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ABSTRACT

Fhase I Preliminary Design and Evaluation for a Grid Connected Thermally
Controlled Integrated Community Energy System (ICES) for the City of
Trenton, New Jersey has been carried out. The findings of the study
are: .

It is technically feasible, utilizing commercially available
hardware.

It is economically competitive with conventlonal alternatives
for heating and cooling buildings. ,

It will produce an overall reduction in fuel consumed of 32 to
43 percent when compared with conventional alternatives for
heating and cooling bUlldlngS

It will consume 4 to 9 percent more oil than will conventional
alternatives for heating and cooling buildings.

It should be owned and operated by PSE & G. No major institutional
impediments have been discovered under this arrangement.

It can pfovide thermal energy 21 months after the start of
Phase II and electrical energy 32 months after the start of
Phase II.

This study is site-specific and of a small size project. Its installa-
tion will not alter the planned PSE & G capacity expansion program.

The econimic evaluation results of the report cannot be extrapolated
for numerous co-generation installations that would affect the PSE & G
planned capacity expansion program. :

On the basis of the above findings, the members of the Phase I Demon-
stration Team for Trenton ICES analysis are positively disposed toward
proceeding with the Phase II design of the plant in order to con-
clusively test system viability with the ultimate goal of plant con-
struction.
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BACKGROUND

The Trenton Integrated Community Energy System (ICES) study grows
from the national concern to extract the gréatest possible useful
energy form each unit of scarce fuel cbnsumed. Modern large
(thousand megawatt) fossil fuel generating plants have achieved
efficiencies as high as 40 percent (useful energy output/fuel °
energy input). The remaining 60 percent of the heat produced

by burning the fuel is released as thermal energy into the en-

vironment which serves as a low temperature sink.

The Trenton ICES will generate electricity at lower efficiencies
:than the_large cehtral planf; however, a large portion of the’

heat discharged by the generating equipment will be captured .and.used:
for heating, cooling and domestic hot water. The result of this

is that the useful energy output from the ICES plant is about .

63 percent of the fuel energy input, representing almost a doubling

of fuel utilization.

The trenton ICES plant falls into a general category referred to

as co-generation, that is, thermal and electric energy are generated

in one cdmplex process:. THe heat produced by burning fuel is

utilized at different temperatures for different uses. ‘Typiéally,
cofgéneration plants are "electric-controlled," that is, the

output of the plaht is based on the‘demand for electrical energy,

and the resulting lower temperature heat is utilized to the degree

to which there is a demand. However, in most cases, more waste

heat is produced than can be used and the excess "waste' heat is simply

- discharged to the atmosphere.



' The Trenton ICES plant is "thermal-controlled,” that is, the demand
for thermal energy controls the output of the plant and, in turn,

the quantity of electricity produced. Since the system is connected
to the utility electrical grid, any electricity produced in excess
of the demands of the community ﬁill be utilized by other customers
in the grid, thereby assuring that the total "useful" outpﬁt of the
plant is, in féct, serving some demand. This approach promotes an
annual fuel utilization efficiency which much more closely approaches

- the pesk operating efficiency.

Theé Trenton ICES Phase I work has identified and modeled the energy
chargcteristics of the community which will placé the thérmal demand
on the ICES system; evaluated the technological feasibility of such
a plant; examined the institutional mechanisms required to build and
operate the plant; compared the economic and energy costs of the
ICES plant to those associated with "conventional” approaches to
delivering the same services; further.firmed commitments from ICES
participants and regulating,agenciés; and proposed a work management

plan to implement the ICES demonstration system.

This. document summarizes the findings and conclusions of the Trenton
ICES Phase I study.  The complete results are found in Volume II of

this report.
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1.1 SITE LAYOUT

Community

The community served by the Trenton Integrated Community Energy
System (ICES) plant is shown in Figures 1 and 12. It is comprised
of 1,884,025 square feet of floor area in existing buildings, and
1,251,500 square feet floor area of new construction is projected
This results in a demonstration community

which the ICES will serve.

for completion by 1982.
of 3,135,525 square feet floor area
There are 18 existing buildings which would be served by the ICES
plant. However, since these buildings share several common boiler
plants, only four connections to the ICES plant are required. The
longest of these connections is approximately 2,000 feet to the

The total distribution distance to all exist-

Statehouse complex.

ing buildings is approximately 3,400 feet.

