

(MMBTU/HR):
(MIMETLU):

TOTAL ANNUAL COMFORT

ENVELOPE) .MMBTU)s
Ak COMFORT HEAT LOAD

ENVELOPE) (MMBTU/HR)+

HEAT (VENTILATION &

(VENTILATION &

FEAR DISTRICT HEATING LOAD (COMFORT
&% INTERNAL) (MMETU/HR):

HEAT

1 BOILERS

1984

6491

ASSUMED

QUANTITY

(MMETU)

BILLING

DAYS

ivi.

182.

122.

7%.

rer
oune
DSO

SETBACE. 
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JAMESTOWN METAL MANUFACTURING
GAS USAGE (CCF) HISTORY

19,280

1P,iGo
16,710

16,600
12,629 10,580

JUN 11,780 1O 510
SUL 5,460 Sy Pte

Ai 8,840
3 £9,640
Oct 11,260
NOV 12,510 16,080
DEC 16,200 GEO

161,690

USEFUL LOAD ANALYSIS SUMMARY
Boiler Efficiency, 88% Direct Fired Efficiency)

1984

Space Heating (Boiler):

Makeup Alr (Dir. Fired):

Internals

Total:

Snnual Cmmot

ace Heating (Boiler): 4,750
Makeup Air (Dir. Fired): S09
Internal: 5,609

Total: 19,868

* Used in District System Analysis 



JAMESTOWN

YEA

HEATING SEASON HE

DAYS

AVG. OUTSICE TEM

OUTSIDE DESIGN

NORMAL

MPORT

TEM

HOURS

TING

GAIN

VENTILAT IGN (CFM):

SET-8ACK HOURS

COMFORT SETTING (DEG. F

INTERNAL TEMF GAIN (DEG. Fi):

VENTILATIGN (CFM):

FER WEE

ESTIMOTED BOILEN E

“% INTERNGL USE TO DH:

BILLING

MONTH

sect CURRENT ENERGY

HEATING NAT GAS

DEG. DAYS (OCF)

DAILY INTERNAL USE (MMBTU/DA
ANNUAL INTERNAL USE (MMBETU)s

di

PEGE VENT. LOAD-DIR. FIRED (MMETU/HR):
ANNUAL VENTILATION LOAD (MMETU)s

PEAK ENVELOPE LOSSES (MMBTU/HR):
ANNUAL ENVELOFE LOSSES (MMBTU):

TOTAL ANNUAL.

ENVELOFE) (MMETU):

FEAR COMFORT HEAT LOAD

ENVELOPE) (MMBTU/HR):

COMFORT HEAT (VENTILATION &

(VENTILATION &

FEAR DISTRICT HEATING
& INTERNAL)

LOAD

(MMETU/SHR):
(COMFORT HEAT

USAGE

QUANTITY

C(MMBETU) DAYS

2 8.9

4

1,569.3

1,201.3
1,196.9

639.5

1,037.3

1,204.4

NORMAL

N/A

N/A

9.42

«92

1,947.64

1,947.64

1.733

BILLING AVG.

USE

DAILY

(MMETLU)

71

Behe
oer
ow
vo

momooo
ee

eee
le

ae

B,171.21

N/A

430,92

N/A

Byl19.96

7,540.98

 



Awe G1S

far

SHMESTCHnM METAL

YEAR:

WEATING SEASON HDD:

DAYS IN ASON:

OUTSIDE TEMP (DEG. F):

DE DESISN TEM (DEG. F):

NORMAL HOURS FER WEEK: 60)
COMFORT SETTING (DEG. F): 70

INTERNG®L TEMP GAIN (DEG. F)s ie

VENTILATION (CFM): 5.000

SET-EACK HOURS

COMFORT SETTING

INTERNAL TEMP GAIN (DEG. F):

VENTILATION (CFM)

ESTIMATED BOILER EFF 1

% INTERNAL USE TO DH:

ee “CURRENT ENERGY USAGE =

BILLING HEATING NAT GAS QUANTITY ‘ NILY
MONTH DEG. BAYS ' (MMETU) USE (MMETUD

JAN. wa7E

FES. B99

MAR, 167

AFR, S19

¥MAY. 7BS 10,580
¥ JUNE 35 19,510 1.077,
# JULY td W920 606,
«AUG, 22 10,820
*SEF, 210 8.980

OcT. 260 14,180
NOV, 16,080
DEC. 5

16,930

pj
Gs

oF

&

GN

one)

7

-4

8

Med

4

9

ef

TOTAL ZO 15,900, Le)

CISTRICT HEATING i.GADS NORMAL

DAULY INTERNAL USE (MMBTU/DAY):
.

ANNUAL INTERNAL USE (MMBTU): 7,441.66

NT. LOAD DIRECT FIRED (MMBTU/HR): SPasis N/A
GAMNUAL VENTILATION LOAD (MMBTU): Z . 2, ae ADE.

PEAR ENVELOFE LOSSES (MMBTU/HR): N/A
ANNUAL ENVELOPE LOSSES (MMBTU): 3.50 T9S.C 2.548.56

ANNUGL COMFORT HEAT (VENTILATION &%
OPE) (MMBTU):

.
COMFORT HEAT LOAD (VENTILATION %
OFE) (MMETU/HA):

DISTRICT HEATING LOAD (COMFORT HEAT
INTERNAL) (MMETU/HR):

 



LDAD ANALYSIS

for

JAMESTOWN METAL MFG.

YEARS: 19872
HEATING SEASON HDD: 6449

DAYS IN SEASON: ZOD

AVG. OUTSIDE TEMP (DEG. F):
BUTSIDE DESIGN TEMF (DEG. F):

NORMAL HOURS FER WEEK:
COMFORT GETTING (DEG. F):

NAL. TEMF GAIN (DEG. F)

VENTILATIGN (CFM)

SET~BACK HOURS FER WE
COMFORT SETTING (DEG. F):

INTERNAL TEMF GAIN (DEG. F):

VENTILATION (CFM):

ESTIMATED BOILER EFF +

% INTERNAL USE TO DH:

--CURRENT ENERGY USAGE—-~—----2 nee
NAT GAS QUANTITY BILLING A

MON TH
. (CCF} iMMETU) DAYS USE

JAN. 1,172 : a1
FEB, 987
MAR. 8698

AFR, 3

MAY.

JUNE 11,280
*# JULY z

56460
*AUG. 8,840
SEF. 19,640
oct. 11,360
NOV, 13,510
DEC.

: 16,200

TOTAL 161,670 16,573.2

DISTRICT HEATING NORMAL.

DALLY INTERNAL USE (MMBTU/DAY):
ANNUAL INTERNAL USE (MMB

FEAR VENT. LOAD DIRECT FIRED (MMBTU/HR):
ANNUAL VENTILATION LOAD (MMBTU):

PEAR ENVELOFE LOSSES (MMBTU/HR): :

1.96
ANNUAL ENVELOPE LOSSES (MMBTL)s 1,805. 60 2,944.68

TOTAL ANNUAL. COMFORT REAT (VENTILATION &
ENVELOPE) (MMBTU): 2,514.47 2,944.68
FEAK COMFORT HEAT LOAD (VENTILATION &
ENVELOPE) (MMETU/HR): 2.44

PEAR DISTRICT HEATING LOAD (COMFORT HEAT
& INTERNAL) (MMETU/HR): 4.24
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IESTOWN METAL FRODUCTS-GAS USAGE (CCF) HISTORY

19864

i7, 24h
= 17,099
MAR L2.106
AFF

MAY

JUN

JUL

19,040

14,552
16,724

TOTAL 115,766 118,043

ANALYSIS SUMMARY (65% Boiler Eff)
Annual Usage Assumed to be Hake Ovens)

1985

Interr

Space Heating:

Total:

Annual Load (mmbtu)

Internals

Space Heating:

Total: 7,098

District System Analysis 



LOAD ANALYSIS

for

JAMESTOWM- METAL PRODUCTS

(ASSUMED 19% OF USAGE IS IN BARE OVEN)

YEARS: 1986
HEATING SEASON HDD:

DAYS IN SEASON
AVG. OUTSIDE TEMF (DEG. F)

OUTSIDE DESIGN TEMF (DEG. F)

NORMAL HOURS FER WEE:
COMFCRT SETTING (DEG. F)

INTERNAL TEMP GAIN (DEG. F):

VENTILATION (CFM) EMO, ESTIMATED

SET-BACE HOURS FER WEEK

COMFORT SETTING (DEG. F)

INTERNAL TEMF GAIN (DEG. F)

VENTILATION (CFM)
. ESTIMATED

ESTIMATED BOILER EFF:

