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FOREWORD

This is the Final Report of Phase 1 of "District Heating
for Communities Through Power Plant Retrofit Distribution
Ne two rk. "

It is separated into four volumes:

Volume I: Executive Summary

Volume II: Task 1: Demonstration Team

Task 2: Identify Thermal Energy Sources
and Potential Service Areas

Task 3: Energy Market Analysis

Volume III: Task 4: Technical Review and Assessment

Volume IV: Task 5: Institutional Assessment

Task 6: Preliminary Economic Analysis

Task 7: Proposal for Further Work
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Task -1. Demonstration Team

1.1  Personnel

The Phase 1 Demonstration Team consists of PSE&G Research
Corporation as the prime contractor and manager for the
program, its parent company, PSE&G Company, and elements
of four other organizations experienced in public utility
heat and power systems.

- Stone & Webster Engineering Corporation (SWEC)
- Stone & Webster Management Consultants, Inc. (SWMC)
- Transflux International, Ltd (TF)
- AB EnergiKonsult (division of Swedish Steam

User's Association, Stockholm)

The manufacturers 6f the turbo-generator sets at the
different stations and consultants also play various roles
in the Demonstration Program.

Table 1.1 lists the members of the PSE&G Research
Corporation and PSE&G Company Project Team. Table 1.2
lists the principal members of SWEC, SWMC, TF and
EnergiKonsult. The qualifications, previous experience,
and role.of key members of the project team have been
previously provided to DOE/ANL (Detailed Work Management
Plan, January 22, 1979).

In Phase 2, it is intended to involve the steam turbine
manufacturers (General Electric and Westinghouse),
Consultants, potential District Heating users, the New
Jersey Department of Energy, the New Jersey Board of Public
Utilities, the Hackensack Meadowlands Commission, and other
local and regional groups as active members of the
Demonstration Team.
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Table 1.1
Prime Contractor Demonstration Team

PSE&G Research Corporation - Advanced Systems, R&D

C. Guerra - Project Manager
M. Zwillenberg - Assistant Project Manager,

Technical Studies
P. Chase - Coordinator, Institutional

Assessment

PSE&G Company - Project Coordination Team

Principal Alternate(s) Department

G. Bowdren J. Chiappinelli Production-Methods
H. Baranek C. Cordeiro Engineering-Power
G. Clarkson F. Lark, R. Valiga Rates & Load Mgmt.
M. Plawner L. Oches, E. Moran Financial Planning/Resch.
R. Girolami P. Natale Ind. & Comm. Mktg.
M. Hoepfner W. Harding Gas T&D
H. Martin               -                    Residential Mktg..
T. Piascik J. Hynds System Planning
W. Saller G. Brown, M. Vaskis Governmental Affrs.
J. Shissias S. Siebert Environmental Affrs.
J. Lacey R. Fryling General Solicitor
C. Sulzberger - General Attorney
R. Williamson R. Houghton Comptroller-Income Tax
H. Umland               -                   Corp. Rate Counsel
G. Heineman             -                    Economic Research
C. Wood                 -                   Fuels
F. Riepl                -                    Treasurer's
F. Cassidy G. Schirra Engg. Economist
J. Maddocks             -                   Area Development
H. Latham               -                    Contract Admin.
R. Zgorzynski Computer Systems &

Services - Systems
Res. & Plan.
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Table 1.2
Subcontractors Demonstration Teams

Stone & Webster Engineering Corporation
)

V. Saleta - Project Manager for SWEC

Stone & Webster Management Consultants

G. Levitt - Project Manager for SWMC

Transflux International, Ltd.

M. Kurz - Project Manager for TF

AB EnergiKonsult

G.     Be rg
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1.2  Parties of Interest and Provisions for
Involvement of Local Government and
Public Interest Groups

The following actions have been taken to provide for involve-
ment for the groups referred to above.

1.  Briefing to members of the New Jersey Department of
Energy (NJDOE) of the opportunity to respond to the
USDOE RFP on District Heating. NJDOE issued an
endorsement to the PSE&G proposal and assigned
Mr. B. Patel of NJDOE as liaison to the PSE&G
project.

2.  Briefing to Mr. C. Sheppa of the New Jersey Board of
Public Utilities (NJBPU) about the status and
objectives of ongoing District· Heating Project.
Mr. C. Sheppa plans to act as NJBPU liaison to
the PSE&G project.

3.  Briefings to officials of the following New Jersey
' municipalities who provided endorsements to the

PSE&G Phase 1 proposal: Newark, Linden, Kearny,
Burlington. In addition, there have been subse-
quent briefings to the following municipalities
and groups which dight be involved in Phase 2:
Newark, Jersey City, Harrison, Hoboken, Hackensack
Meadowlands Development Commission (HMDC).

4.  Information Circular sent by PSE&G to NJDOE and
NJBPU advising of progress in project on a monthly
basis.

5.  Invitation to NJDOE and NJBPU representatives to
attend project coordination meetings held by PSE&G
with subcontractors.

6.  Participation by the New Jersey Energy Research
Institute (NJERI) in a meeting concerning institu-
tional constraints.

Letters from municipalities and NJDOE indicating support
of the Demonstration Program are shown on the following
pages.

More extensive contacts with municipalities must await more
specific site selection. Discussions with NJDOE staff and
the N.J. Board of Public Utilities (NJBPU) are proceeding
on a continuing basis.

When a determination has been made as to where a proposed
system may or will be installed, a meeting would be held
with the Mayor and other interested municipal officials to
explain the project and answer questions. These installa-
tions will require street opening permits, easements, some

1- Li
1 1



land acquisition, building permits and possibly zoning
variances or Planning Board approval. If facilities are
installed within a state highway or county road, approvals
of the N. J. Department of Transportation and the county
will also be required.

After meeting with local officials to explain the project,
it may be prudent to have a public meeting to explain the
project.

The PSE&G Governmental Affairs Department will make any
necessary arrangements to meet with the various government
officials.

1- S



47/11,
#flk-<t«12

-                                                           STATE OF NEW JERSEY
DEPARTMENT OF ENERGY

JOEL R.JACOBSON
COMMISSIONER

NEWARK, N.J.

May 4, 1978

Mr. Harold W. Sonn, President
PSE&G Research Corporation
80 Park Place
Newark, New Jersey 07101

Dear Mr. Sonn:

As Commissioner of the New Jersey Department of Energy,
I offer my complete support to your proposed study for the
U.S. Department of Energy on "District Heating and Cooling
Systems for Communities through Power Plant Retrofit."

The principle of utilizing the extra energy available
in the steam at an electric generating station is one which many
of us who deal directly with energy conservation believe to be
both feasible and necessary as an integral part of any National
Energy Conservation Program.

This department stands ready to assist at any time in the
development of this program, and in its implementation if
technical and economic feasibility are proven.

Ve*y  trl«*ours,    -

 ».1.   ...11
li.  i

I        .22 /./<1/1 -

JRJ/tls

 1    R. ,3iso
n
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I.-it STATE OF NEW JERSEY

DEPARTMENT OF ENERGY.

JOEL R.JACOSSON
COM.w ISS,ovER
NEWARK, N.J.

May 26, 1978

Harold W. Sonn, President
PSE&G Research Corporation
80 Park Place
Newark, NJ 07101

Dear Mr. Sonn:

This is in response to your request for designation·of a liaison
officer from this Department for your application to the U.S. Department of
Energy, RFP #EM-78-R-02-0008, "District Heating and Cooling Systems forCommunities Through Power Plant Retrofit Distribution Network.!'

I am designating Bharat C. Patel, Director of our Office of Technical
Assistance,. as liaison officer for this Department. He stands ready to assist
you at any time in the development of this program.

I hope you are successful in obtaining the contract from the federal

Department of Energy.  As previously indicated, I offer my complete support to
your proposed study and wish you good luck in your endeavor.

S i   er  y, ,.,/1/,f  1
6/1 /

/0   P.  1   43' -
r \

Jo ,1 1 . Jac,obson
Co missioner\»f

JRJ:bg
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PRESIDENT

MAY 1 1 1978

td :, PSEdG

2£i ir                      RESEARCH C.RP
KENNETH A. GIBSON

MAYOR

NEWARK,NEW JERSEY
07102

7

May 4, 1978

Mr. Harold W. Sonn
President
PSE&G Research Corporation
80 Park Place
Newark, New·Jersey 07101

Dear Mr. Sonn:

It has come to our attention that the PSE&G Research
Corporation is planning to participate in a United States
Department of Energy-sponsored study to determine the
feasibility of utilizing the steam and heated water by-
product from electric generation for the purposes of heating
and cooling.

It is our understanding that Public Service has an electric
generating station within the City of Newark which may be
suitable for inclusion within the study.

The City of Newark would be willing to cooperate in such a
study by providing ailable development and technical data.

We look forwar  t  completion of the study, particularly to
the recommen ations on the technical and economic feasibility
of implemen

i   g ''
a district heating system.

Sincerel

Ke  eth A. Gibson
M  or'

KAG:ad

1-K
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KENNETH A. GIBSON
MAYOR

NEWARK. NEW JERSEY
07102

September 19, 1979

Mr. John F. McDonald
Public Service Electric

and Gas Company
80 Park Place                                                -
Newark, N.ew Jersey 07101

Dear Mr. McDonald:

Thank you for the information you supplied on the results of the
Phase 1 District Heating and Cooling study you have performed for
DOE and your plans for PRase 2.

We believe that the implementation of this project could benefit
our country as a whole by reducing expensive oil imports, improving
our balance of payments and thus helping to moderate the inflation
rate. It could benefit the citizens of Newark even more directly
by providing jobs, decreasing heating and cooling costs, stimulating
economic develoRment and reducing air pollution and thermal discharges
to waterways.

We warmly suppoyr your··'Ph3se 2 application to DOE and offer our
cooperation An'your.·study and in the ultimate implementation of a
District He5ting/Cooling system if proven feasible.

.

Very tful .youu».i           /izi -
I /

K eth A. G i b s o n

KAG:lgc

j--4
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JOHN F. McDONALD

·ce oF THIT *11
SENIOR VICE PRESIDENT -

OFFU
J

$*#m-.- J-Al¥O R AUG 8   1379
.C·K    F,98, 0, Ri:s: L'n

»3«..,«St'K .4 -
f • . c-,61·i·REEkil 4·''C .2 412«»I\I,h·..:Y.Dma..D -           ,           GOVERNMENTAL   AFFAIRS
STEVE CAPPIELLO    i-k;»SI22m'%3 *,ij MAYOR

0
C 9,1 /'0(0''TAIUT#/ 1  9

.     0# 11,  ...5>2 : :3**3 .515,3....„ (30
vr:)2.<PRA*E..96 MAN:1GER-

CITY HALL *   CORPORAZE  BUDGETIfIC    
RECEIVED ;

AUG  9 1979      'HOBOKEN, NEW JERSEY

August 6, 1979 ,     7   .4'.... i...,        1
i 4..         -6         . . . . .  -- .2, C-1

Mr. John F. McDonald, Senior Vice President
Governmental Affairs,

Public Service Electric and Gas Company
80 Park Place
N ewark,   N ew Jersey 07101

Re: District Heating and Cooling Systems for communities
through Power Plant Retrofit D istribution Network

Dear Mr. McDonald:

We are aware of the application being made to the Department

of Energy concerning the District Heating and Cooling system, which
involves our community.

I  strong ly support your Phase Two proposal  in  the  hope  that

it will be of benefit to the cities in the same financial condition  as
Hoboken.

Very.t ly yours,/ -
-r-"-7.1.0.·· Steve Cappie lot

cc: Senator Harrison A. Williams
Senator Bi 11 Bradley
Congressman Frank J. Guarini

1-10
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...... :...r.. (f THE 57,4

1 1., ft  /··5-· .-,    . 'e.  .  " :I    l4.-I ·   ·'#p .      0

\     M   M   A  14  r/:br Zin=fiA-4
3 9/19/8/449 HACKENSACK MEADOWLANDS DEVELOPMENT COMMISSION      a    ':..<t f ., i.' 1

100 Meadowland Parkway • Secaucus, N.J. 07094 3, *fivillic Telephone: (201) 864-1220 N.J. Centrex (201) 648-2322

Joseph A. L:Fank C,„i:,iliscio,Wrs:
Chuiri,1.,1 Atiehael J. Breslin. k.Harold W. Sonn, PresidentDr. John E. \:aughan Peter F. Cureio
\ ieeChizir,ituit PSE&G Research Corporation Edu in J. Do,·le

Ricliard D. JtilinoPairicia 0. Sheehan 80 Park Place
10'arren B. MurphyE.,ecittit·,· Dir.cior Newark, New Jersey 07101

Re:  Submission of Phase II Proposal to the
U.S. Dept. of Energy on District Hearing
and Cooling

Dear Mr. Sonn:

Thank you for your letter of July 1, 1979 in which you described
PSE&G's efforts to date on District Heating and Cooling.  The Phase
I Study report that you enclosed is currently under review by my
staff.

Our preliminary review of this document indicates that the potential

use of thermal effluents currently discharged to the Hackensack
River by PSE&6 generating stations in Ridgefield, Jersey City and
Kearny will have a positive and beneficial impact upon future
developments in the Hackensack Meadowlands if the three schemes
listed   in the Phase   I  Report are implemented.      Additionally,   the
conversion of these thermal effluents, which currently cause a
deleterious impact to oxygen levels in the Hackensack River, into
a potential solution to this State's Energy problems is one which
has our whole-hearted support.

Accordingly, please advise U.S.D.O.E. of our support of your applica-
tion to perform additional investigations Under Phase II of this
project and that we hope to see  a speedy completion of the Phase II
work so that we can begin investigating the implementation of District
Heating and Cooling in the Hackensack Meadowlands.

We stand ready to render additional assistance during the course of
the Phase II work.

Sincere y, Clri, /.
-7 --,·-·   1 ;

L.c-        .·     .-  4 , . i

PATRICIA Q. SHEEHAN
EXECUTIVE DIRECTOR

JB/CV
CC: C. Guerra, PSE&G

vi':4'n:p<E>·/'i .. EO,·,L OPPOm.,'/T)'m PLA·ER
1-11



HARl Z MOUNTAIN It'JOUSl RIES. INC

August 28, 1979

Mr. Potcr Luongo
Luongo Associates, P.A.
235 :·loore Street
Hackensack, New Jersey 07601

RE:  District Heating

Dear Pete:

I have had several meetings with Chet Mattson of the HMDC and
Mr. M. G. Kurz, Vice Preside.nt of Transflux International

Limited regarding the subject of co-generation and district
heating. Mr. Murz's firm Las b,en hired 69 Public Service
Electric & Gas Cospany to study the economic and engineering
feasibilities of this application in various areas including
the Mo adnwlends.

In particular, we are interest:-d in this possible application
on the Mori site, and to that extent, we have agreed to parti-
cipate, althougn in a limited extent; to help by providing
realistic developers cost information and other developer
oriented considerations.

I em enclosing a letter dated July 30, 1979 from Mr. Kurz
outlining .the information we agreed to provide. I would like
your firm to submit a proposal to accomplish this information
gathering task and to present the information in a brief but
concite reDort.  Plcage conlact me rogarding this as soon as
possible.   I would hope ellowgil information is avail.able at our
offices :nd through our contractors and past project records
that sufficient meaningful information can be compiled within
30 days. We would, of course, like a written proposal but in
order to expedite this work, please contact me vi.a telephone
to discuss the project and to receive your authorization to
proceed.

Very truly yours,

HARTZ MOUNTAIN-3IBUSTRIES, INC.
I. -'   t, j

n A

-                   1        L   L'i  0, 
...7

MBMc/j b .(.1.        /1
Enclosure -

Michael B..McNally, P.jE.  & L. S.*

CC: Chet Mottson Vice President
Mr M. G. Kurz Engineering and Plaaning

11{A!·:.'.'·C)N F'LAZA. 1-'O 1:OX 1411. SECAUCi.!S.   .In70·'1.:.(201)3·!: 1200/N.Y. (212)695-0055'
/-/«R



Task 2 - HEATING AND COOLING LOAD ESTIMATION

This task consisted of (a) estimating, from tabulated
statistical data (U. S. Census, PSE&G files, other
sources) the thermal load within five and ten mile
radii of PSE&G steam power plants; (b) estimating,
on a generalized basis, the costs of supplying thermal
services to thermal loads of varying densities;
(c) a "best case" economic analysis of district heating
for single family homes (only cost of in-house conversion
and branch distribution charged to customer) and
(d) some general comments on district heating system
design and development.

;

aL-1



Task 2. HEATING AND COOLING LOAD ESTIMATION

Sub-task 2.2  Most favorable case analysis of single

family house heating/cooling.

The calculations showed that without an imaginative

approach to district heat single and small multi

family (4 apartmentsl houses no economies can be

found. This is a result to be expected. Even so the

following summary figures suggest a number of consid-

erations which could further the cause:

Single Family House
(60000 BTU/hr max.)

Alt. Pipe Layout                      A     B     C
Cost of distr. heating system $
- distribution in blocks 4970 3852 3657

"       on 1 sq. mile* 710
5680 4562 4367

- add valves, fitt., etc. 1420 1141 1093
7100 5703 5460

- in-house conversion 2400
9500 8103 7860

* 151/2 x lO6BTU/sq. mi.

02-cAL



.

Multi Family House
(40000 BTU/hr/apt.)

Alt. Pipe Layout                      A     B     C
Cost of distr. heating syst. $/unit
- distribution in blocks 1525 1138 976
-      "       on 1 sq. mile* 304

1829 1442 1280
- add valves, fitt., etc. 457 361 320
Sub-total new building 2286 1803 1600·
- in-house conversion 1125

Total - existing bldg. 3401 2928 2725

* 420 x 106BTU/sq. mi.

The present annual heating bill of a house or apartment

like the ones calculated is $900 and $600 respectively,

obviously insufficient to finance the above indicated

investments even if efficiencies of one-third better

can be achieved.

There are three piping layouts referred to in the above

tabulation. Each of these layouts is based on 6 blocks

of houses and streets measuring 720' x 900' overall.

The 3 pipe configurations are shown on Figs. 1.2-1 to 3

for the temperature differential finally selected. The

difference in the pipe layouts is the amount,of public

v. private property utilized to run the lines. As the

foregoing cost tabulation shows, there is considerable

economic incentive in maximizing the use of private

property (Alt. C).  There is also increased institution-

al involvement in obtaining easements, which might or

might not create undue problems dependent on the commit-

3-J-3
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ment the municipality makes to promote the cause of

district heating.

Even with the most favorable of layouts and without

changing any of the costs of the plant retrofit and

the main transmission line, which are to be borne by

large users, the economy of district heating cannot

be shown for existing buildings. Somewhat better are

the results for new buildings where the conversion

costs are saved and the connection costs just about

balance that of the conventional heating equipment.

There were a number of conversion schemes or connec-

tion schemes worked out and estimated for this purpose.

Fig. 2.2-4 shows a hot air heating system and Fig.

2.2-5 a warm water heating system connection scheme.

The costs calculated are preliminary and are based on

conventional equipment not necessarily designed and

made for the purpose. The effects of large quantity

orders  have·  also been neglected.

Economies of regulatory flexibility, that of quantities

and possible federal tax rebates, are needed collective-

ly to change the economic equation. It is considered

discriminatory to subsidize solar heating, but not

district heating. The waste heat of power generating

J.-0



cycles, utilized by these systems, is just as much a

renewable source as the sun, as long as we keep

generating electric power by conventional thermal

cycles. Tax abatements of up to $2500, as available

for solar installations, would definitely include

small multi family housing within the target areas

of otherwise large load concentrations.

The details of these investigations are shown in

Appendix A.

Sub-task 2.3. Compilation of population and load data

around power plants considered for

retrofit

A preliminary statistical survey was made of the

surrounding areas of the eight fossil-fuel-fired base

and intermediate load generating stations of PSE&G.

It is based on the Housing Statistics (1970) of the

Bureau of Census. It covers areas within a 5 mile

radius of these plants.

First a listing was made of all communities within 5

and 10 miles radii of the selected plants and within

New Jersey only.  A sample presentation of this listing

is shown in Table 2-I--communities around the North

art-



Bergen G.S. This and the other areas are shown in

detail in Appendix B, par. 3.

The next step was a block-by-block listing of year-

round housing stock in each of the communities follow-

ing an arbitrary but uniform sectioning of each area

into 8 directional segments. The data collection was

limited to the five mile radius, with the stipulation

that the broader 10 mile area will be added only if the

load potential within the smaller distance is less than

the heat output capability of the plantis). This turned

out not to be the case.

Table 2-II, sheet 1 of 4,  is a representative sample of

a data sheet and Table 2-III is a.summary of all the

data around the eight plants. The complete set is in

Appendix B, par. 4, of this report.

Some of the data shown on these sheets are directly ex-

tracted from the statistical information available, as

block number, population, number of housing units.  The

rest   of   the   data is· derived. Estimated heating loads

are based on the indicated averages. Length of streets

are measured off the maps and serve the purpose of

estimating total piping length when used in conjunction

with the block piping layout presented before.  One can
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calculate the percebtage of streets with and without

distribution piping to achieve the generalization.

In addition, a maximum pipe size was calculated for

each of two temperature differentials as an upper

limit on pipes used. The lower limit was set at 1"

dia., sufficient to supply 4 apartments at either

of the temperature differentials.

The summary of the results shows a number of important

figures. First of all it pinpoints the North Bergen

and Essex (Essex, Kearny and Hudson) G.S. areas as

far superior to the other four. The average load

densities are 2 to 4 times higher than that of the

others. Even more significant, there are seven

sectors around these plants with load densities 2 to 3

times higher than the average. It was also found

later that these areas adjoin the one large block of

land where the major housing development of the near

future will take place--the Hackensack Meadowlands.

As  a  result, the. additional investigations concentrated  on

these areas and on the 4 power plants within these areas.

Another step in the statistical inquiry was to look at

fuel use patterns and to define the share which non-

residential housing has in the heating fuel use of the

area.

*1



We found that the residential house heating fuels are

overwhelmingly oil and gas, and their use breaks are

approximately in the 60% to 40% ratio, respectively.

Data on fuel use by the different sectors of the

economy showed that in New Jersey the commercial/

institutional sector uses about half as much fuel as

residences do. It was then conservatively assumed

that the same ratio prevails within the potential

heating territory. This is a conservative estimate

for two reasons: The high density areas of the cities

have a higher than average commercial/institutional

constituency and most of these do not operate day and

night. Both tend to result in higher loads than the

calculated peak loads. The total potential heating

load within 5 miles of the four power plants were

found to be

Essex (Kearny, Hudson) 15x10'BTU/hr

North Bergen 7.8x109  "

The two figures are not additive since some of the load

can be supplied by one or the other station(s), so it

is counted twice.  A total of 20x109BTU/hr, however,

can be used as an extreme ultimate figure.

There were some more detail approaches made using

Company files and other data. These and the other de-

tails are shown in Appendix B, par. 5 to 7.
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NO. 2.2-1'

(   TRANSFLUX    international    limited
\ 68'P/ FORT LEE, NEW JERSEY 07024
i-MI

40000 BTU/unit - 4 units/lot MTW @ A = 1200F
9.6 x 106 BTU/hr 160 gpm total flow

< 240 >  60 < 240 >  60 < 240    >

A  | 1"            1                1      |     1"             1"          1 " ,"     "

1 1
-L-- . - 7- 1 " - 4---1       1

- L -            - -1- --0
m

L_                 1                   11" -1-
1                                                                                                        

                               1

v                           (1                     1
1 35.. 115,0 L 1  " typ. 1 5"

"       -
40    3 "

.

11 " 115" 115"

A         1                        1
1

1 -     -                                                 1-0-- 1 .

I  - - -      -            -1                  -1---
%---& 1 .i 1__- -1- -

- -1----L - -*il-j

1                                                                                                  1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 3240' 3000' 255000
14" 1260' 63000
3"         600'          -        48000

5155' 3000' 366000

366000 1525 $/unit
240

ALTERNATIVE·HOUSE CONNECTION SCHEME I - MULTIPLE DWELLINGS

1- 4
C'.   1



NO. 2.2-2

f'543 TRANSFLUX international limited
 -                                                           FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 120'F

9.6 x 106 BTU/hr 160 gpm total flow

<    240'   >  60' < 240'   >  60' < 240'   >

A:            -

               <             1  ".1"            |1      <  ••   11  "    
1--   typ.111 11" '  Il"

- - 4 --.--- -

-   7--        14"-              J

0         IlI              1-1 J1          1                      I    i    I           „i jii -1.-
-                       -

1                                         
                                          

  1 # "      1 "          typ·
i11

v                                      2 "                                     2"
"4"                               4"                                      3

I.

w                                     „                                   2"
2

A                                  1
i

11- - - -t -- -+-

I      1       1                              1  -1-1                           1      1     1- --0   1  1 1 lll0
m

- - - -

1 i
11     Ill
1 11             1   1  1-

v                                                        I

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural $

1" 0 720' 4280' 168680
15„ 840' - 42000
2" 240' - 12960
3" 300' 24000
4" 300' 25500

2400' 4280' 273140

273140 1138 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME II - MULTIPLE DWELLINGS      
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NO. 2.2-3

4%TRANSFLUX international limited
Cs/ FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 'units/lot LTHW @ At = 120'F
9.6 x 106 BTU/hr 160 gpm total flow

A .< 240' >  60' < 240' >  60' < 240'  >
U                           I1 I,      1 "                                                  1       1

--4-1_

11L__

0

0 . L "
-t--2-m

V
.

11 " 115'I 1 35"

4"      -3----                           3 "                                  2 "
1 15" 1 "' 115"

A •

0
0
m

---
"

·
1

0   ",      "        typ.
v                                                    1   1

Area C6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 4920' 152520
lt" 180' 900' 36900
2" 300' 16200
3" 300' 24000
4" 150' -  '     12750

930' 5820' 234270

234270 == 976 $/unit240

ALTERNATIVE HOUSE CONNECTION SCHEME III - MULTIPLE DWELLINGS

22-11



NO. 2.2-4

(3i  TRANSFLUX   international   limited\ dy:-1 j FORT LEE, NEW JERSEY 07024
\_.7

1
TO SUPPLY   1150/ .-a

17,„F f FURNACE
DUCT   \

29OOF                  ' 2000F-·8><1 1 1  T        +    -
0,                                                   i- -  -A T O  FAN

M.     -- ps TC

t : :1 . " .         '.
"

min 63 t'Z\ /-\
.- ( TW )

1400 ,/'»/1400F

OBSTR.( , DHW2

ORIFICE    _ 
350
gal.
DHW
Stor.

- off @
---<TS ) 1800F

-WATER-

NOTES:
1.  NEW OR EXISTING HEATING SYSTEM.
2.  CONSTANT FLOW, VARIABLE TEMPERATURE SYSTEMS.

MTW - SINGLE FAMILY HOUSE CONNECTION - HOT AIR HEAT

a-/a<



NO. 2.2-5

fER:\ TRANSFLUX  international  limited
1  r.. r.    1  1

\ZE/ FORT LEE, NEW JERSEY 07024                                       _

-

TW
2900F 2000F-MIl   T             -

\'

M -- ps TC

„                '. „ L
.. ./. . I

nom.          T                '1'1,1                                   
1800F . 1800F

Ilc><]
.

1:1       T

OBSTR.                                                                             w
ORIFICE

350
gal.
DHW
Stor

- off-@15» -151 180vF

0-- br-- J
L                    WATER[/1 -

NOTES:
1.  NEW OR EXISTING HEATING SYSTEM.
2.  CONSTANT FLOW, VARIABLE TEMPERATURE SYSTEMS.

MTW - SINGLE FAMILY HOUSE CONNECTION - WARM WATER HEAT
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LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII
OF NORTH BERGEN G. S.

Rochelle Park Englewood Cliffs
Paramus New Milford

Elmwood Park Bergenfield B
New Milford Cresskill

Oradell River Edge Demarest Dumont    X              ·
Fair Lawn Tenafly Alpine       Maywood Haworth

l

\                                                                                     /                                                                                   --3-A-             11                                                                                  /./ So.Hackensack Englewood/                      I.                                  7.Hackensack Teaneck
/   Saddle Brook Bogota Ridgefield /                         ,

i

Paterson                                 Park /'
Garfield

,/Lodi                                                           /                     J
None

Passaic Moonachie
Clifton  Teterboro    .'                      Leonia '* Wallington

. ./. Woodridge                  :         Fort Lee \
' Little Ferry North Palisades Park
'Hasbrouck Hts. . Englewood  Cliffs  :_                                 . ,   Bergen

Plant   f
\

Carlstadt
Rutherford ./2\».- '\  Cliffside Park

Nutley E.Rutherford / \   Ridgefield /
, '       None\
1 Passaic No.Arlingt39, \

Lyndhurst                         i
Belleville i

Fairview ',
1 Kearney   Edgewater  ·                ,

Meadowland : Union City
Secaucus   Bergen Twp.                          /

< Guttenberg  ./                     /
\.

                                     West N.Y.
\

Jersey City Jersey City
Weehawken
Hoboken

TABLE 2-I
A =  5 miles radius

cA-16, B = 10   "     "



HOUSING HEATING LOAD ESTIMATE TABLE 2-II
GENERATING STATION: BERGEN

Sht. -1- of 3_

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA-         in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all at AtI

Map Sht. No. Plant No. Total ures urcs ures per unit per unit Streets  ZOIF |1200Fmile nl n 2 n 3 n 4 1( b BTU/hr. 101 ft in.

Sector No. 1 (N-E)
Ridgefield 1.0 461 3688 1244 514 257 473 30.84 29.20 60.04 28.0 14     8
Park Village,45 1.0 46] 5240 1887 597 491 799 35.82 51.60 87.42 37.5 18     8

1.7 462 5525 1823 856 286 681 51.36 38.68 90.04 42.0 18     8
2.6 546 8003 2433 1936       59 438 116.16 19.88 136.04 97.0     20    10

Teaneck Twp. 3.4 545 5703 1717 1423       41 253 85.38 11.76 97.14 71.5 18     8
Englewood, 45 . 4.1 154 4938 1779 488 445 846 29.28 51.64 80.92 71.0 16     8

4.1 155 4864 1684 974 4]6 1770 58.44 88.24 146.68 69.0     20    10
4.2 541 8055 2616 2279       51 286 136.74 13.48 150.22 126.5     20    10
4.5 542 4959 1707 761 282 664 45.66 37.84 83.50 46.0 16     8
4.5, 153 5589 1741 1064       72 605 63.84 27.08 90.92 29.5 18     8

5 11            CongressionalDistrict 9, 45 4.8 54] 7422 2194 2173        - 21 130.38 0.84 131.22 87.0 20    10

-,1                                          6786 22]Tr IT065    2420
6836 783.90 575-724 1154.14 705.0     54    24

Sector No. 2 (E-N)
Palisades Park,

45, 56 1.5 411 3830 1511 430 522 559 25.00 43.24 69.04 37.0 16     8
1.7 412 3052 1048 391 162 495 23.46 26.28 49.74 32.5 14     6
2.0 413 6469 2256 619 460 1177 37.14 65.48 102.62 81.0 18     8

Fort Lee 45,56 2.4 19] 12979 4909 1619 1782 1508 97.14 131.60 228.74 123.5     24    12
2.5 192 7]69 3064 447 1222 1395 26.82 104.68 131.50 69.0     20    10

Leonia, 45, 56 2.7 280 8847 3040 1811 334 895 108.66 49.16 157.82 87.5     20    10
Fort Lee, 45 3.1 191 10283 4605 506 3344 755 30.36 163.96 213.12 38.5     24    12Englewood Cl. 5.0 160 5938 1612 1465       10 137 87.90 5.88 93.78 96.0 18     8mEY TRIT  mE YE]T EFIr T]TZTe $6-5-728 1021.56 565-3    48   24



COMPARATIVE SUMMARY
OF HOUSING HEATING LOADS WITHIN

5 MILES OF SELECTED G.S.'s

HEAT No. Bergen Essex Linden Sewaren Mercer Burlington
LOAD Generating Station
DENSITY 5 mi. Radius

1O6BTU/hr/sq mi 450 Sectors

0 NE,SW EN,ES,SE ES,SE SW,WS,WN NE,WN,NW
0-50 EN,ES

50-100 WN,NW ES
100-150 NE,NW WS,WN WS SE EN
150-200 EN,ES,WN NW SW,NW NE,EN NE,NW
200-250 SW SW SW
250-300 WS NE SE,WS
300-350 WN
350-400 WS
400-450 SE ES,SE
450-600 EN                                        -

MEDIAN 212.5 290.6 109.3 106.25 65.6 121.9
PRESENT

\ HOUSING LOAD'- 0\ DENSITY

SECTOR DATA
a) Densest Load

-Sector SE EN NE SW NW EN
-Density 415 590 263 225 168 180

-Popul. Area 4.1 3.4 2.75 3.25 9.0 1.2
-Load 1701 2007 724 731 1509 217
-Major Town Guttenberg Jersey City Elizabeth Perth Amboy Trenton Burlington

Union
b) Highest Load

-Sector SE WN NW WN NW SE

-Density 305 175          96                    121
-Popul.Area 8.32 7.4 8.6 3.2
-Load 2537 1298 822 387

-Major Town Newark Linden Rahway Willingboro
Harrison Elizabeth

TABLE 2-III



Sub-task 2.4 Conceptual System Design

The potential load determination resulted in the

definition of the suitable supply areas. The power

plants located in this area are

Essex

Kearny

Hudson

North Bergen

Any or all of these plants can effectively supply

the two load centers, namely

a)  Downtown Newark and Harrison

bl  Jersey City, Union City., West New York,

Meadowlands

A preliminary, very generalized investigation of a

supply system was conducted to find the feasibility

of building a system.

For this preliminary step we have assumed that the

plants are capable of supplying heat by retrofitting

the existing turbines and by adding back pressure-

turbine-generating units as needed.

The assumed maximum heating capabilities were as

follows:
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Essex 500x106BTU/hr

Kearny 1000x106  .

Hudson 1000x106  I,

North Bergen 1000x106   

350OxlOGBTU/hr

Adding 1750x106BTU/hr peaking capability to this in

the form of fired hot water generators, boilers and/

or gas turbine heat recovery units, an ultimate

system of 5250x106BTU/hr peak load can be based on

these plants.

The plants in the final development can and should

be connected to a single grid system shown in Fig.

2.4.1. This unified system allows the different

plants to act as each others standby and this re-

duces the standby facilities required.

The statistical investigations detailed in Appendix B

showed that the Newark-Harrison area within 5 miles

of Essex-Hudson represents a total load potential of

3200 million BTU/hr including commerce and institutions.

The Jersey City, etc., and Meadowlands.area in the

other direction from the plants can provide another

over 3000 million BTU/hr load for a total of 6500

million BTU/hr. This is more than the ultimate supply
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capability of all the plants and peakers. That

capability, as shown before, is about 80% of the

potential. 80% is an extreme maximum coverage one

can reasonably count on. So it can be said that

the potential supply and the potential load are in

balanca.

The development of such a large system can only be

achieved in stages. One such strategy has been

developed in detail for the Newark area from the

Essex G.S. It is visualized that the total of 5

square mile area will be successively piped up,

starting one and starting another one each year

for 5 years, while each area will be completed in

4 years. This is an overall development of 8 years.

During the first few years a boiler plant located,

say, at the Newark gas plant site, would provide

heat. After that the transmission line to Essex

will be built. A few years following that a con-

nection to Kearny and/or Hudson will complete the

system, adding also back pressure turbine units to

these plants. In the meantime the original boiler

facility will be increased so as to carry the peaks

and provide standby as required.  A variant to this

is to use one or more of the existing gas turbines,

at place or relocated, and outfit them with heat

3.-19



outfit them with heat recovery boilers instead of

some of the peaking boilers.

Two other schemes have been developed for compari-

son. One is a system which uses Essex G.S. from

the start of the development and so the transmission

line is built at conception. The peaking boilers

are located at the power plant also. The other is

basically the same as the previous one except it is

started with the Kearny plant where one unit can

back up the other initially.

The total cost of all three schemes is the same. As

Table 2-IV shows, however, the allocation of funds
during the ten years of development is far more

advantageous in scheme I than in the other two.

On the basis of rough cost estimates and without con-

sideration to capacity loss, operating and maintenance

and other ancillary expenses, a $220 million cost for

the total system is indicated, and based on present

home heating costs an annual revenue of $100 to $150

million can be expected.
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INVESTMENT IN LOCAL SYSTEMS

Distribution Distribution In-house
Investment on 5 sq. mi. on 15 acres Total Connection Total

Year Cost Cumul. Cost Cumul. Cumul. Cost Cumul. Cumul.

1 St 500000 500000 140000 140000 640000 220000 220000 662000

2nd 1400000 1900000 770000 900000 2800000 880000 1100000 3900000

3rd 2000000 3900000 2100000 3000000 6900000 1980000 3080000 9980000

4th 2600000 5600000 5040000 8040000 13640000 4405000 7485000 21125000
.

5 th 2600000 9100000 5040000  13080000  22180000  4405000  11890000  34070000
SJ

6th 2100000 11200000 4850000 17930000 29130000 4383000 16273000 45403000

7th 1200000 12400000 4265000 22195000 34595000 3525000 19798000 54393000

8th 600000 13000000 1617000 23812000 36812000 2425000 22223000 59035000

TABLE 2-IV
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Appendix A

Generalized Investigation

of District Heating Systems

in Single Family

and Small Multiple Dwelling

Residential Districts

1.  Purpose

The numerous PSE&G generating stations with a

potential to serve as the basis of a District Heating

System make a load survey around these stations a

major task. In order to reduce this task it was de-

cided that a generalized investigation should be made

to define whether there is any possible economy in

connecting single family and small multi family

dwellings to a District Heating System.