DEMONSTRATION COMMUNITY

Existing Buildings SQ FT
Kingsbury I Towers 280,000
Kingsbury I Lowrise 4,500
Mercer Co. Detention Center 160,000
Mercer Co. Courthouse 130,000
Labor and Industry 300,000
Health and Agriculture 144,000
Statehouse Complex 195,525

1,884,025

Construction

Proposed Buildings SQ FT Start Completion
Lutheran Arms 91,500 1977 1978
Capital Place 155,000 1977 1979
Capital Place Commercial 50,000 1978 1979
Justice Department 350,000 1978 1979
Justice Commercial 50,000 1978 1979
Firehouse 5,000 1978 1979
Kingsbury II 200,000 1980 1981
Civic Center 100,000 1981 1982
Dept of Env. Protection 250,000 1981 1982

1,251,500

Total:

3,135,525 SQ FT
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- Existing Systems

A major criterion for the ICES System is to minimize disruption

resulting from the connection of existing buildings to the system.

Since the primary approach includes electric supply by the existing
utility, Public Service Electric and Gas (fSE & G) through its exist-
ing grid, the only existing systems which affect ICES decisions are
those with thermal demands. The Statehouse Complex and the Labor
and Industry and Health and Agriculture buildings are served by
boilers providing 125 psig steam. In order to permit direct connec-
tion to these buildings, an ICES system delivering 125 psig steam
was selected. The adoption of this approach requires the provision
of high temperature heat and therefore limits available technologies.
It was decided that since these building complexes represent L0
percent of the total Demonstration Community and additionally
deﬁonstrate the State's commitment to a co-generation approach,

their inclusion represents a net benefit to the ICES project when

weighed against the limitations imposed on the system.

1.2 DEMAND PROFILES

Three sets of hour-by-hour annual profiles were developed for the
ICES project. The first of these is the thermal gain for the 15
buildings or groups of buildings which form the Demonstration
Community. This profile represents the thermodynamic performance
of the buildings in response to exterior temperatures, solar gain,
and interior heat sources other than the heating or cooling systems.
It is this thermal gain (shown as a negative figure in the case of
winter heat loss) which must be offset ‘by the use of building
heating or cooling systems. A graphic printout of a typical month
is shown on Figure 2. A typical day within that month has been
expanded to indicate the hour-by-hour pattern.

.The electric demand of the Demonstration Community was not modeled.
This is because the entire electric output of the ICES plant is
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FIGURE 3
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FIGURE 4

Sample
Building Electrical Generation
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This is because the entire electric output of the ICES plapt is
fed into the PSE & G grid and the electric needs of the community
are served from this grid. Since the purpose of the analysis is
to compare the ICES system with the conventional system and since

the supply to the community of electrical energy is essentially the

same in both cases, the simulation was not performed.

The thermal demand of the community provides the basis for the sizing

of the ICES plant.

The second is the community's demand for steam from the ICESlpiant.

This- is the building héat gain characteristics as modified by thermal
storage systems and by the performance characteristics of the absorption
chillers which convert the steam into "cooling."

The third set of profiles is the electric output of the ICES plant
resulting from the demand for steam. This was necessary so that the
energy and dollar value of the electric output of the ICES plant can

be compared against that of a conventional system. The results of
these simulations and the uses to which they were put are described

under Task 3.

1.3 PROJECTED GROWTH

The Phase I feasibility analysis is based on an evaluation of the
community as it is projected in 1982. A refinement of this analysis
requires that the characteristics of the community pfior to its
reaching this size as well as with potential growth after 1982 must
be considered. A set of profiles for éach significant stage of

development will be generated during Phase 2.
It is not possible at this time to detail the post 1982 growth patterns;

however, this situation can be accommodated in the basié ICES

conceptual design in several ways.