% INTERNAL USE TO DH:

aa
~~~ -(TURRENT ENERGY USAGE -

BILLIN HEATING NAT GAS QUANTITY BILLING AVG. DAILY
MONTH DEG. DAYS (CCF) (MMRBTU) DAYS USE (MMBTU)

JAN, 1,215
FEE, 1,128
MAR. seas

AFR, S19

MAY. 197

* JUNE ao

#5ULY 4

*AUS. 42

SEF. 137

ocr. 430

NOV. git 3 1,

DEC. 1,149 3 1,574.3

-8

wl

8

&

5

is)

74

-4

oO

~4

.8

UJ

U

U

U

0

0

0

0

0

0

0

0

0TOTAL 10,679.4

NORMAL

NTERNAL USE (MMB

ANNUAL INTERNAL USE (MMBTU):

FEAE VENTILATION LOAD (MMBTU/HR):
ANNUAL VENTILATION LOAD (MMETU):

FEAR ENVELOPE LOSSES (MMBTU/HR)s
ANNUAL ENVELOPE LOSSES (MMETL)+: 1,237.09 3,958.68

TOTAL ANNUAL COMFORT HEAT (VENTILATION &

ENVELOFE) (MMBTI): 1,347.59 3,958.68
FEAR COMFORT HEAT LGAD (VENTILATION &

ENVELOPE) (MMBTU/HR):

FEAR DISTRICT HEATING LOAD ‘COMFORT HEAT

INTERNAL) (MMETU/HR):

 



LOAD ANE’

4c:

JAMESTOWN METAL PRUDUCIS
(ASSUMED 10% OF USAGE IS IN BAKE OVEN)

YEAR:
HEATING SEASON HDD:

DAYS IN SEASON:
AVG. QUTSIDE TEMP (DEG. F):

OUTSIDE DESIGN TEMF (DEG. F):

NORMAL HOURS FER WEEK
COMFORT SETTING (DEG. F):

INTERNAL TEMP GAIN (DEG. F)

VENTILATION (CFM): slats ESTIMATED

SET-BACE HOURS FER WEER
COMFORT SETTING (DEG. F)

INTERNAL TEMF GAIN (DEG. F) ©O
VENTILATION (CFM) i) ESTIMATED

ESTIMATED BOILER EFF: 65%
% INTERNAL USE TO DH: 100%

war

“CURRENT ENERGY USAGE
ILLING HEATING NAT GAS QUANTITY BILLING AVG. DAILY

MONTH DEG. DAYS (CCF) — (MMETUD DAYS USE (MMETU>

SAN, ; 230 1,468. m, 4
FEB. * 1,482. 1
MAR.

.

240 1,271. We
OPR, hi 772.
MAY. 599.

* JUNE
;

* JULY

# AUG. z

SEF. 7OO7

Oct. a
;

7
NOV. 9383
DEC. 2 15743

TOTAL 196,239

;

;

;

r

[

[

|

|

|

|

l

l

l
CT HEATING LOADS

| arty INTERNAL USE (MMBTU/DAY
ANNUAL INTERNAL USE (MMBTU): Ba

| eae VENTILATION LOAD (MMBTU/HR):

ANNUAL VENTILATION LOAD (MMETU):

TEAK ENVELOPE LOSSES (MMBTU/HR):| annua ENVELOFE LOSSES (MMBTU):

TOTAL ANNUAL COMFORT HEAT (VENTILATION &

| VELOFE) (MMBTU): 1,108.24
AK COMFORT HEAT LOAD (VENTILATION &

ENVELOPE) (MMETU/HR)+ 1.92

| seax DISTRICT HEATING LOAD (COMFORT HEAT
& INTERNAL) (MMBTU/HR):

L

 



LOAD 4wALYS!

for

JAMESTGWN METAL PRODUCTS
(ASSUMED 10% OF USAGE IS IN BAKE OVEN)

YEAR: 1984

HEATING SEASON HDD: 6397

DAYS IN SEASON: 277
AVG. OUTSIDE TEMP (DEG. F):

'

SUTSIDE DESIGN TEMF (D

NORMAL HOURS

COMFORT SETTING ya

INTERNAL TEMP GAIN (DEG. F)

VENTILATION (CFM): SOC ESTIMATED

SET--RACKE HOURS

COMFORT SETTING

INTERNAL TEMF GAIN (DEG.
.

VENTILATION (CFM): ESTIMATED

SSTIMATED BOILER EFF:

% INTERNAL USE TO Df: 100%

va ee ee ee

~
a 04

j

Fr WUSAG see ee ee a een ee ne ee ae one ee ee teee

BILLING {ED :

i

DUAN
r

BILLING AVG. DAILY
MONTH DEG.

Cct (MMBETU) DAYS USE (MMBTU)

JAN.

FER.

MAR.

AFR.

MAY.

¥ JUNE

* JULY

*BUG.

SEF’.

OCT.

NOV.

DEC.

TOTAL

DISTRICT HEATING LOADS NORMAL

DAILY INTERNAL USE (MMB

ANNUAL INTERNAL USE (MMETU)s

FEAR VENTILATION LOAD (MMBTU/HR):
ANNUAL VENTILATION LGAD (MMBTU): 111.40 0.00

FEAR ENVELOFE LOSSES (MMBTU/HR): 1.69 1.69
ANNUAL ENVELOPE LOSSES (MMBTU): 972.78 3,112.90

TOTAL ANNUAL COMFORT HEAT (VENTILATION &
ENVELOPE) (MMBTU): 1,084.18 3,112.90
FEAK COMFORT HEAT |LOAD (VENTILATION &

ENVELOPE) (MMBTU/HR): 1.87

FEAF DISTRICT HEATING LOAD (COMFORT HEAT
g,
& INTERNAL) (MMETLIZHR): 2.79 Mmmm

oe

eee
ewe
ew

lc

Plc
reresaclUlcree

eee
ee
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BLACKSTONE GAS USAGE BREAKDOWN
(All Usages in Hundred Cubic Feet)

TOTAL GAS OVENS TOTAL CONVERTIBLE
CONSUMF'T LON ESTIMATE PROCESS FROCESS HEATING

152,080 197,72
144,500 69,500 214,64

168,690 93,690 18
75,000 140,800 65,800 84,840

1B2,790 735,000 148,620 72,620 34,170
159,696 75 OOO 148,920 73,9 10,770
153,420 75,000 153,420 78,42 is)
116,84¢ 7S OO 116,000 1 yc B40
184,870 75,000 167,870 92,870 17,000
228,880 75,000 191,240 106,240 47,640

48a 735,900 119,180 44,1980 114,72
275,330 75,000 149,920 74,920 225,410

874,980 900,000 1,792,240 892,240 1,082,740

USEFUL LOAD ANALYSIS SUMMARY
65% Boiler Efficiency, 98% Direct Fired Efficiency)

Feak Annual

Load Load

Cambtuh) (mmbtu)

Makeup Air (Direct Fired):

Space Heating (Direct Fired):
Internal Process (Boiler):

Totals 151,987 



LOAD ANALYSIS

for

BLACKSTONE MANUFACTURING

YEAR: 1985/1986

HEATING SEASON HDD: 67388

DAYS IN SEASO 2773

AVG. OUTSIDE TEMF (DEG. F Al.g&

OUTSIDE DESIGN TEMF (DEG. F) 3

NORMAL HOURS FER WEEK:

COMFORT SETTING (DEG. F

INTERNAL TEMP GAIN (DEG. F

0.4. VENTILATION (CFM) 587,000

SETBACK HOURS FER WEEK 60

COMFORT SETTING (DEG. F): 63

INTERNAL TEMF GAIN (DEG. F) Oo

VENTILATION (CFM) QO

ESTIMATED FROCESS BOILER EF 635%

ESTIMATED DIRECT FIRE EF 88%

% INTERNAL USE TO DH; 100%

BILLING HEATING NAT GAS QUANTITY BILLING AVG. DAILY
MONTH DEG. DAYS (CCF) (MMETU) DAYS USE (MMETU)

JAN. 1,215 2 Z7e 2
4 910.

FEB. 1,128 2
Sc

" 1047.

MAR. 885 2 20) 3,
32¢

732.
AFR. B19 150,640 15,440.6 514.

MAY. 197 107,790 11,048.35 ; 33

*JUNE so 84,690 8,680.7 289.

* 1985 JULY 78,429 8,038.0
* 1985 auG. 41,840 4,288.6

1985 SEF. 109,870 11,261.7
1985 OCT. aC 153,880 15,772.7
1985 NOV. 158,480 16,244.23
1985 DEC. 3 300,350 30,783.8 TOD

aeLiuUu
PAN
HIN
GH

oo

=

eo

nm

ee

ese

a

ea

oO

SOUL
hl

TOTAL 1,974,980 202,435.4

DISTRICT HEATING LOADS NORMAL

DAILY INTERNAL USE (MMBTU/DAY):

ANNUAL INTERNAL USE (MMBTU): S4,177.91
FEAK VENTILATION LOAD-RECIRC. (MMBTUH) :

FEAR VENTILATION LOAD-100% O.A(MMBTU/HR): 2 N/A

ANNUAL VENTILATION LOAD (MMBTU): 9,00 69,870.69

|

come
|

FEAK ENVELOPE LOSSES (MMBTU/HR): 11.66 11.28 N/A

ANNUAL ENVELOPE LDSSES (MMBTL): 18,528.50 9,412.79 27,942.29

TOTAL ANNUAL COMFORT HEAT (VENTILATION &

ENVELGFE) (MMBTU): 88,299.20 9,415.79 97,812.99
FEAR COMFORT HEAT LOAD (VENTILATION &

ENVELOFE) (MMBTU/HR): 44.92 11.28 N/A

FEAK DISTRICT HEATING LOAD (COMFORT HEAT

& INTERNAL) (MMETU/HR): 11.28 ee

onsem

 eee>
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ee 
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There are four main types of BTU meters available on the market today. Each

type has its own advantages in terms of reliability, accuracy, first cost, and

rangeability. The type which has the lowest first cost is not the most

accurate. The most accurate types are more complex and reliability and

maintainability often suffers. Genrally, as a meter is made to be more accurate