2.  Scope

The best possible conditions have been assumed

as the basis. These assumptions are the following:

A.  The incremental cost of retrofitting a

power station for district heating to

supply the particular residential areas

investigated as a small part of a large

system will be negligible.
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B.  The areas investigated will be adjacent to a

supply main serving major loads at a point

farther than those areas and, therefore, only

negligible cost increment will occur in the

construction of those supply mains.

C.  Each of these areas will be no larger than

one square mile.

The investigation will include the sub-mains within

the square mile area, the distribution from these sub-mains

to each lot and the equipment needed to connect a conven-

tional heating system within the building to the district

heating installation.

3.  Results and Recommendations

The calculations showed that without an imaginative

approach to district heat single and small multi family

(4 apartments) houses no economies can be found. This is

a result to be expected. Even so the following summary

figures suggest a number of considerations which could

  further the cause:

A-A
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Single Family House
(60000 BTU/hr max.)

Alt. Pipe Layout                     A     B     C
Cost of Distr. heating system $
- distribution in blocks 4970 3852 3657

"    on 1 sq.mile* 710
5680 4562 4367

- add valves, fitt, etc. 1420 1141 1093
Sub-Total new building 7100 5703 5460

- in-house conversion 2400
Total-existing bldg. 9500 8103 7860

* 151.2 x 106BTU/sq. mi.
Multi Family House

-                   (40000 BTU/hr/apt.)
Alt. Pipe Layout                      A     B     C
Cost of distr. heating syst. $/unit
- distribution in blocks 1525 1138 976

"    on 1 sq.mile* 304
1829 1442 1280

- add valves, fitt, etc. 457 361 320
Sub-Total new building 2286 1803 1600

- in-house conversion 1125
Total-existing bldg. 3401 2928 2725

* 420 x 106BTU/sq. mi.

The present annual heating bill of a house or apartment

like the one calculated is $900 and $600 respectively, obvious-

ly insufficient to finance the above indicated investment even

if efficiencies of one third better can be achieved.

For a multi family building newly constructed for dist-

rict heating connection the case is not so negative anymore,

particularly if piping layout C is used. This layout allows

nearly all the distribution pipe, with the exception of two

headers, to run on private grounds along the back fence line

of the plots. This as shown results in considerable savings

but requires easements. This is then an institutional matter

of prime importance.
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Another factor to be considered is that since most

of the heat supplied is energy otherwise wasted at the

power plant, it is an equivalent of a renewable energy

source as long as thermal power generation exists. On

this basis district heating ihstallations should not be

discriminated against and should qualify for the up to

$2500 federal aid solar installations are getting.

These approaches would certainly change over the

economies of central heat supply to multi family dwellings

and even to new single family houses.

4.  Data Basis

4.1  Lot Size

The definition whereby these areas under investiga-

tion are along mains supplying densely populated areas

sets the character of these communities. Mostly they are

on the outskirts of large cities and, therefore, they are

low- and medium-income areas. Investigating the maps of

these areas, we found that the average lot size is one-

quarter of an acre or less. We have selected, therefore,

a quarter of an acre as an average lot size including the

adjoining streets or common thoroughfares.
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Therefore, 60 single family houses or 240 multi family

dwellings of an average four dwellings per building are

assumed to require.an area of 15 acres. Dimensionally

this measures 900 ft. x 720 ft. and consists of six

blocks of houses as shown on Drawing Nos. 561-01 to -03

and 561-06 to -08.

Consequently, a one square mile area contains 42

of those six block units. This means that there are

2,520 single family houses or 10,080 apartments within

that area. They are shown on Drawing Nos. 561-04 and -09.

4.2 Heating Load Determination

There were a number of sources used for the deter-

mination of an average heating load.  The first set of

data, a running survey of 200 houses of PSE&G employees

conducted for the last couple of years, showed that the

average house has a 100,000 BTU/hr installed capacity heating

system. The average winter load was 30,000 BTU's while

the calculated average peak load is 52570 BTU/hr.

Another source was a random survey of PSE&G electric

and gas customers. Thirteen months billing data for the

year September '77 to. September '78 was used and peak heat

losses on the basis of zero degrees outdoor and 70 degrees

indoor temperatures were calculated. For rural houses,

peak heat losses of 63,000 BTU/hr and 71,000 BTU/hr were

calculated.  For urban dwellings, the values varied between

33,000 and 38,000 BTU/hr.
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A more generalized calculation had been run based

on gas consumption data from Brown's Directory of North

American Gas Companies 1977.  This calculation was based

on a comparison between the gas use figures of residential

customers with no heating and with heating installations

in their houses, and resulted in an average maximum heat

demand of 47,570 BTU/hr per customer. This same calcula-

tion also showed that the average winter load for 1977 was

42% of the peak.

Based on this data, we have assigned a 60,000 BTU/hr

peak load for single'family housing and a 40,000 BTU/hr

peak load for apartments located in small multi family

dwelling units, as for example garden apartments.  As men-

tioned in the previous section, these types of buildings

are the subject of this study.

Based on the above assigned peak heating requirements,

a block of single family houses will require 600,000 BTU's

or six blocks of those will represent a load of 3.6 million

BTU/hr.  This, projected onto a square mile, gave us a

151.2 million BTU/hr heating load density.  Same values for

multi family dwellings are 1.6 million BTU/hr per block,

9.6 million BTU/hr for six blocks and 403 million BTU/hr

for one square mile. In generalized calculations we will

equate the specific loads with 160 million BTU/hr per square

mile for single family and 420 million BTU/hr per square

mile for multi family dwellings.  This will account for the

heat losses of the distribution system.

0-1 -
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4.3 Pipe Sizing

Due to the generalized nature of the study,-a

general formula of economic pipe sizes has been utilized

as developed by Robert Kernl.  The basic formula has been

modified somewhat in the large 14" diameter and over-size
range because of the high velocities and consequent high

pressure drops it resulted in. The flows, velocities and

pressure drops used in our investigation are summarized

in Table XXVII.

4.4 In-House Heating Systems

According  ·to PSE&G customer« surveys 2,   the  over-

whelming majority of single family houses and garden

apartments have either forced warm air or hot water or

steam heating systems.  Less than 4% of the single family

houses and2less than 10% of the garden apartments are

heated by other means such as room heaters or through-the-

wall heating units.  While among the single family houses

surveyed about half has hot water or steam heating systems

and the other half forced warm air systems, two-thirds of the

garden apartments are equipped with hot water or steam systems

and only one-third with forced warm air heating systems.

1 Kern, Robert, Useful Properties of Fluids Chem. Eng.

Dec. 23. 74. p. 58.

2PSE&G Residential Electric and Gas Appliance Survey-1976,

Rates·Department-Load Research, Issued July 1977.
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Buildings with two or more living units but excluding high

rise apartments have overwhelmingly hot water or steam

systems with only 10% of them on forced warm air.

There have been very few,  if any, steam heating

systems installed in single family houses or small apart-

ments in the last ten years Cabout 16% of existing housing).

It is meaningful to look at the age of the houses and the age

of the heating equipment surveyed. One quarter to one fifth .

of the heating systems are older than 20 years. Less than

59% of the heating systems are over ten. Since systems older

than twenty years can be expected to be in a condition where

replacement is imminent, it is reasonable to consider that in

ten years time there will be no steam heating systems in the

houses. Consequently, we assumed that only hot water and

forced warm air systems are to be considered for conversion

to district heating. The detailed survey figures 'are

summarized and shown on Table XXVIII.

There is no survey data available on the operating

temperatures of the different systems in those buildings.

We assumed that most of them are of the conventional design

and will use that as a basis for further calculations. The

"conventional design" means the following:

. hot water system

200'F supply - 180 Foreturn

. forced warm air system

1150F supply - 75 Foreturn
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4.5 Domestic Hot Water

There is no direct survey data on the use of domestic

hot water. Published figures gave us an average of 35 gallons

per person of daily domestic hot water used at 1400F. Since

there is an average of three people living in a single family

or small multi family dwelling in the survey area, this means

105 gallons of hot water used per day per dwelling.  Assuming

40'F minimum city water temperature, the heating load repre-

sented by providing domestic hot water equals approximately

100,000 BTU/day.  This then equals 6&% of the peak heating

load of a single family and 10% of the peak heating load of a

small multi family dwelling.

The significance of supplying domestic hot water by

the district heating system, however, is much greater than

what those figures indicate. This load. is practically constant

throughout the year, while the heating or cooling load is sea-

sonal and varies between peak and minimum averaging at less

than 50% of peak. So the heat energy supplied to domestic hot

water user related to heating customers is as follows:

Domestic hot wattr - 100000 x' 365 = 36.5x106BTU/yr

Heating  Single family dwell.  60000x.5x24x240=172.8x106 BTU/yr

Multi family dwell. 40000x.,5x24x240=115.2xlOGBTU/yr

Apartments 20000x.5x24x240= 57.6x106 BTU/yr

Consequently the heat energy delivered to households in the

three categories for domestic hot water is 21.1, 31.7 and 63.4

percent respectively of the energy delivered annually for heating.
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4.6 Present Fuel Use and Fuel Cost

As shown in par. 4.2 we have assigned average

peak heat requirements for the types of housing in-

vestigated. . On that basis one can. calculate the

annual fuel requirements as follows:
Small

Single Family Multi-Family
dwell. dwell.

Peak heat load-BTU/hr 60000 40000

Design temp. diff-oF 70-10=60

BTU/deg. day 24000 16000

Deg. days (in 1977) 5155

Annual net heat load-
106BTU 123.72 82.48.

Fuel required (@ 62.5%
av. eff.)

- 106BTU 197.95 131.97

or - kWh 36250 24166

Fuel Oil gas el. Oil gas el.

Spec. cost - $* -.50 -.30 0.045 -.50 -.30 -.045

Annual cost - $ 710 594 1631 473 396 1088

I

The annual "1977 Rate Statistics" of PSE&G can serve

as a check on the above figures. Both electric and gas

residential heating customers are covered there (RHS and HGS).

* oil-$/gal., gas-$/therm., electr.-$/kWh

A-,0



The figures are as follows:

Average Revenue RHS · HGS

Energy used for heating 9758 kWh 1294 therms

Av. annual bill - $ 764.80 502.32

Av. ann. bill of nonheat
customer 335.92 132.40

Appr. bill for heating-$ 428.88 369.92

The 1294 therms shown above is equivalent to 928 gal.

of No. 2 oil and at a price of $.50 per gallon would cost

$464 annually.

One can see that the oil and gas cost figures coin-

cide very closely with the figures of the first tabulation

for a small multi-family dwelling. The electric heat figure

is not representative-since most of the electrically heated

houses. are apartments in high-rises with a heat loss of

about half of that of a garden apartment. On that basis

the electric energy cost figures are also in the same ball-

park.

5.  Calculations

5.1 Distribution Connection Schemes

The basis for the selected heat loads, lot sizes.and

pipe sizing have been explained in par. 4.  There are three

alternative piping layouts worked out to connect buildings

to a heat distribution network. The difference is in the

-
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location of the lines in the immediate vicinity of the

buildings, as follows:

Connection Scheme I All distribution lines on

public thoroughfares with

the connecting individual

branches only crossing private

front or back lawns.

Connection Scheme II All distribution lines on

public thoroughfares but

house connection branches

extend across side fence

to pick up two houses in

front and two at the back

of them.

Codnection Scheme III The block main is the only

line on public thorough-

fares. All the lines supply-

ing individual blocks run on

back fence lines and branch

to each building across

private back lawns.

The implications are obvious.  Scheme I does not

interfere with private property rights since lines on  

private property run only to houses actually connected to

the system. This however forces all the other lines to be
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built under paved surfaces, and amidst traffic. Both are

significant cost factors.  Also it requires 20% more piping

than any of the other two schemes.

Schemes II and III interfere to a differing extent

with property rights and therefore involves acquisition of

easements.  This legal difficulty is well balanced by the

considerable cost savings it facilitates. In our calcula-

tions we have assumed that all the lines are buried, but it

is also technically feasible to run the lines along the

fences above ground for a possible further reduction of

Cost.

5.2 Supply Temperature Differentials

Tha temperature differential of supply and return

water defines the mass flow and therefore the pipe size.

At a 20'F differential 10000 BTU/hr is rejected by an           -

approximately 1 gpm flow of water.  For single family houses

we have investigated 20, 40, 60 and 120°F differentials,

while for small multi-family dwellings we eliminated the

20'F differential and added the 200'F one.

Corresponding typical system supply and return

temperatures could be as follows:

At = 200F 200 - 1800F

= 400F 210 - 1700F

= 600 F 230 - 1700F

= 1200F 290 - 1700 F

= 2000F 390 - 1900F
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Obviously the last one is a high pressure (>225 psig)

system and raises questions of safety entering small users'

premises.

5.3 Distribution System for Single Family Houses

The distribution networks developed on the previously

indicated basis are shown on drawings 561-01 to 03 with sub-

scripts A to D indicating the four temperature differentials

considered.  Each drawing lists also the total length of

piping   invo lved   and its estimated total   cost,    and   its   cost

per unit housing.

Drawing 561-4 (subscripts A to D as before) shows a

distribution system for a square mile of houses, that is 42

areas of houses as shown on Dwgs. 561-01 to 03.  The cost

summary of these distribution networks is on Table XXVI.

5.4 Distribution System for Multi Family Dwellings

The distribution networks developed on the previously

indicated basis are shown on drawings 561-06 to 08 with sub-

scrips A to D indicating the four temperature differentials

considered.  Each drawing lists also the total length of

piping involved and its estimated total cost, and its cost

per unit housing.

Drawing 561-9 (subscripts A to D as before) shows a

distribution system for a square mile of houses, that is 42
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areas of houses as shown on Dwgs. 561-06 to 08. The cost

summary of these distribution networks is on Table

5.5 In-House Equipment CConversion. or New Connection)

Drawings 561-11/A,B,-12/A,B and 13/A,B show some

typical schemes of connection to existing or new Warm

Water (WW) or Hot Air house heating systems. In all cases

domestic hot water is also generated by the district heat-

ing system. The hot water generation is set up with

adequate storage tank capacity.  This way no heating is re-

quired at high comfort heating loads or that no more than

daily average domestic hot water heat loads are to be

carried by the system.  The temperature differentials

shown are just examples.  .By the.modification of flows and

heating surfaces any of the schemes can be applied to a

number of other temperature differential systems. The only

exception to this is that the high pressure (3900F· supply)

cannot be allowed to enter the internal heating system

directly for safety reasons.

All the systems have constant flow of district heating

water at temperatures variable according to outdoor tempera-

tures with in-house thermostats to set the desired indoor

temperature and to shut off the in-house system when not

needed. Practically  the same concrol arrangement operates

the domestic hot water system, regulating the operation of a

circulating pump in accordance with storage tank temperature.
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The installed cost of these systems is estimated

as follows:

In-House Heating System     
Warm Water Hot Air
Heating Heating

system temp. <290'F <2900F

Single family house 2300 2500

Small multi family house 4000 5300

Boiler or hot air heater
installation cost -

Single family house 1100 1800

Small multi family house 1300 2500

Differential cost of new
house connected to heating
system -

Single family house 1200 700

Small multi family house 2700 2800

5.6 Investment and Operating Cost

Drawings 561-17 through -20 show in graphic form the

investment and pumping energy cost of the different systems.,

The trend lines shown are only a rough approximation,

since there are insufficient points to decide on a mathema-

tical basis. Even so, one can arrive at the required deduc-

tion, when the· cost considerations are combined with other

technical ones.

First one can see that the high- temperature (290< ts

<390) supply systems are very expensive in first cost, give

only insignificant pumping cost reduction and require a high

pressure, which will make the rest of the equipment in the
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system also expensive. Therefore, distribution systems

supplying temperatures of less than 290'F need only be

considered.
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NO. 561-01/A

(5 ., TRANSFLUX international limitedC    5-/ NEW JERSEY 07024
\-A

60000 BTU/hr/lot LTHW @ At = 200F
3.6   x -106 BTU/hr total 360 gpm total flow

< 240' >  60' < 240'   > 60' < 240'  >

1                                                                                                             1                                                                          1A       1                   1
---                                                              1"            -1-       -     1"
1

lt"         -- -4-     -1-
--1 -                    1,s"

0 -  - -                            -1.-  - - 2 "
.r.

L          I -                                                            1 ti"
1

1                                                  
                                     1

ICi                                                                                       IV
1 t" 2" Ll"typ. 2 " 1 „

4 "                     4 " 4 " 2 "
e
ID

1 „ 2 N 2" 1  "

A                                    1                       i

-               - - -- -t--

I                                  -                           -1                                       -i-  - -0

0

1

- F       1-
V 1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural $-

1" 0 2760' 3000'   201000
lt" 720           -        28800
2" 1020' 44880
4"         600'          i        41400

5100' 3000' 316080

316080 = 5268 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME I - SINGLE FAMILY HOUSE

A-11



NO. 561-01/B

(   \ TRANSFLUX   international   limited
C 49/ FORT LEE, NEW JERSEY 07024\-/

60000 BTU/hr/lot LTHW @ At = 600F
3.6 x 106 BTU/hr total 120 gpm total flow

< 240' >  60' < 240' > 60' < 240 >

A |                       1 " 1 "        1

1 "          T           1 "
4 - --       1"         4--

0-

0                                                               1M - -                        -   -1-   - -          1"            - -

L 1 1
1  "1-   1

v     1          <  1l "  Ll" tyP • 1. " 1"

3"        0               3"                                  2"'
.0

lt„ It„ 1 1,

A

1-
1 i
-                  -1                 -1- --0

0 -
m

1__
1.F

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 3720' 3000' 241800
1 " 780' 31200
2" 300' 13200
3" 300' 15360

5100' 3000' 297640

297640 = 4961 $/lot
60

 

ALTERNATIVE HOUSE CONNECTION SCHEME I - SINGLE FAMILY HOUSE
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NO. 561-01/C

(33 TRANSFLUX international limited
FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 120'F

3.6 x 103 BTU/hr total 60 gpm total flow

< 240 > 60 < 240 > 60 <   240    >

A l   4   1                               1"- 1"       1
"  T - i"

1                                              
                                               

                            11 -     -1--0- 4                    -1
-

1"
-

0

0 --- -,- - 1"
I.

- 111-- 1 1i"
1                                                

                                  1              
                                                 

            1

1 35"          |               1"v                          1"typ·

2" 1  " 1"

to

A                                         

1-                       t-1                                          T--
0              1 -4- --I.

m

1__
1

*Il F            T- -
V       1                                    1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 4020' 3000' 253800

15" 780' 31200
2" 300' 13200

5100' 3000' 298200

298200 = 4970 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME I - SINGLE FAMILY HOUSE

A -0-0



NO. 561-01/D
/33XTRANSFLUX international limited

FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 400F
3.6 x 106 BTU/hr total 180 gpm total flow

A |1"     1     1"
. 1„ 1" 1" 1 "1

1"                                  1"
1 T

-   --1.                            1  i" 7 -1- - 1"

0                                                           I
0
./ - -- 11i" -Ii- 1 - -

1"

L_                 1                   1i t" 1"

1                                                                                 1                       
                                                   1

V i14"
1"tYP· 1 &

"
115"

3"        0                3"                                     3"                                115„
to

-1--
T-·1                                                                                 1

1                                    -1- --0 - - -,
0-_    1                                           1-

1 '1- 1-         T
V 1                                                                                                             1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 3240' 3000' 222600
14" 1260' 50400
3"         600'          -        38400

5100' 3000' 311400

311400 == 5190 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME I - SINGLE FAMILY HOUSE

A-w



NO.  561-02/A

(53X TRANSFLUX  international  limited
1   E: :.'21.1,·3   1\ ' Si/ FORT LEE, NEW JERSEY 07024
il-j

60000 BTU/hr/lot LTHW-@     A t    =     2 0  0 F

3.6 x 106 BTU/hr total 360 gpm total flow

< 240' > 60' < 240' >  60' < 240 >
A i                                1 1„

1„          1              1„        .-1 1  1 L  1     1, · · 'l i' .1 1-!Lt _.   typ.111 11!. L  1 3.
1 „

---IL--- -        115"
1       - 7-1"3-1 1 1 1-1-        1

"
155'  1  1 1

-_1_i_' 1    1    I.         3        1    1   f-
-     -

1 "         1"   1  1"  -     typ.
i

1                                                                                 1                                                                           1

V
3

ii 3"

6" O 4"
'0                                                                                                                                                                                                                  ·'

3" 3"

A

1_ __     - 1--I1    1
1-1 1 111--   -&1 1 1      1-170

m

4;    I                 141-             TIMv                                                                                                                                                      I
1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0
-.

480' 3920' 140720
15" 720' 400' 28800
3"         600'          -         38400
4" 300' - 20700
6" 300' -         264QO

2400' 4320' 255020

255020 = 4250 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME II - SINGLE FAMILY HOUSE

A-aA



NO. 561-02/B

-    TRANSFLUX internationai /imitedFORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 600F
3.6 x 106 BTU/hr total 120 gpm total flow

<        24,0 '       > 6 9' <    240'  >  60' < 240'  >

Al                       -                 1    1    1„  . -" f  1/''
1" .1" 1 "  _-  typ.111 Iii· 1„ 1  1„

- - 4 -I.I.7 -
-1.

1" -

0- 111
  _ _  .|      1"  1" .    |     |    1

0

*_ 1_ L_' Ill 1 1 1.-

-Ii     1
-

/ Ii| l" typ.

V 1                                                                        1                                                                 1

1 1, 

"
1  "

3 "         -0                                                    2"
/0

14„ 1 ;i "

A

1,         1.. - - -  4---
1

11     1                      1-I t                 -il- --  3 1!1        I l l
- - -

1          -                       111

-1 1    1                                          1   1   r-
1            i -t-i

v

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 1200' 4320' 181320
lt" 600' 24000
2" 300' 13200
3" 300' 19200

2400-r 4320' 238320

238320 = 3973 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME II - SINGLE FAMILY HOUSE

A-13



NO. 561-02/C

(5  \ TRANSFLUX   international   limited
kzd/ FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 120'F
3.6 x 106 BTU/hr total 60 gpm total flow

< 240 > 60 < 240 >  60 < , 240    >

6 1 1 1. - lip"
11' 1" f " <u  1 " 1

-1 1 1 1 1 11. |1"    1"
--  typ.

-- It- - -
1                           - 7- -                 1:'        -    4--   -

E-Ill
1  -1-    1         1.,    1".      1       1      1

1                     1                                           1'

T
1 1-T-

- - --                               1"

--3,11--„1   typ.
V 1                                                                                   1                                                                           1

115"
0 2" 11'
/0

A

/

- I    11--1  -

- -

1-1-1                        111--
0        Ill0                                               - - - +--
m

111                    1  -t-1                  11   1--

1      11

V                                                                       1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 1200' 4320' 181920
14" 900'          -       ,36000
2"         300'          -        13200

2400' 4320 231120

231120 = 3852 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME i I·- SINGLE FAMILY HOUSE

A-at



NO. 561-02/D

k23/ FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 4OIF
3.6 x 106 BTU/hr total 180 gpm total flow

< 240' >  60' < 240' > 60' < 240'   >

A|-                               1 "       · "1

- -                            -         -1-1.  11    1 ".P
111 14       1      6-z--  typ.

----L--- , li"     .--    4- -   -
-             J

o l l l 1_1_ J .I l L-

- t,LI-   il- 1;51,
1 it

1  " ,      |1 7         typ.v l'   1   1
2 "                            2 "

         -                                                 3"4                    r-

u

2"              2"
A.

-i--
4 8

IIll    1 1 1/1---1 1 1     1--1    l i l4                                 1-            -       I.       - - - -m

1

it    1                  1 -4
-1 1 1 1-

I l l 1       11

v                         1                 1

Area (6 blocks) = approx.. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
, Suburb. Rural         $

1" 0 720' 4280' 161480
14„ 840'          -        33600
2"         240'          -        10560
3" 300' 19200
4"                            ··300 ' 20700

2400' 4280' 245540

245540 = 4092 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME II - SINGLE FAMILY HOUSE

A-as



NO. 561-03/A

(  TRANSFLUX international limited
\.5/ FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 2 OIF
3.6 x 106 BTU/hr total 360 gpm total flow

< 240' > 60' < 240' > 60' < 240'  >
AlI                  j  .

8,

0
0- -- - -

m

V

2 " 2 " 2 "

3"      -0                             4"                             3 "
to

2 "                                   2 "                                 2 "

A

-                                    -                                                                                                                                                                    -

-                          -                                                                                                                                                --141,---

C.

0

m
--

*-
---I

2"    typ·
V           1                                                              1 11"

Area (6 blocks) -= approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 4560' 141360
14" - 360' 11160
2" 100' 900' 341OD
3" 300' -        19200
4" 300' - 2 07 0 b

6"         150'          -        13200
930' 5820' 239720

239720 == 3995 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME III - SINGLE FAMILY HOUSE

A-au



NO. 561-03/B

121 TRANSFLUX international limited
-9;                1:                                  FORT LEE,

NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 600F
3.6-x 106 BTU/hr total 120 gpm total flow

< 240' > 60' < 240' >  60' < 240 >
i                                                           1

C
C
I.

V

1  " 1  " 11 „

0                                3 it                                 2-/1.-- 0 -

1 1 " 13 " 1 35"

A

.._ · 5 "-

0
0
m

.&.I
---

"
1     typ·

V           1                                                              111"

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 5280' 163680
15"

-
180' 540' 13940

2" 300' 13200
3" 450' 28800

930' 5820' 229620

229620
= 3827 $/lot60

ALTERNATIVE HOUSE CONNECTION SCHEME III - SINGLE FAMILY HOUSE

A -al



NO. 561-03/C

(53;:  TRANSFLUX  international   limitedI /»:.- . 4:, 8 12/ FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 120'F
3.6 x 103 BTU/hr total 60 gpm total flow

< 240 > 60'< 240 > 60 < 240    >
A 1.                              j

.

1. "1."   .
-L---

I                                                                                                    /0-
0
0
m                                                              "1-

V,

1"
-

0 2" 2" 1 15 "
/0

A-

"

"
--

0

0
m -

.--
-----0- -I

„    typ.
V        1                                           1 "il

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 180' 5820' 187620
14" 300' 12000
2" 450' 19800

930 5820 219420

219420 3657 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME III - SINGLE FAMILY HOUSE

A-*8



NO. 561-03/D

('   \ TRANSFLUX·  international   limited
\127 FORT LEE, NEW JERSEY 07024

60000 BTU/hr/lot LTHW @ At = 4 OIF
3.6 x 106 BTU/hr total 180 gpm total flow

< 240' >  60' < 240' >  60' < 240'   >
Al                      -1"         1"  ,

--4- 'I             -

0

0

m                                                                                               1-1 *.-

-441-

V -

135" 1 3 "4"1     3     2"                                    "

(0

iii
"

135" 1  5"
A

0
0
m

I--

V -

Area (6 blocks) =.approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 4920 152520
15„ 180' 900 35100
2" 300' 13200
3" 300' 19200
4" 150' 10350

930' 5820' 230370

230370 == 3839 $/lot
60

ALTERNATIVE HOUSE CONNECTION SCHEME III - SINGLE FAMILY HOUSE

4-19



NO. 561-04/A

rix„ TRANSFLUX international limited
FORT LEE, NEW JERSEY 07024

3.6 x 106 BTU/hr/6 blocks LTHW @ At = 200F
151.2 x 106 BTU/hr total 15120 gpm total flow

14" 18" 24"

< 900 'typ. >

60
houses   4 "

6

blocks

A                         I 4"
.-I

a
>-4 # 15.-.

-  acres
0
N

V          12"

10"
----

8"

6"

6 "

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION - SINGLE FAMILY HOUSING

A 130



,- NO. 561-04/B

-/1.b,   TRANSFLUX  international  limitedi  k. L..&  1   1

\23/ FORT LEE, NEW JERSEY 07024

3.6 x 106 BTU/hr/6 blocks . LTHW @ At = 600F
151.2 x.106 BTU/hr total 5040 gpm total flow

10" 12" 14"

< 900, typ.>

60
houses  3"

6

blocks

A 8"
.-.

Cl,

D # 15
acres

0
N.                                              ·

r-

V                8"

6"

6"

6"

4"

3„                             

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION - SINGLE FAMILY HOUSING

A-31



NO. 561-04/C

(3- TRANSFLUX international limited
 . 49 :3/ FORT LEE, NEW JERSEY 07024
-Il--

3.6 x .106 BTU/hr/6 blocks LTHW @ At = 120'F
151.2 x 106 BTU/hr total 2820 gpm total flow

10" 10"

6 "                                                                                              6 "6"

60
houses

6
blocks

6"
A
.-I

0-
S     0      15
7 acres
0

N
'.

V               6"

6"

6
"

4"

3"

2" 2 "

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION - SINGLE FAMILY HOUSING

A-32.



NO. 561-04/D

 f TRANSFLUX international limited
FORT LEE, NEW JERSEY 07024

3.6 x 106 BTU/hr/6 blocks LTHW @ At = 400F
151.2 x 106 BTU/hr total 7560 gpm total flow

10" 14" 1 9'I

1 0" 10" 10"

60
houses

6

blocks
10"

0 15
acres

10"

8"

8"

6"

6"

4"  4"

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION - SINGLE FAMILY HOUSING

A-33



NO. 561-06/A

 12/ .w..:   FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 600F
9.6 x 106 BTU/hr 320 gpm total flow

< 240' >   60' < 240'   > 68' < 240'  >
1  i'                    1  " ,

A 1.1 ".         1"     .      1 "          1
--- --T

1"       1 1"--t-
1 ],i

" 7- - 4-- -
C
o ..i-0 ..I- - _1 __»          1„I·

m                                     1 15" -'
1 2"          1                          1

1 C. 1
2" Ll"typ. 2" 1 15"

4" 0 4 "                             3"                             2,1
(0

2" 2" 1 1 "

A

1- -

t--      T--
-1                 -1---

0

O
m

- - . 1__
l-  F        1       9- .V '

1                                                                                                              1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 2520' 3000' 279000
14" 1200'           -        60000
2" 780' 42120
3"        300'           -        24000
4" 300' 25500

5150' 3000' 370620

370620 = 1544 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME I - MULTIPLE DWELLINGS

A -30



-

NO. 561-06/B

  TRANSFLUX international limitedFORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot MTW @ 4 = 1200F
9.6 x 106 BTU/hr 160 gpm total flow

240 >  60 < 240 >  60 < 240    >

A    | 1  ,                 1, ;                        1"        
1" 1"                  .1  "'

-- ----- -T-1                   1

- -f              1"         -1 -           1
C.

0              -  L                                                 -1-    _                                           1I.

L_                  1                   1
1"

1                                                                                  1                                                                           1

v          I                  (1
1 5- 135" L.1  " typ. 1  '5 'I

"

4         0                                               3"
./

1 15" 1 15
"

15"

A

-I.---

1- i- 1-0- 1
0

m - --

- J
1                                                          1__

0- F -t- TV

1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 3240' 3000' 255000
14" 1260' 63000
3" 600' 48000

5100' 3000' 366000

366000 == 1525 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME I - MULTIPLE DWELLINGS

A-39



NO.  561-06/C

\ZE/ FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 2OOIF
9.6 x 106 BTU/hr 96 gpm total flow

< 240' >  60' < 240'   >  60' < 240'  >

A          1 "                  .1  "             .             1  "                   1  "                         1  "                -  1  " '

-- -   - 7--1               - 4---- 4-- -1

-0 -lill _L_
0

m                                    1
-*Ill- 1"         -   1 "

11
v                           (1                      1

1 "                                          1 15" L 1  " typ. 112'                     1"
3" a 3" 2

"
1 15 ,1

10

1 "                                      1 &" 1  5"                                     1 "

A 1
!- -- 1-

1---

O --

0                                                               -1                                        -1-  --
-        .   1

.1    1-F        T
V 1
Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 3960' 3000' 799800
14" 540'          -        75600
2"         300'          -        44865
3" 300' 48000

5100' 3000' 968265

968265 == 4034 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME I - MULTIPLE DWELLINGS

/9 -36



NO. 561-06/D

   TRANSF-LUX internationa/ /imitedFORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 40 IF
9.6 x 106 BTU/hr 480 gpm total flow

< 240 > 60' < 240 >  60" < 240'   >

Al 4 1 1   .t„             1 ,„ ,
"

-                                 1 A,                                                                  T  ---
1

4                     14"            7 -0-
0m - -         2"                             1 15"

L_                 13"

1                                                                                  1                       
                                                   1

vl t{  1
3"        Ll "   typ·            3"                                  2"

6" 9 6
" 4"                         3"

ID

3"              3"            2"
A                1

1-                              1-
1                                                                                  1

-0    ---                                       -1                                     -1- i -0
01 -W

1__

- F        TV •

1

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb Rural         $

1" 0 2040' 3000' 195000
14" 1200' 60000
2" 480 25920
3" 780 62400
4" 300' 25500
6" 300' 33000

5100' 3000' 401820
401820
240

= 1674 $/unit

ALTERNATIVE HOUSE CONNECTION SCHEME I - MULTIPLE DWELLINGS

A -31



NO. 561-07/A

 e,  TRANSFLUX international limited
\4*i'/ FORT LEE, NEW JERSEY 07024
\-A

40000 BTU/unit - 4 units/lot LTHW @ At = 600F
9.6 x 106 BTU/hr 320 gpm total flow

<     240'   >  60' < 240'   > 60' < 240'   >
A

1"  1"1

-- 1   1 -  1.     1 ".,b"    i ..1 " 1.--'typ.111 Ill      i

-0  ---1     -1--1   -

-

1-1- 1 1 1 1
7-- 1 i "

1    1    1           2.,      1    -1 -1-
1 -                 1 " 1" 4"  |   1"        tyP-
1                                                                                   1"V 3

"4 "        -               4 "                                  30

..0                                                                                                                                                             I

3 t'

A-                                            -

8                                   
                                    

                                    
         11

1- --    - t--     - T---111 111
-i i l l     1-11-1    1 a 1--

- --

1                                                 11                                     
                 111

-111                  1 -/-1 1 11
v                                                            I

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1 " 0 480' 3880' 144280
14" 720' 400' 48400
2"        360'            -        19440
3"        540'           -        43200
4"        300'           -        25500

2400' 4280' 280820

280820 1170 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME II - MULTIPLE DWELLINGS

/9-33



NO. 561-07/B

2.,  TRANSFLUX international limited                   
CLJWL,/ FORT LEE, NEW JERSEY 07024\-=00/

40000 BTU/unit - 4 units/lot LTHW @ At = 120'F
9.6 x 106 BTU/hr 160 gpm total flow

<    240'   >  60' < 240'   >  60' < 240'   >
Al             -Ilt ill 1  ".  1 "         Jl  "      „   11  "-- typ.111 lll li" 1  11"

- - 4-- -         n    I.Il .I.i-- 13  "

-O                                         lI-1 1 1 1-1- 1 1   1-..1
1       1      ' iii" 'I r

1 1- ,"| 1" typ-
1                                                                                   1                                                                           1V                                   2"                                   2"

4 "        -                 4 "                                3 "r
to.

"                                                2"
2

A -

1---    - t--     -
I   11                                              1    lli

-0      1    1     1                        1-1-40
m

1

11

-111                 11-1               11   1-
1         11

V                                                            li

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 720' 4280' 168680
135

" 840'           -        42000
2"        240'           -        12960
3"        300'           -        24000
4"        300'           -        25500

2400' 4280' 273140

273140
240

= 1138 $/unit

ALTERNATIVE HOUSE CONNECTION SCHEME II - MULTIPLE DWELLINGS

A-29



NO. 561-07/C

   TRANSFLUX internationai /imitedFORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ at = 2OODF
9.6 x 106 BTU/hr 96 gpm total flow

<    240'   >   60' < 240'  >  60' <. 240'  >
A

' 1" <

„ '111 111'" 1"     . " '   -  1         1"   1-1-77-    typ.
- -

1 1 1 lit" |1" J  1

- -.--- -1 - -

-           -1     -    -                             1"                 _        -1---J

- =1 1 1 1-1- 1 1 1 _l_0 -

M _ L t_' _   _1 1 1 1  5
" 1 1 1-

4" 1 1" typ.

V         1                          1                        1

1 12" 1 2il 1,

3 "         0             3 "                               2 "
'0                                                                                                                     ..

1 12„ 11 „

A                                    1
1

1 -- --                                                 -                            -

-=                1 1 L_

1 1 1   1-i-   I b i

T-

- - - _1__

-1     1                                      1-                         1      '     1- _111"1  1  1
Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural .

$

1" 0 1200' 4280' 562600

14„ 600' -        84000
2" 300' -        44865
3"         300'          -        48000

2·400' 4280' 739465

-     739465 = 3081 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME II -MULTIPLE DWELLINGS

A-40



...                                        I.-

NO. 561-07/D

(,<.3-ji) TRANSFLUX international limitedC  '."• :./ FORT LEE, NEW JERSEY 07024
C-*A

40000 BTU/unit - 4 units/lot LTHW @ At = 400F
9.6 x 106 BTU/hr 480 gpm total flow

< 240' >  60' < 240'   > 60' <. 240 >
A

1

  " 11'. .,    H--

l" 1' 1," 1     1    1       1 8'"  111'.    - [ 11,11".11 11  :"t,.