13
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* The distribution system can accommodate a 25 pércent.increaSe ﬁithout
‘modification. |

* Additional radial distribution arms can be extended from the central
plant . V T

* Space in the plant has been allowed for an additional turblne/boiler
module. .

* Space is provided in the existing mddule enclosures so that one
or more of the 2.5 megawatt modules could be replaced with a 5
megawatt or T. 5 megawatt unit. ‘

* It is anticipated that much of the existing Demonstratlon Community
will undertake energy conservation procedures in the next 10-year
period. This reduction in demand from.the existing community will

free capacity for an expanded service area.

1.4 CONVENTIONAL ENERGY SYSTEM

Two "conveﬁtional," that is, non-ICES systems for the provision of
thermal energy to the'demonstration'community were evaluated. One
system includes oil-fired boilers and electrlc chlllers, the other
uses electric heat pumps. These systems were subjected to the same

type of analyses as the ICES.

The initial economic’considerations require the establishment of
a methodology for comparing the ICES to a conventional system.

A "Total System" approach was utilized in which the overall annual
costs to the users are compared. The following items were used in
the comparison.

ICES Conventional System

1. ICES Energy Production 1. Steam Production
(a) Capital "~ (a) Capital
(b) Fuel - - (b) Fuel
(c) Operating and Maintenance * (c) Operating and Maintenance

2. *Reduced Electrical Energy
Demand
(ICES versus Conventlonal)

3.. *PSE & G Replacement Energy
and Capacity Credit
4. *PSE & G Transmission and
Distribution Savings Credit
(a) Energy Loss Reduction
(b) Long Range Investment Savings

1k




¥ Tt should be noted that under ICES, Items 2, 3, and 4 represent
credits to this system. Item 2, reduced electrical energy, results
from the fact that under ICES, new buildings utilize steam absorp-
tion chillers rather than electric chillers, thereby reducing their

consumption of electric energy.

Item 3, replacement energy and capacity, represents the value of
the electric energy produced plus the value of the ICES generating
capacity to the PSE & G system.

Item 4 represents the savings in energy and in capital requirements
for distribution equipment resulting from the proximity of the

plant to the point of use.

The capital, fuel and replacement energy sections under ICES require
that a considerably detailed study be done in order to determine with
any degree of confidence the costs associated with these items. As
these constitute the major portion of the ICES operating costs, it
was decided to postpone the economic analysis until the schematic
design of the plant is completed and a simulation of -a year's opera-
tion can be performed. This analysis is to be carried out as part

of Task III, Conceptual Design.

1.5 ICES CONDIDATE SYSTEM

Based on commercial availability of hardware and the size of the plant,
diesel and gas turbine technologies were considered for the .generating
equipment of the plant. Of these, gas turbines were selected based on
two factors. The first is that a large percertage of the waste heat
from the turbines is at relatively high temperatures (3900 degrees F.).
Since the plant must geneféte 150 psig steam for compatibility with
existing buildings in the Demonstration Community, this characteristic
permits the capture of a substantially higher portion of the waste
than would be possible with the diesel. The second characteristic

of the gas turbine which makes it desirable for this application'is

15



the fact that it will deliver 5.L pourds of steam per net kilowatt
hour as compared with 1.3 pounds of steam per net kilowatt hour
with the diesel, thereby satisfying thermal demand of the community
with a much smaller central plant. Since the plant is thermally
controlled and will therefore have only seasonal operatiOn, the

minimization of capital cost is significant.

The heat recovery will be accomplished with a two stage boiler.

The high temperature stage will produce the steam used for distribu-
tion to the community. A low.temperature stage will generate ‘

230 degree F. water. A portion of this energy will be used internally
in the plant for combustion air preheating and space heating. The
remainder will be used for preheating condensate return in the steam
system and for heating a tennis facility immediately adjacent to

the ICES plant. The net thermal efficiency (excluding that thermal
output which is used internally by the plant) is approximately 65

percent. The cycle is shown on Figure 5.