it usually does so over a smaller range. When a prospective customer applies

for a district heating service connection a meter must be selected and sized for

the load characteristics. This meter should be capable of accurately measuring

the customers' peak and off-peak loads. However, if the customer primarily uses

district energy for heating purposes then the summer time load will be very

small if any. Depending on the size of the load to be measured ail types of

flow meters will not provide an acceptable registration flow measuring

capability, when operating below 10 to 15 percent of maximum rated capacity.

When the customer is operating under light load or in the 10 to 15 percent

range, flow meters have been found to read low in the customers favor.

This can be a major problem for the system owner. During the early fall and

Jate spring the customers have a low demand at the same time when the district

system is running at its lowest efficiency. Thus, the systems' least efficient

time of operation parallels the time of least accurate meter readings. On a

large system this could amount to a sizeable amount of lost revenue. A common

solution for this problem is to install two meters, one for peak load and a

second one for low load condition. If, due to process or steam absorption

chiller load, the customer has a steady load that remains within the accurate

operating range of one meter size then two meters would not be necessary.

A new problem then exists as to when and how each meter is placed in operation.

For example, during periods of transition from low to high load the need for low

load meter during the daytime (when the sun is out) is often displaced by the

need for the high load meter during the night when it is colder. Since the

meters are property of the district system owner the switching of one to another

should be done by authorized personnel only. A typical industrial user does not

 



have a dedicated, 24 hour boiler man. A maintenance man will spend 20% of his

time on the entire heating system and the rest will be spent on repair of

machinery and related items in the plant. As a district heating customer the

business' maintenance department cannot be asked to spend more time on the

heating system than they presently spend.

An electronic transferring device can solve the problem of how to automatically

switch from low to high demand and vice versa without requiring any manpower. A

pressure differential switch is set through a time detay device to trigger a

switching mechanism. The purpose of the delay device is to avoid minor

fluctuations from affecting the switching device. Once it is determined that

the high demand meter should be activated, the time delay device intercepts the

signal to slow the transfer action thus causing the high demand valve to slowly

open in a safe, quiet manner. This same signal is used to tell the low load

valve to close. It can even be set up so that if the high demand meter setpoint

is exceeded the low demand unit could run parallel to the high demand unit to

give an even higher flow metering capability.

The low demand meter is not generally needed during the winter months unless an

extremely warm day occurs. The savings realized through previously un-metered

energy usage will predominantly occur during June, July, August and September.

test situation was developed by the Boston Edison Steam Heat Group and Spence

Engineering Co., Inc. Approximately 11.7% steam used previously unmetered was

observed in November, 1984 for one customer. This data, when extrapolated for

the four summer months in mind, would have resulted in 1,521 MMBtu unmetered

steam use. At a rate of $5.00/MMBtu this amounts to $7,600. This amount spread

out over several customers would justify a one to two year payback for the extra

money spent on a low load meter with its electronic transfer device.

Two alternatives for connecting each customer were considered in this study.

Figure 8-1 showed the Direct Steam Fed System makes it necessary to provide a

steam flow meter(s) to register the steam usage and, since the customers
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existing steam piping would be utilized, a condensate flowmeter would also be

necessary. The purpose of the second meter is to account for steam losses

within the building either due to faulty steam traps or actual live steam usage.

These steam losses will increase the amount of cold water make-up to the

districts' heat generator and fuel usage since the makeup water has to be heated

over a greater temperature difference.

Figure 8-1 also showed an indirect steam system using a Steam-to-Steam

Converter. In this case there is no possibility of the customer losing the

districts' steam so a condensate meter will be all that is needed. This type of

meter is more accurate and less expensive than a comparable steam unit.

In both cases however, the need to install high and low load metering

arrangements would require detailed evaluation prior to implementation. 
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SYSTEM ECONOMIC ANALYSIS
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ECONOMIC ANSLYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

MUNICIFAL OWNERSHIF - IMPLEMENT ALL THREE FHASE

—S

pT
H

at be

St

da

ol

os

ua

Lea
oe

oo

a.47

[

|

|

L

l

L

L

L

L

L

 



sue

OF DISTRICT HEATING

IMPLEMENT ALL THREE FHASES
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ECONOMIC ANALYSIS QF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

COMPOSITE ANNUAL CARRYING CHARGES

MUNICIPAL GWNERSHIF - IMPLEMENT ALL THREE FHASES

 



ECONOMIC ANALYSTS OF DISTRICT HEATING
R

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

MUNICIFAL OWNE IMPLEMENT ALL THREE PHASES

Phase

Prederred Stock Ratio

Return on Preterrad Stack - 2 G Income Tax Rate - 2

Common Stock Ratio : Tax Credit -

Return an Coaon Stock - Tar Life - Yrs

Debt Ratio Accelerated Tax Deorecia
bebt fost - 4 ? Frooerty Tax - %

Insurance Rate - i

Weialted Cost oF

0

]

0

U

0

0

0

0

4

0

0

0

0

0

0

0

[

[

0

 



ECONGMIC ANALYSIS GF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