--- 4 -- 7- 2"    -    1o J
0

M-1 1 1 1 'k" .1 1-1

1-1- 1- 1 1-1- -                   typ.3    
--

"             1

1„1
1                        1 11 ,1

1 1 i,-

1 1                                                                                       1

V
3"                              3"

6" -                                                   4"r,

ID

3 "                                3"

A                                    1

-t-- ---

1     11                          1-1-1                       1     1    1---a                              l
0

m                        I            _ 1_ _- - -0

11 1        11-1       I l l
1        1   1      1 1 1_

V                                    1                        1

Area C6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 120' 2200' 74200
14" 600' 2120' 95720
2"         480'          -        25920
3"         600'          -        48000
4"         300'          -        25500
6"         300'          -        33000

2400' 4320' 302340

302340 == 1260 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME II - MULTIPLE DWELLINGS

A - 41



NO. 561-08/A

1 &  ·-  • i

\ZE'/ FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 600F
9.6 x 106 BTU/hr 320 gpm total flow

< 240' > 60' < >  60' < 240'  >
Al  li l l"

-

'10'    - 1 1
"4-- -Ii "

-4- 11

1"   1"

-1 12!L _
-

0

O              + 11m

-+1_

V

2 "         2"         2 "
-_4" _ -0    4"    3 "to

2 "                                   2 " 2 "

A

-

0
0

m

.-I
- I--I --i-

1"

v                                                      1 "  1"

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 4560' 141360
14" 720' 22320
2" 180' 540' 27540
3" 300' 24000
4" 450' 38250

930' 5820' 253470

253470
= 1056 $/unit240

ALTERNATIVE HOUSE CONNECTION SCHEME III - MULTIPLE DWELLINGS

A-4-62,



NO. 561-08/B

 UX   international   limited
\3/ FORT LEE, NEW JERSEY 07024

\

40000 BTU/unit - 4 units/lot LTHW @ At = 120'F
9.6 1 106 BTU/hr 160 gpm total flow

< 240' >  60' < 2401 >  60' <   240'  >
A ·

|           1"       ' 1" j

"
1 -

1"-

0

0              +35.1m

V

11 „ 11 " 1;2"

4-"      -9                                3"                                 2"
L

135" 1 3i" 1 15"

A

-

0
0
m

i-

1                                                                                                        11

".  "   typ.
V                                                         !

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1" 0 4920' 152520
14" 180' 900' 36900
2" 300' 16200
3" 300' 24000
4" 150' 12750

930' 5820' 234270

234270
240

= 976 $/unit

ALTERNATIVE HOUSE CONNECTION SCHEME III - MULTIPLE DWELLINGS

A -43



NO. 561-08/C

(   TRANSFLUX international limited

\12/ FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 2 OOIF
9.6 x 106 BTU/hr .96 gpm total flow

<    240'   >  601 < 240'   >  60' < 240'   >

1    1"1  1"
"

- I- --al -

--
-

0
0
M_ --- -              -     -

-1-1_

V

11 
„

1  "

3 "                                                3 "                                           1  5 "
. -

ID

1 4 "

A

-

-    -

- -
0
0
m

- -

-

-i,-   -
1

v                               
        1-" ' 1" typ.

..

Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural $

1"           - 5640' 535800
lt" 480' 180' 85200
3"         450'          -        72000

930' 5820' 693000

693000
= 2888 $/unit240

ALTERNATIVE HOUSE CONNECTION SCHEME III - MULTIPLE DWELLINGS

8-44



, '1 NO.  561-08/D

(4..e \TRANSFLUX international limited
\115/ FORT LEE, NEW JERSEY 07024

40000 BTU/unit - 4 units/lot LTHW @ At = 4 OaF
9.6 x 106 BTU/hr 180 gpm total flow

< 240' > 60' < 240' > 60' < 240'   >
A -

," 11„
.-1.;52:--

- _1151 -
0
0

m                                                 ·                                                              2."

--8-11

V

3/'

" O 4"               3"
'0

A

-

0
0

M

.-I

v   1          1       .1
Area (6 blocks) = approx. 15 acres or .025 sq. mi.

DISTRIBUTION PIPING:
Suburb. Rural         $

1 " 0 4200' 130200
14" 720' 22320
2" 360' 11880
3" 480' 540' 64860
4" 300' 25500
6" 150' 16500

9-30' 5820' 271260

271260 = 1130 $/unit
240

ALTERNATIVE HOUSE CONNECTION SCHEME III - MULTIPLE DWELLINGS

A-45



-           -

NO. 561-09/A

  TRANSFLUX international limited

\5/ FORT LEE, NEW JERSEY 07024

MULTIPLE 420 x 106 BTU/hr
DWELLING At - 600F

"                              "18 24
.

14" 14" <900'(typ)>14"

250
units
10x106
BTU/hr

12" A

a
>1

0 15          J
acre             -

0

N

12"                                                 v

1 0"

1 0"

8 "

6"                  6"                 6"
-

4 "   4 "

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION

A-46



NO.  561-09/B

(   \ TRANSFLUX  itinternational limited
 St/ FORT LEE, NEW JERSEY 07024

MULTIPLE 420 x 106BTU/hr
DWELLING At = 1200F

"            16
"

1 4

10" 10" <900'(typ)>10"

250
units
10x106
BTU/hr

"
1  0                                                                                                                                                                                                        A

.-.

a
>10 15          41

-                                     acre             -
C>

N

10"                                              
 v

"
8

8 1,

6 "

4"            4"           4"

4"  4"

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION

A-41



NO. 561-09/C

 PX TRANSFLUX  Linternational limited

/0,22/ill FORT LEE, NEW JERSEY 07024

MULTIPLE 420 x 106BTU/hr
DWELLING At = 2000F

"
1 2 12"

8 "                                                             <900' (typ) >

250
units
10x106
BTU/hr

"
8 A

04
>1

0 15          J
acre             -

0
0'1

'-

'8"                                                                V

6'

6"

6 "                                         6 "

4"           4"          4"

4 "  4 "

ALTERNATIVE TYPICAL 1-SQ. MI. AREA DISTRIBUTION

A-47



NO. 561-09/D

 7 \TRANSFLUX international limited

\ZE/ FORT LEE, NEW JERSEY 07024

MULTIPLE 420 x 106BTU/hr
DWELLING At = 400F

16" 24" 30"
.

<900'(typ)>

250
units
10x106
BTU/hr

1 6" A
.-/

-                                                                                                                                                                                                                       a
>1

'u 15          4.-.
acre             -

0
N
r-

.                                                                                                  V
14

"
12

12"

10"

8"

6 "  6"

ALTERNATIVE TYPICAL 1 SQ. MI. AREA DISTRIBUTION

A.49



NO. 561-11/A
 '-g TRANSFLUX   international   limited
\Z.5/ FORT LEE, NEW JERSEY 07024

 Tw                                .                                                                                                            200021

3900F
maxr©<1 1\j, 1

lil
:  - off @ min. press.

r
HEATING
SYSTEM

111   ®-11)..·     f    /Ah\CS)

© 1800F

DHW
C.

r  f
f

off @
1800F

(Ts l

190«F          4              1         1     - %
nom:-f                -

1
-   WATER

 / i
4

NOTES:

1.  EXISTING INSTALLATION.
2.  CONSTANT FLOW, VARIABLE SUPPLY TEMPERATURE SYSTEM.
3.  FLOW & RETURN TEMPERATURE CAN BE METERED (NOT SHOWN).

HTW - SINGLE FAMILY HOUSE CONNECTION - WW HEAT
r

A-50



NO. 561-11/B

(( rj ,)TRANSFLUX  international  limited
/.Irit'/ FORT LEE, NEW JERSEY 07024

TW
39 OOF

TC

max.<1     1 0/      T * 1

u   ,- off @ min. press.4 /1 Ps j

4

r-1      8       -
-1\

TW                                                                    DHW 4

4 /1,\
t..

5 0
T         I

1900F
no .Ir--D<1 k-- - ---« WATER

-1
off @
180OF

NOTES:
1.  NEW INSTALLATION.
2.  CONSTANT FLOW, VARIABLE SUPPLY TEMPERATURE SYSTEM.
3.  FLOW & RETURN TEMPERATURE CAN BE METERED (NOT SHOWN).

HTW - SINGLE FAMILY HOUSE CONNECTION - WW HEAT

A-51

1



NO. 561-12/A

 :  TRANSFLUX   international   limited
\5/ FORT LEE, NEW JERSEY 07024

ORIFICE

TW BLIND TW

2000F
1

111 lili .9.>-D><1 1 bil 7           1118 \\,:
,,

//                                        1

  39   1150F     '' 75*    FROM     t
 
SU PPLY FURNACE j

*

OUCT                         :* *

i & 4-0  iS

FACE & BY-PASS
DAMPER.

6  :     1--,           0
- TO

 1- 1        4              -DHW

C.1.\ 1809F MAX.
160OF MIN.

T

140OF                                            - off @
nom 7  <  -t51 1800F

®-(IiI) \ /
liT ' WATER
i

W    ' M .-=:

--- ---1

NOTES:
1.  EXISTING HEATING SYSTEM.
2.  CONSTANT FLOW, CONSTANT SUPPLY TEMPERATURE.
3.  RETURN TEMPERATURE NEED BE METERED ONLY FOR LOAD.

LTW - SINGLE FAMILY HOUSE CONNECTION - HOT AIR HEAT

A-sa



NO. 561-12/B

(ic:f.   TRANSFLUX internationa"  limited
\ I Ki/ FORT LEE, NEW JERSEY 07024i--4

ORIFICE
BLIND

TW
I.il

TW

2000F         /:-«1 1\,1

I :5/
',                                                          FROM

04 RETURN DUCT
I.               I.

IJ-- TO 1150F '3  75OF
-\».\...

, SUPPLY      .      -             ,                              -
 DUCTS
' 2

..

.'

I.
..

FACE & BY-PASS

 C  ,/   ,2 *   ·t,.1,    /
0 DAMPER .                                                             1

 3- -  -J
r-  - -   --    - ----

off @
60OF DHW

1.

350 GAL.
:        STORAGE7   <J HEATERa

T                     |11  J1800F                                               WATER< 21 1/1 -<nom.       v  v

NOTES:
1.  NEW INSTALLATION.
2.  CONSTANT FLOW, CONSTANT SUPPLY TEMPERATURE.
3.  RETURN TEMPERATURE NEED BY METERED ONLY FOR LOAD.

LTW - SINGLE FAMILY HOUSE CONNECTION - HOT AIR HEAT

A -53



NO. 561-13/A

A '«2\ TRANSFLUX international  limited
it·.... 2-I.    3  1

\22/ FORT LEE, NEW JERSEY 07024

1                  'FROMTO SUPPLY   1152r =I f FURNACE1750F  L

DUCT   \                                       /

1i      f)      . 0 OR RETURN

TW
2900F 2000F
--E><1 1 1   T           + i- - - - +T O  FAN

M     -- ps TC

min.  <63 62)
2:    .;      6. 

''

1400F -  t
 A»-/1400F-C><3 -4

11
T f .. 1:  ,1

11

OBSTR. < DHW
1--

ORIFICE      
350
gal.
DHW
Stor

7-8-

C-\    off     @

+      -irS/1 1809F
5-WATER
-

NQTES:
1.  NEW OR EXISTING HEATING SYSTEM.
2.  CONSTANT FLOW, VARIABLE TEMPERATURE SYSTEMS.                 '

MTW - SINGLE FAMILY HOUSE CONNECTION - HOT AIR HEAT

A-54



NO.  561-13/B

1[fES- 1TRANS FLUX international limited
\22/ FORT LEE, NEW JERSEY 07024

-

TW
2900F 2000F- 11   7             -\'

M     -- ps TC

I.          „         '. 0 &               4

nola                -/    1800F1'«113 f
. I

OBSTR./
ORIFICE

350
gal.
DHW

- off @

-    -ti  - JTS  =  v
180 F

WATER
-

NOTES:
1.  NEW OR EXISTING HEATING SYSTEM.
2.  CONSTANT FLOW, VARIABLE TEMPERATURE SYSTEMS.

MTW - SINGLE FAMILY HOUSE CONNECTION - WARM WATER HEAT

.A-55



NO. 561-17

 UX   international   limited
C   ly:J / FORT LEE, NEW JERSEY 07024

Cost,$/unit

5000 -i---.Ii---0--Il- -li--J -

4000 --

1------=K --0-----2    0
4

3000

2000

1000

E,kWh/60 units      i                      E,kWh/8760 hr/unit

5 -                          750

4.                                                                     600

3      '                      450

1 1

Ap,psi

125 .          
1 1

100      '

50

25      ·
0 20 40 60 86 100 120bt'F

ALTERNATIVE SCHEMES: x x   see Fig. 561-01
0    0    "   "   561-02
•    •    "   "   561-03

DISTRIBUTION PIPING INSTALLATION COST, PUMPING POWER & PRESSURE DROP
-      IN. 6 BLOCKS - SINGLE FAMILY HOUSES

A-56



NO. 561-18

\€j TRANSFLUX international limited
                                                         FORT LEE,

NEW JERSEY 07024

Cost,$

1500

1250

1000

750 .-/-

500

E,kWh/2520 units E,kWh/8760 hr/unit

-r

500 - 1750

400 1400

300 .       -                 1050

200 - 700

100 350

Ap,psi

300

250 - .-- ---.- T

200                -

150              1
0   20  40  60  80  100 120 At'F

DISTRIBUTION PIPING INSTALLATION COST, PUMPING POWER & PRESSURE DROP
ON 1 SQ. MI. - SINGLE FAMILY HOUSES

A-57



NO. 561-19

i  \TRANSFLUX international limited
c .NAJ j FORT LEE, NEW JERSEY 07024

Cost,$
---

.--
*-1-

4-.
4000                                                                                                        -

0,- .-.
*--- .-..-I .-I

I-* -C--0 -

2000 -

-  6--- --==Z======

E,kWh/87600

E,kWh/ hr/unit
250 units

4 140

r.1

2        .c·  - _ -  70

<.

0                                                                          0
Ap,psi

80 ·

0

60 - -1---7nl--.-r---/F //     0
8.

40
0       40      80 120 160 200 AtoF

ALTERNATIVE SCHEMES:  x    x    see Fig. 561-06
0               0                   "            "            5 6 1-0 7
•    •     "   "   561-08

DISTRIBUTION PIPING INSTALLATION COST, PUMPING POWER & PRESSURE DROP
IN 6 BLOCKS - MULTIPLE DWELLINGS

A -32



NO. 561-20

\dj/ FORT LEE, NEW JERSEY 07024

Cost,$
800 Al -

-

600

400

200

E,kWh/ E,kWh/8760hr/
10,500 units unit

4000                                             3400

3000                                            - 2550

2000 1700

1000 . 850

0                                                                        0

Ap,psi

300

200
+

-r

»

100
0 40 80      1 0      160     200 At'F

see Fig. 561-09

DISTRIBUTION PIPING INSTALLATION COST, PUMPING POWER & PRESSURE DROP
ON 1 SQ. MI. - MULTIPLE DWELLINGS                  _A-69



NO.
i 11=  \ TRANSFLUX international limited1 C ''3-1.2,21 1
c 'spr/ FORT LEE, NEW JERSEY 07024

COST
OF

DISTRIBUTION PIPING
ON 1 SQUARE MILE

SINGLE FAMILY HOUSES

·At = 200F
Suburb./LTW

6"0 3 x 720' 2160 x 88.00 = 190,080.00
8 "0 3 x 720' 2160 x 114.00 = 246,240.00

10"0 6 x 720' 4320 x 146.00 = 630,720.00
12"0 3 x 720' 2160 x 172.00 = 371,520.00
14"0 3 x 720'

3 x 360'
1 x 1800' 5040 x 201.00 1,013,040.00

18" 0 1 x 1800' 1800 x 250.00 450,000.00
24"0 1 x 900' 900 x 312.00 280,800.00

18540' 3,182,400.00

3182400.00 = 1261.9$/lot
60 x 42

At = 600F
Suburb./MTW

4"0 3 x 720' 2160 x 69.00 = 149,040.00
6"0 9 x 720' 6480 x 88.00 = 570,240.00
8"0 6 x 720' 4320 x 114.00 = 492,480.00

3 x 360'
1 x 2160' 2160 x 146.00 315,360.00

12"0 1 x 1800' 1800 x 172.00 309,600.00
14"0 1 x 900' 900 x 201.00 180,900.00

18540' 2,017,620.00

2017620.00 800.6$/lot
60 x 42

At = 120'F
Suburb.MTW

3"0 3 x 720' 2160 x 64.00 138,240.00
4"0 3 x 720' 2160 x 69.00 = 149,040.00
6"0 3 x 3600'

1 x 1800' 12600 x 88.00 1,108,800.00
10"0 1 x 1800'

1 x 9-00 ' 2700 x 146.00 394,200.00
19620' 1,790,280.00

1790280.00 710.4$/lot
60 x 42

Table XXIV

A-40



NO.

(6 TRANSFLUX international limitedL.

FORT LEE, NEW JERSEY 07024

COST
OF

DISTRIBUTION PIPING
ON 1 SQUARE MILE

MULTIPLE DWELLING
At = 600F

Urban/MTW
6"0 3 x 720' 2160 x 110.00 = 237,600.00
8"0 3 x 720' 2160 x 141.00 s 304,560.00

10"0 3 x 1440' 4320 x 182.00 = 786,240.00
12"0 3 x 1440' 4320 x 213.00 = 920,160.00
14"0 1 x 1800'

3 x 360' 2880 x 249.00 717,120.00
18"0 1 x 18.00' 1800 x 310.00 558,000.00
20"0 1 x 900' 900 x 387.00 348,300.00

18540' 3,871,980.00

3871980.00 387.35 $/unit
238 x 42

At = 1200F
Urban/MTW

4"0 3 x 720' 2160 x 85.00 = 183,600.00
6 "0 3   x 7 2 0' 2160 x 110.00 = 237,600.00
8"0 3 x 1440' 4320 x 141.00 = 609,120.00

10"0 3 x 1440'
3 x 360'
1 x 1800' 7200 x 182.00 1,310,400.00

14"0 1 x 1800' 1800 x 249.00 448,200.00
16"0 1 x 900' 900 x 279.00 251,100.00

18540' 3,040,020.00

3040020.00 304.12 $/unit
238 x 42

At = 2OOIF
Urban/HTW

4"0 3 x 720' = 2160 x 196.85 = 425,196.00
6"0 3 x 2160' = 6480 x 320.00 = 2,073,600.00
8"0 3 x 1440'

3 x 360'
1 x 1800' = 7200 x 413.00 2,973,600.00

12"0 1 x 1800'
1 x 900' = 2700 x 566.00 1,528,200.00

18540' 7,000,596.00

7000596.00 700.34 $/unit
238 x 42

Table XXV

A-61



PIPING COST & PUMPING POWER
SUMMARY

FOR LOW DENSITY HOUSING

Alternative Schemes L pipe, ft 10-3

W, Pipe- Pressure
lb/hr/ line Drop Energy
Area At, Drawing Cost Dmax Sub- £(APs+Apr) I(Es+Er)

Area 10-3 OF No 561- $/unit in Rural Urban psi kWh/hr

180   20 01/A 5268.0    4    3 5.1 61.2 3.98
90 40 01/D 5190.0    3    3 5.1 75.4 2.32

01
C 44 60   60 01/B 4960.7    3    3 5.1 67.2 1.35
A o                                     3 5.1 1.33m 30 120 01/C 4970.0    2                 102.2
0 16 Ul 180 20 02/A 4250.3    6    4.28 2.4 56.5 4.96O W-V
=   4   0              9 0            4 0 0 2/D 4092.3    4 4.28 2.4 56.7 1.43
%0 72.7 1.45> 4 60 60 02/8 3973.0    3    4.28  2.4

A CO 30 120 02/C 3852.0    2 4.28 2.4 81.3 1.21
.rl   (C

E w 180 20 03/A 3995.3    6 5.82 0.93 50.1 2.96mc 56-0 1.52
D=4 •ri 90 40 03/D 3839.5    4 5.82 0.93
e       60   60 03/8 3827.0    3 5.82 0.93 42.3 0.74
r-1 30 120 03/C 3657.0    2 5.82 0.93 63.2 0.84
0'1

S  E 7560   20 04/A 1261.9 24 - 18.5 227 542
C/l r--1 3780   40 04/D 996.2 18    - 18.5 173 271

# &2520   60 04/8 800.6 14    - 18.5 206 203
4   w 1 2 6 0 120 04/C 710.4   10    - 18.5 247 151

M                  2 4 0 40 06/D       ·  1 6 7 4.2 5' 6 3.0 5.1 57.6 3.50

J                           1 6 0              6 0              0 6/A         ;1544,3                 4 3.0 5.1 68.0 3.48
  4-1
0 0      80 120 06/b 1525.0    3 3.0 5.1 67.7 1.86

ge. 48 200 06/C 4034.5    3 3.0 5.1 45.3 1.12
m 4 240   40 07/D 1259.75 6 4.28 2.4 53.9 4.70

..3 11  .§           16             6 0
0 7/A 1170.0    4    4.28 2.4 74.5 4.60

120 07/B 1138.0    4 4.28 2.4 58.0 3.23
CCM
S m.- 48 200 07/C 3081.1    3    4.28 2.4 51.9 1.75
4  C

* 240   40 08/D 1130.25 6 5.82 0.93 63.0 4.58
•r·|

.r| 160   60 08/A 1056.1    4 5.82 0-93 50.1 2.72

44 80 120 08/B 976.1    4 5.82 0.93 62.0 1.78

% 48 200 08/C 2887.5    3 5.82 0.93 68.8 1.13

2 10000   40 09/D -     30    - 18.54 166.4 470.0

S  --1                6 6 6 6              6 0 0 9/A 387.35 24    - 18.54 187.6 395

   .5    i'       3 3 3 3
1 2 0 09/B 304.12  18    - 18.54 157.0      197

2000 200 09/C 700.3 14    - 18.54 141.0 105

Subscript s - supply
"     r - return

The total cost of a unit is the distribution cost
on the blocks plus the cost of sub-mains on 1 sq. TABLE XXVI
mile. The cost of transmission maids is assumed
to be carried by large users only.
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FLOW, VELOCITY & PRESSURE DROP
IN CARBON STEEL PIPING SYSTEMS

U, fps Pressure Drop, AP psi/100 ft
D     D.    Flow ; min/max Temperatureu F
nom ins  Rate 1 140 1 200  1 290

1
390

in. in. min ! for tuF Viscosity, cP
max ' 0.21 1 0.134 1 0.095 1 0.04140=lb/h ' 290 390 Density lb/ft J
,  123010-   :            1 61.4

1 60.1 57.6 54.0

6.4      5.9      6.1 8  2 6.5 9  8.6 5    < 7.8 9 7.87 - 7.311    0.957
1.5 1.5 6.4 2.4 2.5 . 2.7 12.13 0.88 0.88 0.83

1 8.5 6.9 7.3      7.8  2 6.9 0    1 6.3 0 6.30 5.90
2    2.067 18.5 , 3.7 3.8 : 4.1 91.46  2 1.33 1.33 1.25

28.0 . 5.5 5.8 16.2 3.14 ! 3.04 2.70 2.68
3    3.068, 28.0  , 2.5 2.6    .  2.8  I 0.5 8    i 0.4 2 0.42 0.40

78.0 6.9 7.3    '7.8  .2.7 8    1 2.7 3 2.68 2.61
4    4.026 78.0 4.1 4.3  1 4.6 ; 0.83 0.77 0.77 0.71

155.0 8.0 8.5 9.0 ! 2.85 : 2.61 2.64 2.46
6                6.0 6 5:    1 5 5.0 3.6 3.7 1 4.1 ; 0.42  i 0.37 0.37 0.36

400.0 9.2 9.6 110.3 ' 2.27 1 1.66 2.06 1.95 '
8    7.981 400.0. 5.3 5.6 i 5.9 ' 0.63  1 0.57 0.57 0.50

1 760.0 10.0 10.6  11.2 i 1.91 1 1.78 1.79 1.81

10   10.02 .760.0  6.4   6.7 i 7.2 .0.66 . 0.61 0.61 0.55
1300  10.9     11.4     11.9  !  1.1 7    1 1.1 1 1.10 1.03

12   12.00 ,  1300  7.6    8.0   8.1 ' 0.50 ; 0.45 0.45 0.44
i .  2000 11.7 , 12.3 13.1 1.58 1.48 1.48 1.39

14   13.25 :  2000  9.6 ! 10.1 .10.8  1.00 .
·0.94 0.93 0.86

1 2500 12.0 1 13.8  14.1 : 1.52  ! 1.41 1.37 1.39
16   15.25 i  2500  9...1 3  9.2 . 9.5 ; 0.78  ' 0.72 0.66 0.58

1 3700 13.51 14.1 15.1, 1.60 i 1.49 1.44 1.35
1 8           517.25    1        3 7 0 0    10.5   i    11.0      ,1 1.7        0.87       : 0.80 0.80 0.74

1 ;  4500 !12.8 | 13.4 ·114.3 , 1.25  : 1.16 1.14 1.07

20    19.25 1  4500 110:3 1
10.8 .11.5, 0.74 i 0.69 0.68 0.62
13.9 |14.8 ' 1.17  X 1.10 1.08 1.00

24   ;23.25 i  5800 1 9.11  9.5  110..1, 0.48  1 0.46 0.44 0.40
1 1 8700 113.6| 14.2 115.2 0.99 i 0.92 0.90 0.85

30  20.25 ; 8700, 8.61 9.0 9.6 0.33 i 0.31 0.30 0.28
12400 ·12.3 1 12.8  '13.7 · 0.63 . 0.59 0.57 0.53

36   35.25  12400. 8.4 8.8    ,   9.4 ;  0.2 5
1

0.24 0.22 0.21
21000 '14.3  15.0  :16.0: 0.67  1  0·.62 0.57 0.51.

42 41.25 21000 10.4  10.9  ,11.6, 0.32  1 0.30 0.28 0.26
30000 ·14.9 1 5.6     1 6.6  ·  0.6 1 ! 0,58 0.54 0.48

348 47.25 30000 .11.4  11.9  12.7 j 0.32  i 0.30 0.28 0.26
40000  15.1    15.9    16.9;  0.54   !    0·. 49 ·0.45 0.40

54 53.25 40000 11.9  12.5  13.3 i 0.30  i 0.28 0.27 0.25
52000 15.5  16.2  17.3 ) 0.49  1 0.45 0.44 0.42

60 59.25 52000 12.5 13.1      1  13.9   ;    0.30 1
0.28 0.27 0.24

67000 16.1. 16.9 : 18.0 | 0.46 1 0.42 0.37 0.38

TABLE  XXVI I
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EXERPTS OF PSE&G CUSTOMERS' SURVEY

(El. customers -- 18000 responses)*
(Gas customers -- 15000 responses) *

SINGLE 1
GARDEN TWO OR MORE

TYPE OF BLDG. FAMILY |
APT. APTS. HI-RISE

Age of bldg. Cest) El. Gas El. Gas El. Gas El. Gas

up to 2 yrs. 1.5 1.2 2.7 1.6     .9   .7     3.4   .7

3 to 5 yrs. 2.8 3.4 9.2 4.6 1.9 1.4 4.2   .3

6 to 10 yrs. 6.0 7.3 19.8 6.3 4.0 3.1 6.2   .9

11 to 20 yrs. 23.0 24.2 20.4 14.5 8.3 7.2 13.3 6.7

over 20 yrs. 58.5 56.0 29.2 48.3 56.1 57.5 !  44.5 56.4

Age of heat.syst.(est)
up to 2 yrs. 6.4 5.8 4.2 3.4 5.0  4.2 i   4.6  2.9

3 to 5 yrs. 9.4 9.7 10.0 7.0 7.5 7.1
' 4.4 1.7

6 to 10 yrs. 15.4 16.8 16.3 7.4 12.9 13.0 6.4 2.9

11 to 20 yrs. 32.6 33.6 13.5 11.7 1 9.6· 1 8.2 9.5 5.7

over 20 yrs. 26.1.24.3 9.7 17.0 16.2 16.6 14.8 19.0

Type of heat. syst.
Forced warm air 4 3.4  4 6.0  i  1 3.0 9.5 9.9 8.7 4.4 1.9

Hot water/steam 5 0.8  4 8.8  '   6 8.9 7 4.4 76.1 76.8 72.8 80.6

Other 3.4  2.8  10.0  7.5    7.4  7.5     9.6  6.7

Fuel Use -
Space heat'g-gas 56.4 67.8 | 25.9 23.6 38.2 39.2 9.7'10.6

-oil 41.5 31.0 1 53.3 64.3 55.7 55.1 71.7 77.8

-el. 1.1 .3
' 7.4   .7    1.4   .5     5.1   .6

Dom.water heat'g-gas 74.7 85.9 . 16.7 22.0 45.7 47.3 5.7 6.7

-Oil 18.6 11.1  13.9 17.1 24.6 23.8 19.0 21.3

-el. 4.5 1.2 5.5   .7    1.2   .3     2.2   .2

-none     .9   .6    .6   .4     .6   .6     1.0 
  .7

-by-landl.   .3   .3  59.1 54.6 24.6 24.6 64.2 63.5

* Where a group does not add up to 100%
data was not received from that portion
of total respondents. TABLE XXVIII
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Appendix B

HEATING LOAD ESTIMATES

1.  Purpose

There are a large number of potential generating

stations in the PSE&G system which could serve as the

heat supplier of a cogenerative district heating system.

Selection of one or more stations as the heat supply

centers depends on their relative location to present

and future loads and on the practicality and cost of

retrofit. This investigation addresses the question of

potential load around each station.

2.  Scope

This investigation is a preliminary overview of

the total territory on a mostly statistical basis.

Statistical data is supplemented by PSE&G in-house

customer information and by other commercially available

data sources. The territories investigated are limited

to a radius of up to 5 miles around the stations within

the state of New Jersey.

3.  Towns & Localities

A set of windrose-form tables (Tables I to VI)

show the towns and localities within 5 and 10 mile radii

of the generating stations. Essex, Kearny and Hudson G.S.'s
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are so close to each other that it was found impractical

to show separate supply areas for each. The 10 mile

radius was included for future reference in certain cases

where it might be economicalto extend a supply territory

beyond the 5 mile limit.

The dircles are broken up into 8 segments and the

detailed investigation deals with those segments.

4.  Statistical Population and Housing Data

The basis of the investigation was the "1970 Census

of Housing" (U.S. Dept. of Commerce, Bureau of the Census) -

Block Statistics.

These books contain tabulations of data by census

blocks and reference maps showing the location and size of

each block. The relevant data extracted is shown on

Tables VII to XVII.

Tables VII, IX, XI, XII, XIV and XVI are detailed

data sector by sector, with reference to census block numbers.

The main headings in these tables contain the following

information:

Area: Shows the name of the political unit the

block belongs to, its aerial distance to

the referenced G.S. and the block number.

Total Population: The number of people domiciled

within that block.
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Housing Units in Year-Round Housing: A housing

unit is a single-family house or an in-

dependent apartment in a multi-family

structure. The total is a sum of all

these within the block. A 1 unit structure

is a single-family house. The >10 unit

structures are apartment or garden apartment

houses. The 2 to 9 unit structures are

duplexes, triplexes, etc. or garden apart-

ments. This last group is not listed in

the census data and the figure is a simple

arithmetic difference of the total minus

the other two categories.

Estimate Heat Load: The estimates are based· on the

average peak heating requirement figures

indicated. Apartments in small or larger

structures were estimated at this point by

using a single value.

Distribution Piping: Order of magnitude estimation -

was the purpose of developing these figures.

The length of all streets give the most

relevant idea of the size of the block and

of the average size of building lots. The

pipe diameters shown are the size of the

pipe entering the block to supply the total

heat requirements at the two different supply

and retdrn water temperature differentials.
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Sector: Each sector is one-eighth of a circle,

450 On a 5 mile radius it is an area of

9.8 sq. mi.  In the two letter designation

' the first letter is the direction it lies

closest to and the other indicates the

rotation away from that line. So NE is a

sector bordering on the North line and

spreading East, while EN is bordering on the

East line and spreads North.

Tables VIII, X, XIII, XV and XVII are summaries of

data presented on the above tables. The meanihg of the

additional headings of these tables are as follows:

Populated Area: The actual built in area including

streets within the block. Relating it to

the total 9.8 sq. mi. area of each block, a

good appreciation of residential density can

be obtained.

Av. Population Density: This refers to the actual

residential area within the block and not

to the total block.

Heat Load Density:  Again the reference is the

built in residehtial area and not the total

area.
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Table XVIII is a summary presentation  of the results.

First it shows the calculated densities .of all sectors

around each generating station grouped in 50 million

BTU/hr/sq. mi. increments and then the average load density

around each station.

There is a clear indication that the majority of

high load densities and the highest average d6nsities are

in the Essex (Kearny, Hudson) and No. Bergen G.S. areas.

A look at selected (by densest and by highest loads)

sectors corroborates that answer, since both of those are

in the Essex plant area, namely Jersey City/Union City and

Newark/Harrison. The next densest load area is at the

No. Bergen station, in Guttenberg.

5.  Statistical Data on Fuel Use

There are a number of statistical sources available to check

the accuracy of the estimated heating loads and to extend

the estimates to cover commercial, institutional and indust-

rial potentials.  However, the·accuracy of these calculations

is  hampered  by  the di fferences  in  the re ference. years. The

data used in the following covers 1970 to 1977 period.  Even

so it will suffice for order of magnitude type of information.
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5.1 Residential Fuel Use Patterns for Heating and
Domestic Hot Water

These patterns are listed for major metropolitan

areas of NE-New Jersey in the 1970 report of the Bureau

of the Census. Table XXI shows the data for the entire

region and for 6 selected urban areas.

One can see that the share of other than oil and

gas fuels is small. One can consider that all residential,

commercial and institutional heating is based on these two

fuels. Taking that as 100% their respective share in the

areas under investigation is as follows:

Residential fuel use:                              -

NE-New Jersey total gas 45.8%
Oil 54.2%

Metropolitan areas of
-Jersey City, Newark
Bayonne, Union City gas 40%

Oil 60%

-Elizabeth gas 29.5%
Oil 70.5%

-Trenton gas 30.4%
Oil 69.6%

The New Jersey Dept. of Environmental Protection gathered

fuel use data for the entire state broken down by counties. This

data is shown on Table XXII for the counties of interest. The

share of coal is insignificant and that leaves again oil and gas

as the major fuels. The oil figures used are the totals of
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distillate and heavy fuel uses, for commercial and

industrial users. There is no heavy fuel use listed

for residential.

It is significant that on a BTU basis the total

New Jersey consumption of the two fuels (oil and gas)

in residential use breaks down again as

40.5% gas

59.5% oil

6.  Load Potential Estimates

Table XXIX shows. the total number of potential

residential housing units and their estimated peak

heating load within the 5 mile area of the generating

stations. It also shows the housing units in multiple

dwellings only, since as it was shown in Appendix A,

connecting single family dwellings to a district heating

system is of questionable economy.

Table XXII shows the annual fuel consumption in

the relevant counties of New Jersey by major sectors of

useis. Using the consumption ratios of residential versus

commercial/institutional fuel uses, one can obtain the

potential commercial/institutional heating loads. These
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ratios are as follows:

Fuel Oil Gas Weighted Av.

use by commerce/institutions
as % of residential

Bergen County 49       43        46.6

Burlington   "              58 51 54.4

Essex        " 47 41 44.6

Hudson       " 44.5 39 42.3

Mercer       "              49 42.5 46.4

Middlesex    "              11       46        25.0

Union                       48 42 45.6

Using these averages the residential· load totals of

Table XXIX can be fact9red to include the commercial/

institutional sectors to give us the following results:

Essex
(Kearny,Hudson) comm./inst. 12077x106x.423 5108x106

multiple dwell. 9800x106
14908xlobBTU/hr.

No. Bergen comm./inst. 7523x106x. 466 3506x106

multiple dwell. 4265x106
7771x10 BTU/hr.

Linden comm./inst. 4162x106x.456 1898x106

multiple dwell. 2005x106
3903x10*BTU/hr.

Sewaren comm./inst. 3468x106x.25 867x106

multiple dwell. 1068x106
1935xlobBTU/hr.

Mercer comm./inst. 3188x106x.464 1479x106
802x106

2281x10'BTU/hr.

Burlington comm./inst. 1354x106 x.544 736x106
144x106
88ox10b BTU/hr.

1-9
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These are the load potentials around each station,

still excluding industrial uses. The fuel consumption of

industry is 10% to 50% higher than that of the commercial/

institutional sector, but it is impossible to quantify the

types of heat users which can be supplied by a basically

low temperature distribution system aimed at comfort heating.

Table XXIII shows the fuel use by industry in N. J.

and it also depicts six industries which account for most

of the fuel used and which are known to have considerable

low level heat requirements. The table also contains data

on those industries according to their location in different

metropolitan areas giving their share in the total industrial

fuel use in that particular area. The most concentrated

load representing is in the Newark area, nearly 25% of that

of the entire state.

7.  Additional Data

Out of PSE&G customer,records and other available

data sources, an attempt was made to list and then locate

high-rise or large apartment buildings and office buildings.

The results are shown on Maps No. 1 to #23.

Assigning 20000 BTU/hr. for a high-rise apartment

unit and 25000 BTU/hr. for a 1000 sq.'ft. of office space

these loads amount to the following:

11- 9
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/     Bergen G.S.
(Maps No. 1-5) 6 4 9 1 apts. 130.Ox106BTU

1713.5xl03sq.ft.off. 428.4xlOGBTU
558.4xl ObBTU/hr .

Essex (Hudson,Kearny)
(Maps No. 6-16) 31528

agts.
636x106BTU

4077x10 sq.ft.off. 102x106BTU
738xlobBTU/hr.

Linden
(Maps No. 17-18) - apts.

1669x103sq.ft.off. 42x106BTU/hr.

Sewaren
(Map  No. 19) 262x103sq.ft.off. 6.5x106BTU

Mercer
(Maps No. 20-23) 4812

agts.
96x106BTU

436x10 sq.ft.off. 11x106BTU
107xlobBTU/hr.

This can be considered as minimum data, since neither the

apartment count or even less so the office count are complete.

Neither is there any commercial and institutional load included.