1.6 THERMAL DISTRIBUTION

Thermal distribution will be carried out delivering 125 psig steam

for compatibility with existing terminal equipment in the '
Statehouse, Health/Agriculture and Labor/Industry complexes. Buildings
will be provided with heat exchéngers to permit the conversion of the
delivered steam to a form compatible with the local heating and hot
water systems. Existing buildings will utilize the chillers which

are presently installed. New buildings will be provided with two-
stage absorption chillers, permitting the direct use of the 125 psig

steam for the production of chilled water.

The distribution system is described in detail in Section III.

16
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PROPOSED ICES PLANT CYCLE AT WINTER DESIGN CONDITIONS

344° F
200° F . .
- 120 'GPM
LTR RCs -
S —
. 230° F .
400° F 5
=
200° F =
\J1
850° F -
37.3 x 106‘BTUH 136, 000#/HR UFB ]h_,ZOO#/HR
™ 150 PSIG
HEAT BALANCE:
G NET ELECTRIC = 8.19 x 102 BTUH
MP STEAM = 14.58 x 10° BTUH
2500 KW GROSS NET CT RECOVERY# = 0.75 x 10® BTUH
T ' TURBINE - TOTAL NET OUTPUT @ WINTER DESIGN = 23.52 x 10 BTUH
G GENERATOR GROSS INPUT = 37.30 x 106 BTUH

PLANT EFFICIENCY 63.06%
6 .

, *GROSS LT RECOVERY = 2.75 x 10" BTUH. HOWEVER AT
LTR  LOW TEMPERATURE RECOVERY WINTER DESIGN CONDITION, COMBUSTJON AIR PREHEAT
_ REQUIRES APPROXIMATELY 2.00 x 10° BTUH

"UFB UNFIRED HEAT RECOVERY BOILER



1.7 'THERMAL STORAGE

Thermal storage will be insulated steel tanks buried adjacent to the
buildings or terminal equipment which they service. They will store
heated vater during the winter and chilled water during the summer.
The installed cost for the storage system is estimated at $590,000
in 1977 dollars. The inclusion of this storage permits the plant to
exiSt with one fewer generator/boiler module than wpuld otherwise be

the case.

The four-mbdule plant is estimated at $6.6 million in 1977 dollars.
On this basis the inclusion of the thermal storage facility reduces

the central plant cost by more than $1 million.

The approéch chosen for thermal storage has several distinct advantages
over any cthers. The components are readily available and are used
in conventional fashion, facilitiating .installation and maintenance.
The fact thét storage is at.the terminal rather than at the supply
reduces the peak demand on'the distriﬁution s&stem as weli as on the
generation equipment which, in turn, permits both of these systems
to be reduced in size. In addition, the storage falls between the
points of end use and the;chillers which also reduces the size .,
requiremeﬁﬁ for these units. While the initial decision to utilize
remote thermal storage was based on a comparison between the cost of
" the thermal sforage»and the central plant equipment, its use also
-reduces distribution and terminalirequirements which, in turn, show

added benefits to ICES.

1.8 ELECTRIC POWER DISTRIBUTION

" The Trenton ICES described in this report is based on PSE & G owner-
:ship énd on the supply of electricity to the Demonstration Community
-f;6m>the PSE & G grid. Since electrical distribution remains unchanged
-in‘thg ICES or conventional approaches, no special ICES electrical

distribution system has been developed.

18
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2.1 INSTITUTIONAL ASSESSMENT

Three categories of institutional questions affecting the ICES plant
were analyzed. These were: Legal and regulatory considerations
controlling the plant regardless of ownership; Legal and regulatory
considerations unique to each ownership option; and general acceptance

of plant by its potential users and by the public at large.