MUNICIFAL GWNERSHIF - IMPLEMENT ALL THREE FHASES

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR
JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

ICIFAL OWNERSHIF - IMPLEMENT ALL THREE PHASES

Fhase 2 Economic Factors Case MSI

erred St Book Life -

: on Preferred Stock - % } Incase Tax Rate - 2%

Cogson Stack Ratic
6 Vax Credit - 2

Return ch Coagon Stock ~ % Tax Life - Yrs

Dent Ratio Accelerated Tax Deoreciaticn
Debt Cost - % Froserty Tax - 2

Insurance Rate -

Weighted Cost ct Cacital ~ 4

U

U

0

U

l

0

Q

0

0

U

O

O

0

0

0

0

0

l

(
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ECGNOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

COMFOSITE ANNUAL CARRYING CHARGES

MUNICIFAL OWNERSHIP ~- IMPLEMENTING FHGSE

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

MUNICIPAL OWNERSHIF - IMPLEMENTING PHASE 1 AND 2 ONLY

Phase

Preferred Stock fatio Book Life - Yrs

Return on Preferred Stoch - Incowe Tax fate - i

Coesor Stor } Tex Credit - i

Return on 4
} Tax Life - Yrs

Rebt Ratic Accelerated Tax Oesrecsaticn

Bett Cest -

% ? froverty Tax - 7

Insurance Rate . 



ECONOMIC ANALYSIS OF DISTRICT HEATING
FOR

JAMESTOWN INDUSTRIAL CORRIDOR
|

ANNUAL CARRYING CHARGES

MUNICIFAL OWNERSHIF —- IMPLEMENTING FHASE 1 AND
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR
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ANNUAL CARRYING CHARGES

MUNICIFAL OWNERSHIP - THREE FHASES/BOILERS ONLY

Phase }

eferred Stock Ratic Book Lite - Yes

Freterred Stock - 2 C Incose Tax Rate - %

tack Ratio Tax Credit

pase Stock ~ % Tax Life -

Accelerated Tax Deorecietior:

Sroperty Tax - 2

Insurance Rate - %

ing Dharoee 



INGOMIC ANALYSIS GF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

INITCIFAL OWNER

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

MURICIFAL OWNERSHIF - THREE FHASES/BOILERS ONLY
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

MUNICIPAL GWNERSHIF - IMPLEMENT ALL THREE FHASES -COGEN FGOWER

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR
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ECONOMIC ANALYSIS OF DISTRICT HEATING
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ANNUAL CARRYING CHARGES
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR
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ECONOMIC ANALYSIS OF LISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

MUNICIFAL OWNERSHI FHASE 1 AND = GNLY -COGEN FOWER

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

COMPOSITE ANNUAL CARRYING CHARGES
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARR NG CHARGES

MUNICIFAL OWNERSHIF FHASE 1 2 GQNLY -COGEN FOWER #.035/KWH

Freferred Stock Katic
y

Book Life - irs
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ECONOMIC ANALYSIS GF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

MUNTCIFPAL GWNERSHIF FHE & 2B ONLY/ BOILERS
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ECGNGMIC ANALYSIS OF DISTRICT HEATING
FOR
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ECONOMIC ANALYSIS OF DI RICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

MUNICIFAL GWNERSHIF - FHASES 1 & 2 ONLY/BOILERS ONLY

Freterrad Stock

> Stock Batre

Return on Comaon Stock - & ‘ Tax Life - Yrs
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debt Cost - %
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ECCNOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

MUNICIFAL GWNERSHIF ~ IMPLEMENT ALL THREE FHASES - 15% LOWER FUEL CO
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FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

f
ECONOMIC ANALYSIS GF DISTRICT HEATING

S% LOWER FUEL COS

Frederred Stocr Ratio beok Life - Yrs

Returs or Preferred Steck - 4
s Income Tas

Cogmor, Stock Ratio i Tax Credit - 3

Return or Ccoaon Stace - 4% Tax Life - Yre

Rat 5 Accelerated Tax Deoreciaticr
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Property Tax -

 



ECONGMIC ANALYSIS GF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

DWNERGSHIF IMPLEMENT ALL THREE FHASES

Rock lite - Yrs

i Tax Rate -

Tax Credit - %

Tax Life - Yrs

Accelerated Tax Deoreciaticr

Froperty Tax - 1

Insurance Rate - %
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDU RIAL CORRIDOR

ANNUAL CARRYING CHARGES

TWO FHASES/BOILERS ONLY - WITHOUT SOME DF
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

FRIVATE OQWNERSHIF - IMPLEMENT ALL THREE PHASES
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

COMPOSITE ANNUAL CARRYING CHARGES

FRIVATE OWNERSHIF —- IMPLEMENT ALL THREE PHASES
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

NNUAL CARRYING CHARGES

FRIVATE QWNERSHIF - IMPLEMENT ALL THREE FHASES
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ECONOMIC ANALYSI5 GF DISTRICT HEATING

FOR

JAMEST N INDUSTRIAL CORRIDOR

IMPLEMENTING FPHASE 1 AND 2 ONLY

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR
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ECGNGMIC ANALYSIS OF DISTRI HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

COMFGSITE ANNUAL CARRYING CHARGES

PRIVATE OWNERSHIP - IMPLEMENTING FHASE
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ANNUAL CARRYING CHARGES
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ECGNOMIC ANALYSIS OF DISTRICT HEATING
FOR
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ECGNOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

FRIVATE OQWNERSHIF - THREE FHASES/BOILERS ONLY

 



ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTGWN INDUSTRIAL CORRIDOR
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ECONOMIC ANALYSIS OF DISTRICT HEATING
FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

E OWNERSHIP - THREE FHASES/BOILERS ONLY

yest@ent Phase 3

Initial Ooeration 4 Preterred Stock Ratio Boo Life - ifs

test basis ; Return on Freterred Stock - % G Incase Tax Rate -

4%

Caortal Cost - $1000 73 Comaon Stock Ratio Tax Credit - 1

Escalation -

0

Return on Coa@on Stock - %
G

Tax Life - Yrs

tien + $1004 Debt Ratic Accelerated Tax Decreci ation

- $1000 Debt Cost - i a Frogerty Tax - %

1 Cast - $1000 Insurance Rate - %

of Evaluation Weichtec Cost of Capital - %

Sees

Return 6

Retarr

interest

feferreo Taxes