Since a large number of these are concentrated. big loads it is

conservative to estimate that those would at least double the

above figures (meaning only 20% or so of the total potential

calculated in the previous par.).

8.  Conclusions

The result of the above studies is that there is con-

siderable potential heating load within the 5 mile vicinity of

any of the power plants.

There is a marked difference in the absolute value of

the potential load and in its concentration between the Bergen,
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Hudson, Essex, Union counties and those in Middle-Essex,

Mercer and Burlington. The same applies to the number of

large potential customers.

Load concentration being the key to an economical

heat distribution system, the vicinity of the Essex,

Kearny, Hudson and No. Bergen G.S.'s can be considered as

prime supply areas.

Within this area there are three districts particularly

conducive at the present and one in the future. These are:

Present Newark downtown
Jersey City, Journal Square
West New York/Union City

Future Meadowlands/Secaucus/Lyndhurst

These areas not only promise the best economy for a

distribution system, but also represent total potential

loads in excess of the heat supply capacity of the plants

considered.
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LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII
QF NORTH BERGEN G. S.

\
,+'-   Rochelle Park Englewood Cliffs Paramus New Milford \Elmwood Park Bergenfield

New Milford Cresskill
Oradell River Edge Demarest Dumont   'ix

Fair Lawn Tenafly Alpine       /  
Maywood Haworth

.--
1

I1            ./- -A*A                 I/ So.Hackensack Englewood      /

/   Saddle Brook     ,
Hackensack Teaneck 1.-

Bogota Ridgefield //   '                    1Paterson
Park 1                       \' Garfield / Lodi                                           None

Passaic

\\ *,5,=*3'ss>tea               
Clifton /Teterboro

' Wallington     .
        "           '  Leonia

l Woodridge
i  i

,.                       Fort   Lee '
Little Ferry North Palisades Park
Hasbrouck Hts. Englewood Cliffs                    --Bergen

\  Plant
\

Carlstadt »-- S2 Rutherford '\  Cliffside Park
1 Nutley E.Rutherford /' \   Ridgefield
\ Passaic

No.Arlingto                   ,
None

Lyndhurst
Belleville Fairview  .,

2, Kearney i
Edgewater ·,

/    Meadowland : Union City   \
Secaucus Bergen   Twp.                                                                 i

1                                    · Guttenberg  'West N.Y.                          /\\ i
Jersey City Jersey City

Weehawken
Hoboken

TABLE I

A =  5 miles radius
B = 10   "
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LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII

OF ESSEX (KEARNY-HUDSON) G. S.

Passaic So.Hackensack
Saddle Brook Hasbrouck Hts.

Nutley E. · Rutherford

               Wallington   Little Ferry
Lodi Rutherford Hackensack Teaneck

Woodridge Ridgefield Bogota
Paterson Carlstadt Teterboro   

4,
Garfield Moonachie

,/'  '      Silver  Lake     No.Arlington No.Bergen Twp.   Cliffside Park  

/ East Orange· \, Lyndhurst Meadowland /' Edgewater

:   West Orange                          Secaucus
Fort Lee

Belleville Ridgefield Pk.\

Bloomfield
Montclair
Watchung

/'    Hoboken

Orange                                     /1/6
/ Weehawke

Newark HUDSON
':,

West N.Y.

Kearny Guttenberg None
\

Arlington
i

KEARNY         Union City

(Port Newark Jersey City
,  ESSEX   /

Harrison

 
Newark E.Newark

, W/ ..1 Hillside                                           
                            j

'

Elizabeth                                         
                  None        ,

C                                                                                                                                                       
      ./

Irvington                                     i

   W.Elizabeth                                    
 x                            

,  Newark Airport Bayonne Jersey City'·. \.                                       /
\                     /                                                         /

1

1   i           ./ ,/1 New York \/
Staten Island None

TABLE II
A =  5 miles radiud
B = 10   "     "
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LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII

OF LINDEN G. S.

Springfield
Maplewood Elizabeth               B
Irvington
Hillside Newark\ Roselle                         Union

A

1..                                           \
Kenilworth / Grasselli Elizabeth                           \

Westfield    /       Elizabeth
\Fanwood Roselle Bayonne

Cranford ,
Garwood       p             ,
Clark Linden    \\

Grasselli 1Clark None

Linden
Generating

I Stat·ion

i
Iselin     Rahway

s Edison     Avenel                   X     None\    Coloniai   Oak Tree     '.\,                  None\

\   Menlo Park                                       \
\

  PottersMountainside Carteret
Port Reading None

\ //\ /
Perth Amboy
Woodbridge

Sewaren
Keasbey None
Fords )

e Sewaren G. S.

TABLE III
A =  5 miles radius
B = 10   "     "

1 -.3.1



LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII

OF SEWAREN G. S.

See Linden G. S.

Clark
Roselle B
Garwood Linden
Cranford Grasselli

\ Westfield Elizabeth
Kenilworth

,           Mount:ainside                          ,/ \
.  ' . A                         \

l     So. Plaintfield   Sewaren
Port.--ng         1

/ Plainfield Colonia
Carteret  

\

/  Holly Pk:       ·- ·Rahway
Sewaren

1

I   Oak Tree    Avenel None
/

Potters Sewaren 4..     /
i

Fanwood Woodbridge \,     1
Colonia                    :      Sewaren

,

Iselin .../ Y- Carteret

Menlo Pk.
Edison 1  Sewaren   1-

1
Generating 1»

I i            < Station  I Sewaren
Metuchen . Woodbridge

.2),
None    .1

New Durham   · Fords
Edison \ Keasbey
Nixon ',Metuchen / None

\   Bonham-town   \ \
Sewaren \

\                        Perth Amboy                \\
South Amboy None /\

C  .il
\</            South Amboy

Morgan Union Beach
Sayreville Laurence,Harbor I

South River Cliffwood Beach

-
-------- --I

TABLE IV
A =  5 miles radius
B = 10   "     "
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LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII

OF MERCER G. S.

Trenton Mercerville
W.Trenton Edinburg

Ewing, Ewingville Lawrence i#BSomerset Franklin Cor.
Lawrenceville Lawrenceville

Clarksville
\                             Hamilton Sq.\

Dutch Neck
--   -   Port Mercer

\

\

Mercerville A Robbinsville  l
Trenton White Horse

 
Windsor

New Sharon

il Allentownr                           »                                     New Canton

  PENNSYLVANIA

\

\

l-\
             / Windsor
\ - / White Horse

  MERCER X\ Yardville
\ Groveville

GENERATING  1

<                                                                                                              <     STATION     
Groveville Extonville

A                              Chesterfield
-  Crosswicks1 Ellisdale

P E N N S Y L V A N I A Arneytown
1     Jacobstown

Bordentown
Fieldsboro
Mansfield Sq.                       ,

1
I                                                                                                                                      1

P E N N S Y L V A N I A Mansfield
Columbus
Georgetown
Folwell
Jobstown

-

TABLE V
A =  5 miles radiu4
B = 10   "      "
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LIST OF LOCALITIES WITHIN
5 MILE AND 10 MILE RADII

OF BURLINGTON G. S.

\

B

None None

\

-

A                    \/ \
/,

\

None None Bordentown

None                                          ,' Fieldsboro
\                      .·'               Mansfield

/                 Bustleton    1
\               '                   Roebling\

 '
Stevens Kinkora

1
None Florence

L               C
Burlington Burlington

< GeneratingStation
1
Edgewater Pk. Burlington

 
Delanco 1 Beverly Deacons  , Tolwell

1 Palmyra 1   Delanco                                     f    Columbus
,' Smithville, Riverton

   Fairview - '---
Jacksonville
Chambers Cor.Riverside

  New Albany Bridgeboro              ,
Cinnaminson Willigboro Deacons
N. Pennsville Charleston Rancocas                             /

Cooperstown Indel Airport                       i

\

- f

Lenola Hainesport
Moorestown Airport Fostertown

Mount Laurel Wood Lane                ,1
Bridgeboro Mt. Holly
Moorestown Lumberton

Fairview
Hartford

---I-i----

bee Mercer G. S.
TABLE VI

A =  5 miles radius
B = 10   "     "
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HOUSING HEATING LOAD ESTIMATE TABLE VII

GENERATING STATION: BERGEN Sht. 1- of 3-

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

1n

POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter

and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all at ht-

Map Sht. No. Plant No. Total ures urcs ures Streets  2OIF |120OFper unit per unit

mile nl n2 n 3 n 4 1(6 BTU/hr. 103 ft in.

Sector No. 1 (N-E)

Ridgefield 1.0 461 3688 1244 514 257 473 30.84 29.20 60.04 28.0 14     8

Park village,45 1 .0 463 5240 1887 597 491 799 35.82 51.60 87.42 37.5 18     B

" 1.7 462 5525 1823 856 286 681 51.36 38.68 90.04 42.0 18     8

" 2.6 546 8003 2433 1936       59 438 116.16 19.88 136.04 97.0     20    10

Teaneck ·rwp. 3.4 545 5703 1717 1423       41 253 85.38 11.76 97.14 71.5 18     8

Englewood, 45     4.1 154 4938 1779 408 445 846 29.28 51.64 80.92 71.0 16     8

4.1 155 4864 1684 974 436 1770 58.44 88.24 146.68  69.0     20    10

4.2 541 8855 2616 2279       51 286 136.74 13.48 150.22 126.5     20    10

4.5 542 4959 1707 761 282 664 45.66 37.84 83.50 46.0 16     8

4.5 153 5589 1741 1064       72 605 63.84 27.08 90.92 29.5 18     8

Congressional
District 9, 45 4.8 543 7422 2194 2173        -       21 ,  130.38 0.84 131.22 87.0 20    10

ETTEK TITIr I5065 24-20 6836 783.90 370.24 1154.14 7-0-5-70    54   24

Sector No. 2 (E-N)

<           Palisades park,
45, 56 1.5 411 3830 1511 430 522 559 25.80 43.24 69.04 37.0 16     8

" 1.7 412 3052 1048 391 162 495 23.46 26.28 49.74 32.5 14     6

2.0 413 6469 2256 619 460 1177 37.14 65.48 102.62 81.0 18     8

\ Fort Lee 45,56 2.4 193 12979 4909 1619 1782 1508 97.14 131.60 228.74 123.5     24    12

2.5 192 7369 3064 447 1222 1]95 26.82 104.68 131.50 69.0     20    10

Leonia, 45, 56 2.7 280 8847 3040 1811 334 895 108.66 49.16 157.82 87.5     20    10

Fort Lee, 45 3.1 191 10283 4605 506 3344 755 30.36 163.96 213.12 38.5     24    12

Englewood Cl. 5.0 160 5938 1612 '1465       10 137 87.90 5.88 93.78 96.0 18     8

3/7/7 220T5 7788 R ETIT 131-ZIB 590-728 1027.56 565-3    48   24



HOUSING HEATING LOAD ESTIMATE TABLE VII
GENERATING STATION: BERGEN Sht. 2 of 4

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIDUTION PIPING

HOUSING
TnTA T,

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Letigth Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all    a-t--4t=

Map Sht. No. Plant No. Total ures ures urcs per unit per unit Streets  20IF l1200Fmile nl n2 n 3 n 4 1(6 BTU/hr. 10J ft in.

Sector No. 3 (E-S)
Ridgefield, 56 0.9 452 3101 1151 470 155 526 28.20 27.24 55.44 44.0     14      8

1.3 451 8207 2684 1217       25 1442 73.02 58.68 131.70 64.5     20     102.0     61 3036 1151 271 264 616 16.26 35.20 51.46 38.5     14      62.4 62 6643 2382 990 458 934 59.40 55.68 115.08 46.0     20     102.4     63 4708 1745 289 148 1308 17.34 58.24 75.58 32.0     16      8
Edgewater, 56 2.9 130 4849  1845 455 420 970 27.30 55.60 82.90 41.0     16      8

50544 10958 3692 470 5796 221.52 290.64 52.16 I66.0     36     18

Sector No. 4 (S-E)
Fairview, 56 1.7 182 4014 1410 418 156 836 25.08 39.68 64.76 39.0     16      82.2 181 6684 2443 497 193 1753 29.82 77.84 107.66 31.0 18     10Guttenberg, 56 2.3 140 4271 1632 271 465 896 16.26 54.44 70.70 20.0 16      82.3 144 6468 2108 794 141 1173 47.64 52.56 100.20 47.0     18      82.6 143 4062 1475    333      192 950 19.98 45.68 65.66 23.5     16      83.0 145 5727 1995 412 322 1261 24.72 63.32 88.04 23.0     18      83.0 151 1680 663 152 92 419 9.12 20.44 29.56 10.0     12      63.1 142 5683 2100 246 780 1074 14.76 74.16 88.92 22.5     18      8

                    "             3.2
150 4074 1675    178 446 1051 10.68 59.88 70.56 14.0     16      83.2 154 4866 1811 170 475 1166 10.20 65.64 75.84 22.0     16      8• 3.4 153 4161 1512     48 713 751 2.88 58.56 61.44   9.0     14      83.4 155 3737 1415 190 352 873 11.40 49.00 60.40 20.0     14      8-              3.5 152 8322 3369 161 1 B 16 1392 9.66 128.32 137.98 19.5     20     10

(Sector No. 4 continued naxt page)



HOUSING 11EATING LOAD ESTIMATE TABLE VII

GENERATING STATION: BERGEN Sht. 3 of 4
- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TOTAL

in
POPULA- in       ip    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all at 4t"

Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets  20uF |1200F
mile nl n2 n 3 n4 1(b BTU/hr. 103 ft in.

Sector No. 4 (continued)
Guttenberq, 56 3.6 156 3572 1153     79 438 636 4.74 42.96 47.7D   8.0     14      6

3.7 157 3346 1119 43 385 691 2.58 43.04 45.62 10.5     14      6
3.7 160 2622 953 90 329 534 5.40 34.52 39.92 13.5     12      6
3.9 159 5075 1688 71 949 668 4.26 64.68 68-94 11.5     16      8

West N. Y., 56 4.1 162 5673 1958 172 446 1340 10.26 71.44 81.70 14.0 16      8
4.1 158 4926 1808     99 966 743 5.94 68,36 74.30 15.0     16      8
4.2 161 3757 1200 48 371 781 2.88 46.08 48.96   5.0     14      6
4.3 163 3282 1156     66 334 756 3.96 43.60 47.56 11.0     14      6
4.4 180 4662 1754     89 771 894 5.34 66.60 71.94 11.0     16      8
4.7 1 B 1 3544 1322 154 398 770 9.24 46.72 55.96 11.0     14      8

Union, 56, 73 4.7 164 3118 1114 79 214 821 4.74 41.40 46.14 13.5 14'      6
4.9 165 3127 1251     62 536 653 3.72 47.56 51.28 11.5     14      8

  45084 r yi ri 5 EM n. ITOE-71-5  Imr. 78- TIE-3     60     30

Sector No. 5 (S-W)
Secaucus, 55,73 3.1 195 3975 1225 767        2 456 44.82 18.32 63.14 29.0     14      8

3.6 146 3250 1043 339       15 689 20.34 28.16 48.50 24.£     14      6
•               3.8 196 4005 1278 679        - 599 40.74 23.96 64.70 34.0     16      8

                Union City, 73    4.2 147 3749 1261    369       39 853 22.14 35.68 57.82 28.0     14      8
3.9 197 5248 1087 431        3 653 25.86 26.24 52.10 20.5     14      6

4.5 166 3464 1175 91 401 683 5.46 43.36 48.82 13.0     14      6
4.8 167 -1425 536     48 120 368 2.88 19.52 22.40 10.0     10      6
5.0 168 3075 1088     54 110 924 3.24 41.36 44.60 10.0     14      6

YiI-5-r ETTI 2755 690 0-25 65.48 236.0 T02-70-8 r633    36    16



HOUSING HEATING LOAD ESTIMATE TABLE VII
GENERATING STATION: BERGEN Sht. 4 of 4

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA- ' in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000DTU 40,000BTU of all at ot-

Map Sht. No. Plant No. Total ures ures ures per unit per unit Streets  2OIF |1200F
mile nl n2 n] n 4 1(b BTU/hr. 10J ft in.

Sector No. 6 (W-S)
Carlstadt, 55 3.5 50 7947 2621 1268 53 1300 76.08 54.12 130.20 76.0 20     10
Rutherford, 55 4.0 120 8536 2960 916 105 1939 54.96 81.76 136.72 83.0     20     10

4.4 514 5466 1816 1203 147 466 72.18 24.52 96.70 63.0     18     10
"              4.4 513 5568 1896 697 443 756 41.82 47.96 89.78 59.0     18      8

7517 92'93 40-84  748  4461  2 5,0T Y08,36 T5-3.-5 7777-5    36    16
Sector No. 7 (W-N)

Llttle Ferry,56 1.0 290 9042 3230 1]18 768 1144 79.08 76.48 155.56 72.0     24     10
Teterboro,56,55 1.2 360 5410 1748 778       29 941 46.68 38.80 85.48 77.0     18      8

2.7 251 6838 2404 1266 492 646 75.96 45.52 121.38 BO.5     20     10
Woodbridge, 46 3.2 600 8311 2560 1959       20 581 117.54 24.04 141.58 115.5     20     10

3.2 252 6813 2054 1675       10 369 100.50 15.16 115.66 83.0     20     10
Lodi, 46 3.7 304 781] 2549 721 169 1659 43.26 73.12 116.38 47.5     20     10

3.9 303 4908 1572 472 167 93] 28.32 44.00 72.32 34.0     16      8
Wallington46,55 4.3 571 6990 2593 759 442 1]92 45.54 73.36 118.90 38.0     20     10    ·       '

4.7 215 4905 1698    262 193 1243 15.72 57.44 73.16 43.0     16      8
Lodl, 46 4.4 302 6763 2271 544       68 1659 32.64 69.08 101.72 54.0     18     10

"          4.9 214 4579 1504 411       66 1027 24.66 43.72 68.38 44.0     16      8

I                                        TFITI ITITY
I TET 242.'i  ri 5*T 609.-90560.72 1170.62 6-88.-5    54    24

Sector No. 8 (N-W)
Hackensack45,46 2.8 236 7470 2536 50] 397 1636 30.18 81.32 111.50 67.0     18     10
Bogota, 45 2.8     40 8125 2612 1571 335 706 94.26 41.64 135.90 86.0 20     10
Hackensack, 46 3.5 234 7867 3269 754 1249 1266 45.24 100.60 145.84 61.0     20     10
Congressional
District, 9, 45 3.5 544 7413 2370 1625 201 544 97.50 29.80 127.30  76.5     20     10

3.5 235 6578 2523 530 1115 878 31.80 78.72 110.52 51.0     18     10
-             4.0 231 2698 1311 168 587 556 10.08 45.72 55.80 46.0     14      8

Lodi, 46 4.1 301 5729 2069 642 325 1102 38.52 57.08 95.60 45.0     18      8
Mayw od,

46 4.3 333 3398 1180 587 2 591 35.22 23.72 58.94 37.0     14      8
4.6 233 5481 1931 1149 476 306 68.94 31.28 100.22 59.0     18     10

"             5.0 232 5817 2294 809 756 729 48.54 59.40 107.94 47.0     18     10
60576 23.3.57 8338 67-54    83IT   550.28    602.-72 1103.00 575.5    54    24



HOUSING HEATING
LOAD ESTIMATE

SUMMARY

Station Populated Population Av. Estimated Heat Load Heat Length
Sector Area Popul. Single   Multi  I Total Load of
and Density Family  ' Fami.ly IDwellings Density Streets

Orientation sq.mi. Persons Pers/sq.mi. 10DBTU/hr. 106BTU/hr/sq.mi. 103ft.

BERGEN

1 - NE 8.1 64,786 7,998 784 370 1154 142 705.0
2 - EN 6.3 58,767 9,328 438 590 1028 163 565.0

I

3           - ES 3.0 30,544 10,181 222 290 512 171 266.0
4 - SE 4.1 110,453 20,940 295 1406 1701 415 436.0
5 - SW 1.7 28,191 16,583 165 237 402 236 163.5
6 - WS 1.7 27,517 16,186 245 208 453 266 281.0
7 - WN 7.3 72,372 9,914 609 561 1170 160 688.5

tk)      8  -  NW
9.0 60,576 6,731     500 603 1103 123 575.5

4
Total 453,206 3258 4265 7523 3680.5

TABLE VIII



HOUSING HEATING'LOAD ESTIMATE TABLE IX
GENERATING STATION: ESSEX Sht. 1 of 9

liOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TOTAL

in
POPULA-         in       in    2 to 9 Single Multi-         i        Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000 BTU 40,000BTU of all

-at-_4lf.--
Map Sht. No. Plant No. Total ures ures urcs    per unit  per unit Streets  2OIF |120OF

mile i nl n 2 n]      n#              1(b BTU/hr. 10J ft in.

Sector No. 1 (N-El
N O N E

Sector No. 2 (E-N)
Jersfy City, 74   2.5     17 4511 1523 153 430 940 9.18 54.80 63.98 23.25   16      8

3.0 9.02 4727 2235 131 1240 864 7.86 84.16 92.02 15.0    18      8
3.3 10 3447 1289 186 214 889 11.16 44.12 55.28 11.5    14      8

"             3.3      4 3985 1366 299 179 888 17.94 42.68 60.62 22.0    14      8
3.5 11 ]803 1330 151 182 997 9.06 47.16 56.22    9.0    14      8

"             3.5      6 5755 2163 241 479 1443 14.46 76·88 91.34 14.5    18      8
3.7      5 4171 1527 199 198 1130 11.94 53.12 65.06 11.5    16      8
3.8 13 3508 1105 88 218 799 5.28 40.68 45.96 10.0    14      6
4.0      1 5756 2012 370 151 1491 22.20 65.68 67.90 23.0    16      8
4.0      2 4685 1705 202 244 1259 12.12 60.12 72.24 16.5    16      8
4.0      7 4087 1497 135      33 1329 8.10 54.48 62.58 13.5    14      8

*             4.2      3 4341 1574 220 194 1160 13.20 54.16 67.36 14.0    16      8
Unlog, 73 4.2 149 2680 947 118 118 711 7.08 3].16 40.24    9.5    12      6

4.3 177 2102    903     28     360 515 1.68 35.00 36.68    7.0    12      6
" 4.6 178 4861 1785 125 490 1170 7.50 66.40 7).90 18.0    16      8

4.6 176 2638 934     57 193 604 3.42 35.08 38.50 5.5    12      6
4.7 175 3267 1238     79     368 791 4.74 46.36 51.10    9.0    14      6

" 4.7 171 4297 1521 131 189 1201 7.86 55.60 6].46 17.0    16      8
4.8 148 5306 1919 218 467 1234 13.08 68.04 81.12 18.5    16      8
4.8 174 2161 828 62 269 497 3.72 30.64 34.36    8.0    12      6

" 5.0 173 2799 1086 112 402 572 6.72 38.96 45.68    4.5    14      6
5.0 172 2848 1036     56 172 808 3.36 39.20 42.56    8.5    12      6
5.0 170 4146 1450     46 443 961 2.76 56.16 58.92 12.5    14      8

(Sector 2 continued next pagel       '



HOUSING 11EATING LOAD ESTIMATE TABLE IX
GENERATING STATION: ESSEX      -                                                                   Sht. 1 of 9

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all _aL.4.t=-

Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets  20'F |1200F
milo                    nl n2 n]      n4             1(6 BTU/hr. 10J ft in.

Sector No. 2 (continued)
Hoboken, 73 4.2 192 1580 617     28      19 570 1.68 23.56 25.24 10.0    10      6

" 4.3 190 5398 1821 27 626 1168 1.62 71.76 73.38 10.5    16      8
" 4.4 191 2651 958     14 215 729 0.84 37.76 38.60 10.5    12      6

4.5 189 4161 1493 122 664 707 7.32 54.84 62.16 11.0 14      B
"            4.6 185 3520 1123     24 615 484 1.44 43.96 45.40 19.0    14      6

4.6 188 6592 2438 126 434 1878 7.56 92.48 100.04 11.0    18     10
" 4.7 194 1626 605 21      57 527 1.26 35.04 36.]0    6.0    12      6

4.7 186 2427 797     35 341 421 2.10 30.48 32.58    5.5    12      6
4.7 184 3345 1104 160 414 530 9.60 37.76 47.36 28.5    14      6
5.0 187 11088 34]1 175 1097 2159 10.50 130.24 140.74 19.0 20     10

INT58 38090 TI65  IT713   32215 ·249.60 1757.20 2006.80  Tj-2.75 42+54    30

Sector No. 3 (E-S)
Jersey City.<   73,74 2.2 27 7531 2306    275 859 1152 16.50 80.44 96.96 16.0    18     10

2.2     40 5244 1781 313      32 1436 18.78 58.72 77.50 18.0    16      8
2.2        48 3599 1243 217      56 970 13.02 41.04 54.06 19.0    14      8

.A                 "           2.6     18 3887 1657     62 876 719 3.72 63.80 67.52 11.5    16      8
\                  "            2.6     28 6469 2602 201 1625 776 12.06 96.04 108.10 10.5 18 102.6 41.01 67O9 2824 333 1969 522 19.98 99.64 119.62 17.0    20     10

2.,6    42 5285 1776 324 584 868 19.44 58.08 77.52 12.5    16      8
2.6     49 4798 1478 239 329 910 14.34 49.56 63.90 15.5    16      8

-            2.7     29       3690 1571 192 841 5]8 11.52 55.16 66.68    8.5    16      8
2.8 20 4079 1994 136 1217 641 81.60 74.32 155.92 13.5    24     10
3.1     19 1890 776 126 195 455 7.56 26.00 33.56    7.5    12      6
3.1     51 3191 1115     85 234 796 5.10 41.20 46.30    7.5    14      6
3.1 50 2801 1046 124 174 748 7.44 36.88 44.32    9.5    14      6

(Sector 3 continued next page)



HOUSING HEATING LOAD ESTIMATE TABLE IX

GENERATING STATION: ESSEX Sht.   1  0 f  1

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA- in in 2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit   >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct- Struct- Struct-  60,000BTU 40,000BTU of all     at-42,

Map Sht. No. Plant No. Total ures ures ures per unit per unit Streets  200F  1200F
mile nl n 2 n] n 4 1(6 BTU/hr. 10J ft in.

Sector No. 3 (continued)

Jersey City,
73,74     3.0     44 2539 948 216       47 685 12.96 29.28 42.24   9.0     12      6

3.0 41.02 4100 1639 189 724 726 11.34 58.00 69.34 11.5      16      8

3.0     30 3338 1340 157 430 759 9.06 47.56 56.62 11.0     14      8

3.1 43 3913 1418 206 220 902 17.76 44.80 62.55 10.0     14      8

3.2     32 266 129     10        1 118 0.60 4.76 5.36   6.0      6      4

3.]     53 4093 1228 134       67 1027 8.04 43.76 51.80 10.5     14      6

3.3 45 4927 1502 33] 197 972 19.98 46.76 66.74 19.5     16      8

3.4 46 2483 899 142       31 726 8.52 30.28 38.80 17.5 12      6

3.4     33 6272 1972 98 1278 596 5.80 74.96 80.84 24.5     16      8

3.4     31 4716 1213     70 421 722 4.20 45.72 49.22 12.75    14      6

3.4     21 7110 2259 767 482 1010 46.02 59.68 105.70 12.25    18     10

3.4 12.01 2035 740     83       68 589 4.98 26.28 31.26   6.5     12      6
3.4 12.02 1883 669 58 263 348 3.48 24.44' 27.92 5.0 12 6
3.5 14 4156 1514 109 257 1148 6.54 56.20 62.74 8.75    14      8

4             3.6 22 2701 957 113       19 825 6.78 33.76 40.54   7.5     12      6

3.6     34 3356 1230     53       81 1096 3.18 47.08 50.26 17.0     14      6

3.8     15 2]50 743     97 211 435 5.82 25.84 11.66 22.0     12      6
-            4.0 47 2966 981 142       25 814 8.52 33.56 42.08 20.0     12      6

4.0 2, 3036 1077     83      100 894 4.98 39.76 44.74   6.0     14      6

4.0     35       3294  1060     23 182 855 1.38 41.48 41.82   5.0     14      6
-             4.1     24 3824 1254 138 229 887 8.28 44.64 52.92   9.0     14      6

4.1     36 2971 1099     69 193 837 4.14 41.20 45.34 8.25    14      6

•            4.2 25 2966 981 142 25 814 8.52 31.56 42.08 9.0     12      6

-             4.2     37 3085 1053     47 210 796 2.82 40.24 43.06   6.5     14      6
4.3 16 1613 574     37        6 471 2.22 19.08 21.30 19.75    10      6
4.5     38 3026 1467     32 910 525 1.92 57.40 59.32 9.5     14      8

•            4.7     39 871 345      9       53 283 0.54 13.44 13.98   6.0      8      4
4.8 26 1372 506      8       91 407 0.48 19.92 20.40 25.5     10      4

48435 52886 627615812307§T FIT.56 1864.40 2240.96 502.25 48+54    36



HOUSING 11EATING LOAD ESTIMATE TABLE IXGENERATING STATION: ESSEX
Sht. 1- of L

AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING UNITS

HOUSING
TATAT,

in
POPULA-         in       in    2 to 9 Single Multl- Maximum Nom.Town Distance 1 Unit >9 Unit Unit Family Family Totai Length Pipe Diameterand from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all __at_.4-t-Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets 2OOF |120OFmile nl n 2 n] n 4 1(b BTU/hr. 10·J ft in.

Sector No. 4 (S-E)
Jersey City,

74,81     2.7     54 3635 1313 169 423 721 10.14 45.76 55.90  10.5     14      82.7 52 6841 2191 238 639 1314 14.28 78.12 92.40 15.0     18      82.8     56 4220 1493 158 266 1069 9.48 53.40 62.88 11.5     14      82.8     59 7674 2452 547 242 166] 32.82 76.20 109.02 24.5     18     103.1     55 4045 1319 118 157 1050 7.08 48.04 55.12 10.5     14      63.1     60 4673 1600 178 122 1300 10.68 56.88 67.56 14.5     16      83.1     61 8166 2639 385 683 1571 23.10 90.16 113.26 33.0     18     103.1     62 4089 1379 206 241 932 12.36 46.92 59.28 15.0     14      8"            3.5     63 5175 1717 284 331 1102 17.04 57.32 74.36 17.0     16      83.5 58.01 5494 1790 186 239 1365 11.16 64.16 75.32 14.5     16      84.0 102 3572 1183 237       48 898 14.22 37.84 52.06 16.0     14      64.1 101 6302 2283 319 410 1554 19.14 78.56 97.70 22.0     18     104.1 103 3570 1209 243 104 782 14.58 38.64 53.22 13.0 14      84.2 105 58S1 2205 571 665 1023 30.66 67.76 98.42 29.0     18     104.5 104 4797 1656 367 325 964 22.02 51.56 73.58 17.5     16      8e " 4.8 106 6304 2273 284 242 1747 17.04 79.56 96.60 ·21.25    18     105.0 107 4538 1598 269 286 1043 16·14 53.16 69.30 14 5     16      889026 I0355  T699    549-T YOT54 281.94 1024.04 1305.98 I9-9-.25   60    304
\D

Sector No. 5 (S-W)
N O N E



HOUSING liEATING LOAD ESTIMATE TABLE IX
GENERATING STATION: ESSEX Sht. 5 of 9

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED liEAT LOAD DISTRIBUTION PIPING

HOUSING
TrITAT, ·

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- St,ruct- 60,000BTU 40,000BTU of all __at_ht=

Map Sht. No. Plant NO. Total ures ures ures per unit  per unit Streets  2OaF j1200F
mile                    nl n2 n] n 4 18 6 BTU/hr. 10J ft in.

Sector lo.  6  (W-S)
Newark, 74,80 1.1 75.01 4748 1527 104 587 836 6.24 56.92 63.16 34.0     14      8

1.1 75.02 3763 1136 123       66 947 7.38 40.52 47.90 17.5     14      6
1.7     74 1802 607 139        2 466 8.34 18.72 27.06 18.0     10      6
1.8     73 3412 11]5 160 '       39 936 9.60 39.00 48.60  24.5     14      6
2.0     72 3177 1018 131        3 884 7.86 35.48 43.34 11.5     14      6
2.0     76 2578 865     55 141 669 3.30 32.40 35.70 10.5     12      6
2.2     71 2736 952 121       50 781 7.26 33.24 40.50 20.0     12      6
2.2     77 2940 955 66 62 827 3.96 35.56 ]9.52 11.0 12      6
2.2     79       4179  1396     71 112 1213 4.26 53.00 57.26 20.25    14      8
2.3 70 3546 1156 81 115 960 4.86 43.00 47.86 19.0     14      6
2.5     69 3423 1128     71 140 917 4.26 42.28 46.54 17.0     14      6
2.5     78 3089 991     62        5 924 3.72 37.16 40.88   9.5     12      6
2.6 80 1881 659 66 145 448 3.96 23.72 27.68 38.5 10      6
3.1     68 1483 110]    178      131 794 10.68 37.00 47.60 37.5     14      6

74,75    3.1     81 3036 1715     44 1051 620 2.64 66.84 69.49 36.0     16      8
3.3     64 2584 1022     66      146 810 3.96 38.24 42.20 12.5     14      6
3.3 65 5038 1487 21 1262 204 1.26 58.64 59.90   6.0     14      8
3.3     63 2133 593      9 331 253 0.54 23.36 23.90 10.5     10      6
3.3     67 4727 19]3  '   86 1218 629 5.16 73.88 79.04 10.75    16      8
3.5 62 4819 1596     12     1221

-

36] 0.72 63.36 64.08 11.0     16      8
3.5 66 4236 1514     13 1101 400 0.78 60.04 60.82   6.0     14      8
3.6 60 719 371      9      230       32 0.54 10.48 11.02   3.5      8      4
3.6     59 4296 1577     72 688 817 4.32 66.22 · 70.54 14.5     16      8
3.7 58 6183 2151     70 1109 972 4.2 83.24 87.44 14.5     18      8

(Sector 6 continued next page)



HOUSING 11EATING LOAD ESTIMATE TABLE IXGENERATING STATION: ESSEX
sht.    6   of  1

11OUSING UNITSAREA IN YEAR-ROUND ESTIMATED 11£AT LOAD DISTRIBUTION PIPING
tiOUSING

TATAT,

in
POPULA-         in       in    2 to 9 Single Multi- Maximum Nom.Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameterand from Block TION Struct- Struct- Struct- 60,OOOBTU 40,OOOBTU of all     at__1 lt=Map Sht. No. Plant No. Total. ures ures ures per unit  per unit Streets  2OOF  120OFmile nl n 2 nj      n4             1(6 BTU/hr. 10J ft in.

--

Newark, 74,75    3.8     29       4010  1226     29 139 1058 1.74 47.88 49.6i   9.5     14      6
Sector No. 6 (continued)

3.8     30 2218 817 25 191 601 1.50 31.68 33.18 11.5     12      6.. 3.9     31 6397 2077     19 1551 507 1.14 82.32 83.46 12.0     16      84.0     39 1542 505      9 55 441 0.54 19.84 20.38 18·.0    10    44.1 40 4807 1300 27 372 901 1.62 50.92 52.54 12.0     14      64.2     56 2558 784     14 234 536 0.84 30.·80 41.64 11.0 12     6-            4.2     57 4438 .1598 152 375 1071 9.12 57.84 66.96 40.0     16      8Newark, 74 4.3     28 5545 1571 128 102 1341 7.68 57.72 65.4Q 12.5     16      84.3     38 3318 996     71       57 868 4.26 37.00 41.26 15.0     12      64.4     54 6375 2032     70 523 1439 4.2 78.48 02.68 15.5     16      84.4     55       3990  1060     20 25 1015 1.2 41.60 42.80   8.5     14      64.4     50 2051 590     32 113 445 1.92 22.32 24.24   9.0     10      6" 4.6 48.01 3270 1118     94 536 488 5.64 40.96 46.60   8.0     14      6
<:    "  4.6 54

6375 2032     70 523 1439 4.2 78.48 82.68  12.5     16      8"           4.7 41 5584 1692 206 311 1175 12.36 59.44 71.80 18.5     16      84.7 „ 3967 1130     83       80 967 4.98 41.88 46.86 16.5     14      64.7     34 3704 1130     68       99 963 4.08 42.48 46.56 10.0     14      64.8     27 3905 1063     11       38 1014 0.66 42.08 42.74   7.5     14      64.8     26 4089 1256     72 121 1063 4.23 47.36 51.59 10.5     14      6"            4.9 13] 4941 1755 118 98 1539 7.08 65.48 72.56 20.0     16      84.9     35 5554 1568     82       64 1422 4.92 59.44 64.36 12.5     16      8-            4.9     42 4965 1476 144 189 1143 8.64 53.28 61.92 17.0     14      84.9 53 4722 1281 143 189 949 8.58 45.52 54.10 13.5     14      84.9 51 4173 1234     85 76 1073 5.1 45,96 51.06 ]5 5     14      685226 5072-3   36-023602   T1108 26.12 2284.84 2500.96 6-8-0-0 2*54    36



HOUSING HEATING LOAD ESTIMATE TABLE 1X

GENERATING STATION: ESSEX Sht.   1  0 f  1

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED liEAT LOAD ' DISTRIBUTION PIPING

HOUSING
TATA 1,

in                                                                           /
POPULA- in in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct-  Struct- Struct-  60,000BTU 40,000BTU of all     al_At=

Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets 2004 |1200F
mile nl n2 n] n 4 1(6 BTU/hr. 103 ft in.