fronerty Tax

ace

i

Carrvisa Charges 
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ECGNGMIC ANALYSI

JAMESTOWN IN

IMPLEMENT
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ECGNOMIC ANALYSIS GF DISTRICT HEATING
FOR

JAMESTOWN INDUSTRIAL CORRIDOR

COMPOSITE ANNUAL CARRYING CHARGES

IMPLEMENT
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ECONOMIC ANALYSIS OF DISTRICT HEATING
FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

PRIVATE OWNERSHIF - IMPLEMENT ALL THREE FHASES -COGEN FOWER $.025/k

Investaent Fhase 3 Economic Factors Case PS4

gerrec Stock Ratio Boot Lite - Yrs
Bas ‘ aca Pregerrec Stork - % { income Tax Rate

tal OGG otk Ratio Tas Creoit - %

Gen. Escal Return on Common Stock - % Tax Life - Yrs
Escalation - $1000 465 Dest Ratio Accelerated Tax Denreciation
AFDC + $1000 195 Debt Cost - 2

a. Property Tax -

Total Ceet - $1200 4394 Insurance Rate - %
Start of Evaluation 198° Werohted Cost of Canital - 2

Keaainine Book Value

Return on Preferred Stock

Coagon Stock

creclatice

ae Taxes

Deferred Taxes

Property Tax

Insurance

fnnual Carrying Charges

Regaining Book Yalue

Return on Preferred Stock

Return on Comoon Stock

Interest

boot Deoreciation
Tax

Depreciatior

manual Carrying Charges 
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

PRIVATE OQWNERSHIF - FHASE 1+ AND 2 ONL -COGEN FOWER #.
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

PRIVATE OWNERSHIF a
j 2 GNLY/BOILERS
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ECONOMIC ANALYSIS OF DISTRICT HEATING

FOR

JAMESTOWN INDUSTRIAL CORRIDOR

ANNUAL CARRYING CHARGES

FRIVATE GWNERSHIF -~ FHASES 1 2 ONLY/SOILERS ONLY
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ECCNGMIC ANALYSIS OF DISTRICT HEATING
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APPENDIX E

CUSTOMER PRESENT OPERATING COSTS 



TUSTOMER EGILER & (7 AND JPERATING COST ANALYSIS

ESSEX JAMESTOWN

WEBER NRC CRAWFORD SPEC, HOPES METAL

KNAPP BEARING §=© FURNITURE OAKLSTROM PRODUCTS WINDOWS MFG.

388.061 = 330,912 648,341 77.934 347,544 174,589 1,974,586
39,582 33,753 8,082 66,13 ; vy, 17,807 201,448

USEFUEL LOAD, MMBTU

QWERRLL 30,354 18,749 be

43095
BOILER 18,080 749 54297 43,195

BCILER STEAM LGACS

MMBTU/HR 5.97 8.51

ANNUBL MMLB 18,08 . Be 43.2

CHEMICAL AND WATER

$5,595 aT O36 $13,508

$361 ? q $432

72 75 : 3:73

TOTAL CHEMICAL & WATER $5,748 OBE $14,211

OTHER BOILER COSTS

BURNER ADJUSTMENT $2,000 : > $2,000 $1,000
MAIRT, & CPERATIONLOBOR

ANNUAL KOURS 280 }

23 1092 130

anNUAL COST $7,000 2 $27,349 $3,750
INSURANCE COSTS $1,925 } $2,100 $700 $1,400

TOTAL NON-FUEL COSTS $14,873 $15,348 985 $45,611 $5,684 «$18,656 $19,241

Weighted Average of Borler

And Direct Fired Loads As Applicable

NON FUEL COST PARAMETERS

$315.00 PER MNLB STEAM

$10.60 PER MMLE STEAM

OXYGEN SCAVENGER $4.90 FER MNLB STEAM

ANNUAL EFFICIENCY TEST & BURNER ADJ: $1,000 PER BOILER
OPERATOR & MAINT. LABOR: $25.00 PER MANKDUR 



JAMEST CaN

HOPES METAL

WINDG@S xFS.

NUMBER CF Ot

Boiler #1

Horsepower 300

Year Installed 1960 1949 1982 1968 1965 1974

Renlaceaent-End of Year 1990 1989 1989 1996 1995 2004

Replacement Cost (Rep Year! $63,555 $43,125 $41,682 $41,410 $46,725 $39,872 $35,446 $48,113
Insurance Cost 1988 $1,050 $700 $700 $1,050 $700 $790 $700 $700

Prereplacement Sinking Fund: $6,437 $2,789 $822 $6,922 $5,293) $3,245 $2,118

Replacement 15-Yr Awortiz.: $6,437 $0 $0 $6,922) $3,293 40 99

Subsequent Sinking Funds

Start Year
b

2001 2014 2005

Agceat ibs $3,818 $6,045 $10,058

#2

horsecower if 256 ‘ 363

Year in € é i 194¢ ‘

Reolacesent Year 9 $289 2014

Replacenent Cost (Rep Year) $84,333 $0 $61,110 $40,079

Insurance Cost 1988 $3875 $0 $1,050 $700

Prereplacesent Sinking Fund: $4,915 $0 $6,922 $843

Replacement (5-Yr Aaortiz.: $0 $0 $6,922 $0

Subsequent Sinking Fund:

Start Year 2002 i] 2005 2015
Agount $7,764 $10,315 $6,144

3

For secower 3

9
‘

i
v

453
Year iastallec 1952
Replacement Year } £239

7? fepiacement Cost { { $28,033
surance Cost 1988 d

i
¢ $708

Prereplacement sinking Fund: $3,173
Replacesent 15-Yr Amortiz.3 $3,173

Subsequent Sinking Fund:

Start Year 2008

Amount $4,728

SINKING FUND PERCENT:

AMORTIZATION PERCEN

GENERAL ESCALATION

 



CUSTOMER BOILER REPLACEMENT AND OPERATING COST ANALYSIS

ESSEX JAMESTOWN CAMESTOWN

WEBER MRC CRAWFORD $ HOPES METAL METAL

KNAPP BEARING = FURNITURE DAHLST WINDOAS FO, STONE = FRODUCTS

$31,952 $261,468 $31,107 $131.50

$159,928 $133,952 a! 9 $B. 7T8L HFG, 192dad setae

c Rejlacement Casts

:
35,293

$11 $ i $5,293 $4,087

$11,352 2 2

$l $5,293

$11,252

T2484 3

$11.05 2.7
» $3,944 2 $4,087

#11352 2.789

2 $13,844 $5,293 64,087 925 $iui

$11,752 ~

$12,844 $5,293 #4, 108 9 $2,118

$11,352 22 $13.44 92 $4,508 2 $2,119
$11,352 $13,844 $4,106 $2,118

$14,201 nd 822 $13,844 29 $4106 2 $2,118

$14,201 $13,844 $4,106 $2,418

$44,201 $13,844 2 $4,106 $2,418

$14,201 $3,818 22 «$20,629 $4,106 $4,983
$18,920 3,818 $20,629 7 $4,106 $4,983

$18,920 © $3,818 $20,629 $4,106 ] $4,583

$18,920 = $3, B18 $20,629 $4,106 7 $4,983

REPLACEMENT COSTS $0.37 $0,145 $0.14 $9.32 50,14 0.9 $9.01

QO & m COSTS $0.58 $0.85 $1,42 1,10 $0.45 . $),22

FUEL COSTS £4.89 6,4) 5,66 $6.30 . $4,355 . $4.84

UNIT COST OF USEFUL HEAT (1989) 13,057 7,673 822 15,201 2 $097
?

2,691

TOTAL UNIT COST: $5.84 $7.44 $7,22 7 3 $5.33 , $5,07

$6.06 $7.70 $7.29 .

? $5.54 $9. $5.28

$6.29 $8.00 $7.80 Ye
? $5.78 $9.53 $0.49

$6.52 $8.32 $8.10 . ' $8.98 $9.97 $5.70

$6.77 $8.65 $8, 42 77 ]
$6.21 $10.23 $0.93

$7.02 $6.98 $8.7 3 $6.46 $10.80 $6.17

$7,29 $9, 34 $2.10 . $6.71 $10.99 $6.42

$7,957 $9.74 $9.46 10.9 £6.97 $11.23 $6.07

$7.85 $10.09 $7.83 $10.44 $10.10 $7.25 $11.65 $6.94

$8.15 $10.49 $10.22) $10.84 $10.46 $7.53 $12,998 $7.21

$8.46 $10.90 610,62 S1L.28 $10,84 $7.83 $17.54 $7.56

$2.79 $11.33 S1E.08 E700 iLL Z4 $8.13 $13.01 $7, 8¢

$F.12 $83 FUL4B FIZte ELAS $8.45 813,50 $8.11

$9.57 $12.30 $11.93 $12.63 $12.08 $0.79 $14.01 $8.44

$9.93 $12.78 $12.40 S12 $12.53 $9.13 $44.54 $8,77

$10.31 $13.28 9 $12.89 $13.64 = 12,99 $9.49 $15.09 $9.12

$10.71 $43.81 $13.40 SHAD 813,93 $9.87 $15.71 $951

$11.27) $14.35 13.93 $18.88 814,43 $10.26 $1.3! $9,89

$11.70 $14.92 $14.48 1546 ALPS $106 $18.93 $10,28
$12.14 $15.51 $15.06 $16.05 $15.50 $11.08 = $17.57 $10.69

 



APPENDIX F

CUSTOMER PAYBACK ANALYSIS 
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JAMESTOWN

ESSEX CHEMICAL

SCHEDULE

CONVERSION COST---

FINANCING CONDITIONS

VALUE OF PAYMENT

TAX CONSTDERATION-

CURRENT SYSTEN-~-

CONSUMPTION (NMBTUD-

GAS/QIL RATE ($/MMBTU)~>

SYSTEM EFFICIENCY (2}-->

FUEL RATE ($/NMBTU

CURRENT O&M EXPENSE-

PRESENT YEAR:

PRESENT YEAR:

% FINANCED:

DOWNPAYMENT:

TAX RATE:

PRIMARY FUEL:

PRIMARY FUEL:

PRIMARY FUEL:

BLR/DIR, FIRED AVG:

PRIMARY FUEL:

ANNUAL ($):

CURRENT SYSTEM

FUEL

RATE

Oko

RATE

CE/MMBTU) ($/MMBTU) ($/MNBTU)

92

00

09

18

27 !

v

47 1

58

68 1

5.70 As

4,

4,

4,

4,

4,

4,

4,

4,

4,80

4

5

5

5

5

5

b

6

6

7

3.92

6.16

6.41

4.06

6.93

7.21

7.49

7.79

8. tl

8.43

8.77

9.12

9,48

9,86

10.26

10.47

11.09

11.54

12,00

+92 !

04

APG

30

44 1

64 1

79 i

96 1

12 1

ENERGY

10.25

10.59

11.30

12.07

12.91

13.81

14.78

Pas) 15.84

ENERGY

RATE

($/MMBTU)

ENERGY

COSTS

($)

RATE

9.62

9.92

$6.97

$6.72

$4.88

$7.04

$7.21

$7.39

$7.58

$7.78

$7.99

$8.20

$8.43

$8.47

$8.92

$9.18

$9.45

$9.74

$10.04

$10.35

$10,468

$11.62

27,528
28,386

29,331
30,304
34,277

32,336

33,423
34,540

35,684
36,944
38, 203

39,520
40,893
42,296
43,784

45,329

49,542
51,173
52,948
54,722

0.93

1,48

2.47

3.5

4.29

5.30

73d

7.88

8.50

912

INDUSTRIAL CORRIDOR

(w/oa DF) PAYS BACK IN

CONSTRUCTION:

ESCALATION (A/YR}:

INTEREST RATE:

ANNUAL PAYMENT:

DEPRER (YEARS):

SECONDARY FUEL:

SECONDARY FUEL:

SECONDARY FUEL:

PIPING LOSS:

SECONDARY FUEL:

RATE ($/MMBTU):

1988

$7,300

--)

>)

$7,900

DISTRICT HEATING CONVERSION

ENERGY AMORTIZATION

COSTS = PRINC. = INTEREST

() ($} ($)

TOTAL

COSTS

($

249

272

298

326

357

34h

429

469

S14

363

616

675

739

19,942

19,237
19,082

20,151
20,642
21, 157

21,698
22,265

22,859
25,481

24,132

74,814
25,528

26,275 aoy

27,087 BBS

27,874 0

28,728 0

29,621 i)

0

0

20,912
20,206

20,652
24,120

21,612
22,127
22, 668

23,235
25,829
24,451
25,102
25,704

26,498

30,554
31,529

DISTRICT HEATING

>

1989

4.00%

9.50%

$970

ENERGY

SAVINGS

($)

7,586

9,150
9,648

10,153

10,635
11,479
44,725
12,275

12,826
13,483

14,071
14,705

15,365
16,020
16,727
17,456

20,814
21,553
22,394

23,194

cu

2 YEARS

TAK

EFFECTS

($)

(2,290)

(2,713)
(2,953)
(3,166)

(3,371)
(4,240)
(4,ATAL

(4,710
(4,948)
(5,222)

(§,487)
(5,764)
(6,058
(6,344

(6,657)
(6,982)

(8,326
(B,621)

(8,958)
(9,277)

STOMER ECONOMICS CASE MS&

HOOKUP YEAR:

HOOKUP YEAR:

TERM (YEARS):

PURE CASH TRANSACTION:

ACCELERATED (1=YES

PUFING:

TOTAL ENERGY DEMAND:

ESCALATION (4/YEAR):

TOTAL:

TOTAL:

ESCALATION (X/YEAR):

TOTAL CUMULATIVE = UNPAID

SAVINGS SAVINGS PRINCIPAL

($) {3} {)

7,343
7,074

6,773
6,447

6,089
5,698
5,270

4,800

4,286
3,724

3,108

2,433

4,326
5,467

5,726
4,017
6,294
5,969
6,282

6,595
6,908
7,271

7,014
7,971

8,342
8,707
9,100

10,473

12,489
12,932

13,437

13,916

4,326
9,793

15,518
21,536
27,830

33,798
40,086
46,676

53,584
60,854
68,468
7b,440
B4,7El «1,655

93,488 Bae

102,588 0

113,062
125,550

138,482
151,919

165, B35

1990 fet

1991.

1992.

1993.

1994,

1995.

1996 .

1997,

1998 .

1999.

2000.

Z001 .

2002 .

2003.

2004.

2005 .

2006 .

2007 .

2008 .

PAYBACK OCCURS IN YEAR 1990 (CUMULATIVE SAVINGS EXCEEDS UNPAID PRINCIPAL)
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JAMESTOWN INDUSTRIAL CORRIDOR DISTRICT HEATING - C TOMER ECONOMICS CASE MS&8

JMSTOWN METAL MFG PAY BACK IN 1 YEARS

SCHEDULE PRESENT YEAR: 1988 = --> = CONSTRUCTION: 1989 > HOOKUP YEAR: 1989

CONVERSION COST--
)

PRESENT YEAR: $10,300  --> ESCALATION (X/YR): 4.00% ) HOOKUP YEAR: $10,712
FINANCING CONDITIONS- % FINANCED: INTEREST RATE: 9.50% > TERM (YEARS):

VALUE OF PAYMENTS-- DOWNPAYMENT: > ANNUAL PAYMENT: $1,368 ’ PURE CASK TRANSACTION:

TAX CONSIDERATION TAY RATES DEPREC (YEARS): ACCELERATED (1=VES,0=
CURRENT SYSTEN- PRIMARY FUEL: SECONDARY FUEL: PIPING:

CONSUMPTION (MMBTU}---~> PRIMARY FUEL: 18,558 SECONDARY FUEL: TOTAL ENERGY DEMAND:

GAS/OIL RATE ($/MMBTU)-> PRIMARY FUEL: 3.95 SECONDARY FUEL: 6.00 ) ESCALATION (X/YEAR)s

SYSTEM EFFICIENCY (Z}--> BLR/DIR. FIRED AVE: oS PIPING LOSS: Ox > TOTAL:

FUEL RATE ($/MMBTU) PRIMARY FUEL: 6.08 SECONDARY FUEL: 5,00 > TOTAL:

CURRENT G&H EXPENSE ANNUAL ($ 19,200 RATE ($/MMBTU): 1.59 ) ESCALATION (A/YEAR}:

$10,770 1989-1995 $8,900

CURRENT SYSTEM DISTRICT HEATING CONVERSION

FUEL OkO ENERGY ENERGY = ENERGY = ENERGY AMDRTIZATION TOTAL = ENERGY TAY TOTAL CUMULATIVE UNPAID

RATE RATE RATE COSTS RATE COSTS = PRINC. INTEREST COSTS SAVINGS EFFECTS SAVINGS SAVINGS PRINCIPAL

CS/MNBTU)(S/MMBTUD ($/MMBTU) © (4) ($/NMBTU} ($) {$} (#) {$) ($) ($) {$} (3) ()

1989 4.31 2. 8.85 167,086 $6.97 84,312 Rap t 1,018 85,680 22,774 (B,0b0) = 13,346 13,344 10,361
1990 6.56 . a 110,958 $6.72 1,328 304 984 = 82,697 29,630 = (10,515) 17,746 Ut 692 9,977
1991 6,82 9.49 114,830 $6.88 3,213 421 948 = -B4,582 SL, bt?) (14,368) = 1B, BBL 49,972 9,557
1992 7,09 . 9.84 119,065 $7.04 85,193 461 908 = 86,541 = 33,872) (12,286) § = 20,218 70,196 9,096
1993 7.380 2. 10.20 © 123,421 $7.21 87,270 504 Bhd = 88,638 = 3H, 851 (13,215) 21,558 91,758 8,592
1994 47 . 10,57 127,898 $7.39 89,450 352 Blo = 90,818 = 3B,44B 115,053) 22,027 113,785 8,040
1995 +98 ‘ 10.96 132,617 $7.58 91,735 605 74 93,104 = 40,BB2 (16,087) 23,466 = 137,251 7,435
1996 30 . 11.21 135,587 $7.78 94,131 662 70h = 95,500 41,456 = (16,300) «23,788 = 16,039 6,773

1997 43 11,63 140,689 $7.99 98,642 725 643 -98,04L = 44,027 (17,353) 25,305 186,348 6,048

1998 98 . 12,07 145,993 $8.20 99,273 794 S75 100,641 = 46,720 118,458) «26,894 = =—.213,238 5,254

1999 34 . 12.52 151,438 $8.43 102,027 B49 499 103,395 «49,411 419,585) 28,478 244,715 4,385

2000 a ‘ 12.99 157,125 $8.67 104,911 982 417 106,279 52,214 120,719) = 30,127 271,842 3,433

2001 10 . 13,48 = 163,054 $8.92 167,929 1,042 326 109,297) 55,125 121,920) 31,837 = 303,879 2,371

2002 30 ‘
3.99 169,225 $97,18  {11,087 1,141 227) 142,455 = 538,138 (23,164) 33,605 337,284 1,250

2003 42 .
14.52 175,638 $9.45 144,390 1,250 119 145,758 = 61,248 (24,452) 35,428 372,712

2604 36 .
15.07 182,293 $9.74 117, Bas 0 0 117,894 84,449 125,780) 38,669 = 414,382