Sector No. 7 (W-N)
Harrison, 74 1.6 139 2426 771 139 36 596 8.34 25.28 33.62 25.0 12     6

1.6 135 3657 1207 169 249 789 10.14 41.52 51.56 17.5     14      6
2.0 130 3110 1015 141 46 828 8.46 34.96 43.42 18.0 14      6

-            2.0 136 2268 800     78 10 712 4.68 28.88 33.56 8.0 12      6

East Newark,74 2.0 129 3994 1307 294 33 900 17.04 40.52 58.16 13.0 14      B
" 2.0 128 4062 1414 400       77      937 24.00 40.56 ,64.56 27.0 16               8

Harrison, 74 2.1 138 1587 552 122       14 416 7.32 17.20 24.52 16.5     10      6
2.1 137 1873 715'     84       27 604 5.04 25.24 30.28 8.0 12     6

East Newark,74 2.2 134 1922 633 108 1 524 6.48 21.00 27.48   7.0     12      6
2.5 133 2871 1033 220 130 683 13.20 32.52 45.72 9.5 14      6
2.5 132 4298 1484 203 136 1145 12.18 51.24 63.42 17.5     16      8

Newark, 74 2.6 85 2932 1664 94 1081 489 5.64 62.80 68.44 33.5 16      8
-            2.7     87 5251 1829 220 483 1126 13.20 64.36 77.56 25.0 16      8

2.8     92       4430 1592 132 759 701 7.92 58.40 66.32 16.5     16      8
2.9 93 5119 1809 206 626 977 12.36 64.12 76.48 17.0 16      8

- 3.0 86 5675 1860 36 1636 188 2.16 72.96 75.12 6.0 16      8

48                           3.0
88 3012   892 40 138 714 2.40 34.08 36.48 7.75    12      6

3.1     83 2397 601     42       29 530 2.52 22.36 · 24.88 10.5 10      6
3.1 84 4713: 1618,     57 707 854 3.42 15.61 18.03   9.0     10      4
3.1     89       2614,  912     77 206 629 4.62 33.40 38.02 5.0 12      6
3.2     20 2820 1130 20 684 426 1.20 44.40 45.60 1.5 14      6

-            3.5 10 2198 628     55 71 502 3.30 22.92 24.22 1].0 10      6
3.5     11 989 260     27       21 212 1.62 9.32 10.94   8.5      8      4
3.5 82 1590 583     27       81 475 1.62 22.24 23.86 5.5 10      6

(Sector 7 continued next page)

\



HOUSING HEATING LOAD SUMMARY TABLE IXGENERATING STATION: ESSEX
Sht. 1 of 9

iIOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPINGHOUSING

TOTAL
in

POPULA- in       in    2 to 9 Single Multi- Maximum Nom.Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameterand from Block TION Struct-  Struct- Struct- 60,000BTU 40,000BTU of all at At-Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets  200F |1200Fmile nl n2 n]      n 4 1(b BTU/hr. 10J ft in.

Newark, 74 3.5 91 3184 1050     90       71 889 5.40 38.40 43.80   9.0     14      6

Sector Ao. 7 (continued)
"            3.5     94 6163 2579 495 1457 627 29.70 83.36 113.06 25.0     20     103.6 95 6121 2183 365 832 986 21.90 72.72 24.62 25.25    18     10"            3.7      9 7489 2478 234 776 1468 14.04 89.76 103.80 24.0     18     103.8 15 2347 652     30        5 617 1.80 24.88 26.68 10.0     10      63.8 13 3632 1020     96       51 873 5.76 36.96 42.72   8.5     14      63.8      8 3889 1267 179 169 919 10.74 43.52 54.26 16.0     14      84.0      3 3607 1618 210 640 768 12.60 56.32 68.92   8.5Belleville, 54                                                                                                       16      8

74,75   4.0 5 1882 679 80 78 521 4.80 23.96 28.76 10.5     10      6"            4.0      4 1920 652     72       73 507 4.32 23.20 27.52 10.0     10      6Newark, 75 4.2 147 3151 1079 145 250 684 8.70 37.36 46.06 36.0     12      64.2 7 5577 2088 218 860 1010 13.08 74.80 87.88 21.0     16      84.2 14 4519 1337 102 49 1186 6.12 49.40 55.52 17.5 14      64.2 16 2914 919     94 218 607 5.64 33.00 38.64 12.5     12      64.3 17 5454 1557 206       56 1295 12.36 54.04 66.40 12.5     14      84.4     18 4985 1442 165 167 1110 9.90 51.08 60.98  12.5     14      6"
4.5 108 4134 1172 177       50 945 10.62 39.80 50.42 11.75    12      64.5 1,9 2681   958     82      292 584 4.92 35.04 39.96 15.5     12      64.8 103 5148 1757 230 565 962 13.80 61.08 74.88 20.0     14      84.9     19 2578 843     59 281 503 3.54 31.36 34.90 14.0     12      64.9 158 4250 1575 519 488 568 31.14 42.24 73.38 24.5     12      6n            4.9 159 5586 1861 548       23 1290 32.88 52.52 85.40 27.0     14      64.9 102 4832 1467 740       27 700 44.40 29.08 73.48 31.0     12      64.9 107 4974 1669 304 799 566 18.24 54.60 72.84  20.5    14     84.9 110 1214 416     93 144 179 5.58 12.92 18.50   8.5      8      4I™FT 65555  8524   IS'662 3'6390 5-IT. 44 2082.24 2536.80 734.IS 48+60   36



tiOUSING ImATING LOAD ESTIMATE TABLE IX

GENERATING STATION: ESSEX Sht. 1 of 9

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TnTAT,

in

POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family  . Total Length  Pipe Diameter

and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all at 4t=

Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets  200F |1200F

mile                    nl n2 n] n 4 1(6 BTU/hr. 103 ft in.

Sector No. 8 (N-W)

Kearny, 74,75 2.1 127 4025 1291 473 11 808 28.38 32.76 61.14 37.0 14      8

n 2.5 131 2141 720 163       55 502 9.78 22.28 32.06 11.5     12      6

.. 2.6 125 3567 1208 528 73 607 31.68 27.20 58.88 27.0     14      8

" 2.6 126 3798 1333 383 148 802 22.98 38.00 60.98 22.5     14      8

2.6 123 2285 907 250 245 412 15.00 26.28 41.28 12.0     12      6

-             3.1 124 3434 1136 747 65 324 44.82 15.56 60.38 35.5     14      8

No. Arlington,
75 3.2 382 4878 1880. 455 427 998 27.30 57.00 84.30 27.0 18     8

3.6 383 6889 2193 1244 13 936 74.64 37.96 112.60 61.5     18     10
- 3.8 381 6329 2263 970 347 946 58.20 51.72 109.92 38.25 18     10

4.5 314 6695 2162 920 110 1132 55.20 49.68 104.88 53.0     18     10

4.9 313 5915 1833 891 17 925 53.46 37.68 91.14 40.5 18      8

Newark, 74,75    3.2     96 6747 2022 158 825 1038 9.48 74.56 84.04 25.5 16      8

3.6 97 481] 1844 159 751 934 9.54 67.40 76.94 15.5     16      8

-            4.0      1 4780 1720 373 487 860 22.38 53.88 76.26 28.5     16      8

Belleville,75 4.0 145 3944 1360 300 273 787 18.00 63.60 81.60 23.5     16      8

4.2 144 3664 1236 394 163 679 23.64 33.68 57.32 42.5     14      8

1                   • 4.5 146 4989 1658 730 90 8]8 43.80 37.12 80.92 29.5 16      8

4                                   " 4.7 143 5723 1903 864 97 942 51.84 41.56 93.40 39.5 18 8.

4.8 142 4167 1309 879 115 315 52.74 17.20 69.94 34.0 16     8

4.8 141 4133 1348 747 106 495 44.82 21.04 68.86 28.5 16      8

92916 Il:327 IrEia TTIT I-5280 69-7.68 87.96 1485.64 622.75 60     30



HOUSING HEATING
LOAD ESTIMATE

SUMMARY

Station Populated Population Av. Estimated Heat Load Heat LengthSector Area Popul. Single 1 Multi  I Total Load of
I and Density Family I Family IDwellings Density StreetsOrientation sq.mi. Persons Pers/sq.mi. 10DBTU/ht. 106BTU/hr/sq.mi. 103ft.

ESSEX

1 - NE
2 - EN 3.4 126,258 37,135 249 1,757 2,007 590 432.75
3 - ES 5.45 148,435 27,236 377 1,864 2,241 411 502.25
4 - SE 3.0 89,026 29,675 282 1,024 1,306 435 299.25
5 - SW
6 - WS 6.67 185,226 27,770 216 2,285 2,500 375 682.00
7 - WN 8.32 177,941 21,387 511 2,082 2,537 305 734.25
8 - NW 7.8 92,916 11,912 698 788 1,486 191 623.00

41 Total 819,802 2,333 9,800 12,077 3,274.00

TABLE X



11OUSING HEATING LOAD ,ESTIMATE TABLE XI
GENERATING STATION: LINDEN Sht. 1 of ]

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED liEAT LOAD DISTRIBUTION PIPING

HOUSING
TOTAL

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Ui,it >9 Unit Unit
, Family Family Total Length  Pipe Diameter

and from Block TION Struct- Struct- Struct- 60,00OBTU 40,OOOBTU of all at Ot=

Map Sht. No. Plant No. Total ures ures ures per unit per unit Streets  200F |120OF
mile nl n2 n 3 n 4 1( 6 B'rU/hr. 101 ft in.

Sector No. 1 (N-E)

Elizabeth, 80 2.20 ]06 3691 1336 218        17 1101 13.08 44.72 57.80 23.5     14     10

•      80 2.60 305 4621 1446 272        47 1127 16.32 46.96 63.28 45.3     14     10

-      80 2.80 309 4649 1508 282 41 1185 16.92 49.04 65.96 32.0 16     10
- 80,81 3.00 304 7093 1976 222 458 1298 13.32 70.24 83.56 27.0     16     10
- 80,81 3.10 310 3563 1080 145 - 935 8.70 37.40 46.10 16.25    12      8

'      80 3.25 311 4746 1716 283 226 1207 16.98 57.32 74.30 25.5     16     10

80 3.25 303 3282 10]2 82 8 942 4.92 38.00 42.92 21.0     12      8
- 80,81 3.40 302 3279 1018 104        11 1003 6.24 40.56 46.80 24.0     12      8

"      80 3.70 312 6254 1901 329 221 1351 19.74 62.88 82.62 37.0     16     10

'      80 4.20 301 151     43    10         2      31 0.60 1.32 1.92    4.5      4      2

80 4.50 313 6746 1986 389        28 1569 23.34 63.88 87.22 43.0     18     10

"      80 5.00 315 5202 1678 239 110 1329 14.34 57.56 71.90 28.5     16     10

5327'7 IE822 2575 ITET TIS-15 54.50 569.'98 724.58 TIT. 5-5 42  30

t
Sector No. 2 (E-N)

 New York City

Sector No. ] CE-S)

0                                                                                                                  New York  City

Sector No. 4 (S-E)

  New York  City

Sector No. 5 (S-W)

Carteret, 94     2.2     36 4581 1748 655        12 1081 39.]0 43.72 8].02 58.5 16     10

2.3     37 4555 1344 950 106 288 57.00 15.76 72.76 49.5     16     10

2.8 38 6154 1476 1211 1 264 72.66 10.60 83.26 44.5     16     10

2.8     39 3769 1257 316        26 815 18.96 33.64 92.60 36.5     14      8
• 3.9 28.03 4778 1223 1002 - 221 60.12 8.84 68.96 52.5     16     10

Sub-Tota]s 3831 531-8 4134 ITK 2669  248.04  IlrIK 360'60 6117J
(con't)



HOUSING HEATING LOAD ESTIMAT£ TABLE XI
GENERATING STATION: LINDEN Sht. 2 of ]

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA-         in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and fr6m Block TION Struct-  Struct- Struct-  60,000BTU 40,000BTU of all at 4t=

Map Sht. No. Plant No. Total ures ures ures per unit per unit Streets  2OIF |1200F
mile nl n 2 n 3 n 4 1(6 BTU/hr. 103 ft in.
Sub-Totdls 23837 4134 145 248.04 112.56 360.60 241.5

Woodbridge Twp
94-101 5.0 34.01 2798 834 611       47 176 36.66 8.92 45.58 38.5    12     28

26655 7787 4745 I-92 2845  294.70 121.4-8 4-06.1-82803  36  20
Sector No. 6 (W-S)

Carteret, 94 2.25    35 4033 1274 774 6 434 46.44 20.00 66.44 37.5     16     10

Rahw y,
94 3.80 28.01 1366 495 197 - 498 11.82 19.92 31.74 40.5     12      8

3.40 ]60 4139 1314 741       72     501
'

44.46 22.92 67.38 58.5     16     10
4.50 27.02 8375 1972 1249 15 708 74.94 28.92 10].86 71.0     18     12
4.20 ]58 3688 1102 69] 28 381 41.58 16.36 57.94 59.5     14     10
4.00 359 2888 1098 456 117 525 27.36 25.68 5].04 29.5    14     10
4.80 27.01 3226 951 646       20 285 38.76 12.20 50.96 63.5     14     10
4.50 357 5816 2004 1]15 219 470 78.90 27.56 106.46 54.0    18     12
5.00 356 4616 130] 1273        -      30 76.38 1.20 77.58 47.0     16     10

                                                WITI  rriTI
73-iT 177 3 92  4403.4 174.-76 615.40 461.-0  42  24

Cl                                                             Sector No. 7 (W-N)

4          Rahway,
80 2.40 353 5414 1762 475 100 1187 28.50 51.48 79.98 53.0 16     10

\<:l

' 94 2.40 354 3005 924 509 - 415 30.54 16.60 47.14 22.0     14      8
3.25 350 3228 1089 649 - 440 38.94 17.60 56.54 37.0     14     10
4.00 ]55 7967 2677 1495 238 944 89.70 47.28 136.98 41.5     20     14
2.80 ]51 3226 1115 3]1 152 652 18.66 86.96 105.62 34.0     18     12

Roselle, 80,94 3.00 347 3962 1333 530       83 720 31.80 32.12 63.92 13.5     16     10
3.60 344 5308 1596 797 32 767 47.82 31.96 79.78 48.5     16     10
3.20 346 4435 13]0 532       56 742 31.92 31.92 63.84 28.0     16     10
4.10 343 ]881 1316 873 9 424 52.38 17.32 69.70 41.0 16     10

" 4.20 348 5092 1655 1585       - 70 95.10 2.80 97.90 65.5     18     12
3.80 349 6298 2116 1497       61 558 89.82 22.32 1:2.14 33.5     18     12

Sub-Totals 5IBIK 169-5Y -9Y5-I 73-1    6919 555.18 558.3-6 911.5-4 4-3-7.5  48  30
(con't)

\



HOUSING liEATING LOAD ESTIMATE TABLE XI
GENERATING STATION: LINDEN

Sht.   1  of   1

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED liEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in                                       
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all     at At=

Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets  200F |120OF
mile nl n 2 n 3 n 4 1( 6 BTU/hr. 105 ft in.

Sub-Totels 51816 16903 9253 731 6919 555.18 358.36 913.54 437.5

Rahw y, 94 4.80 361 2184 217 108 1 108 6.48 4.36 10.84  14.0      8      4
4.80 362 8371 22]1 2060 - 171 12].60 6.84 130.44 57.0 20    '14

Roselle, 80 4.40 342 3901 1169 876 124 169 52.56 11.72 64.28 41.0 14 10 2052012'297   856 7367 737.82 38-ITI8 1119.10 573FT5 48     30

Sector No. 8 IN-W)
Linden, 80 2.50 352 2419 777 322 - 455 19.32 18.20 37.52 27.5 12      8
Elizabeth, 80 3.00 307 8116 2861 487 695 1679 29.22 94.96 124.18 35.5     20     14

3.20 308 3273 1149 194 234 721 11.64 38.20 49.84 35.5     14     10
Linden, 80 2.80 345 4330 1498 748 199 551 44.88 30.00 74.88 52.5     16     10

60
Roselle, 80 3.80 341 3876 1311 772 126 413 46.32 21.56 67.88 32.0     16     10

' 3.50 320 9230 3334 721 924 1689 43.26 104.52 147.78 46.0     20     14

4.20 114 4619 1547    212      428 907 12.72 53.40 66.12 19.5     16     10
Elizabeth, BO 3.70 319 7267 3205 277 1878 1050 16.62 117.12 133.74 36.5     20     14

4.10 318 6915 2765 621 1306 839 37.26 85.80 123.06 30.5     20     12
Hillside TwpBO 4.50 317 4812 2216 323 1601 292 19.38 75.72 95.10 24.5     10     12
Roselle, 80 4.50 321 7403 2202 1822 164 216 10.93 15.20 26.13 71.5     10      6

4.70 340 5619 1960 829 449 682 49.74 45.24 94.98 54.5 18 12
4.80 337 4875 1610 1195 184 231 71.70 16.60 88.30 39.5     16     10

- 4.90 339 3159 1142 488 256 398 29.28 26.16 55.44 27.0     14     10
5.00 335 6574 2011 1621       79 311 97.26 15.60 112.86 47.5     18     12

FYi-5-7 29585 TBKIi ETTI I5TIT 539.53 758-72E          1-297781   5 5 53                6 0                 3 6



11OUSING HEATING LOAD ESTIMATE TABLE XII
GENERATING STATION: SEWAREN Sht. 1 of 3

- -

11OUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all    aL-4t-

Map Sht. No. Plant No. Total ures ures ures per unit  per unit Streets  2OIF  1200F
mile                    nl n2. n 3 n4 1(b BTU/hr. 103 ft in.

Seqtor No. 1 (N-E)
Carteret, 94 1.9 38 6154 1476 1211 1 264 72.66 10.60 83.26 44.5 18"     8"

2.5    37 4555 1344 950 106 288 57.0 15.76 72.76 49.5 18"     8"
Linden, 94 4.75 353 5414 1762 475 100 1187 28.50 51.48 79.98 55.5 18"     8"

"              4.4 354 3005 924 509 - 415 30.54 16.60 47.14 55.0 14"     6"
Carteret, 94 2.8    35 4039 1274 774 6 494 46.44 20.00 66.44 37.5 16"     8"

1.2 28.03 4778 1223 1002 - 221 60.12 8.84 68.96 52.5 16"     8"
F555          TII                   213             2869 295.26 23.28   48-754 - 36" 16'

Seotor No. 2 (E-N)
Carteret, 94 2.0    39 3769 1257 33.64 52.60 36.5 16"     6"

2.6 36 4581 1748

m     1        11     11:"

i::': 43.72 83.02 58.5 18'     8'
3005    971  1    38 1996 58.26 77'736 35-76-2 9-5-70 20" 10-

                                                                                   sector No.  3  (E-S)|New Yofk City

Sector No. 2  (S-E)

\0  New York City
Sector No. c  (S-W)

Scwaren, 101 0.5 34.01 2798 834 611       47 176 36.66 8.92 45.58 38.5 14"     6"
Perth Amboy 2.5 45 3775 1208 279       91 838 16.74 37.16 53.90 17.0 14"     6"

"              2.7    33 3458 1147 739       15 393 44.34 16.32 60.66 37.0 14"     8"
2.3    40 4416 1287 694 167 426 41.64 23.72 65.36 35.5 16"     8"
2.3    43 2958 1026 566 8 452 33.96 18,40 52.36 33.0 14"     0"
2.8    41 2230 815 526 - 109 31.56 11.56 43.12 30.5 12"     6"

-             2.8 42 2782 992 454 1 537 27.24 21.52 48.76 26.5 14"     6"
2.8 44 3410 1240 419 1 820 25.14 32.84 57.98 31.0 14"     8"

8549 1288 330 3931 257.28 170.44   427.-72 638.-5



HOUSING HEATING LOAD ESTIMATE TABLE XIIGENERATING STATION: SEWAREN
Sht. 2 of 3

-

HOUSING UNITSAREA IN YEAR-ROUND ESTIMATED 11EAT LOAD DISTRIBUTION PIPINGHOUSING
TATAT,

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameterand from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all at At=Map Sht. Ho. Plant No. Total ures ures ures per unit  per unit Streets  20'F |120OFmile nl n 2' n 3 n 4 1(b BTU/hr. 10J ft in.

Perth Amboy,10] 3.25   46 4209 1488 240 211 10]7 14.40 49.92 64.32 28.0 16"     8"3.25   47 2403 814' 2]7 6 571 14.22 23.08 37.30 31.5 12"     6"3.50 48 4938 1650 283 269 1098 16.98 54.68 71.66 36.5 16"     8"3.50   49 3411 1484 303 661 520 18.18 47.24 65.42 29.5 16"     8-"             4.00   50 4218 1423 419       80 924 25.14 40.16 65.30 28.0 16"     8-t508 577-5 I-557 8581 TTEJU I85.54 73-1-91 790..0 42" 20"
Sector No. 6 (W-S)Woodbridge Twp

100-101 1.20 34.2 752 2]1 140        -      91 8.40 3.64 12.04 16.0     8'     4'
"

1.30 29.02 3056 1059 642 52 365' 38.52 16.68 55.20 46.5 14-     6"-             1.7    30 5851 1792 1425 83 284 85.50 14.68 100.18 63.0 18"     8""             3.7 31.01 4329 1106 820 159 127 49.20 11.44 60.64 36.5 14"     8"-3.7 31.02 6875 1989 1161      687 141 69.66 33.12 102.78 30.0 18'     8-3.5 32.01 ]291 1011 900 - 111 54.00 4.44 58.44 50.0 14"           8"6                  n 4.2 19.01 3775 1006 581 387      38 34.86 17.00 51.86 27.5 14"     6"

"              3.4 32.02 42]5 1440 957 125 358 57.42 19.32 76.74 45.5 16"     8"
4.2 19.02 2640 86S 561 5 .300 33.66 12.20 45.86 39.5 12'     6"4.8 19.03 3224 1039 719 4 316 43.14 12.80 55.94 43.0 14'     6-rI535 7-5TE 1352 2151 TYTZ]T r-4535 Er/68 - 42" 18-

Sector No. 7 (W-NIWoodbridge Twp.
100-101 0.75 29.01 1646 527 329       36 162 19.74 7.92 27.66 24.5 10"     6"Rahway, 100 1.30 28.02 3583 1019 897 21 101 53.82 4.88 58.70 42.0 14"     8.3.00 26.02 7196 1816 1636       94      86 98.16 7.20 105.36 67.0 18" 10"3.00 26.01 3721 1088 767 239      82 46.02 12.84 58.86 40.5 14"     8"3.50 26.03 3003 850 581 198 71 34.86 10.76 45.62 30.5 12"     6"

n 94 4.20 24.01 7682 1974 1761 - 213 105.66 8.52 114.18 75.5 18n 10"
-

94,95 4.00 24.02 1817 502 480        -      22 28.80 .88 29.68 57.0 10"     6'                         -



HOUSING HEATING LOAD ESTIMATE TABLE XII
GENERATING STATION: SEWAREN

Sht. 3 of 3
-- --

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED liEAT LOAD DISTRIBUTION PIPING

HOUSING
TAT A T

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all - aL.ht.

Map Sht. No. Plant NO. Total ·ures ures ures per unit per unit Streets  20'F  1200Fmile nl n 2 nj    n4          1(6 Bl'U/lir. 10J ft in.

Rahway, 100 4.90 23.01 5260 1241 1213 - 28 72.78 1.12 73.90 48.75 16"     8-• 4.90 23.02 4495 1088 1046       -      42 62.76 1.68 64.44 48.5 14"     8-4.30 25.00 8151 2176 1949      95 132 116.94 9.08 126.02 94.5 20" 10"5.00 14.02 7440 2431  1079    115 1117 64.74 54.08 118.82 50.5 18" 10-4712 11738 918 2056 7-04.  mi 5/F.-IT 48" .20"

Sector No. 0 (N-W)
1.80 28.01 1366 495 197 - 498 11.82 19.92 31.74 40.5 12"     6"
2.60 27.01 3226 951 646 20 285 38.76 12.20 50.96 63.5 14"             6"
2.10 27.02 8]75 1972 1249      15 708 74.94 28.92 103.86 71.0 18" 10"
3.25 358 3688 1102 693      28 381 41.58 16.36 57.94 59.5 16"     8"
3.70 359 2888 1098 456 117 525 27.36 25.68 53.04 29.5 14"     6"
3.70 360 4139 1]14 741 72 501 44.46 22.92 67.38 58.5 16-     8"6     'A 4.60 355 7967 2677 1495 238 944 89.70 47.28 136.98 41.5 20" 10"S.1                       •• 4.25 356 4616 1303 1273       -      30 76.38 1.20 77.58 47.0 16"     8"
4.2 5 357 5816 2004 1315     219 470 78.90 27.56 106.46 54.0    18"    10"
4.80 350 3228 1089 649 - 440 38.94 17.60 56.54 37.0 14"      8-\ 14205 8714 709 4782 556-:W 219-.61 T42.-8

-
42" 20"

--I.*Il .-



HOUSING HEATING
LOAD ESTIMATE

SUMMARY

Station Populated Population Av. Estimated Heat Load Heat Length
Sector Area Popul. Single   Multi    Total Load of
and bensity Family I Eami.ly |Dwellings Density Streets

Orientation sq.mi. Persons Pers/sq.mi. 10DBTU/hr. 1O6BTU/hr/sq.mi. 103ft.

SEWAREN
1 - NE 2.1 27945 13307 295 123 418 199 244.5
2 - EN 0.7 8350 11928 58      77 135 193 95.0
3 - ES
4 - SE
5 - SW 3.25 45006 13848 346 385 731 225 790.0
6 - WS 5.60 38028 6790 474 145 619 110 403.5

          7   - WN 8.60 53994 6278 704 118 822 96 579.2
[30 8 - NW 9.00 45309 5034 523 220 743 83 502.0

8
Total 218632 2400 1068 3468 2614.2

LINDEN
1 - NE 2.75 53278 19374 154 570 724 263 327.5
2 - EN
3 - ES
4 - SE
5 - SW 2.6 26635 10244 285 121 406 156 280.0

6 - WS 4.9 38153 7786 441 175 616 126 461.0

7 - WN 7.8 66272 8496 738 381 1119 143 549.5
8 - NW 7.4 82487 11147 540 758 1298 175 580.0

Total 266825 2158 2005 4163 2198.0

TABLE XIII



HOUSING HEATING LOAD ESTIMATE TABLE XIV
GENERATING STATION: MERCER Sht. 1 of 2

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TnTAT,

1n
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length  Pipe Diameter
and from Block TION Struct-  Struct- Struct- 60,000BTU 40,000BTU of all at 4t=

Map Sht. No. Plant No. Total ures ures ures per unit per unit Streets  200F |1200Fmile nl n 2. n 3 n 4 1(6 BTU/hr. 103 ft in.

Sector No. 1 (N-E)
Hamilton Twp.

149.02 104.0    24     10
15,16 1.2 25 7945 2642 2167        2 473 130.02 19.0

-  4,5,15,16   1.6     26        9701 3340 2353 170 817 141.18 39.48 18D.66 152.0    24     12Trenton, 4       1.8      5 3935 1416 1183       20 213 70.98 9.32 80.30 29.5    16      82.1          6 4611 1477 1150        - 327 69.00 13.08 82.08 46.0    16      82.8     22 6841 2152 1539       33 580 92.34 24.52 116.86 44.5    20     10Hamilton Twp. 4   2.8    27 8383 2836 2021 204 611 121.26 32.60 15].86 121.0    24     10
Trenton, 4 3.1     28 5970 2170 1426        2 742 85.56 29.76 115.32 69.5    20     103.9     18 3953 1350 1152       11 187 81.00 7.98 127.52 66.5    20     10-              4.0 29.02 4987 1739 1074 148 517 64.44 26.60 91.04 69.0    18      8

4.1 30.02 5172 1366 1307        -       59 78.42 2.36 80.78 60.5    16      84.6 31 3602 1266 965       46 255 57.90 12.04 69.94 62.0    16      865100 21754 rETIY 63-6 178-1-   980,22 216.68 1196.90 824-3   54    24

32                         white 'llorse-
Sector No. 2 CE-N)

Yardville-4,16 3.0 ]0.04 6509 1888 1546         1 341 \ 92.76 , 13.68 106.44 88.0    18     103.3 30.03 6227 1718 1493      105 120 89.58 9.00 98.58 56.0    18     1012736   5539 136 461 ITIJT     22-768  205102 I44.-5   24    12

Sector No. 3 (E-S)
White Horse-
Yardville-16 4.1 30.01 3904 1137 813 109 215 48.78 12.96 61.74 39.0    14      8Bordentown Twp

16 2.3 7015.02 3231 1124 657 331 136 39.42 18.68 58.10 28.0    14      8
'TIT5 IFTI IT75          TTii ITI FS.70 Ir: ET rIFTBT E'TZ5  20  10

Sector No. 4 (S-E)
Bordentown, 16 3.1 7017 4490 1582 1047       66 469 62.82 21.40 84.22 53.5    16      8

3.3 7016 615 199 152       31       16 9.12 1.88 11.00 21.0     8      43.7 7015.01 4072 1128 834 157 137 50.04 11.76 61.80 48.0    14      85IlY Y909 m m m mw IT. 04- 7-702 riF.-5   24    10



HOUSING 11EATING LOAD ESTIMATE TABLE XIV

GENERATING STATION: MERCER Sht.  2 of 2
- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT

in
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all at 4t=

Map Sht. No. Plant No. Total ures ures ures per unit per unit Streets  20'F  120OF
mile nl n2 n]      n#             1(6 BTU/hr. 103 ft in.

Sector No. 5 (S-W)
Pennsylvania

Sector No. 6 (W-S)
Pennsylvania

Sector No. 7 (W-N)
Pennsylvania

Sector No. 8 (N-W)
Trenton, 5 1.2      1 2660 947 749        - 198 44.94 7.92 52.86 21.0    14      6

1.2      2 3536 1256 1173        -       83 70.38 3.32 73.70 21.0    16      8
1.6      4 4756 1804 1273 - 531 76.38 21.24 87.62 37.0    18      8
1.7 24 1496     1      -        -        -          -           -    30.00   1.5     12      6

"            2.0      7 3104 1056 639       11 406 38.34 16.68 55.02 16.5    14      8

2.1     10 3162 104]    688       10 345 41.28 14.20 55.48 21.0    14     ' 8
2.0      8 2467 903 610        - 297 36.60 11.88 58.48 15.0    14      8

2.5 21 6685 2200 1027 283 890 61.62 46.92 108.54 41.0    18     10
1

2.6      9 7049 3241 586 506 2149 35.16 106.20 141.36 54.0    20     10A
"            2.9     20 2912 863 441 165 257 26.46 16.88 43.34 18.5    14      6
"             3.0     16 1790 642 315       25 302 18.90 13.08 31.98 1].0    12      6

3.3     15 4907 1560 1052       32 476 63.12 20.32 83.44 27.0    16      8
"             3.4     19 3896 116] 943        - 220 56.58 8.80 65.30 19.0     16      8

3.5 17 6062 1895 1269 22 604 76.14 25.04 .101.18 38.5    18     10
3.5     11 6890 2821 1038 697 1086 62.28 71.32 1]3.60 28.0    20     10

"            4.0 14 8861 2692 1530 190 972 91.80 46.48 138.28 28.5 20     10
4.3     34 3081 1018 892       10 116 53.52 5.04 58.56 50.5    14      8
4.8     12 4727 1779 932 274 573 55.92 33.88 89.80 38.0    18      8

"            4.8     13 3816 1]36 942 181 213 56.52 15.76 72.28 34.0    16      8
"            5.0 36.01 3041 1044 806 40 198 48.36 9.52 57.88 38.0    14      8

84898 29267 .6905 24TK 9916 1014.30 494.48 1508.78 5-6-170 60     30



HOUSING HEATING
LOAD ESTIMATE

SUMMARY

Station Populated Population Av. Estimated Heat Load Heat LengthSector Area popul. Single   Multi  I Total Load of
and Density Family I Family |Dwellings Density StreetsOrientation sq.mi. Persons Pers/sq.mi. 10DBTU/hr. 106BTU/hr/sq.mi. 103ft.

MERCER
1 - NE 8.0 65,100 8138 980 217 1197 150 824.52 - EN 5.8 12,736 2196 182 23 205 35 144.03 - ES 1.9 7,135 3755        88      32      120 63 67.04 - SE 1.1 9,177 8343 122 35 157 143 122.55 - SW
6 - WS
7 7 WN
8 - NW 9.0 84,898 9433 1014 495 1509 168 561.0Total 179,046 2386 802 3188 1719.0 '                     -

TABLE XV
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liOUSING IiEATING LOAD ESTIMATE TABLE XVI
GENERATING STATION: BURLINGTON Sht. 1 of, 2

- -

HOUSING UNITS
AREA IN YEAR-ROUND ESTIMATED 11EAT LOAD DISTRIBUTION PIPING

HOUSING
TATAT,

in
POPULA- in       in    2 to 9 Single Multi- Maximitm Nom.

Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameter
and from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all     al-Ot=

Map Sht. No. Plant No. Total ures urcs ures per unit  per unit Streets  20IF |1200F
mile , nl n 2 n] n 4 1(6 BTU/hr. 103 ft in.

Sector NO. 1 (N-E)
Pennsylvania

Sector No. 2 (E-N)
Burlington, 19 1.1 7612.02 6471 2291 1610      77 604 96.60 27.24 123.84 69.5    20     10

1.8 7012.03 2339 765 541      78 146 32.46 8.96 41.42 24.0    12      6
2.2 7011.03 3376 938 708      12 218 42.48 9.20 51.68 24.0    14      6

ITITE- 39-9-4 28'53:         rET 968 ITI.54-    45.40  216-.94 IrT. 5   24    12

Sector No. 3 (E-S)
Burlington, 32 1.2 7012.01 3181 963 196 1     -      67 53.76 2.68 56.44 54.5    14      8

1.7    70" 42   1429 419 319 1 - 100
|19.14

4.00 23.14    5.0    10      6

Willingboro Twa

RI5 IYFY   IFIK  
167 72.90 6.-68 79.5-8 59.5 16  8

Sector No. 4 (S-E)

20,31 1.2 7011.01 5807 1825 1276 408 141 76.56 21.96 98.52 88.0 18     10
2.8 7028.01 2928 772 772       -       - 46.32 - 46.32 19.0 14               6                                                     f

2.8 7028.02 4964 11]8 1135       -       3 68.10 0.12 68.22 53.0    16      8
" 3.7 7028.03 5491 1370 1369       -       1 82.14 0.04 82.18 59.0    16      8

3.8 7028.04 4202 1014 1012       -       2 60.72 0.08 61.52 52.0    14      8
4.3 7028.11 1898 513 513       -       - 30.78 - 30.78 10.5    12      6

25290 66-32  6017  TOT  ITT YET.-6-2    22.20  386.'A-2 28-3   36    16



1IOUSING HEATING LOAD SUMMARY TABLE XVIGENERATING STATION: DURI,INGTON
Sht. i of 2

- -

HOUSING UNITSAREA IN YEAR-ROUND ESTIMATED HEAT LOAD DISTRIBUTION PIPINGHOUSING
TOTAL '

1n
POPULA- in       in    2 to 9 Single Multi- Maximum Nom.Town Distance 1 Unit >9 Unit Unit Family Family Total Length Pipe Diameterand from Block TION Struct- Struct- Struct- 60,000BTU 40,000BTU of all  _at_J>t=Map Sht. No. Plant, No. Total ures ures ures per unit  per unit Streets  20OF 11200F

mile                    nl n2 n]      n4             1(b BTU/hr. loJ ft in.

sector No. 5 (S-W)Willingboro Twp
20,31 2.4 7028.06 5947 1314 1313       -       1 78.78 0.04 78.82 61.0    16      82.4 7028.07 3248 742 735       -       7 44.10 0.28 44.32 40.0    14      61.1 7028.08 5256 1156 1156       -       - 69.36 - 69.)6 49.0    16      83.1 7028.09 1693 639 625       -      14 37.50 0.56 38.06 10.5    12      63.3 7028.05 569] 1266 1265       -       1   ' 75.90 0.04 75.94 58.0    16      84.0 7028.10 2094 480 480       -       - 28.80 - 28.80 16.0 12      6  555-7 551-4 TI T)-T.TT 579Y 3TZE UT)  30  14

Sector No. 6 (W-S)Beverly, 20, 31 1.5 7010.02 4993 1378 1034 6 338 62.04 13.76 75.80 49.5    16      82.2 7010.01 2419 846 421 220 205 25.26 17.00 42.26 18.0 12      6
"

2.3 7009 ' 3105 955 798 1 156 47.88 6.28 54.16 66.0    14      84.0 7008 4157 1348 1010      13 325 60.60 13.52 74.12 70.0    16      84.6 7007.03 2564 848 659      23 166 39.54 7.56 47.10 42.5    14      64.9 7007.02 2192 794 511      61 222 30.66 11.32 41.98 33.5    12      6
A IFi-35 KI-55 44)Y IFT 4-62 265.98 69-74   335,42 295-5   30    14\1

Sector No. 7 (W-N)
Pennsylvania

Sector No. 8 (N-W)
Pennsylvania



HOUSING HEATING
LOAD ESTIMATE

SUMMARY

Station Populated Population Av. Estimated Heat Load Heat · Length
Sector Area Popul. Single 1 Multi  I Total Load of
and Density Family  I Fami.ly:|Dwellings Density Streets

Orientation sq.mi. Persons Pers/sq.mi. 10DBTU/hr. 106BTU/hr/sq.mi-. 103ft.