2005 «BE . 5.6% 189,790 = $10.08 = 121,456 0 0 $21,456 6B, 334 (27,334) 44,001 492,382

2006 «28 . 16,28 196,929 = $10.35 125,230 0 0 125,230 71,699 (28,679) 43,019 = 495,401 f) .

2007 78 , 16.9! 204,552 $10.68 129,175 0 0 129,175 75,377 (30,151) 45,226 = 140,627 2007.

2008 3.29 : 17.56 212,417 $1.02 133,297 0 O = 133,297 79,120) 134,648) 47,472 588,099 2008 .

PAYBACK OCCURS IN YEAR 1989 (CUMULATIVE SAVINGS EXCEEDS UNPAID PRINCIPAL)

OTROT YET
AS

CONTEST ANNU! ROSITIEE PASH FL ME 1009

 



B61WOTHSYD3A111S04WWANNYQ3NNTINOD40HY3A1SHI4

QNTMdQI¥dNN$0339X3SONTAYS3ATIYNANI966)MVBAN
T

SHMIIDAQVGANd=#ta

400'NSEn
t

renae
e

Thanawzite«9001S02HSZTBRL

dantast(S20'Ot)—eT'OSZeb49ta'e?=SL"OSgec'ozt=<a°9

209°128(aston)=9ee'eeateLeSGL'29H
h

dSSez'att|O
zTat

919°daz(poS‘al)=09z'9—=-899°S9a9g'soST"bsOZO'TT09ST

09L'942(9cT)

dza*eea99'S909's£8"aS96920110°ST

Qboopez(21°91)o2etygute?Seto197sLEV'COLSeht

zoe't891‘022(228'ST)=ZSa'eeGSTTezzo'as=

SL“BSi8'bh=2a°EI

goe'zzzat(gf0'ST)-fLSLEOBNHS

ot‘as=tN‘Zet'9h=OWTET

OOl'yLEO‘ELI(S2'et)«zattoe=azt'Asyor'9S=LOLS929'Zhtah

92'SSLe'9S)(aby'St)—o1z'ee|Gzg'9
GWears=SotO1l'bB=

22t9f"b

biz!Lsg'aet(pee'atybes'zscatesASe'sSeeTLSone'sa=La“IT0076

ZeeiL8bATT(opz'2t)gge'tg=bzgtesSea's=Sz"L$coz‘'sdOFTbah99°8

00'S066'I01(GeS'ty)
=fa9'ez=1Sasfon'oS=HOLSL4E0'08=LVTTTSa?zo"8

618'8Biy'ce(S98'01) S£0'82=SBL*0ST9i'sb=SB°98GeekLOELZ00°8

109'4$0669(esz'on)=£29'92btsTae

ceatie=
|

£9°9$B0S'e£=BEOT.«
=

a9°ZLL

oqz'or=gentss(azs‘ay=Zpo'szaneBe8999pGTSOTL=6b'bS'2OF'L

7980!©Se‘OF(696'L)—-269'STOTeb905'Se9SGbT'699Gztwe

ZIPT
E902592(ase’e>§
—9z'z2—ShoeBaseBT'9$S19'99-z"6yb°Z+89

pla'lT«
=$86°2T(sS'z)=g9s'oT=STS‘Gces'sSISLSLb2'b?—-56"8IZgs'9

sus‘zr—goa'9Ch7Bb‘hyLAOSosa'l9=£9°Biado0°9
ce"el

ZB°US
wera

Seni
act

$6'or
tS"Ot

£T'°Or
¥l'b

E
l

a
e
e

C
a
a
n

A
w

an
a
S

e
e

ce
oe

oe
Be

oe
e
o

a

s)()is)3)($)3)(8)

T
y
)

(6)(MLBHR/S)US)

CLARW/S)(LOMN/S$)(RLENK/S; TWALINIYdSONTAYS—SONTAYS—S133443SONTAYS«
=

S1S09«LS3U3NTsiso)«
=WW$18001WHHAWG Q1¥dN 3N1L¥INNNDTWiOkYys-ASUIN3«

=

WILDLNOLWZLIUOHY=—ASW3N3=—«ADU3N].««ASU3NAADUIN«09D [------- =
“

HOYEAMd
=

oreeeereneE[ee
c
oneeHOSTRHEMDDeeeeedPeeeeeeee=NOUSHIANGDONLLUIHLOTMISTO---------]]-----2----W315ASINZBUND~------==1

B00Z-BbET05'SLbb1-886) O¥0'H
S$180)ANBWIINTdTYWANNY8371109

(MYBA/E)NOTLOWISI—t--uo")(ALAWW/$)31H000'21{$)TWANNY3SN3dx3WAD1N3YUND

WIdk=<--00°80VandAWYONODISa0°9TANIABYWTYd(MLEWH/$)S1881304

TWh-

409801ONIdIda9TOAWG3NT4
d“UI/7E(--

UR)

AINBTITSWILSAS

TCMA/A)NOTASTWIST73ndAavONOIaSSo‘i

73NdAWWRTYd(-(MLERR/$)FWYTI0/S¥9

QNYH3dASUINTTW1OL1304AYYONOIISObO'ttTANdAWWHTYd(NLGW)NOLLSHNSNOD ONIdl4TANSAYSONDD3SsuaVandAMWWIYdv-~~-WALSASINSYURD

T{ON=0°S3A2T)0310997398S(SUYIA)J9Yd30TU0et¥l~-NOTLYVYSGISNODX¥L

O
$

THOTLOWSNWHLHSYDJundre9'TsTINIWANdTWINNYoOTLNAWAVANAOO(------SINIWAYdJOSNTYA

IHUSUYIA)WYSEx0G"GTA1¥yLS9UFNI‘4001TOTINUNTI(-~-SNOTLTGNODSNTINGNTJ

Ayana)WHAdfl400HKO0"b(MAAR)NOULYTHIS3ooc'z1$avaALNASIUd{---~->--1509NOLSYZANGI 6861'MydA4AQOH4B8T*NOTLINYLSNODa4}TYIALNASIYd(rerereceeneene PINTHIS

SHYYAAZNIWOVEAVdGOYNdWLAWNMOLSWC £SW4ASVOSOTWONNDRNAWOJSngANTIVYAHENTHISTGHYAMATHHNTDJINISGQIN,TNmMOLsSaWys a—-

—————

 



029°iz
gat'9z

OBI'SZ
Arete

$89'22
S26‘I

0/8’at
zoa'et

60a'a
seat

oea'tl
zebt

Gis'st
b2e'21

zat
zett

e10'1}
262'01

O18'6
ya)

9ES

abecae
66°92

2L0'152
208"422

abt‘SoZ
see‘gat

s90'991
1G5‘8b1

Zbl‘181
92b'STT

200101
68°98

SiS‘he
e119

SIS’ab
aayet

19°92
65095

agi'9

gone
£00

GMC
500¢

$002
L00E

002
1002

9002
481

$641
Lat

Yoal
S64

Foal
Teal

Zool
oat

0661
6Ba)

(4
)

($}

WATININd=SONTAYS©SONIAUS

QIYdNN=JATLOIAWADW1OL MURA

tees‘al
(6S9'A

(ee'41
(096°S
1

(221'S1
(822'b1

(sBb'C1
(869'21

(99611
(zoz'1

(825‘01
(220'O1

(fb!)
(a9c'a)

(4618)
(yae'9)

(1986'S)
(B0'S1

(oie'b)
(925'f)

i$)
$1344

bods

&uo)

INTHdQIVANNSQ32IX9SONTAYS
$90'bL

809'9L
OZPL

ofo'ze
aga‘69

lb’69
gis‘z9

zy9'S9
2ge't9

ze'Z9
90509

oro‘aS
oseeS

aco’9g
£89‘5S

oae'es
agt'2s

986'0S
196"bP

9991S

)L98°9R

1uelbe

» 4996'te

}gbg*ad

)1ogtes

) ieatss

1SHa'es

y -eertes

)gop'or

y 209'az

» 900°L2

1base
zoe!$2

iga'2z
098'TZ

tSa'at
29'91

92°
ph0'9t

dyely

0
0

ant
2

oat
Loy

965
989

89L
oH9

216
SL8

zs0'T
#80'T

zeit
yaaa!

sizit

{$)
SONIAYS©$4503

AQWANG=THIOL
($)(4)

F
)

1S3Y31N1
rivanwny)

NOTLYZTLUOKY
0641avaANESYNI90

gues?
ISLOt

oe2'9nt
626itt

969‘LOt
LL9'£01

#18'b6
Tbh96

929'Z6
ont'as

ona'se
£92's8

LL1'08
Sez'ee

80S‘Pz
ONL

841'69
s19'99

ty2'99
ob6'tg

20'S
arog

Seols
¥0°OT$

$l"bs
Sbbs

B
l

at
b's

19's
tyes

Oz"B
S

bbls
alls

as'c$
asels

2°Ls
#0'L$

99°98
2L'9$

L6°9$

150'6L
g09'9L

O92"H
L

or0'2L
888‘69

0ne'L9
ve8's

n0'9
g1z'29

a95'09
#19'@s

w1'us
gze'cs

bores
ro'es

ISLIS
#2505

OSE‘at
202‘Bt

z00'OS

(Nghe?$
)

21H
ESLELE

(
“INIUd

{$}
$1S03

ADY3NI

()
$150]

ASUANS
=[--------

WAAAY

futdHSogsAlLISGa~rouNNYusimiINDIgaov3ALSers
eat

8d
I

‘

£8°91“

Oz'at‘

ors.

10'S).

Sb'bt
76°o
l

OR'el
sa°2t

AMA!
L6°1T

orm
Lv

92°04
af'or

66°6
99°6

826
56°8

£9°B

t
i

|
i

t

Sa°Or
£°OT

£V°OT
¥l'b

98°64
00°6

99°B
7a

00°8
OLrL

Ors
an

$0°9
as"9

ge"g

a
o

~
a

a
l

A
e
r
o

S
N
O

t
en

t
m

2

(DABWH/$)(NLBMN/$)(NLENW/§

31uu3143108

ASU3N3=030van4
sores reIWGAYd---~--------[[---------NOSTUWdNOD--------TP---------NOTSHANODSNTLYVIHLOTWISIO------WALSASLNAWNI

Ob0'esLSDINSW3IVWIETWANNY¥37104 BO0Z-BOATO0S'S$Lbbt~6861

TCUMSA/E)NOTLYWISI
TWLOL

WoL

TCMMIA/E
TNQTLYTNISS SONYW30ADYINTTWLOL

‘ONTd]d

N=Q°SHA=1)3189373020 NOTLOWSNYYLSWI34nd

S(SUY9A)WY3L

"avakdNAQOH
M¥3AdNXO0K Z6L'Z1$
686)

8SW3S¥0SOIWONODSYaWOLsSHUGA
na

(ALH/$)ILYa

STandAYSONDD3S SSQ7SNIdld

‘VandAUWONOT3S yangAMYONTIIS *7aNdAWWONOI3S (Suv3A)Jaud3d
INSWAYdTWORNY

TULVYLS3YALNT

HMA)NOTLYTBIS3 NOTLONYLSNOD

rote
1056

100°
aB41

zNI
ONILVYAHLOTYLSIGYOQIYNODWIYISNGNI

C$)TWNNNY
VandAWWWIYd

SavQ9ul4d'YT0/979
VadAUYWIY

d

VaNdAWWWH
d

TansABYWTYd
avaXxUL

TANBWAYANNOG 'QQINUNE%

TUWIAINAS3Ud
MUgALN3S3Yd

(--—000°2T
oos'Z1s

884)

{--
i
S

(-~--JSNId47RADLNIYYNI

{-~--

(MLAWW/$)UeT3N4

<--(R)AQNALILS49WALSAS

<-(MLOWW/$)3leeTID/SH9

(----(LGW)NOTdWSNOD

(eeree veeWALSASLNIVUNI
(------NOLLYYROTSNODYL

(------SIN3WAYdJO300A

(-~-SNOLLTOQNODSNIINYNES (--ren---1S09NOESHSANOD (roceerensnene-=FTNIHIS

NOvdAvddOYdWLAWNMOLSWDNMOLSAWYUL  



tehO10E
*

4002
8002

£002
9002

$002
+007

£002
7002

1002
0002

bbb
866)

Loh)
96h)

Sal
641

£6]
Taal

Tao}
MOUA

[--nnn2a9====YOUBARdooaneeeeP[e222HOSTHOD

LeyLet

WLS
I

os
a
t

yeeSbs
teal

£SW3ASVO a

caae
689‘69

988'09
ger'2s

oes‘Ze
6b‘82

waned
aSa'st

909'9
48

(h'p
(290'1)

(878'41)
(0ze!2)

(oes)
(0z5'St)

(928TP)
(196'L4)

(1g8'zs)
(84!66)

LEV'SS
(yS9°Cb)

(pesC1)
(OchRey

(S91272)
(bt L
'

692)
(fheBaz

(gpa
ere)

(oases)
(Ove08)

1875'092)
(press)

(250°6te
(22642)

(S06'122)
(940°BSZ)

(92S°Z02)
(10L'091

Sect
(8B65)

re.'e¢
2ces

eoae
9bTy

Sorte
LBPd

($]

($)

($)

WdlINTdSQNTAYS=SONLANS

QI¥dNN=SADLYUAWADWiOd

(HYIA/E)NOLLYT¥IS3PWOL
HW1OL

TCUYIA/2)NOTLY1YIS3

SONGWI0AQUINTTHIOL
SNIdld

HQNSO°S3A=T)GALUNITIIIN SNOLLOVSNYYLHSYD3uNd

P(SHY3A)W432)

YW3Ad
fA00H

Yv3AdNXO0H

(14HSYDBATLTSOdWWANNYG3NNTLNGD40HY9ALSHT4

WHTINLadGIVdNSC33IK3SONTAYSFATATAWA

‘04 (9562S)
(3059)

(165‘OF
(eST'se)

(998'82)
4186'72)

(08S'£1)
(21e'21)

(6902)
(995'2)

259'2
ger!y

octT
ena

08602
¥1L'8z

spo'ee
soz'ue

£26'0b
Seo'ch

()
$t93449

WY)

SUYVAAOZ

SOTWONODAYaWOILSNS
Spo‘IST

ZB‘O11
LLy'301

768‘18
G16"0L

oats
Sohbe

Tar'2e
92441

915'8
(Set'#)

(aze'St)
(91262)

(69a'
L

o)
(oleae)

trre'@s)
(£65'89)

(62°62)
(950!18)

(g05'£6)

bee

TT’$
8
6

wiz'ze2'1ty
!

opa'ni2't208!

ic'aat'tO9F

ges'eot't98b

cayrsetpac’

z40'008*T960'E

sso‘oco'tson's

sec‘ipo)yeo's

Teo‘tto'hagz's

i78'18b84'S

98'796|101'&

90666G24

aze'ole=£06"e
'

I
2

2
z

($)
SONIAYS

LELELE

(3)
$150)

W1Ol

3)
LS3H3LNT

BN02-S002000°S$
(M1QWW/$)J10y

ansAWWONDIIS '$SO1SNIdid

7304AuWONDI3S s7aN4AMYONOD3S VandAYSONDD3S S(SHY3A)J4udId
TINSWAYdTHNNNY

SULVYUSISSLNT (74)NOTLYTHIS3 NOTLINYLSNOI

oza‘cs
20S"6

100"

NInova

ONTLVAHEDIMIST@HOGTYNNgTBTYyLsnaNy

£0¥'S
are’

605'+
aii'y

rie
bob's

9's
9990'2

919'2
aa’?

zan'z
z64'T

oza‘t
7991

iis'}
($)

“INTAd
NOVLY7TLUOWY

NOISUSANDDSNTAW3HLITWLSIG---------T]--

P002-686)
SAVa

Ole

cL'Old

bes’)

Blols

a
t

08’90°ONE
GSL"b$

bros
g
t

as
18'8$

T9"Bs
So'B$

thas
LB"l$

co'es
oe'ls

c7'ls
0°L$

cB°9$
£9°9$

0g"94
#0'9$

ot'9s
i

ZS1'ba0't zeyg't
zse'sco't 090's00't

106‘186

bb'9S6
92806

OnOle
($)

$1S03
AQM3N3

(ILLEWH
Alyy

ASMINI

O
z

zs

tO

06‘Sal
sua

o$
LOOT

O02Tes
aa!

gv3AN
I

SHNI3DADYaAYd
popon't

689'S89'T 919‘295'T
990'2Z5'1

tys'oge'T ley‘eoe't
Lao‘bbs'T

cpy'aaz't Soy'ab2't
ayetoz't

te2'est't
LEVone's

9¢6'990'T 692'920'F
r£5'9B6

Lpdtava
094'Z16

Sb9'218
zit‘Ste

008'218
is)8)

gisad
AgU3N3

($)HANNY
T3NdAWYWTYd

BUTS"UTO/N18

733ABWHIEd
T7304AWWTYd

FT3INdAWYRIYd
JLVaYL

TINBWAYANNDO TCQINUNTY&

TaWaAINGSIUd

|ELMGERELC)

ett
cull

allt
SLOT

er
76°6

9S°h
dvb

ze"8
ar'8

|
sok

eork
WL

la9
02°9

Se?
ov"?

96°S
i's

css

e
c
o
c
a
c
g
s
asd

a
d

eae
2

ww
=F

O
H

w
w

P
a

o
m
-o

1¥°0
6£"0

ec"
9£°0

st'o
ef"

zo"
1£'0

0f"0
62°0

§7°0
Lu"

920

o
w

«
a

N
w

O
F

e
H

Oo
w

n
w

n
w

o
e«a

o
-
o
oe

d

(NLAWH/$)(NLGWN/$)(OLARN/S

avealyawd

ADYINI=ORDWns

-

WALSASLNSYYTI
(----3SN9dN9WHOLNSUYND

(----(MEAMW/$)ULBT3NS

C--CL)AINBTITSS2WHLSAS

C-(MLGWN/$)FLYYTEO/S¥9

(--->(MLENK)ROTLAWSNOD (rerene-n-WISASUNIMUND
(eeom--NOELYYACISNODYL

(------SINBWAYdJO31184

€---SNOTLTGNO]SNTINUNI4 (eroee---1507NOESYIANDD (rowersarenennnnFINTHIS

“S4WANOLSADVIG

MOLSANYD
 



100"
Obs

189
400'F

oge'zo
Wis

1

os
s

900LTS

064)

BSW3509SOQIWONODZYAWOLSNS

z1o'Zs
884‘21

nga'cy
pagel

ores!
BIT'9I

beet
($)

BIL'ST9
8S0°6SS

1S9'L9P
b£S'10k

ylOpe
LZ‘982

ete’acz
086'Sal

aoe‘251
eoe'eel

eat‘be
aq'99

$6‘%
%

Tob62
($

OML'9L
LobT
L

£1099
1eZh49

i's
situ

ca'2b
2d2'9e

ots
Sasaz

Oa52
#89'12

ral
abort

e701
it's

aab'+
ObL

UST
(68'S)

($)

WALINIYdSONIAYS—SONIAYS

BALLYTNWNGTHLOL

SUee a1edHn
0

TCUNSA/
RLELG

ONYWI
NSHh=I

%
)

NOILYTVIS3TW1OL
PWiOL

%
)

NOVLYWISI ADYINITWH10L
TONIdid

»3lyy37a)o¢ ‘NOTLOVGNYYLHSYDF4Nd

S{GHU3A)WSL

*yH3ANOOK
ayad
l

XOCH

MOTEHSYDFATLISUATONNNYTITREINOD“GU999ALSHTS

INTYdGIYdRNS099IK3SONTAYSJATLYTAKIN)Godt

ORs'IS)ga’zzs

Sonce)

210"att

(50'bh)—BZT'OTE

(WZa'opr=zS0'zOr

(era)age'Ob

(epg'2s)Tab2

(sac'oz)18"ee

(e992)OZ'L9
(299'S2)-9Z8'bS (59°02)SCR25

(8ea'L1)eS‘St

CEse'St)SET'Ok

(pT21)

9z4'%e

(£10'OT)=94292

(y2p'd)8/8"4
T

(eae?izs'st

S90'T)FLL

tyeass’)

ss's(bb's)

zaz’s(9948)

{$)

($}

$193443|SONSAYS

x01ASYIND
BOOZSHOE

WZ'z$
4056

200"
4B4l

SHVZA9

bz‘96S0bz‘985

bog‘7L509"LS

86645BE6ASS

aca’zsare'2es

Sep92SSen‘925

1C0'
STSza‘ors

850'BhyL¥8'She

Ob.‘fae25‘184

260'OLb198!294

696°9SbOSLbe

9!behQSz‘oy

b25'2o4vanISOct

AbatAy10's916‘Bly

TeOtFilb7£0'804

960bao

969‘Las

bsgs

teas

tos‘ops062‘aes

FobTLS

GB2'49¢

914298904‘09S

IL’eSSANY

($)($)

($)

($)

$180)JS3H91N]"INTHd=$1599

WAOLNOLLY2ELYDWYASY3N3

UyaANYSUNJIDAI¥a

LOUIS060922

zolts—-91a'969

Bros§
—990029

SrTOle=ag’pe?

pools=yea9T9

boasete2as

ShasBldOLS

BASbe9'Bes

Z6°8$699°425

L7°8$bI1Z'
20S

reas108°284

0zBsOSb'69h

bblsZo0'TS

BL°L$aocbh

acres2S‘L1+

acclsS92Ob

Ls#50'98¢

HOLSepgoLe

88°9$Lozist

ZL°98OLSEee

(Mh$
)

($)

319451502

AQUIND=—-ASY3N3
AYdota

1e°etoLrzt

62°cat

aL'ztey

eral96°01

9°rS'Ot

TEsWot

ga'OtZL"b

9bOT

St'b

90°0166°B

19°£0's#9°B

0f"664°010°8

$4°896'0b6°h

09°8v6'0Boe

82'868°0are

96°L98°0ore

ohzedra"?

ard61°i399

L9L°01o°9

9#10£0°9

9100#8°S

9
i

1
g

(MLEWH/$)(MLO$
)

(LOW$
)

avd3104Uy

ADWIN3§=—-030V4

[]----------W1SASANBHAND---------1

ov0's$bOOT-aBBEO21ZS

(MGuW/$)31

Y
e

‘TangAMVGNDIGS $507INIdid

FyaN3ABYONDD3S 73M4AYYONDD3S TINSAMYONDIAS TISHYJA)243d
INSWAYdTYONNY

SUVSAINI

T(MA/)NOTLUTHISA ‘NOTLOMYLSNODSB4t

NI4204(Aq

ONILYVSHLOIM1SIGHOadTYyNOO
+S)TWNNNY

P73NdAUWHLYd

gay(3Utd“eld/yqd
57303AUYKTYd

73N4AMYWIUd
TaNdAYWRIYS

seyKYL
TINGWAYANAOO SOSINONLA2

TUVBALN9SIud
UY3AINASIYd

Q/M)*S4W
VWINLSNGN

(----9SNIdE9WOINFBYNI

(----

(MLGHN/$)3LNY1304

€--CR)

ANILITIITWALSAS

C-(NLOWW/S)JV110/599

(>>(ALOR)NOTLeRASNOD
(eeono----WASASIN38BND

(eee NOTLWYIGTSNODUL

(-+~---SINAWAYdJOSMA

(---SNOLLEONODONTINYNI4 1803NO1SY3ANOD ooe--FNGHIS SANOLSNIV1E TNMOLSSWYEP  



c 
L 
3

L
C 
<
C

I
(

(

( 
I 
I

I

Energy Authority Report 88-17

State of New York Mario M. Cuomo, Governor
New York State Energy Research and Development Authority 
William D. Cotter, Chairman Irvin L. White, President