BURLINGTON

1 - NE
2 - EN 1.2 12,186 10,155 172 45 217 180 117.5
3 ; ES 0.9 4,610 5,122 73      7       80           89         59.5
4 - SE 3.2 25,290 7,903 365 22 387 121 281.5
5 - SW 3.4 23,931 7,039 334      1 335 99 234.5
6 - WS 2.9 19,430 6,700 266     69 335 116 279.5

11)  7 - WN
1 8      -      NW

e.
09

'144 1,354Total 85,447 1,210 972.5

TABLE XVII



COMPARATIVE SUMMARY
OF HOUSING HEATING LOADS WITHIN

5 MILES OF SELECTED G.S.'s

HEAT No. Bergen Essex Linden Sewareh Mercer BurlingtonLOAD Generating StationDENSITY 5 mi. Radius106BTU/hr/sq mi 450 Sectors

0 NE,SW EN,ES,SE ES,SE SW,WS,WN NE,WN,NW0-50
EN,ES50-100 WN,NW ES100-150 NE,NW WS,WN WS SE EN150-200 EN,ES,WN NW SW,NW NE,EN NE,NW200-250 SW SW SW250-300 WS NE SE,WS300-350 WN

350-400 WS
400-450 SE ES,SE
450-600  EN
MEDIAN 212.5 290.6 109.3 106.25 65.6 121.9\0 PRESENT

HOUSING LOAD
DENSITY

SECTOR DATA
a) Densest Load

-Sector SE EN NE SW NW EN-Density 415 590 263 225 168 180-Popul. Area 4.1 3.4 2.75 3.25 9.0 1.2-Load 1701 2007 724 731 1509 217-Major Town Guttenberg Jersey City  Elizabeth  Perth Amboy Trenton BurlingtonUnion
b) Highest Load

-Sector SE WiN
 

NW WN NW SE-Density 305 -  175          96 121-Popul.Area 8.32 7.4 8.6                   3.2-Load 2537 1298 822 387-Major Town Newark Linden Rahway WillingboroHarrison Elizabeth

Table XVIII
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FUEL USE PATTERNS FOR HEATING AND DOMESTIC HOT WATER
OF SELECTED CITIES IN NEW JERSEY

Reference: Standard Metropolitan Statistical Areas
Places of 50000 Inhabitants or More

1970

NY-NE-NJ Jersey Newark Bayonne Union Elizabeth Trenton
NJ Portion City City

No. of No. of No. of No.   o f No. of No. of No. of

Units    %,   Units % Units   %   Units % Units % Units %_ Units  %

All Year

'6:j Housing Units 1478442 100 91884 100 127314 100 25325 100 21247 100 39356 100 35240 100

'  Heating Fuel -Util. Gas 618999 41 37747 41.1 38938 30.6 9737 38.4 6631 31.2 10427 26.5 9180 26.0
Fuel Oil 755018 51.1 45650 49.7 73422 57.7 13574 53.6 13138 61.8 25034 63.6 21552 61.2
Coal 18292 1.2 1094 1.2 2909 2.3 341 1.3 106 .5   1624 4.1 1217 3.5

Electric 30576 2.1 1159 1.3 1837 1.4 398 1.6 450 2.1 1070 2.7 916 2.6

Other 20527 1.4 2152 2.3 3879 3.1 467 1.8 475 2.2 391 1.0 741  2.1

Water Heating-
Util. Gas 804659 54.4 44564 48.5 48935· 38.4 12659 50.0 8197 38.6 15216 38.7 19354 54.9
Fuel Oil 522519 35.3 36876 40.1 62974 49.5 10535 41.6 10849 51.1 20887 53.1 12068 34.2

Coal 5880    .4 689 .7 1254 1.0 ' 63   .2     71   .3    612 1.6 3112   .3

Electric 69408 4.7 953 1.0 2567 2.0 634 2.5 620 2.9 1112 2.8 1029 2.9

Other 40986 2.8 4720 5.1 5255 4.1 626 2.5 1063 5.0 719 1.8 1033 2.9

Wash. Mech. 985139 66.6 46454 50.6 53648 42.1 15474 61.0 9342 44.0 21406 54.4 20361 57.E

Dishwasher

Table XXI



ANNUAL RESIDENTIAL, COMMERCIAL/INSTITUTIONAL
AND INDUSTRIAL FUEL USE

(1974 data)*

Fuel Oil Coal Gas
1000 barrel(1) 1000 sht. (2)

106 cu. ft. (3)
comm./ comm./ comm./res. inst. ind. res. inst. ind. res. inst. ind.N. J. Total 33274 16341 27060 82.2 23.0 154 135843 58210 65419

Bergen County 4083 2006 3153 10.1 2.8 17.8 16668 7148 7621Burlington County 1231 714 614 3.0 1.0 3.4 5026 2544 1485Essex 4395 2062 2833 10.8 2.9 16.0 17945 7346 6849Hudson 3027 1348 2184 7.5 1.9 12.4 12362 4802 5279Mercer 1447 705 915 3.6 1.0 5.1 5909 2515 2211Middlesex 12525 1338 4651 6.2 1.9 7.4 10310 4767 11246Passaic 2163 1039 1843 5.3 1.4 10.1 8830 3702 4455Union 2525 1214 3502 6.2 1.7 19.9 10310 4325 8465e

Notes:  (1)  1 barrel is approx. 6x106BTU
(2) 1 sht = 2000 1b and is approx. 25x10 BTU6

(3) 106 cu. ft. = 1000 x 1OvBTU = 10000 therms.

* N. J. Dept. of Environmental Protection.

Table XXII



INDUSTRIAT FUEL USE
(1971 ata)

KWh. equiv. Fuel Oil Coal Nat. Gas     '     Other
billion % 1000 bar. % 1000 sht. % billion cu.ft. % 106$    

N. J. Total 103.7 100 28851 100 355.8 100 84.2 100 29.8 100

SIC. No. 20 8.7 8.4 2742.4 9.5 28.3 8.0 7.3 8.7 1.2 4.0
22 3.5 3.4 677.3 2.3 1.8     .5 1.2 1.4 2.2 7.4
26 9.5 9.2 4018.5 13.9 2.7 3.2 .5  1.7
28 31.3 30.2 8720.1 30.2 281.6 79.1 15.6 18.5 20.1 67.4
29 9.2 8.9 3238.8 11.2 7.1 8.4

,
.1  .3

30 2.3 2.2 547.7 1.9 10.6 3.0 3.1 3.7     z
33 8.3 · 8.0 1995.9 6.9 33.6 9.4 5.6 6.6     .8  2.7

70.3 .75.9 100.0 50.5 83.5

JERSEY CITY
Total 9.4 9.1 2535.2 8.8 12.4 3.5 8.1 9.6     .8  2.7

-- ---I----0

SIC. No. 20 1.6 17.6 445.1 17.6                             .9    .11.1     -    -
22 .2 2.2 17„5    .7 1.8 14.5           .2 2.5 .3 37.5
26         .5 5.5 166.3 6.6                             .1      1.2
28 2.1 22.0 555.6 21.9 10.7 85.5 2.2 27.2 .3 37.5

47.3 46.8 100.0 42.0 75.0

NEWARK
Total 25.1 24.2 7298.4 25.3 107.1 30.1 15.5 18.4 7.6 25.5
SIC. NO. 22         .2   .8         34.2    .5                             .2      1.3

61 26 2.6 10.4 1115.6 1'5.3                .2   1.3   z  -
28 9.9 39.4 2986.0 40.9 82.4 76.9 2.8 18.1 6.3 82.9

\3
,         30         .6 2.3 75.8 1.0 1.0 6.5     z    -

33 1.6 6.4 334.5 4.6 1.3 8.4     .4  5.3
59.3 62.3 76.9 35.6 88.2

PATERSON-CLIFTON-PASSAIC
Total 13.7 13.2 3762.9 13.0 13.8 3.9 9.2 10.9 3.0 10.1
SIC. NO. 20 1.0 7.3 160.7 4.3 3.1 22.5           .8      8.7     z    -.-

22 2.4 17.5 445.7 11.8                            .6 6.5 1.5 50.0
26 2.8 20.4 1465.4 38.9                             .6      6.5     z    -
28 2.9 21.2 774.9 20.6                             .7 7.6 .7 23.3
30         .4 2.9 51.8 1.4 8.4 60.9 1.1 12.0     z    -

69.3 77.0 83.4 41.3 73.3

Table XXIII



RESIDENTIAL HOUSING
UNIT COUNT & HEAT LOAD WITHIN

5 MILES RADIUS OF G.S.'s

Namu of Generating Total Housin  Units
Multi Famil  UnitsStation Sector No. x10 BTU/hr No. x10 BTU/hr

Essex (Kearny, Hudson) EN 48090 2007 33930 1757
ES 52886 2241 46610 1864
SE 30300 1306 25601 1024
WS 60723 2500 57121 2285
WN 60580 2537 52056 2082
NW 31327 1486 19699 788

283906 12077 235017 9800

No. Bergen NE 22321 1154 9256 370
EN 22045 1028 13757 590
ES 10958 512 7266 290
SE 40084 1701 35162 1406
SW 8673 402 5915 237
WS 9293 453 . 5209 208
WN 24183 1170 14018 561
NW 23406 1103 15068 603

160973 7523 105651 4265

Linden NE 16822 724 14247 570
SW 7782 406 3038 121
WS 11713 615 4369 175
WN 20520 1119 8223 381
NW 29589 1298 18957 758

86426 4162 48834 2005

Sewaren NE 8003 418 3082 123
EN 3005 135 2034 77
SW 15408 731 9638 385
WS 11539 619 3633 145
WN 14712 822 2974 118
NW 14205 743 5491 220

66872 3468 26852 1068

Mercer NE 21754 1197 5417 217
EN 3606 205 567 23
ES 2261 120 791 32
SE 2909 157 876 35
NW 29267 1509 12362 495

59797 3188 20013 802

Burlington EN 3994 217 1135 45
ES 1382 80

,
167         7

SE 6632 387 555 22
SW 5597 335 23         1
WS 6169 335 1736 69

23774 1354 3616 144

TABLE XXIX
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Appendix .C

System Design

1.  Purpose

The load potential investigations showed us that

considerable load concentrations exist in the vicinity

of four power plants. Independent of on what scale the

development of the district heating system starts, in

anticipation of its success, it has to fit into an over-

all development plan.  These calculations are to define

this plan.

2.  Scope

There are two potential load centers to be investi-

gated:

a.  Downtown Newark via Kearny and Harrison

b.  Northern part of Jersey City, Secaucus,
Union City and West New York

The power plants to be considered as supply centers

for the above loads shall be

a.  Essex

b.  Kearny

c.  Hudson

d.  North Bergen

(-1



3.  Results and Recommendations
The results are shown in the main body of the report.

4.  Data Basis

4.1  Heat Consumption Determination

Since the system is aimed at supplying the heating

requirements of residences primarily, offices, institu-

tions and commerce secondarily, we based our calculations

on the requirements of multiple dwellings.

The design outdoor temperature in New Jersey being

00 and·the indoor temperature 70°F, the peak heat require-

ments refer to a 700 temperature differential.  Ten years

of weather information (see Drawing 561-15) shows that

the mean minimum temperature is 24'.  This represents 65.7%

of the peak load,·which is therefore the limit to consider

supplying heat in the cogenerative mode.  The remaining

34.3% will be supplied by some peaking means.  The number

of days with below 700 the mean temperature is 265 annually.

Heating is actually required whenever the temperature drops

below 65 and that happens for 240 days per year on the

average.  During this number of days then, the temperature

varies in a close to straight proportionate manner between

65'F and 24'F, resulting in an average of 45'F for the

heating season.  At this average temperature, the heating

load is 35.7% of the peak design value.  One arrives at a

few percentage figures lower results by calculations based

0-02



on published degree-day data.  Another part of the heat

load is that used for domestic hot water production.

For the average household this is 110,000 BTU/day.  Re-

lating this to the 20,000 BTU/hr peak heating requirement

of an apartment, and assuming that it is stretched evenly

over the full day, domestic water heating requires 22.9%

of the peak load, or 64.1% of the seasonal average load

of that apartment.  This amount of heat is required all

through the year.

Based on these figures, the annual residential

heating requirements of an apartment and its cost with

our present methods  of  gas  or oil heating  are as follows:
Heating peak - BTU/hr 20,000

Peak design temperature differential-
oF                                         70

Average seasonal load - % 35.7
- BTU/hr 7,140

Annual average heating load - 106BTU/yr  41.12         -

Dom. water heating (365 days)-106BTU/yr 40.5

Total annual average heat requirement -106BTU/yr 81.27     ,

Fuel required at 62.5% eff.- 106 BTU/hr 130

No. 2 fuel oil - gal. 928

Gas - therms 1300

Cost: oil - $/yr 464
gas - $/yr 403

1000 sq. ft. of offices has a 25,000 BTU/hr heating

peak and, dependent on the cafeteria facilities in those

buildings, a similar amount or somewhat less domestic hot

C.3



water is needed than in an apartment. It also usually

operates for only half a day, 6r 12 hours.  Therefore,

it is reasonable to assume that the 1000 sq. ft. of office

space represents a peak load equivalent to that of an

apartment but that its annual heat consumption is only 50%

of that.

Small multiple dwellings such as apartments in

houses of not more than four to ten units usually require

twice as much heating as a unit in a large apartment

building but the same amount of hot water, therefore

these units equal two of the other apartment units as far

as peak load is concerned and only one and one-half times

those with regard to annual heat consumption.

In summary, this means the following:

Peak BTU/hr  Annual Consumption
106BTU/yr

Apartments in large
buildings 20,000           80

Apartments in small
dwellings 40,000 120

1000 sq. ft. of
office space 25,000           40

4.2  Heat Supply Capability of Power Plants Considered

The heat available from the four power plants mentioned

is defined by the capability of the machines to be retrofitted

without affecting their normal operation. Steam  will   be  made

(1-4



available by extracting it from a point between the inter-

mediate and low pressure casings of the units installed,

from pressure reducing stations and from new peaking boiler

installations.  The limitation is imposed by the first

source of heating energy since this is the most efficient

way of supplying that energy.

At this stage of the investigations there was no

detailed study of what are the maximum steam flows obtain-

able from each machine. Safe, well-achievable figures are

being used as follows:

Essex #1 Machine -  500,000 lbs/hr

Kearny #7 and #8 Machines -  500,000 lbs/hr each

Hudson #1 and #2 Machines -  500,000 lbs/hr each

Bergen #1 and #2 Machines -  500,000 lbs/hr each

Total 3,500,000

Assuming that another 500,000 lbs/hr capacity peaking

boiler plant will be added at one point of the development,

the total supply of heat available from these power plants

will be 4,000,000 lbs/hr which we. equate for the present

with 4,000 million BTU/hr.

In order to achieve this we also assume that at one

point or another in the development of the total system,

the plants will be connected to each other by mains and will

serve the different supply areas as a single system and will

provide standby capability for each other.  Following the

usual practice of maintaining standby for the loss of the

:

OIl-5
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largest single supply source, one 500,000 lbs/hr unit will

have to be laid away for that purpose, allowing for a

maximum peak load on the system at 3,500 million BTU/hr.

4.3  Potential Supply Territories

Based on the load estimates in Appendix B, one has

to select potential supply territories in accordance with

the following few, simple criteria:

a.  Close proximity to the plants considered

b.  High concentration of present loads

c.  High concentration of developing loads

d.  Minimal complications in laying out the mains

Looking at the figures in Appendix B, one can see

that the Newark downtown area and the Jersey City downtown

area are the ones which meet the first two criteria.  The

Meadowlands-Secaucus area is the one which best meets the

third and fourth criteria. The Jersey City, Union City and

Secaucus region also fares better with regard to the fourth

criteria than does Newark. . On the other hand, the Newark

downtown area represents the highest concentration and the

largest load potential.

In Appendix B we have presented two sets of figures,

one based on an actual count of apartments in large complexes

and offices in large office buildings, while the other was

a statistical approach of estimating loads in the same area.

The statistical approach results in load predictions of a

C-6



magnitude higher than the detailed data gave us.  Statis- -

tically, there are 2,200 million BTU/hr potential heating

load within five miles of Essex, Kearny and Hudson in the

West-South/West-North direction in the form of multi family''

units only.  Using the ratios of commercial/institutional

buildings vs. multiple dwellings-, our estimate  is  that

there is an addition 950 million BTU's potential load in

those types of buildings, for a total of 3200 million.BTU's.

A similar amount of load exists to the East-North, East-

South and North-West directions from the above mentioned

power plants. The two areas then represent together a total

extreme potential  of  over 6,500 million BTU/1-r present  and
future, which is about twice the ultimate supply capability

of the four power plants as shown in the previous paragraph.

It is reasonable to assume that in the next ten years a

district heating system will not achieve more than a 50%

coverage of the total potential load and that mains have
to be run successively to all these potential supply

territories. Distribution sub-mains and house connections

will be provided during that time span in each of the areas

as the load develops.

5.  System Development

Figure 561-23 shows all the power plants under in-

vestigation and the potential supply territories as dis-

cussed before. One can see that the Newark system covers
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five square miles and the Jersey City system covers three

square miles.  The Union City-West New York-Secaucus

system will be a mix of existing and future developments

on an eight square mile tract dependent on the timing of

the new developments.

There are three distinct directions initial develop-

ment can start. One is towards the Newark area, the other

is towards Jersey City, and the third to the Union City-

Meadowlands area.  Each will be developed separately and

finally connected into one single system.

In our previous studies we found that a square mile

area built up by small multi family dwellings represents

420 million BTU/hr peak load.  On the other hand, it

would only take 210 apartment buildings of 100 units each

to present us with the same load. 21,000 apartments in

7-story average structures give us 3000 apartments per

floor, equivalent to a load use of 3 million sq. ft. or

11% of the total square mile territory.  We accepted the

420 million BTU/hr specific potential and connectable load

figure as the basis of our calculations.  The five square

mile area, therefore, has a potential for 2,100 million

BTU/hr peak heating consumption.

Another assumption made was the development schedule

of connecting load to a district heating system (Figure

561-24 shows this assumption graphically).  It is based on

the premise that -one distribution system of a square mile

\
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territory will start in each one of five consecutive

years and the rate of connection to that system will be

increasing in a quasi-exponential manner.  Each square

mile will reach saturation within four years.  The total

development of the five square mile area in this scenario

takes, then, eight years.

5.1  Newark Development

There are a number of ways to build up the system

and they can be summarized in three schemes.

5.1.1  Scheme No. 1

A 500,000 to 600,000 lbs/hr boiler plant is in-

stalled at the Harrison gas plant and in each of three

consecutive years one 1-square-mile areas are started to

be developed and connected to this heat supply center.

In the fourth year a 30"0 main is being built to the Essex

plant and the crossover of the No. 1 Essex turbine is

tapped, while the three supply areas are further developed

and a new one is added. In the fifth year, a 36"0

connection is added from Essex to Kearny Generating Station

and both Kearny No. 7 and No. 8 turbine crossovers are

tapped. In the sixth year two back-pressure turbines are

installed at Kearny  and  a.24"0  main is added from Essex  to

Newark running through Harrison.  In the last two years of

0-9



the  development,   a 36"0 connection between Hudson  and

Kearny stations could also be added dependent on the load

development in these areas or in other areas, if any.

5.1.2  Scheme No. 2

It differs from Scheme No. 1 only by locating the

peaking boiler plant at the Essex station.  This allows

the use of the Essex No. 1 boiler right from the start and

therefore it allows also for the phased construction of

the 600,000 lbs/hr peaking boiler plant during the first

three years of development.  On the other hand, one main

from Essex to Newark has to be constructed during the first

year of development.

5.1.3 Scheme No. 3

In this alternative the first plant supplying the

system is Kearny.  Since it has two units, one will provide

standby capability to the other and therefore the installa-

tion of a peaking boiler plant can be delayed to take place

only in the fifth year of development.  On the other hand,

a 36"0 main has to be built between Kearny and Essex and a

30" main between Essex and Newark right at the start of the

development.  Otherwise it will proceed as described in

Scheme No. 1.

O-/0



5.2  Jersey Citv-Meadowlands Develooment

The development of this system does not differ

basically from that of the Newark system. It does not

however lend itself to the number of variations the

other one did. It is visualized that its development

will go basically along the lines of Scheme 3 of the

other system with the following exceptions.  The first

plant to Supply the system would be Hudson station

where there are two units and therefore no peaking

boiler plant is necessary til up to the fifth year of

development.  The second plant to be connected in

could either be Kearny, if the development at that

point (years 3-4) is centered around Jersey City, or

it would be North Bergen should the development be

heavier in the newly developing Meadowlands district.

The dollar figures shown in Table XXXI are not signifi-

cantly different for this system.

5.3  Total Complex Development

It is reasonable to assume that if the economy of

district heating is proven, the two previous systems will

develop more or less simultaneously and probably within

the decade will reach the total capacity available from

the four power plants.  As shown in paragraph 4.2, this

capacity is 3,500 million BTU/hr available from turbine

exhausts.  This can be further boosted by the installation
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of peaker units such as steam boilers, high temperature

water boilers or combustion turbine heat recovery units

totalling a capacity of 1,750 million BTU/hr to meet a

peak load of 5,250 million BTU/hr.  On a statistical

basis these peakers will operate only 700 hours annually

and therefore in most cases they are the cheapest,

simplest kind of installations available to provide the

required service.  A peaking plant like that will cost

an estimated $18 million even if it is scattered over

more than one site.

It is obvious from the above that a system based

on the four power plants can meet the district heating

needs of the densely populated areas within the five

mile radius of these plants during the next ten years.

It is also obvious that since four plants and different

possible construction configurations out of these four

plants are considered, the development can meet, quite

effectively and economically, changing development

patterns and development staging different from those

initially assumed.  It will be able to do that without

incurring penalties detrimental to the momentary economy

of the developing system.

6.  Preliminary Cost Estimates

In order to be able to prejudge the investment

requirements of the complex district heating system and
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get some feel of its economy, in the following we are
*--

presenting cost figures developed on a generalized

basis.

6.1  Cost of Local Systems

As shown in Appendix A on Drawing 561-09/B,

the piping distribution system for a square mile of

four-family housing units representing a total peak

heat load of 420 million BTU/hr costs $3.1 million per

square mile. The district heating system proposed will

aim at supplying areas where the majority of potential

load is in large apartment buildings.  As an extreme

case the assumption was made that all 21,000 apartments

representing 420 million BTU/hr/square mile load are

located in the middle of the square mile territory.

16" lines will be able to supply them in a single run.
The cost of that configuration is $2.1 million and it

is considered as a minirnum. Based on the two cost

figures, we have averaged the cost at $2.6 million per

square mile for the disttibution system in each of the

square mile areas considered. Similar assumptions were

made for the distribution and building connection piping

cost in the immediate vicinity of the buildings supplied

and for the cost of the connection and equipment required

in the buildings for conversion to district heating.  All

these are shown on Table XXX based on the development
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prediction shown on drawing 561-24.  There are two

cumulative totals on this table, one without and one with

the cost of in-house conversion connections. This was to

allow for the connections of new buildings where no

additional cost is incurred. The usual boiler installa-

tion cost is replaced by the cost of heat exchangers and

piping of the district heating system.  Also it is a possible

alternate decision that the in-house equipment cost will not

be borne by the district heating system but by the building

owners.

6.2  Cost of Newark System

The estimated cost and the gradual investment re-

quirements of the three different schemes discussed in

paragraph 5.1 are shown on Table XXXI.  The cost of

plant retrofits is based in all cases on tapping the

crossover piping of the turbines and installing back-

pressure turbines to expand further to the desired levels

of heat rejection.  The only plant where no additional

turbines are planned to be installed is Essex, where the

crossover pressure is too low to justify such an installa-

tion.

The distribution mains were estimated in accordance

with that shown on Drawings 561-10/B and 10/C with their

cost and other details shown on Table XXXII.
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As one can see, the total investment is $93.2

million for a system supplying a peak of 2, 100 million

BTU/hr and including the conversion costs in the

individual buildings. It is $71 million without the

latter.

This system would supply 8,400,000 million BTU's

annually if all the connected loads are apartments

(105,000 units).  As also shown before, 1,000 sq. ft.

of office space equals the peak load of an apartment

but it uses only half the heat on an annual basis.  This

heat, however, is used mainly during the daylight hours.

The annual heat consumption of apartments in small

buildings, on the other hand, can be as much as twice

that of the high-rise apartment.  Not being able to

predict at this point the actual mix of different uses,

the tabulated figure seems to be a good average.

The No. 2 oil used in most apartment houses in

the area sells today at around 50¢ per gallon, or $3.60

per million BTU's.  At 624% average annual boiler

efficiency, 1 million BTU net comparable to the heat

supplied by a district heating system cost $5.76 in

fuel.  Adding maintenance, replacement and operating

personnel costs to these, a $6-$8 per million BTU

present cost can reasonably be assumed.  On this basis

the present heating bill of the number of users considered
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runs $50-$65 million per year. The expected revenue

from the district heating system one can assume to be

in the same order of magnitude.

6.3  Ultimate System Cost

As also shown before, the ultimate system capacity

is 5,200 million BTU/hr including additional peaking

facilities. The cost of such a system can be estimated

in round figures at around $220 million with expected

revenues from the sale of heat at $100-$150 million

annually.

C-/

(1-16



NO. 561-10/B

13».,\TRANSFLUX international limited1  -".r=.* i  I\:., 9 1 1275 FIFTEENTH STREET, FORT LEE, NEW JERSEY 07024

TYPICAL 22.50 Sector

5 mi

1          :         2

-14   mi.
\                                        /

1

 3 4

3 mi.

5

I-- 2 mi.

6

1 mi.
-

LOAD DENSITY LOAD DENSITY

840x1O6BTU/hr/sq mi 420x106BTU/hr/sq mi
/

Sect. Pioe Size @ At Sect. Pipe Size @ At
Miles 40 60 120 200 Miles 40 60 120 200
0-1 (72) 60 48 42 0-1 54" 48" 36" 30"
1-2 (72) 60 42   36 1-2 54" 42" 36" 24"
2-3  60  54   42   36                         2-3  48" 42" 30" 24"
3-4 48 42 30   24                          3-4  36" 30" 24" 16"

?   ?  13..3   < Investment Cost-106$ > ...16.3   113 10.3 la0

TYPICAL 5 MI. RADIUS DISTRIBUTION MAIN LAYOUT - 22.50
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NO. 561-10/C

kls/ 1275 FIFTEENTH STREET, FORT LEE, NEW JERSEY 07024

Typical 150 Sector

5 mi.

1

; 4 mi.

2

3 mi.

2 mi.

1 mi.

LOAD DENSITY                                  LOAD DENSITY
l840x106BTU/hr/sq mi 420x106BTU/hr/Sq mi

Sect. Pipe Size @ At Sect. Pipe Size @ At
Miles 40  60 120 200                        Miles  40  60 120 200
0-1  60  54 42 36 0-1 48" 42" 30" 24"
1-2 60 48   36   30 1-2 42" 36" 30" 24"
2-3 54 42   36   30                         2-3   42" 36" 24" 18"
3-4  42  36 24 20 3-4   30" 24" 18" 14"

113   113    111 248- $ x 106 111    &2    15.0

TYPICAL   5 MI. RADIUS   DISTRIBUTION MAIN LAYOUT  -   15 0
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INVESTMENT IN LOCAL SYSTEMS

Distribution Distribution In-house

Investment on 5 sq. mi. on 15 acres Total Connection Total

Year Cost Cumul. Cost Cumul. Cumul. Cost Cumul. Cumul.

1 St 500000 500000 140000 140000 640000 220000 .220000 662000

2nd 1400000 1900000 770000 900000 2800000 880000 1100000 3900000

3rd 2000000 3900000 2100000 3000000 6900000 1980000 3080000 9980000

4th 2600000 5600000 5040000 8040000 13640000 4405000 7485000 21125000

5th 2600000 9100000 5040000 13080000 22180000 4405000 11890000 34070000

6th 2100000 11200000 4850000 17930000 29130000 4383000 16273000 45403000

7th 1200000 12400000  4265000  22195000  34595000  3525000  19798000  54
393000

9
8 th 600000 13000000 1617000 23812000 36812000 2425000 22223000 59035000

TABLE XXX



NEWARK DISTRICT INVESTMENT STRATEGIES
(in millions of $)

Connected Heat
Plant Distribution

 
Local

 

Total Total Peak Su pliedSCHEME Retrofit Mains Systems  Investment  YIR_in--house  106BTU/hr  10 BTU/yr
I       $ Cumul. $ Cumul. 1.Cumul...... Cumul.- -__ __... Cumul..

1st year 4.0 4.0 1.0 1.0 .86 5.86 5.64
-.

--.2-8 --.---80
2nd year    - 4.0 - 1.0 3.9 8.9 .7.8          80        320
3rd year    - 4.0 - 1.0 10.0 15.0 11.92 280 1120
4th year 2.0 6.0    7.0 8.0 21.1 35.1 27.62 700 2800
5th year 1.5 7.5 3.5 11.5 34.1 53.1 41.2 1100 4400
6th year 4.0 11.5 4.2 15.7  . 45.4 72.6 56,. 3 1500 6000
7th year 2.0 13.5 5.0 20.7 54.4 88.6 68.8 1800 7200
8th year - 13,5 r.   20,.1._-._.-5.-9.,.Q_.-_...9.3...2.._....... .  ....... -71 ..0._....._ _ ...2100.. _ 8400SCHEME

II
1st year 3.0 3.0 5.2 5.2 .86 9.06 8.84
2nd year 3.0 5.2 3.90 12.1 11.0 same same
3rd year 1.0 4.0 5.2 10.0 19.2 16.12

6
4th year 2.0 6.0 - 5.2 21.1 32.3

24.8         as          as5th year 1.5 7.5 10.5 15.7 34.1 57.3 44.5
6th year 4.0 11.5 - 15.7 45.4 72.6 56.3 above above
7th year 2.0 13.5 5.0 20.7 54.4 88.6 68.8
8th_yeaE_- 13.5 20.7 59.0          ..93 2 - - -_.-.- 2 1-:. 0SCHEME

III
1st year 1.5 1.5 10.5- 1.0.5 - -- - .867 12.88 - ---- 12.64-
2nd year 1.5 10.5 3.90 : 15.90 14.80 same same
3rd year 1.5 10.5 10.0

i
22.00 18.92

4th year 2.0 3.5 10.5 21.0
i

35.0 27.5 as as
5th year 1.6 5.1 LO.5 34.1 1 49.7 37.8
6th year 6.4 11.5 5.2 15.7 45.4 1 72.6 56.3 above above
7th year 2.0 13.5 5.0 20.7 54.4 88.6 68.8
8th year 13.5 20.7 59.0 93.2 71.0

TABLE XXXI



PIPING COST & PUMPING POWER SUMMARY
FOR MAINS

Alternative Schemes L pipe, ft·10-3
W,                Pipe-

lb/hr/ line
Area At, Drawing Cost max Sub- E(APs+Apr) E(Es+Er)D

Area 10-3 OF No 561- $/unit in Rural Urban psi 1*Whthr--

E
0 . 32700   40           404.16  48   10.55 10.55 875.1 3767

0 3   22870 60 10/C 337.58  42   10.55 10.55 193.2 2776
w · \ 11440 120 251.78 30 10.55 10.55 251.2 1728
1-100 1451ME-1 6860 200 455.25  24   10.55 10.55 346.0
i.4   C
0

t E 4973..0 ·66000   40             - 60 10.55 10.55 115.0

w S    4 5 7 4 0 6 0 10/C 454.26  54   10.55 10.55 135..7 3984
4 ' \22870 120 337.58 42 10.55 10.55 193.2 2776
000
44 1 E, 43720 200 751.4   36   10.55 10.55 168.8 1281

00 e

E
O 0 · 49000   40 330.07 54 10.55 10.55 161.5 5056

Lf  S K 34300     60 10/B 269.72 48 10.55 10.55 186.0 4030

2 63 17150 120 209.58  36   10.55 10.55 184.6 · 2005
ev   e 1 0 3 0 0 200 364.50  30   10.55 10.55 338.0 2067

34 fr m
0

o E
(DiD ·98600   40              - (72) 10.55 10.55 -             -

  S F 68600     60     10/8          - 60 10.55 10.55 148.8 6340

8 6  34400 120 269.72  48   10.55 10.55 186.0 4030
4-4 M E-* 20600 200              - 42 10.55 10.55 128.8 1593

00 CO

Table XXXII
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82-46

District Heating and Cooling Systems forCommunities Through Power Plant Retrofit
Distribution Network

Task 3 - ENERGY MARKET ANALYSIS

2.2.2  Define the boundary of the proposed service areaand the location relative to the selected Power
Plants. Describe in detail the mix of End
Users in the Service Area.

2.2.3  Conduct a survey of the building types within the
proposed service areas and other data on utilityuse levels to assist in establishing projected
load requirements for heating and cooling.

2.3.1  Conduct a complate survey of the current and
forecasted user loads for each proposed
potential service area. Categorize the
present and potential future customers into
residential, commercial, industrial, etc.
Prepare a complete inventory of the type
of system, quality and age of the customers
equipment. This data shall be used for
developing the load demand profile in
Phase II analysis.

2.3.3  Examine and evaluate the different factors that
w·ill induce the End Users to switch from
traditional energy supply sources to a centrally
generated thermal energy. These should include
cost, reliability, level of maintenance re-
quired by the End-Users, disruption of current
pattern of use and safety. An analysis of the
cost of heat and the cost of changes required
in the End User's equipment should be based
on customer data collected in Item 2.3.1

2.3.4  Identify the generic nature of the market,
characteristics and problems as they relate toother urban industrial areas.

2.4.7  Determine and assess the scarce fuel saving
potential of each retrofit scheme relative to
the generation of thermal and electric energy.

7-1
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2.2.2  Boundary of Proposed Service Areas

As the result of preliminary quantitative and qu
alitative analysis

three possible service·areas have been defined  for the purpose  of this analysis.

All three areas are located in the northern New Jersey area which has been

found to have both the greatest density of existi
ng thermal loads and in the

Hackensack Meadowlands, the greatest potential r
esidential, commercial and

industrial growth in a relatively concentrated geo
graphic location.  The three

schemes analyzed include:

1.  Scheme 1 - Serving potential new loads in th
e Hackensack

Meadowlands and the existing thermal market in th
e

Jersey City area. These loads will be served by

retrofitting the PSE&G Hudson generating station.

2.  Scheme 2 - Serving the existing thermal market in the

Newark area. These loads will be served by retro-

fitting the PSE&G Essex generating station.

3.  Scheme 3 - Serving potential new loads in the
 Hackensack

Meadowlands and the existing thermal market in bot
h

Jersey City and Newark.  These loads will be serve
d

by retrofitting the PSE&G Hudson, Bergen and Esse
x

generating stations.

The specific timing, loads to be served and assoc
iated captial and

operating costs for these three schemes are discu
ssed elsewhere in this report.
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2.2.3  Survey of Proposed Service Areas

Introduction

In order to establish the potential market for district heating

which exists within a five (5) mile radius of the selected generating

stations a field survey of each location was conducted.  To accomplish thisi

three basic goals were set forth:

1)   Design a questionnaire which would supply all the

information needed for the analysis.

2)   Administer the questionnaire to a selected sample

of customers.

3)   Analyze the resulting data and draw conclusions

as to the potential district heating load.

The results of the questionnaires along with a detailed computation

of existing structures by type (residential and non-residential) will be used

to determine the detailed load estimates at the selected sites. Details of

the methodology used for each step is found in the subsequent sections.

Questionnaire Design

The questionnaire used for the field survey was developed by SWMCI

in conjunction with the other participants in this project. In addition

input was received from various operating departments of PSESG.

The final questionnaire shown in Exhibit 2.2.3-I is divided into

two parts.  The first part consists of the front cover marked CONFIDENTIAL

which identified the customer, the interviewer *0 intervicwce, and esta-
blishes a code for the customer class, general'location within a grid and

questionnaire number.  The interviewees were advised that this information

would be kept by Public Service Electric and Gas and would remain confidential.

3-3
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The second part of the survey form contains specific questions,

which cover the following areas:

1)   Customer characteristics including square footage

of building, type of operation (i.e., residential-

retail sales, manufacturing), hours of operation,

number of employees, age of building, change in amount

of usable space in the last five years, etc.

2)   Fuel consumption and annual bills by type of fuel and

any change in the last 12 months.

3)   Heating equipment, type (steam, hot water, air), input

output and quantities of steam used at less than 50 psig

or hot water below ·2900F.

4) Cooling equipment by type, tonnage and a·.,erage age.

5)   Process steam of hot water equipment.

6)   Domestic hot water equipment.

7)   Future expansion plans short-term (6 months to 1 year)

and long-term including additional fuel requirements

by type.

8)   Payback period or return on investment required for

new fuel and energy related investments.

The information obtained from the questionnaire enables us to

determine the heating and process load requirements of tile five cl.asses

1, f  c.11:;t(,111(rs   (rits'ic|Clit.i.:il,   siii:111.  ct,i,1111(:rci:il,   1:lr,;c  (·,)111111(·re i :11,   :,111:ll.1

industrial and large industrial) as well as tlie price of fuel currently

used and their future plans.  The size of the building was also obtained 
to

allow for loads to be expressed on a per. square foot basis. Other questions

3-4-



pertaining to the specific equipment and the temperature and pressure of

operation allowed us to determine those loads which represent potential

customers of the proposed hot water district heating system.

The questionnaire was designed to be analyzed by existing computer

programs.  The results of each questionnaire were key punched and entered

into a data base for analysis. The forms were also designed for ease of

administration and to avoid undue burden to the customer s€lected for

interview.

In order to select a representative sample of customers to interview

the following proceHure was followed:

The PSE&G service area is served by commercial offices. Each

office has been assigned a given geographic service area.  Computerized

listings of all electric customers within each commercial area are available.

The listing contains such information as name, address, rate class, consump-

tion and bill. Electric customers from the commercial offices which serve

areas within a 5 mile radius of the selected generating stations were chosen

as the population of customers to be surveyed.

By choosing the electric customers it was assured that all customers

(including those who had gas provided by sources other than PSE&G) were

included in the areas to be surveyed. It is assumed that everyone has electric

service.

The sample was selected using stAilcl:iril st:ttistic:11 s.-1,1,1,'linv techiliqlins
..,

to assure confidence at the 5% level.  The sample was taken from a population
.-I

containing multifamily residential buildings, and commercial and industrial

cus ti,mers. hi addition, all gas customers with interruptible service (rate

a.,s-

.



ISG)   and all large   C&I cus tomers    (rate   HL)   werc   included   in tlie sample.      The

original population served by the selected commercial officer included som
e

3,300 such customers, however, parts of several towns fell outside of the

5 mile radius and were eliminated. Therefore the target population was

reduced to 3,000 and the sample required was 340 in addition 104 large

customers were added for a total of 444 customers originally chosen for

survey.  Each of the customers surveyed was located on a grid map and the

grid number was used as part of the customer code, this system allows the

location of load concentration or load density of an area. In addition, a

separate list of all multifamily residential buildings (high rise and large

apartment complexes) within the five mile radius of each of the plants was

compiled by PSE&G.  The list also included the type of fuel used and the

type of heating system.  Finally, the location of these buildings and the

number of dwelling units at each location was plotted on maps for easy

location.     Over  all, 444 customers were included   in the survey.

Personal interviews were conducted by employees of PSE&G employed

at each of the 5 commercial offices.  These people were familiar with the

territory to be surveyed and in many cases with the customers to be surveyed

(particularly large industrial and commercial customers).  In cases where

customers initially selected could not be surveyed others were substituted,

large C&I customers who could not be reached or could not answer the questions

at the local office were dropped from the survey.  This action did not effect

the sample since those customers dropped (without being replaced) were from

ISG and HL rates which were not part of the original sample.  Ultimately

2-1.
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384 questionnaires were received and analyzed.  11,2 results of tile surveys

are discussed and tabulated in the following paragraphs.

Survey Results

The survey data gathered during interviews with the selected

customers was compiled and stored on magndtic tape to facilitate analysis

and for possible future use.

The total number of the survey respondents was 384 and is comprised

of various customers classes, including small and large commercial; small

and large industrials; residential and multi-use customers.  Exhibit 2.2.3-II

shows the breakdown of the surveyed sample. Small industrial and commercial

represent the majority of the sample customers, with 38 and 30 percent of

the total, respectively. Large industrial represent 21 percent, large

commercial 9 percent, and residential and multi-use customers represent only

2 percent of the total customers.  In addition information on the location,

type of heating system, fuel use and number of units was obtained for all

residential high rise apartments in the study area by PSE&G.

It should be pointed out that the data used in the analysis has

been scanned and filtered so that unreasonable or erroneous data was eliminated

in the analysis.

The first area analyzed was floor areas to determine the size of

the establishments to be heated, in total as well as per customer, and by

customer class. It ·is shown in Exhibit 2.2.3 -III that on a per customer

basis, large commercial has the most floor area 506,000 square feet, and

small commercial has the least 75,000 square feet.  For all customers class
es

the average floor area is 151,700 square feet per customer excluding res
iden-

tial customers.
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Presented in Exhibits 2.2.3-IV, V and VI are the average use and

cost,statistics for heating fuels for each of the four classes of customers.

Exhibit 2.2.3-IV shows by class of customers the average bill (thousands of

dollars) for the last 12 months.  The type of fuels as well as the average

for all fuels is presented.  Exhibit 2.2.3-V shows the average annual fuel use

per customer for each type of fuel and each class of customers.  The high

and low and mean values are shown to provide information on the large range

of customer sizes in the sample.  Exhibit 2.2.3-VI tabulates for each cus-

tomer class the average per unit fuel cost by fuel type.  The standard

deviation is shown to provide information on the variability of fuel cost.

The data for these exhibits is compiled from those customers indicating the

use of fuel for heating only.

The large commercial class consumes more fuel than other classes

on a per customer basis and large industrial class pays the lowest unit

fuel cost per customer.

As summarized in Exhibit 2.2.3-VII the survey showed that 46.3% of

the customers interviewed are equipped with steam heating systems and 17.5%

of the total customers have steam heating systems of which the major portions

are operated below 50 psig.  The survey also indicated that 27.8% of the

customers have process loads and 16.1% of the customers have process loads

that are below 50 psig.

Exhibit 2.2.3-VIII shows that overwhelming majority of the total

sample are equipped with electric motor driven cooling units of a total

tonnage of 57,381.  Other customers are equipped with steam absorption cooling '

units of 17,754 tons and others steam driven cooling units of 8,380 tons.
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The survey shows that 36% of the total customers are equipped with

central domestic water heating systems, 43% with individual type, and 21%

did not indicate if they were equipped with domestic water heating systems.

52% of those surveyed indicated fuel-fired boilers for the water

heating system; 14% indicated steam from other systems as the source for

heating domestic hot water; 22% with electric boilers; and 12% did not

provide an indication as to what type of boiler they had.  This information

is summarized in Exhibit 2.2.3-VIII.

Exhibit 2.2.3-LX indicates that, on a short-term basis, 16% of

the customers have firm plans for new equipment installation in the next

six months to a year, 80% have no such plans, and 4% did not state their

intentions.  On a long-term basis, that is for the next five to ten years,

11% of the customers expected increases in building floor space, only 1%

expected a decrease, and 88% did not expect any change in floor space.

When asked about anticipated changes in heating, cooling or process equip-

ment, 12% answered they expected some change, 65% answered no changes and

23% did not provide definite answers.

Exhibit 2.2.3-X shows the payback period as return on investment for

the various rustomer classes.  The longest payback period of 4.6 years is

tolerated by small commercial customers, the shortest  of 3.2 years, is requir-ed

by large industrial establishments, the average payback period for eftergy

related investments for all customers is 3.7 years.

The consumption of fuels have been translated into a common base

of gross Btu content.  The conversion factors used are as follows:

No. 2 oil - 137.<)00 Btu/gal.
Nos. 4 and 5 oil - 143,000 Btu/gal.
No. 6 oil - 145,500 Btu/gal.
Natural Gas - 100,000 Btu/therm
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we have calculated tlic annual average load per square foot and the standard

deviations for each customer class. Exhibit 2.2.3-XI shows these results

ranging from a low 58,020 Btu/ft.2 for large comnercial to a high of 96,080

Btu/ft.2 for small commercial establishments.  The average values for small

and large industrial are 81,867 and 85,175 Btu/ft.2 respectively.  The

heating loads were weather normalized  to 5,034 average annual heating degree

days (HDD) per year for Newark.  This compares to 5,317 HDD for 1978.

The rather large standard deviation in the usage for these 4 types of

customers is due to the large diversity in usage patterns as well as size

among the customers surveyed. For example the heating requirements of a

warehouse are quite different than those of an office building.  The average

Btu per square foot requirements for each customer type (resulting from the

survey) was compared to those from an existing district heating system and

they showed no major distortions.

These average loads per square foot will be used in other parts

of the study to project the future loads for each customer class in the

PSE&G service area.

.
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Exhibit 2.2.3-I

CONFIDENTIAL

HEATING, COOLING, DISTRICT HEATING

QUESTIONNAIRE

Name of Firm Person Interviewed

Address Interviewer

Date

Customer Class

Large Industrial (A)  Small Commercial (D) 

Small Industrial (B)0 Residential (E)0

Large Commercial (C)  Multiuse (F) 

l
Customer Account # Questionnaire #

Rate Class

Location: Plate # Grid # Code

1-liIL#./ 0



Page 1 of ]

Code_L 1,1 1 1 1 1 1 1 1 11.                         Customer Information                                                  9

Manufacturing (M) Apartmnes (A)

Product Manufactured No. of Dwelling Units ioL_j

Office (F) Waretio :se (W) Recail Establishment (91

Other including multiuse, specify , (X)

Building Floor Area (1000 Sq. ir.1                                              1 1 1 1 1  4
* SIC Number lilli

20

Number of Emrlny„. lilI
Daii, Occupancy hours          8         16          24                                   225
Weekly 10-40 (A) 41-80 (B) 31-120 (C) 121-168 (D)

Seasonal Operation Summer (S) Wincer (W) Year Round (R)

Age of 8,•11,11'2 .Ll_129

No. of years present Operation in effpr, ,aL_1_33,

Usable space in Pose 5 years Increased (I) Decreased (0) Same (S)                         El
32

Amount of change (1000 sq. ft.)

No. of .Boiler and Cooling Plant Operators

2.         Fuel Consumption for ehc 12 months ending Dic. 1978
Annual Used

H - space heating P ' Process G - General Amount Bill For

Natural Gas (M Therpe)                  -                 ..|  |  |  1  L I  1111- 0.,
Fuel Oil (1000 Gal)  02                                   ..|  |  |  |  |., |  |  |  |   .. 0,0

#4 or #5 ,"IT.-1- 11111„ 0„
#4 .

..1   I   l   l   I.,1   I   l   l    ..0.

Electricity (1000's Kwh)

.

-1   I l l   I   ll'. lili    N o m
Other (Specify)_._

Has this consumption changed over the previous                                      m

12 months                              No Yes 2 Change .

Reason for Change

* Filled ouc by Cencral Offkc Staff

Comments:
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Paze 2 nf 1

Code # :1 1 1 1 1 1 1 1 1,
3.                             Heatinf Equipment

Type of System

Steam (S) Hot Water (W) Hot Air (A)                               11 

Size of Syscem

Input (Million BcuL. , /l i l l i' .
Output (Million 814)                   _               oJ  |1 1  1   2,
Z Above rn PSTB ,/1 1 10

% Below 50 PSTC =FT-1:,

Comments:

4.                             Cooling Equipment

TyFes of Use (Check all applicable)

Comfort  (A)Q    Computer  (C) Q Process  (P)Q    Refrigeracion  (R)Q
Absorption (A)0

:4 1 1 1, ·Tonnage

Average Age of Equipment '4    1   1"

Steam Driven (S)0

TonuY =  Ill  „

Steam Inlet Pressure (PS.C) "111.,
Average -Age   o f Equipment -            4__1__14,

Electric Motor Driven (E)0

Central  (C)      Package Unit (includlng window)  (5)  1       '                                                48

Combination (8) 

Tonnage                          J I l l „
Average Age of Equipment                                    ·            aofT-78,

Comments :

Amount Units             -
5. Process Steam or liot Water

Annual usage 1000 lbs (L) or BeaTUS (B) J l i l i N   . 08:

An, end usa with Destin Pressure at 50 PSIC

or 29007 and below Yes (Y) No (N)                     ·            LIs•

If yes. supply total maximum capacity in (1000'i Lbi/Hrs) (L)

.1 I l l. :     00
or MMBTU/Hrs (B)

Type of Operation Seasonal (S) Year Round. (R)                                         ·Cl se

Type of Steam End Use, describe

6.                         Domestic Water treating

Type of Syscem:  Central (C) individual (I)

Boiler (Heatar): Fuel Fired (F) Steam from ocher
System(S) 1 1.

Electric  (E)

Water Tple "P.,rm A Ill„
Annul Usi (1000's Cal)                            ·                  J  1  1 1  1  13
Maximum Hourly Use (r.,1 1 J l i l i 17.

Coinenes: 1.&1-

3-/3



la. Future Plans Page ] of 3

Shorc Tern
Cod• 1111111111.

Based on current operation and knowledge.

are chire any firm plaoi for new equipment

Installaclon in the next 6 minchs co a year?  Yes (Y) No (N) 1 1.

If yes. will it change the amount and

Type of Fuel used Yes (Y) No (N) I j„

Quancify below Estimated
Additional Used

Fuel Consumption for ncy equipment Cost For
Amount $(1000) H-P-q

H - spaci heating P - Process G - General

N•:·ir•1 G. (M B--I,              '                     .,1  I   I  I  I..    .-T33-3,0    0.,
Fuel Oil (1000's Cal) /2 J I l l '„  lilli..  El=

#4 0, /3 .1 l i l I. lillI,0 0„

'A                           -lilli..  lilill,   0..
Eliccricity (1000's Kwh) ..1 l i l l i l,I  l i l l i.  0-

Othir (Specify)

Comeents:

7b.

Long Term

On a longer term basis, whac increas•

(decrease) do you expect in the next Units
Amounc (P-F)

3 :O 10 years.

Building Floor SpacI I Growth (P) or 1000's of 51. Fl. (F) -l i l l i. . 0.

Increase (I) b.creasa (D) LIlI

Do you ancicipate any changes in

thi heating. cooling or process

equipment? L_-1..Yos (Y) No (N)

If 111, de,cribe below

IZES Equipment Added (Removed) Approximate Annual Year of

(Heating. Cooling EnerRy Requirements  Change

prices.)
(H) (C) (P)

(Specify Units)

8.         What te chi payback period ·)r return on invis cmene 7//r,                      

required for fuel and mergy related investownts? „11 6 -L-LJ.

9.          Can you provide your daily ir annual thermal

mrgy coalumptian curva.  ci y tribonoil::Sad Y ,Will  allow- 11.0

10. Other C.....

• 11. Do you presently generate electricity? Tes No

if yes, describ• equipmene used

Ensins Gas Turbine Stes• Turbine

Mazi.... hourly Kv

Annual (1#h)

* 11. btlmace,cur anual usage of energy for the neit

ten yeari (or aMnual :rowch race (dicline) in *nergy

Usage).

* Filled out by PSE&G
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Exhibit 2.2.3-II

SURVEY SAMPLE SIZE

Sample Size
Percent

Customer Number of Total

Commercial - Small 115              30

Commercial - Large              36               9

Industrial - Small 145               38

Industrial - Large              82              21

Residential                      4               1

Multiuse 2                         1

Total 384 100
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Exhibit 2.2.3-III

BUILDING FLOOR AREA

Size of Floor Area
Total Per Customer

Customer (1,000 ft2)

Commercial - Small 4,998              75

Commercial - Large 9,627 506

Industrial - Small 4,968              87

Industrial - Large 4,222 302

All Customers 23,815 152
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Exhibit 2.2.3-IV

ANNUAL AVERAGE HEATING FUEL BILL PER CUSTOMER
($000)

Oil Natural
#2     #4 & #5      #6 Gas Average- -

Commercial - Small 16.0 36.6 56.3 18.3 23.6

Commercial - Large 40.7 95.7       - 73.2 66.5

Industrial - Small 16.3 43.1 16.5 24.2 24.6

Industrial - Large 79.0 110.3 37.5 .72.3 77.9
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Exhibit 2.2.3 -V
ANNUAL AVERAGE HEATING FUEL USE PER CUSTOMER

No. 2 No. 4 or 5 No. 6                        Natural Gas
-                               - - (1,000 Gal)- -              - - - - - - - - -        - - - (1,000 Tllerm) - - -

High Medium Low High Medium Low 11 igh Medium LOW High Medium Low-        -        -         -

Commercial - Small 195 36         1       500        87        13 200 145 110 303         54         2

Commercial - Large 400 128 42 300 211 132        -                    - 1,597 262         4

Industrial - Small 150         35         4       200        65        20        70        40         10        284         75         3

Industrial - Large 258 186        11 500 248 40 203 105          7 558 227       43

(6
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Exhibit 2.2.3 - VIAVERAGE PER UNIT FIJEL COST

OIL
No. 2 No. 4 or 5 No. 6 Natural Gas- - - - - - - - - - - - -(0/Gal)------------ - -(C/Therm)- -

Customer Mean S.D. Mean S.D. Mean S.D. Mean S.D.-i--- --.---- .--I---

Comiliercial - Small 47.0 5.3 44.0 5.4 38.8 2.6 36.2 4.8
Commercial - Large 39.0 7.3 46.1 3.5       -         - 32.9 6.2
Industrial - Small 47.6 6.5 44.6 3.5 45.0 5.0 34.6 3.7
Industrial - Large 43.3 4.1 42.9 6.6 37.7 3.6 31.9 1.2

SD - Standard Deviation
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Exhibit 2.2.3. - VII

STEAM CUSTOMERS AS PERCENT OF TOTAL

CUSTOMERS SURVEYED*

Type of use Total Below 50 PSIG

Heating Load 46.3 % 17.5 %

Process Load 27.8 % 16.1 %

Note:

* Excluding Residential
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Exhibit 2.2.3. - VIII

TYPES OF COOLING EQUIPMENTS

Total
IZEe Number % Capacity

(Tonnage)

Steam Absorption Units           47                    17,754

Steam Driven Units                11                      8,380

Electric Motor Driven Units 320 57,381

DOMESTIC WATER HEATING SYSTEMS

Type of System Number                      %

Central 138                       36

Individual 164 43

N/A                               82                       21

Boiler Type

Fuel-Fired 200                        52

Steam                             53                       14

Electric                          83                       22

N/A 48 12
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Exhibit 2.2.3 - 1X

FUTURE EQUIPMENT INSTALLXTION AND FLOOR SPACE EXPANSION PLANS

Short Term (6 Months to 1 Year)

Equipment Installation No.                       %

Yes                            63 16

No 306                      80

Not Definite                    15                        4

Long Term (5 to 10 Years)

Floor Space Change No. %

Increase                       43                      11

Decrease                        5                       1

Not Definite 336                      88

Change in Equipment

Yes                           46                      12

No 248                       65

Not Definite                   90                       23
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Exhibit 2.2.3-X

PAYBACK PERIOD OR RETURN ON INVESTMENT

Period

Customer (Yrs)

Small Commercial 4.6

Large Commercial 3.6

Small Industrial 3.4

Large Industrial 3.2

Residential 3.7

Total 3.7
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Exhibit 2.2.3-XI

ANNUAL AVERAGE LOAD PER SQUARE FOOTAGE*

(Btu/ft2)

Customer Mean Std. Deviation

Commercial - Small 96,080 43,500

Commercial - Large 58,020 27,332

Industrial - Small 81,867 56,086

Industrial - Large 85,175 43,656

Note
*  The conversion factors used are:

No. 2 Oil - 137,000 Btu/gal.
Nos. 4 and 5 oil - 143,200 Btu/gal.
No. 6 oil - 145,500 Btu/gal.
Natural Gas - 100,000 Btu/therm
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2.3.1  Current and Forecasted Thermal Load

Introduction

The purpose of this section is to develop estimates of the existing

and potential heating load for five-mile radii around four Public Service Electric

and Gas (PSE&G) generating itations of interest in this study.  The determina-

tion of square footage of existing and future commercial, industrial and

high-rise residential structures serves as a prerequisite to the prediction

of thermal loads.

Discussions with PSE&G personnel as well as with members of the

Tri-State Regional Planning Commission have confirmed the fact that the

service area in question represents a mature urban area and therefore

exhibits only a very low growth potential.  The notable exception is the

Meadowlands area which consists of portions of fourteen New Jersey boroughs

and townships. An extensive development master plan has been established

by the Hackensack Meadowlands Development Commission (HMDC) and serves as

the basis for the square footage projections for the area included in this

study. Overall square footage projections. for the relevant service territory

are obtained by summing the estimates of natural growth and those from

the Meadowlands less a provision to avoid double counting.

Square Footage Projections

A.   Estimates from the Meadowlands

Thc map in Exhibit 2.3.1-I represents the areas wittlili :1 five-mile

radius of the North Bergen, Essex, Linden and Sewaren generating stations.

(Note the Sewaren and Linden areas have been eliminated from consideration).

The map in Exhibit 2.3.1-II presents a more detailed view of the thirty-two
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square mile Meadowlands district comprised.of portions of fourteen municioali-

ties.   The map indicates that the entire· Meadowlands area falla within 4 tive=

mile radius of either the North Bergen or Essex area generating stations. 1

The HMDC master plan has been developed on a square footage basis

for nine zonal types. The Commission has designated certain areas as:

research parks, research distribution parks, light industrial and distribu-

tion (types A and B), heavy industry, highway commercial, service highway

commercial, waterfront recreation and low density residential.  The precise

definitions of these zones is found in Appendix A.  In addition, the HMDC

has established Specifitally Planned Areas (SPAs).  The general purpose of

these SPAs is stated iii the Commission's zoning rules outlined in July of

1978.

"The strategic location of large parcels of largely -

undeveloped land in the heart of an intensely - developed

metropolitan area gives the public tlie opportunity to

require that development be undertaken on a large scale

in order that available land be used in the most efficient

manner possible and in accordance with the most comprehen-

sive and far sighted planning techniques which will be

of substantial benefit to both developers and landowners

and to the public."2

1                                            •For simplification the Essex area is assumed to consist of the region within
five-mile radii of the Essex, Hudson and Kearny generating stations.

2Hackensack Meadowlands Development Commission Zoning Rules, Division of

Administrative Procedure, Department of State (July 24, 1978), p. 111.
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An SPA may be termed Island Residential or Parkside Residential the

precise definitions. of which are found in Appendix 2.3.1. Berry's Creek Center

is also considered a SPA and according to the Commission:

"... is intended to be the focal point of the Meadowlands

District.  It shall be a business, shopping, civic, cultural

and transportation center, built along parks and plazas,

pedestrian ways and the restored Berry's Creek Center and

containing at its peripheries park-like open· spaces and

marshland preserves. „1

The Specifically Planned Areas represent the only locations in the approximately

19,750 acres which comprise the Meadowlands where high-rise residential units

are planned.

The fully developed master plan calls for the construction of

residential*, commercial, and industrial structures totaling approximately

138 million square feet sometime between 1995 and 2000.  A precise time-table

for development is extremely difficult to establish, a land use specialist

at the Commission noted, but a tentative plan was proposed in the Commission's

recent transportation study.  According to that study the following schedule

outlining the various stages   of deve lopment ·was prepared. Percentages   for

the  1975,  1985  and  the  year  of full development  (set  at  2000 by SWMCI)  were

taken from the study for the Commercial, Office.and Industrial groupings.

Figures for the residential sector were derived by comparing a Commission's

building permit report covering the 1970-1978 period with full-development

estimates and furnished estimates for 1975 and 1980. Estimates for the

remaining years were obtained by interpolation.

1Ibid., P. 128.

*Only residential units in high-rise structures are included in the figure.
An additional 34.4 million square feet are attributed to low density housing
units.
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Table 1

Der elopment  Plan  for  the Meadowlands
Percent of Full Development by Five-Year Intervals

- - - - - - - - - - -7- - - -I- - - - - - - - -

Development
Type 1975 1980 1985 1990 1995 2000

Residential 1.4 6.7 25.0 50.0 75.0 100.0

Commercial 14.4 23.6 32.8 55.2 77.6 100.0

Office 5.2 12.6 20.1 46.2 73.4 100.0

Industrial 41.0 44.9 48.8 60.0 80.0 100.0

Exhibit 2.3.1-III presents the master development plan for the

Meadowlands based on the percentages assumed in Table 1.  The data provided by

the HMDC listed the various development types which were planned for each of

the fourteen municipalities.  As a consequence, a breakdown of potential square

footage for the North Bergen and Essex generating stations was possible and

is included in the table below.

B.   Estimates of the Region's Natural Growth

As emphasized earlier, the major. portion of the growth in the

relevant region is expected to eminate from the Meadowlands.  Some growth,

however, is expected to take place in the relevant region lying outside of

the Meadowlands.  In order to produce estimates of the expected growth in

square footage several data sources.were examined as discussed in the

following paragraphs.

Primary amo ng tlie additional. data sources was tho 1970 1.ind Use

Estimate summary compiled by the Tri-State Regional Planning Commiss'ion.

Using 1970 census tract data the Commission compiled estimates of: (a) the

number of housing units, (bY the square footage of non-residential structures,
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and (c) the square footage of "other" units for each square mile of land

within the tri-state planning area. Exhibit 2.3.1-I shows the one-square

Aile tracts, while the circles (as noted earlier) enclose the area within

a five-mile radius of the given generating station.

Table 2 summarizes these estimates for square mile blocks falling

within 5-mile radii of the North Bergen, Essex, Linden, and Sewaren generating

stations.

Table 2

Tri-State Regional Planning Commission
1970 Housing Units and Square Footage Estimates Within Five-Mile

Radii of Given Generating Station

Floor Area (00 sq. ft.)

Generation Housing Non-
Station Units Residential Residential Other Total

(1) '(2) (3) (4) (5) (6)

North Bergen 195,898 1,838,640 2,077,707 23,309 3,939,726
Essex 326,617 3,849,661 3,468,107 149,970 7,467,738
Linden 166,568 1,922,154 1,759,807 37,514 3,719,475
Sewaren 83,803 1,001,039 880,531 15,634 1,897,204

Total* 772,886 8,611,494 8,181,952 226,427 17,024,143

Total# 649,927 6,815,001 6,753,044 192,095 13,730,733

* Includes area of double counting.
# Avoids double counting.

1.   Non-Residential and "Other"

PSE&G has furnished Stone & Webster with floor area estimates ,for

t,ffice bitilclitigs, cc,Inmercial establisl,incilts alicl other lili.sce].laticoits strtict,ircs

within its mitire service area. Thesp estimates arc available fr,r 1970 and 1975

and appear in Exhibit 2.3.1-IV.  From that exhibit it is determined that the

combined annual growth rate was 1.897. in tile floor arcns of office bltildi.ngs,

commercial establishments and warehouses and was .432. in square footage for
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the "o tlicr"l category. Given that tlle 1970-1975 period included tlic worst

recession since 1929, the growth figures are quite conservative, but appear

to reflect adequately the expected growth in the mature urban territory s
erved

by PSE&G.  In an effort to avoid double counting of the area already con-

sidered in the Meadowlands the rates were reduced by 301.  Growth rates of

1.323% and .301% were therefore applied to 'the totals in Table 2 in order

to generate floor area estimates out to the year 2000. The results are

summarized in Table 3 below.

Table 3

Floor Area Proiections For Non-Residential and
"Other" Structures (000,000 sq. ft.)

Development Year

Type 1975 1980 1985 1990 1995 2000
-' - .

Non-Residential*727.8 777.2 830.0 886.4 946.6 1010.9

"Other" # 19.5 19.8 20.1 20.4 20.7 21.0

Total 747.3 797.0 850.1 906.8 967.3 1031.9

* Assumes growth rate of 1.3237. annually.

# Assumes growth rate of 0.301% annually.

2.   High Rise Residential

No information was supplied regarding the existing square footage

in high-rise apartments and so this figure had to be derived using a less

direct approach.  The 1970 Census of Housing provides estimates of the number

of dwolling units in bitilclings  housing  fi.fty  or  nic,re  u,ii.ts   for  all  pl.ace. :

9

coilt:li,ii,ig a populatioil of 2,500 or more.-

1Note: "Other" includes schdols, colleges and universities, hospitals, and

other  public  institutions.

2United Statug Dipattment of Counerce, Bureau of the Census, 1970 Census 
of

Housing, vol. 1. part 32 (August 1972).
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Places falling within a five-mile radius of the four stations were considered,

and were found to include about 47,700 housing units. This figure, however,

includes high-rise structures within the boundaries of a given city, not

simply that portion of the city falling within the five-mile limit and so

provides an exaggerated estimate.  Comparing the number of housing units in

Exhibit 2.3.1-III reveals that only about 6% of the total housing units in

the relevant area are located in high-rise structures.

A check on the above estimate was made possible through a recent

effort by the staff at PSE&G.  The number of units as of 1978 in high-rise

structures was determined to be approximately 37,500 and so the 1970 base

estimate appears reasonable.  A simple division of column (4) by column (2)

in Table 2 reveals furthermore, that a typical housing unit contains approxi-

mately 1,040 square feet of floor space, and this fact is utilized below.

A final statistic required to generate a housing units projection

is the anticipated growth rate in housing units out to 2000.  This problem

was tracked from two perspectives, and therefore provided an internal

accuracy check.  The first involved an examination of trends in building

permits from the 1970 to 1978 period, while the second focused on the

natural growth in population, and the number of new housing units. necessary

to accommodate that growth.

A.   Building Permit Approach

A summary of privately owned housing units authorized by building

1,crmits was compilecl for tlic 1970 to 1976 peric,cl for 1,1.:ices withi.n a five-

mile radius of the relevant generating stations.  Records show that 31,'666

new housing units were authorized over the period, and this represents an

373 j



average annual growth rate over the 1970 base of about 0.85%.  This relatively

modest growth rate is consistent with earlier discussions relating to the

nature of the service area in question.

If the growth trend were to persist approximately 176,278 new

housing units could be expected by 2000.  Earlier it was established that

about 6% of the units were housed in high-rise structures so about 10,577

new units with approximately 11,000,000 square feet of floor area are

anticipated by the end of the century.

B. Cohort Component Population Model

The Cohort Component Population Model is employed as an alternate

method for predicting the number of new·housing units.

Public Service has provided SMWCI with population estimates by

county, as derived from its in-house population projection models.  The

estimates are presented in Table A of Exhibit 2.3.1-V and illustrate a

declining population trend out to the year 2000.  The table reveals that

the five-county area is expected to experience a decline in population by

about 0.45% annually when compared with the 1975 base.  The population declinr

is attributed primarily to the net out-migration of people from the area,

with the decline in fertility rates serving as a force moderating general

population growth.

The 1970 Census of Population for New Jersey was referenced and

provided estimates of the population of those cities falling within the

relevant five-mile radii.  The percentage of total Cr,lility p„i,ulatic,11 1.iving

with the relev.int PSE&(: service territory was calculated and was applied

to the first portion of Exhibit 2.3.1-V.  The results presented in the second

portion of the exhibit reveal an average compound annual decline in popula-

tion of approximately 0. 56% for the area under consideration.
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The decline in population is consistent with the trend noted in

recent government publicati„ns. 1

Finally, the expected number of households in the relevant service

area can be calculated if some estimate of persons per household is available.

Demogkaphers have noted a declining trend in persons per household for the

last several years.  The trend is most often attributed to the increasing

numbers of divorces, the postponement of marriages, and the accelerating rate

of young people leaving their families and forming their own households.

The Wharton Econometric Forecasting Associates predict that the trend will

continue at least out to 2000 and provide the following estimates in one of

their recent forecasts.

Table 4
People Per Household Estimates

Year People Per Household

1970 3.23
1975 3.00
1980 2.84
1985 2.75
1990 2.70
1995 2.64
2000 2.58

When the figures in Table 4 are applied to part B in Exhibit 2.3.1-V,

the projected number of housing units falling within the relevant five-mile

radii are determined.  These are presented in Exhibit 2.3.1-VI.  The exhibit

reveals that the total number of housing units increases from 560,118 in

1975 to 566,047 by 2000 or by about .04% annually.  Therefore, the apparentiy

1See for example, "Estimates of Population of Counties and Metropolitan Areas,"
July 1, 1975 and 1976.  Also, Series P-25, No. 739 (November 1978), No. 769
(January 1979), and No. 709 (September 1977).
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paradoxical phenomenon of a decreasing population (as shown in Exhibit 2.3.1-V

accompanied by an increase in housel,olds (Ii:<hibit 2.3.1-VI) is c:<plairied.

The results translate into 5,929 new housing units by 2000.  Even

if 50% of these units are assumed to be located in high rises, the annual

compound growth rate would amount  to  only  0.31. In other words, the growth

in relevant residential units resulting solely from natural forces is expected

to be virtually zero:

This result is in apparent conflict with those derived using the

building permit approach above.  Further investigation reveals, however, that

the -majority of those permits were issued in the Meadowlands district and

therefore tend to over-estimate the growth in high-rise residential units

for the entire relevant area.  The results of zero growth outside of the

Meadowlands appear most feasible and will be employed in the analysis below.

C.   Floor Area Estimate - Meadowlands and Natural Growth

Section A provided square footage estimates for the developing

Meadowlands area and section B estimated the floor space anticipated as a

result of natural growth forces in relevant area apart from the Meadowlands.

Table 5 on the following. page combines the previously derived statistics

and provides estimates of the potential floor area for the five-mile radii

around the four relevant generating stations.
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Table 5
To"al Projected Flo ,r Space Within

Five-Mile Radii of Relevant Generating St.clti(Vis
(000 sq. ft.)

Development Year

Type 1975 1980 1985 1990 1995 2000

Residential*
Natural Forces  36,888.4 36,888.4 36,888.4 36,888.4 36,888.4 36,888.4
Meadowlands 251.0 1.201.5 4.483.2 8,966.4 13,449.6 17,932.8

Total 37,139.4 38,089.9 41,371.6 45,854.8 50,338.0 54,821.2
\

Non-Residential
Natural Forces 727,790.1  777,224.2  830,016.1 886,393.8 946,660.9  1,010,897.5
Other 19,550.3 19,795.6 20.095.3 20,399.6 20,708.5 21,022.0
Commercial # 3,619.6 5,976.3 8,306.1 13,978.5 19,651.0 25,323.5
Office # 995.8 2,412.9 3,849.1 8,942.9 14,055.9 19,149.7

Light Indust. # 29,341.2 32,132.2 34,923.2 42,938.3 57,251.1 71,563.9

Heavy Indust. # 14838.6 2,013.5 2,188.4 2.690.7 3,587.6 4,484.5
Total 786,705.2  839,554.7  899,378.2  975,343.8 1,061,855.0  1,152,441.1

Overall Total 823,844.6 877,644.6 940,749.81,021,198.6 1,112,193.0 1,207,262.3

*Units in high-rise structures only.
#Contribution from Meadowlands.

By the year 2000, the area within the relevant five-mile sector

is expected to contain over 1.2 billion square feet of floor area.  This

represents an annual growth rate of about 1.65%.  The Meadowlands district

accounts for the only growth in high-rise residential units.  The area

outside of the Meadowlands is expected to provide substantial growth of

the non-residential type.  A significant contribution to floor space is also

expecting to flow from the Meadowlands and from all development types:

residential, commercial, office and industrial.

Potential Heating Load Proiections

The potential heating load projection can be made based on the

floor space projection given in Table 5 in conjunction with the annual
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:lverage  li,ad  per  scluarc  [cet  -  shown  in  I·:xl, i.1,it  2.2.3-Xl  fc,r  c:ic:11  cust ,mer

class.  Notice that, however, the floor space projection for the non-residen-

€ial   exclitdine  Naadowlanda   is   81**,t   A•,   A., Dur·al   forces   and   others.      In  Q.TA@v

to  forecast  the  load  for each customer. class, some "breakdown" factors  are

to be.devised. This was aceomplished by taki,ig the numbers of customers

surveyed and properly ratioing them.  Of the total non-residential customers,

60% are industrial and 40% are commercial, which are then each further

subdivided  into 12% large  and 88% small customers.

Using the "breakdown" factors, the floor space and the heating

load for each customer class exclusive of Meadowlands, are projected out

to the year 2000 at a five-year interval, as shown in Exhibit 2.3.1-VII and

2.3.1-VIII.  In deriving the annual load, a 65% efficiency factor was used

and the heating degree days of 5,317 in 1978 has been normalized to reflect

the historical value of 5,034.  A load factor of 27.7% was used in deriving

the peak load which is representative of a space heating utilization rate.

An annual load growth of 1.3% is observed over the 25-year period.

Exhibit 2.3.1-IX illustrates the projections of floor space, annual

heating load and peak load for the future Meadowlands development.  A 6.4%

annual load growth rate is observed in the Meadowlands area over the period

from 1985 through 2000.

Under the assumption that much of the energy used for space heating

purposes typical daily monthly-and yearly use patterns can be constructed.

By using data from existing district heating systems which serve some process

1nads, snla 11 amounts of air conditioning 1„ads, clomestic liot water loads

as well as heating loads curves which should be typical to a system in the
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area under study are derived.  Exhibit 2.3.1-X and 2.31.-XI present the

annual load duration curve and the typical hourly loads for the highest

and lowest day.

Exhibit 2.3.1-XII presents the annual and monthly peak hourly

demand as a percent of the highest peak.  Also shown in this exhibit is

the monthly and annual load factors and the monthly energy as a percent of

the annual energy.

The results of this analysis were discussed with a Swedish con-

sultant in order to gain the experience of the Swedish findings.  It was

found that these curves were typical of those experie:iced in Sweden.

Finally the pr,)jec.ted monthly peak energy requirements were

plotted against PSE&G's gas send out as shown in Exhibit 2.3.1-XIII.  This

graph suggests that the expected district heating loads are in line with

gas energy consumption and should have similar characteristics.

Based on a maximum generating capacity of 3.6 x 109 Btu/Hr.

(asssuming Hudson, Bergen and Essex plants are retrofitted as in scheme 3).

the maximum annual energy generated would be 9,000 x 109 Btu, assuming a

27% load factor.  From Exhibit 2.3.1-VIII the potential heating in the year

2000 load is 55,720 x 10  Btu per year (excluding the Meadowlands).  Thus,

the energy generated represents less than 20% of the potential market around

the generating stations studied.  Indicating that a market penetration of

less than 20% is required to achieve the desired loads. In other words,

the market potential is limited by the generating capacity.
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Development Plan for the Meadowlands

Estimated Square Footage by Development Type
and by Generating Station

Year

Development Generating
Type Station 1975 1980 1985 1990 1995 2000

Residential* North Bergen 192,931 923,314 3,445,200 6,890,400 10,335,600 13,780,800
4 58,128 278,184 1,038,000 2,076,000 3,114,000 4,152,000Essex Area

Total 251,059 1,201,498 4,483,200 8,966,400 13,449,600 17,932,800

Commercial North Bergen 1,641,169 2,689,693 3,738,218 6,291,147 8,844,076 11,397,005
Essex Area 2,005,408 3,286,641 4,567,875 7,687,399 10,806,923 13,926,447

Total 3,646,577 5,976,334 8,306,093 13,978,546 19,650,999 25,323,452

(I 
Office North Bergen 586,395 1,420,881 2,266,664 5,266,282 8,277,197 11,276,835

Essex Area 409,387 991,976 1,582,438 3,676,610 5,778,654 7,872,826

i Total 995,782 2,412,857 3,849,102 8,942,892 14,055,851 19,149,661

C S Light Industrial North Bergen 20,107,766 22,020,456 23,933,146 29,425,999 39,234 ,665 49,043,331
Essex Area 9,233,413 10,111,713 10,990,013 13,512,311 18,016,415 22,520,519

Total 29,341,179 32,132,169 34,923,159 42,938,310 57,251,080 71,563,850

Heavy Industrial North Bergen 734 ,295 804,142 873,990 1,074,577 1,432,770 1,790,963
Essex Area 1,104,346 1,209,393 1,314,441 1,616,116 2,154,821 2,693,526

Total 1,838,641 2,013,535 2,188,431 2,690,693 3,587,591 4,484,489

Total North Bergen 23,262,566 27,858,486 34,257,198 48,948,405 68,124,308 87,288,934
Essex Area 12,810,682 15,877,907 19,492,767 28,568,436 39,870,813 51.165,318

Grand Total 36,073,248 43,746,393 53,749,965 77,516,841 107,995,121  138,454,252
r:t

6-
./

cr

*Only residential units in high-rise structures are included. n

#The Essex Area includes the Hudson, Kearny, and Essex generating stations                                           N

and the sum of all loads within five miles of each. U

'--
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Exhibit     2.3.1-[ V

Public Service Electric & Gas
DOE/District Heating

Total Floor Area Non-Residential Structures

Floor Area (000,000 sq. ft.) Annual
Structure Type 1970 1975 % Change

A. Office Buildings (private) 66.0 80.0 3.92
(public) 21.7 27.0 4.47

B.  Commercial (stores) 228.0 224.0 1.37
(other) 47.0 50.0 1.25

C. Warehouse 99.0 106.0 1.38

D. School 95.0 92.0 1.38

E. College/Universities 12.6 12.9 .47

F. Hospital 18.0 19.0 1.09

G.  Other Public Institutions 71.0 77.0 8.45

Total 658.3 707.9 1.46
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Exhibit 2.3.1-V

Public Service Electric & Gas
DOE/District Heating

Table A
PSE&G's Population Projections By County

Year

County 1970 1975 1980 1985 1990 1995 2000

Bergen 898,012 879,100 851,500 839,600 835,900 827,700 816,700
Essex 929,986 881,600 825,000 778,550 741,050 714,650 688,000
Hudson 609,266 577,600 546,650 524,750 510,450 492,200 478,650
Middlesex 683,813 594,000 592,600 602,200 622,650 644,400 659,500
Union 543,116 520,500 496,450 481,050 469,100 455,350 441,650

Total  3,564,193 3,452,800 3,312,220 3,226,150  3,179,150  3,136,300 3,084,500

Table B
Population Projections by County for Areas

Within A Five-Mile .Radius of Generating Stations

County 1970 1975 1980 1985 1990 - 1995 2000

Bergen 375,818 367,903 356,353 351,373 349,842 346,392   341,789
Essex 382,410 363,514 339,240 320,140 304,720 293,864 282,906
Hudson 609,266 577,600 546,650 524,750 510,450 494,200 478,650
Middlesex 154,419 157,113 156,743 159,282 164,691 170,444 174,438
Union 224.578 215,227 205,282 198,914 193,973 188,287 182,622

Total  1,746,491 1,680,357 1,604,268 1,554,459  1,523,676  1,493,187 1,460,405
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Exhibit 2.3.1-VI

Public Service Electric & Gas
DOE/District Heating

Projogtod Housi:18 r/ni lis by Couitty for All ettieti
Falling Within a Five-Mile Radius of

Relevant Generating Stations

Year

County 1970 1975 1980 1985 1990 1995 2000

Bergen 118,555 122,634 125,476 127,772 128,294 131,209 132,476
Essex 128,326 120,838 119,451 116,414 112,859 111,312 109,653
Hudson 214,530 192,533 192,484 190,818 187,056 187,197 185,523
Middlesex 45,417 52,371 55,191 57,921 60,997 64,562 67,611
Union 72.212 71,742 72,282 72,332 71,842 71,321 70,784

Total 579,040 560,118 564,882 565,257 563,048 565,601 566,047

.R- LiR
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Exhibit 2.3.1-VII

FLOOR SPACE PROJECTIONS
EXCLUDING MEADOWLANDS

Customer 1975 1980 1985 1990 1995 2000
---  ---  -(000 x ftyj---  ---  ---

Commercial - Small 263,064 280,551 299,239 319,191 340,514 363,236

Commercial - Large 35,872 38,257 · 40,805 43,526 46,434 49,532

Industrial - Small 394,596 420,827 448,859 478,787 510,771 544,854

Industrial - Large . 53,809 57,385 61,208 65,289 66,051 74,398

Residential 36,888 36,888 36,888 36,888 36,888 36,888

Total 784,229 833,908 886,999 943,681 1,004,258 1,068,808

\
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Exhibit 2.3.1-VIII

ANNUAL HEATING LOAD PROJECTIONS(1)

EXCLUDING MEADOWLANDS

Customer 1975 1980 1985 1990 1995 2000

- - - - - - - - -(1012 x Btu)- - - - - - - -

Commercial - Small 15.56 16.59 17.70 18.67 20.14 21.47

Commercial - Large 1.28 1.36 1.46 1.55 1.66 1.77        -

Industrial - Small 19.87 21.19 22.62 24.12 25.73 27.45

Industrial - Large 2.82 3.01 3.21 3.42 3.65 3.89

Residential(2) 1.14 1.14 1.14 1.14 1.14 1.14

Total 40.67 43.29 46.13 48.90 52.32 55.72

Peak Load (109 x Btu/hr)(3) 16.76 17.84 19.01 20.15 21.56 22.96

Notes:

(1)  Weather normalized and based on 65% efficiency factor.
(2)  50,000 Btu/ft2 is used.
(3)  Using 27.7% Load Factor.
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Exhibit 2.3.1-IX

MEADOWLANDS FLOOR SPACE

ANNUAL HEATING LOAD AND PEAK LOAD PROJECTIONS

1985 1990 1995 2000

Floor Space (1,000 ft2)

Residential 4,483 8,966 13,450 17,933

Commercial and Office 12.155 22,921 33,707 44,473

Industrial - Small 34,923 42,938 57,251 71,564

Industrial - Large 2,188 2,691 3,588 4,485

Total 53,749 77,516 107,996 138,455

Annual Heating Load (1012 x Btu)

Residential 0.14 0.28 0.41 0.55

Commercial and Office 0.69 1.29 1.90 2.51

Industrial Small - 1.76 2.16 2.88 3.61

Industrial Large 0.12 0.14 0.19 0.24

Total 2.71 3.87 5.38 .6.91

Peak (106 x Btu/hr) 1,112 1,595 2,220 2,842
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Exhibit 2.3.1. - XI

HOURLY SENDOUT FOR HIGHEST AND LOWEST DAYS
AS A PERCENT OF HIGHEST PEAK

Highest Day Lowest Day
Hour % of Peak % of Peak

1                        69                     4.6

2                         70                      4.1

3                        74                     3.7

4                        75                     3.7

5                        76                     3.7

6 86 3.7

7 100 3.7

8                        88                     3.7

9 86 4.1

10                         84                      4.1

11                        81                     4.6

12                        80                     4.6

13                        82                     4.6

14                         77                      4.6

15                        76                     4.6

16                        76                     4.6

17                       74                    4.6

18                        74                     4.6

19                       72                    4.6

20                        71                     4.6

21                        69                     4.6

22                         70                      4.6

23                       71                    4.6

24                         70                      4.6
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Exhibit 2.3.1 - Xll

ANNUAL AND MONTHLY PEAKS, ENERGY AND LOAD FACTOR
FOR THE PROJECTED DISTRICT HEATING SYSTEM

Peaks as a Energy as a
Perdent of Percent of

Month Annual Peak Annual Energy Load Factor

%                                %                     7

Jan 100 20.86 66.2

Feb               88 14.45 57.8

Mar              67 11.27 53.4

Apr               58 7.68 43.6

May              40 3.68 28.9

Jun               15 2.40 52.2

Jul              15 1.93 41.7

Aug               13 2.40 59.2

Sep               15 2.65 59.1

Oct              39 6.35 51.3

Nov              75 10.21 44.7

Dec               87 16.12 59.0

Annual 100 100 27
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2.3.3  Analysis of Factors Influencing Fuel and. Energy Source Selection

In order to identify the factors which will induce end users to

switch from traditional energy supply sources to a centrally·generated thermal

energy system the fuel and energy source selection decision making process

must be reviewed.  An initial factor which must be recognized is that as with

any other decision made in a free enterprise.market the ultimate purchasers

biases as well as social pressure can have major influen.ces. on selection

decisions, as irrational as they may appear to the analyst.  In this district

heating project i.t is assumed that .the decisions on f.uel and energy source

selection will be made on a .rational economic basis.  This is an acceptable

premise as individual residential customers have not been included. in .the

potential market.  The business and engineering judgement which would be

applied by the owners and managers of businesses as large apartment buildings

would be expected to be generally more rational.

The fuel and energy source selection process can be divided into

two distinct segments. The first involves preliminary screening and the

second.,comparison and ultimate selection.  This is illustrated in Exhibit

2.3.3-I.

In the preliminary screening process determination as to the

acceptability of each fuel or energy source in terms of compatability with

the intended end use, environmental requirements and security of supply

are made.  Once the universe of acceptable alternatives have been isolated

a comparison of various utilization characteristics istmade, in terms of..

dollars from which the least cost alternative is selected. This process

applies to the analysis of purchasing thermal service from a central district

heating system.
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The end uses for which the thermal service from the proposed

retrofitted plants would apply include

1.   Space heating

2.   Domestic hot water heating

3.   Low temperature process water heating needs

In the majority of space heating and domestic water heating applications low

pressure steam (less than 15 psig) or low temperature hot water (less than

2OOIF) is required which is compatable with the operating conditions of t
he

hot water distribution systems being considered by PSE&G.  The use of purc
hased

thermal service should be considered at least as secure a source of energy as

natural gas and somewhat more secure than fuel oil.  This conclusion is 
based

on the modes of delivery, pipeline for natural gas and hot water versus

trucks or barges for fuel oil.

The table below shows by customer classification and type of fuel

the distribution of fuel and energy utilization for space heating on a net

basis as determined by the field survey described in section 2.2.3.  This

data will serve as the basis of the competitive fuel analysis which follows.

Net Thermal Energy
Consumption by Fuel Type and

Consuming Customer Classification

Customer Natural Fuel Oil

Classification Gas No. 2 No. 4&5 No. 6 Total

Large Industrial         5          7           6           
2        20

Small Industrial        11          6           5           1        23

Large Commercial        16          6           5           -      
  27

Small Commercial                    7          11
4        30

40         26           27            7        100
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The table oil the preceding page was derived Gy taki 11 g the reported

annual consumption of the surveyed establishments and converting them to net

Btu's using the following representative fuel heat contents and seasonal

utilization efficiencies.

Seasonal Utilization
Fuel Heat Content Efficiency

Natural Gas 100,000 Btu's/therm 65%
No. 2 Fuel Oil 137,000 Btu's/gallon 65%No. 4&5 Fuel Oil 143,200 Btu's/gallon 62%
No. 6 Fuel Oil 145,500 Btu's/gallon 60%

During the field survey the current costs of each fuel, in each

customer group, was also determined. Exhibit 2.3.3-II contains the current

and escalated fuel prices as delivered. The escalated costs were constructed

using the prescribed low (3%) and high (10%) differential escalation rates.

These are intended to be rates in excess of general inflation.  Exhibit

2.3.3-III contains the same data converted to cost per net million Btu's.

The same fuel heat contents and seasonal utilization efficiencies shown

earlier were used as the basis of this conversion. This is the cost of

usable thermal energy with which the proposed district heating system must

compete.

Shown on Exhibits 2.3.3-IV, V, VI, and VII are graphic representations

of the data tabulated in Exhibit 2.3.3-III for each customer classification.

The cost per net million Btu's of thermal energy is an important factor in

estimating the market penetration achievable by the proposed district heating

system.  As can be seen however, from the current fuel market price structure

this cost is not the only basis of fuel selection. Various operating and

logistics considerations are also important.  These include storage facilities

for fuel oil, preheating requirements for the heavier grade fuel oils, the cost

of burners, controls and stacks and environmental considerations.  The
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characteristics of a purchased thermal service for 
space are most comparable

to those of natural gas.  Both are delivered by pip
eline, require no storage

facilities or investment in fuel inventory.  Purcha
sed thermal service has

the additional advantages of no emission to the env
ironment, no need for

stacks and for new installations a lower first cost
investment. On this basis

the value of thermal service from a central district heating plant would

exceed the value, in terms of dollars per net millio
n Btu's, of natural gas

for space heating applications. In an attempt to quantify this incremental

value of thermal service to new establishments an e
stimate was made of the

annualized value, in dollars per million Btu's to t
he average customer

in each market sector being studied.  This calculat
ion is shown as Exhibit

2.3.3-VIII.  In this Exhibit the first column contai
ns the use of the average

natural gas customer in each sector in therms.  On 
the assumption of a 27%

annualload factor.and installed boiler capacity of 
150% of the calculated

peak.  Column 2 shows the peak hourly installed cap
acity in therms and

column 3 in MBtu's.  At an average cost of $6.50 pe
r MBtu the investment

required for each boiler plant is then shown in col
umn 4.  Column 5 contains

the payback period data collected in the field surv
ey and shown on

Exhibit 2.2.3-X plus one year.  This approach has 
been taken so that when

a potential user compares his cost of fuel using na
tural gas versus purchasing

-

thermal.service from the proposed central plants hi
s calculation of the annual

savings realizable if he elected to use natural ga
s over district heating

would not meet his payback criteria for the investm
ent in boilers he would

need to make.  As the cost of thermal service ·exceeds that of natural gas

by more than the amount being calculated here, the 
greater the likelihood

that the potential user would not.opt for thermal s
ervice.  Column 6 is then

the investment in Column 4 divided by the payback p
eriods in column 5, and
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column 7 is the annual savings in column 6 divided by the average use in

column 1.  Column 8 takes the ¢/therm of column 6 and adjusts this cost

to $/MMBTU of net energy using conversion factors of a 65% seasonal effic
iency

and 10 therms per MMBTU.

The impact of these incremental costs above natural gas have been

included in Exhibits 2.3.3-IV, V, VI, and VII and are labeled as breakeven

lines.  These graphs will be used in section 2.6 as a basis to determine

the economic viability of the proposed projects.

From the standpoint of fuel usage the entire area surrounding

the four power plants being considered in this study is homogeneous.  The

Meadowlands as described in a previous section and the remainder of the area

exhibit significant differences in projected' development. Essentially,

the Meadowlands has, if developed as currently conceived, the potential to

increase in residential, commercial and light industrial establishments.

The remaining area has a large established market but minimal prospects

for growth.  This situation leads to the general conclusion that the

sale of thermal service in the Meadowlands will be in a more favorable

competitive situation.  The new structures expected in the Meadowlands wi
ll

be saved the investment required for natural gas or fuel oil burning and

delivery systems if they elect to take the thermal service.

In existing structures which already have operating fuel systems

such as is found in the remaining areas the economics of purchased therm
al

service would be measured against only existing operating
costs. In these

existing establishments purchased thermal service would be in
 the best

competitive position in those cases where equipment age or condition req
uires

major maintenance expenses or even replacement.
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FUEL AND ENERGY SOURCE SELECTION DECISION TREE Exhibit 2.3.3-1

7
Universe of Substitutable
Fuel and Energy Sources

Select One    4

Yes No
Is It Compatible with

the Intended End Use Under
Current Technology?

Yes NOShould
Technology

Be Developed

  Are  
Yes / Environmental \ No2     - Restrictions /

\\' Met //U
.0F                 /1
J                                                     Be Developed

Yes NoShould
Technology

53 1 Yes Supp es Ava lable       N.
Are

2                                               Current y
1

/. Are ..
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\\ pplies Availat /'
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Sources Be Used

List Fuel as Feasible
Alternative

Return to Universe Until
All Alternatives Have

Been Reviewed

Select One Feasible      1Alternative

Determine Utilization
Characteristics

(Safety, Maintenancel

Determine Logistia
of  Delivery and Storage

'1                        Determine Direct
Cost of Fuel or
Energy Source

./

'90 Analyze Next
Feasible

·                                           Alternative

1-                                          8
S                                                                                   Catalogue
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c                                                                  Alternatives
.8

 
8                                          

   Select
Fuel or Energy

Source
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Exhibit 2.3.3-II

PUBLIC SERVICE ELECTRIC 6 CAS
DEPARTMENT OF ENERGY DISTRICT HEATING STUDY

CURRENT AND ESCALATED FUEL COSTS BY CUSTOMER CLASSIFICATION

(0/delivered unit)

Current                                    Future Fuel Costs
Cuotomer Fuel Low (3% Per Year Escalation) High (10% Per Year Escalation)

Classification Units Costs (1) 1980 1985 1990 1995 2000 1980 1985 1990 1995 2000
-

Large Industrial

Natural Gas 4/theron 31.9 32.9 38.1 44.2 51.3 59.4 35.1 56.5 91.0 146.6 236.1

No. 2 Fuel Oil 4/gallon 43.3 44.6 51.7 59.9 69.5 80.6 47.6 76.7 123.5 198.8 320.2

No. 4 and 5 Fuel Oil 4/gallon 42.9 44.2 51.2 59.4 68.9 79.8 47.2 76.0 122.4 197.2 317.5

No. 6 Fuel Oil 4/gallon 37.7 38.8 45.0 52.1 60.4 70.1 41.5 66.8 107.6 173.4 279.2

Small Industrial

Natural Gas 0/therm 34.6 35.6 41.3 47.8 55.5 64.3 38.1 61.4 98.9 159.2 256.3

Go                No.   2   Fuel Oil 4/gallon 47.6 49.0 56.8 65.9 76.3 88.5 52.4 84.3 135.9 218.9 352.5

61     No. 4 and 5 Fuel Oil 4/gallon 44.6 45.9 53.2 61.7 71.5 82.9 49.1 79.1 127.4 205.1 330.3

\1
No. 4 Fuel Oil 0/gallon 45.0 46.4 .53.8 62.4 72.3 83.8 49.5 79.7 128.4 206.8 333.0

Large Commercial

Natural Gas 4/therm 32.9 33.9 39.3 45.6 52.8 61.2 36.2 58.3 93.9 151.2 243.5

No. 2 Fuel Oil 4/gallon 39.0 40.2 46.6 54.0 62.6 72.6 42.9 69.1 111.3 179.2 288.6

No. 4 and 5 Fuel Oil 4/gallon 46.1 47.5 55.1 63.8 74.0 85.8 50.7 81.7 131.5 211.8 341.1

No. 6 Fuel Oil                  -           -            -       _       _               _               _

Small Commercial

Natural Gas 4/therm 36.2 37.3 43.2 50.1 58.1 67.4 39.8 64.1 103.2 166.3 267.8

No. 2 Fuel Oil 0/gallon 47.0 48.4 56.1 65.0 75.4 87.4 51.7 83.3 134.1 216.0 347.8

No. 4 and 5 Fuel Oil 4/gallon 44.0 45.3 52.5 60.9 70.6 81.8 48.4 77.9 125.5 202.2 325.6

No. 6 Fuel Oil 4/gallon 38.8 40.0 46.4 53.8 62.3 72.2 42.7 68.8 110.8 178.4 287.3

Note:
-71-)  Based on first qdarter 1979 survey data.



Exhibit 2.3.3 - III

Public Service Electric & Gas
Department of Energy District Heating StudyCurrent and Escalated Fuel Costs by Customer Classification

(S/MMBTU - Net)

Units Current Future Fuel CostsCustomer Per MMBTU Fuel Low (3% Per Year Escalation) High (10% Per Year Escalation)Classification Nec Costs 1980 1985 1990 1995 2000 1980 1985 1990 1995 2000
Large Industrial

Natural Gas 15.38 therms 4.91 5.06 5.86 6.80 7.89 9.14 5.40 8.69 14.00 22.55 36.32
No. 2 Fuel Oil 11.04 Gallons 4.78 4.93 5.71 6.62 7.68   ' 8.90 5.26 8.47 13.64 21.95 35.35
No. 4 6 5 Fuel Oil 10.92 Gallons 4.69 4.83 5.60 6.44 7.53 8.72 5.16 8.30 13.37 21.54 34.68
No. 6 Fuel Oil 10.84 Gallons 4.09 4.21 4.88 5.65 6.55 7.60 4.50 7.25 11.67 18.80 30.27

Small Industrial                                                                      '
(

Natural Gas 15.38 therms 5.33 5.48 6.36 7.36 8.54 9.89 5.86 9.45 15.20 24.49 39.42
No. 2 Fuel Oil 11.04 gallons 5.26 5.41 6.27 7.28 8.43 9,. 77 5.79 9.31 15.01 24.17 38.926

        No.    4    6    5   Fuel

O i l 10.92 gallons 4.87 5.02 5.81 6.74 7.81 9.06 5.37 8.64 13.92 22.40 36.07
00     No.    6   Fuel Oil 10.84 gallons 4.88 5.03 5.84 6.77 7.84 9.09 5.37 8.64 13.92 22.42 36.10

Large Commercial

Natural Gas 15.38 therms 5.06 5.22 6.05 7.02 8.12 9.42 5.57 8.97 14.45 23.26 37.45
No. 2 Fuel Oil 11.04 gallons 4.31 4.44 5.15 5.97 6.92 8.02 4.74 7.63 12.29 19.79 31.87
No. 4 6 5 Fuel Oil, 10.92 gallons 5.04 5.19 6.02 6.97 8.08 9.37 5.54 8.93 14.36 23.13 37.25
No. 6 Fuel Oil                     - -          -          -       - -          -

Small Commercial

Natural Gas 15.38 therms 5.57 5.74 6.65 7.71 8.94 10.37 6.13 9.86 15.88 25.58 41.19
No. 2 Fuel Oil 11.04 gallons 5.19 5.35 6.20 7.18 8.33 9.65 5.71 9.20 14.81 23.85 38.40
No. 4&5 Fuel Oil 10.92 gallons 4.81 4.95 5.74 6.65 7.71 8.94 5.29 8.51 13.71 22.08 35.56
No. 6 Fuel Oil 10.84 gallons 4.21 4.34 5.03 5.84 6.76 7.83 4.63 7.46 12.01 19.34 31.15



PUBLIC SERVICE ELECTRIC & GAS
DEPARTMENT OF ENERGY DISTRICT HEATING STUDY

COMPARATIVE NET ENERGY COSTS AT HIGH (10%) AND LOW (3%)
DIFFERENTIAL ESCALATION RATES
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PUBLIC SERVICE ELECTRIC & GAS
DEPARTMENT OF ENERGY DISTRICT HEATING STUDY

COMPARAT:VE NET ENERGY COSTS AT HIGH (10%) AND LOW (3%)
DIFFERENTIAL ESCALATION RATES
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PUBLIC SERVICE ELECTRIC & GAS
DEPARTMENT OF ENERGY DISTRICT HEATING STUDY

COMPARATIVE NET ENERGY COSTS AT HIGH (10%)
AND LOW (3%) DIFFERENTIAL ESCALATION RATES
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PUBLIC SERVICE ELECTRIC & GAS
DEPAR™ENT OF ENERGY DISTRICT HEATING STUDY

COMPARATIVE NET ENERGY COSTS AT HIGH (10%)
AND LOW (3%) DIFFERENTIAL ESCALATION RATES

SMALL COMMERCIAL SECTOR

/40- /
I/

30- /'                '       NATURAL GAS*/ - No. 2 FUEL OIL

BREAK-EVEN- 8 -No.485  FUEL OIL
20- -\//- - No. 6 FUEL OIL4 -

-L
- //
m ./ BREAK -EVEN -

uv                     z                             / 3---0*
0 10- , '0* --0-00

A                                    j       9-                       /                                        ---  *-*
3°      8- , -0.. *--0

I-4, 7- 4-,
6-

5-

4-

3-

m
X
3-
-.

2-
./

A)

l i l l i   C
1980 1985 1990 1995 2000

<
YEAR                                          -



Exhibit 2.3.3 - VIII

Public Service Electric & Gas
Department of Energy District Heating Study

Calculation of Premium Value of District Heating Service to New Establishments Capital

Average Estimated Payback SavingsUse Peak Capacity(1) Investment Period Annual Savings per MMBtuCustomer Class Therms Therms MBtu C6st(2) Minimum + 1 Savings Per Therm Net

Large Industrial 226,750 143.8 14,380 93,470 4.24 $22,045 9.74 $1.49
Small Industrial 74,650 47.3 4,734 30,770 4.44 6,930 9.20 1.42

Large Commercial 262,100 166.2 16,622 108,040 4.59 23,538 9.00 1.38

Small Commercial 53,920 34.2 3,420 .22,230 5.62 3,956 7.31 1.12

(1) (2) (3) (4) (5) (6) (7) (8)

CU

t
(1) based on 27% annual load factor and installed capacity of 1.5 times the peak [therm/year x

1.5   1
8760*.27(2) based on $6.50/MBTU



2.3.4  Generic Nature of the Market Area Studied and Relationships that

May Relate to Other Urban Industrial Areas

In the research and analysis conducted for the purpose of this site

specific study several factors have been identified which may be of assis
tance

in evaluating the potential for district heating in other urban industri
al

areas. These factors deal with the end use and location hf the potential

loads.

The major end tise seen for energy from the district heating system

studied in the northern New Jersey area is for space heating. While there are

some potential domestic water heating and prodess heating applications they are

not seen to be significant enough to change the seasonality'of the antici
pated

.district heating load.

Areas which are experiencing growth, i.e., new construction, have

greater potential for district heating system than locations with existi
ng

structures containing operating heating systems which would have to be repl
aced.

As the district heating service envisioned in this study would provide heat

exchangers in the customer building as part of the thermal rate and new b
uildings

=.-

would not have to invert in heating plants a greater savings could be show
n for

a new building than an existing structure.  The higher the density of lo
ads in a

given geographic area the greater the potential for district heating as distri-

bution facilities are a major cost factor and high density area would allow more

economic distribution systems.

'3.-1 -L. »-1 cor



2.4.7  Scarce Fuel Savings Potenlial

For the purpose of this analysis natural gas and fuel oil have

been defined as scarce fuels. As there  is- no coal currently being used  in

the service areas being considered in this analysis 100% of the sales from

the district heating system would replace the consumption of these scarce

fuels. At the same time there would be an increase in the fuel oil consumed

by PSE&G and the entire PJM power pool as a result of the loss of generating

capacity required for district heating and for the production of the thermal

energy to be distributed. These incremental volumes of fuel oil have

been calculated by PSE&G for its own plant and for the entire PJM system.

The scarce fuel savings for Schemes.I, II, and III are shown in Exhibits

2.4.7-I, II and III respectively.  These quantities were calculated for the

years shown assuming that the district heating system will replace scarce

fuels in the same proportion as they are currently used in the service area
\

of interest.  Based on the field survey 40% of the net thermal energy

used is natural gas and 60% various grades of fuel oil. The total district

heating sales was then divided on this basis between natrual gas and fuel

oil.  The natural gas portion in billions of Btu's was divided by 65%

seasonal efficiency and 100,000 Btu's per therm to determine the equivalent

input being replaced. The fuel oil portion was divided by a weighted 63%

seasonal efficiency and a weighted 6,078,000 Btu's per barrel to determine

the equivalant input being replaced.  The fuel oil savings were further

adjusted for the increased consumption of PSE&G and the PJM system.

1-65



Exhibit 2.4.7-I

Public Service Electric &' Gas
Department of Energy District. Ileatilig Study -

Scarce Fuel Savings
Scheme I

1985 1990 1995

12
District Heating Sales (10 Btu) 3.399 3.399 3.399

Scarce Fuel Savings
Equivalent Fuel Oil (bbl's) 887,700 887,700 887,700

Increased Oil Consumption (bbl'$)
PSEG 23,000 255,000 255,000

PJM 325,000 325,000(1)  325,000(1).

Total 348,000 580,000 580,000

Net Scarce Fuel Savings
Equivalent Fuel Oil (bbl's) 539,700. 307,700 307,700

(l)  PJM uses 55,000 tons less coal.

2-LLL) W
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Exhibit 2.4.7-II

Public Se2vice Electric & Gas

Department of Energy District Heating Study
Scarce Fuel Savings

Scheme II

For all years that the unit is on

12District Heating Sales (10 Btu) 1.461

Scarce Fuel Savings
Equivalent Fuel Oil (bbl's) 381,500

Increased Oil Consumption (bbl's)
PSE&G 655.000
PJM (320,000)

Total 335,000(1)

Net Scarce Fuel Savings
Equivalent Fuel Oil (bbl's) 46,500

(1) PJM uses 20,000 less coal.
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Exhibit 2.4..7-III

Public Service Electric & Gas

Department of Energy District Heating Study
Scarce Fuel Savings

Scheme III

1985 1990 1995

12
District Heating Sales (10 Btu's) 3.399 5.828 7.289

Scarce Fuel Savings
Equivalent Fuel Oil (bbl's) 871,000 1,522,000 1.903 5nn

Increased Oil Consumption (bbl's)
PSE&G 23,000 725.000 1,380,000

.PJM 325,000 688,000 368,000

Total 348,000 1,413,000(1)  1,748,000(2)

Net Scarce Fuel Savings
Equivalent Fuel Oil (bbl's) 523,000 109,000 155,500

(l) PJM uses 209,000 tonS less coal.

(2) PJM uses 229,000 tons less coal.

__3-LeX



U.S. DOE DISTRICT HEATING STUDY
FUEL CONSUMPTION FOR ELECTRIC POWER GENERATION

Public Service is a member of the PJM (Pennsylvania-New Jersey-

Maryland) power pool. To satisfy the hour-by-hour electrical

demands of the member company's customers, PJM coordinates

the economic operation of all generating units throughout the pool

as though the pool were a single large generating company. In

this way, the lowest possible cost power is made available to

all customers of PJM's member companies.

Due primarily to the more stringent air quality standards applied

to PSE&G's service territory, Public Service tends to have higher
operating costs than the other PJM companies. Therefore PSE&G

purchases a large amount of power from PJM. As a result,     -

changes to the cost and operational characteristics of Public
. '

Service generators due to modifications to provide district

heating energy have a significant impact on PJM as a whole.

During high load periods, most of the electrical capability lost

as a result of district heating would be replaced by purchases

from PJM.  This replacement energy comes from older, relatively

less efficient, oil fired steam units and gas turbine peaking

units. This is true throughout the year, since the base load

nuclear and coal fired units are removed from service during the

offpeak fall, winter, and spring months for maintenance and

overhaul.

During low load periods, nuclear and coal fired base load units

supply the bulk of PJM's electrical demand. As more nuclear

'Ii .
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capacity is added to the System du.ring the 1980's, the most

expensive coal and oil fired base load capacity will be shifted

to cycling operation. Units such as Bergen 1 and 2, Hudson 1,

and even Hudson .2 will be affected. The need to operate these

units to supply district heating when they would otherwise be

taken off-line will affect the operation of other PJM

generators. The output of less expensive coal fired generators

will have to be curtailed to make room for the operation of the

  more expensive district heating generators.

7 -33
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Appendix 2.4.7-1

PSEG
Public Service Electric and Gas Company 80 Park Place Newark. N.J. 07101 Phone 201 430-7000

0 FENTRAL  FILE  No September 6, 1979

9<GROUP  FILE  No

Memorandum to File
1

DISTRICT HEATING PHASE I REPORT
DOE QUESTION ON SCARCE FUEL SAVINGS

In the USDOE's letter of August 13, 1979 concerning comments on
the District Heating Phase I Report, they questioned the change
in fuel consumption on the PJM system in Exhibits 2.4.7-I,
2.4.7-II and 2.4.7-III. This memorandum is intended to clarify
the projected change in fuel consumption with district heating
on the PJM system.

The PJM generating capacity consists of oil fired, coal fired and
nuclear units.  The entire system is dispatched on an hour-byhour
economic basis in order to minimize production costs. In the
early-1980's, units such as Bergen 1 and 2 and Hudson 1 and 2 will
be dispatched primarily as base load units. As more base load
nuclear generation is added to the PJM system, the operating mode
of the above-mentioned units will gradually change from base load
to. intermediate load operation in which the unit output will vary
significantly to follow the load.

A generating unit that is retrofitted to supply district heating
load will have a restricted electrical operating range. The
maximum electrical output will decrease, due to the steam ex-
traction necessary to supply the district heating load.  On-peak
electric energy production will be decreased and the replacement
energy will be supplied by less efficient oil fired steam or
combustion turbine units. Minimum load electrical output will be
increased, since sufficient steam must be passed through the
turbine to supply the district heating load.  Off-peak electric
energy production will be increased, displacing energy which
would otherwise be supplied by coal fired units.

In the Hudson isolated case, Scheme I, the annual thermal energy
is 3775 x 109 Btu.  Approximately 60% of the thermal energy is
supplied by the coal fired Hudson No. 2 unit, 26% by the oil
fired Hudson No. 1 unit and 14% by oil fired auxiliary boilers.
Between 1985 and 1990, the mode of operation of the Hudson No. 1
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unit without district heating changes from a base load unit to an
intermediate load cycling unit. Hudson No. 2 remains as a base
load unit during this time period. Exhibit 2.4.7-I shows that the
change in oil consumption on the PSE&G system increases from
23,000 bbls in 1985 to 255,000 bbls in 1990 and that the change in
coal consumption on the PJM system decreases by 55,000 between
1985 and 1990 with a district heating system. The primary reason
for the change in fuel consumption is that in 1990 Hudson No. 1,
which provides 26% of the thermal energy, must be run during
certain off-peak hours to provide thermal power whereas without
district heating Hudson No. 1 would have either been turned down
or turned off. Since this electric energy was produced during off-
peak hours, certain PJM coal fired units were turned down which
resulted in 55,000 tons. of coal less being burned. The change in
oil consumption of 325,000 bbls on the PJM system in 1985. and 1990
is primarily due to the decrease in electric generating capacity
of Hudson No. 1 and No. 2 during on peak hours. In other words,
the electric energy, that would have been produced.by Hudson No. 1
and No. 2 during on-peak hours without district heating, is made
up by PJM oil fired units in the system simulation with district
heating system.

TMP:acb 0 4  £3
12-30                                                      -
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Appendix 2.4.7-2

PSEG Blese:1 rell C'orptbratioil
80 Park Place Newark  New Jersey 07.01 Phone 201/430-7000

August 2, 1979

Mr. John C. Rodousakis
Community Systems Branch
Division of Building and Community Systems
Department of Energy
20 Massachusetts Avenue, NW (2nd Floor)
Washington, DC 20540

Dear Mr. Rodousakis:

DISTRICT HEATING AND COOLING/CONTRACT
EM-78-C-02-4977 SCARCE FUEL SAVINGS.

We have reviewed the scarce fuel savings figures that were
provided in our Draft Final Report for the above-referenced
project.

We want to be sure that there is no misunderstanding regarding
these numbers (Section 4 of the report, Exhibits 2.4.7-I, II
and III). These figures are preliminary and subject to change
by a number of factors not investigated in detail in Phase 1,
but which could be examined in Phase 2. Indeed, one could
estimate significant oil savings under certain sets of reasonable
conditions. Some of these factors are:

1.  Sensitivity of savings to gas/oil market mix:  The figures
given in the Draft Final Report assumed the 40%/60% gas/oil
mix of existing installations. There   is no reason ' to assume
this same historical ratio for new developments in northern
New Jersey. Indeed, the net oil saving is extremely sensitive
to the gas/oil mix assumed. A higher percentage of oil would
result in more oil being displaced by District Heating, and
thus a larger oil saving.  A calculation corresponding to 100%
oil displaced by District Heating gives the following results
for annual net oil savings (bbls):

1985 1990 1995
Scheme I 539,700 307,700 307,700
Scheme II 46,500 46,500 46,500
Scheme III 523,000 109,000 155,500
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Mr. John C. Rodousakis -2- 8/2/79

2.  Translation of gas savings into equivalent oil savings
by displacement:

The assumption of 100% oil displaced by District Heating
is actually the most appropriate method of calculation of
oil savings regardless of the actual market gas/oil mix.
Any gas displaced by District Heating must eventually
displace oil. If one assumes a future shortage of gas,
the gas displaced by District Heating would be sold elsewhere
and displace oil. If there is a gas surplus, the gas could
be  burned in generating station boilers  and -gas turbines,
and again displace oil.

3.  Coal conversion of retrofitted oil-fired generating stations:

This would decrease the use of oil by the District Heating
system, and result in significant increases in oil savings.

4.  Examination of actual PJM oil usage at night:

In calculating fuel savings, the preliminary assumption was
made that because of low electrical load and incremental
cost dispatching, all PJM generation at night is from coal
and nuclear stations. Since providing District Heating at
night would result in excess electric generation (partially
oil-fired) being "dumped" on the grid, it forces the turning
down of coal-fired PJM units. If it should be found that
there is significant oil-fired PJM generation at night, this
would be turned down first, with an increase in oil savings.

5.  Shifting of thermal peak relative to electrical peak using
thermal storage and pumped hydro storage:

When district heating is required at electrical peak hours,
the loss in electric capacity due to steam extraction for
district«heating forces the replacement of this generation
by (oil-fired) peaking units.  When district heating is
required at minimum electric load hours (at night), excess
generation forces the replacement of coal-fired by oil-fired
generation as explained in (4) above. The shifting of the
thermal peak relative to the electrical peak by means of
storage could alleviate both these effects and significantly
increase oil savings.
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6.  Fluidized Bed Backup Boilers:

Fluidized bed boilers are now off-ered commercially up to
50,000 lb/hr steam capacity.  The replacement of the oil-
fired backup boilers by a set of (coal-fired) fluidized
bed boilers could provide an additional in€rement of oil
savings, and avoid problems  with  the  Fuel  Use Act regardingthe backup boilers.

We hope that this will clarify the significance of the fuel
savings figures in the Draft Final Report.

Very truly yours,

MLZ:PS C. R. Guerra
Cfg- Assistant Manager

19*< Advanced Systems - R&D

ec It{.L i /3 €Cu, <_. AA) 
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