2.2 GENERAL CONSIDERATIONS

Environment

The effect of the Trenton ICES plant on the surrounding environment
falls within the control of the New Jersey Dgpartment of Environmental
Protection and the City of Trentona> The primary areas of environmental
concern are: chemical and particulate discharge to the atmosphere and

to surrounding water and the creation of noise.

In the case of the Trenton-ICES, water poliution is not expected to
pose any problem. There is no connection befween the plant andAény
of the adjacent natﬁral water systems. An initial review of the
operation of the plant indicates that its discharge to the étmosphere
can'be kept within presént Department of Environmental Protection

Standards and that noise can be held to acceptable levels.

New Jersey Public Utility Commission

The New Jerséy Public Utility Coﬁmiééion (PUC) will have jﬁfisdiétion
over the operation of the'ICES pianﬁ regardless of owﬁerghip} The
basid areas of PUC responsibility will be franchise approvallof steam
distribution (in the case of Public Service Electric and”GéS'dwneréhip);
electrical franchise territorial*acqui§iti6hi(in'fhe'ééée'of municipal
ownership); control of stocks; bonds, nofeé;:e£c.; énd control of the
general operation and administrafion of the biéntxance it is in sérvice

(in the case of either form of ownership).
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Federal Power Commission

Federal Power Commission jurisdiction will apply based on the fact
that the ICES plant, regardless of ownership, will be connected to
the PSE & G grid and there will be energy interchange between them.

2.3 PUBLIC SERVICE ELECTRIC AND GAS COMPANY (PSE & G) OWNERSHIP
AND OPERATION

There are no fundamental restrictions which would prohibit PSE & G
from owning and operating the Trenton/ICES plant. The'selliﬁg of
steam is within the scope of PSE & G charter and no New Jersey laws
or ordinances héve been uncovered which would prohibit this activity.
The question of the ability to refuse certain prospective steam
customers due to plant and distribution limitations requires.further

study. Rate structuring is a matter for PUC review.

Other institutional questions analyzed for Public Service Electric

and Gas ownership are zoning; the fact that the ICES site is in a
designated urban renewai area; labor arrangements for plant construc-
tion and operation; taxation and finance; and thé method of determining
steam rates. In all 6f these issues there appear no unusual problems

relating to ICES.

2.4 CITY OF TRENTON OWNERSHIP

Municipal ownership of the ICES plant was analyzed to determine whether
any fundamental impediments existed to this approach. The state laws
of New Jersey clearly permit mﬁnicipal utilities; however, the decision
as to wheiher the project should be undertaken would be subject to
public refereqdum. Municipal ownership was further complicated by

the intertwining of its services with those of Public Service

Electric and Gas.in the center city of Trenton.

22



Zoning questions are somewhat simplified as the municipality is not
bound by local regulations; however, the impact of the urban reﬁéwal
requirements remain the same for either ownership option.- The A
operating labor arrangements may be complicated under municipql'owner—
ship, depending on whether plant operation is handled by contract for A
service or by bivil service employees. The ICES plant would be tax
exempt; however, it would also result in a loss of tax revenue to the

City.

2.5 JOINT TRENTON/PSE & G OWNERSHIP

The general conéept of joint private/municipal ownership was reviewed
for institutional feasibility.  Although no legal or regulatory
restrictions were uncovered which would preclude éuch an arrangement,
their remain some fundamental administrative and institutional

difficulties which must be overcome to institute such an arrangement.

2.6 PUBLIC INFORMATION PROGRAM

The ICES Team has actively worked to gain support for the plant from
potential customers and the community at large throughout the first
phase of the project. Efforts in this area have included public
meetings arranged by the City of Trenton Department of Planning and
Development involving the Demonstration Team and potential customers
and public agencies, press releases and updates to local news media,
appearances at expositions and civic meetings, and the preparation
of an explanatory brochure deécribing the concept and benefits of the
ICES system. This brochure has been mailed to environmental groups,
labor unions, politicians, members of the business community, civil

servants, professional and trade associations.and citizens groups.

The ICES team anticipates continuing strong efforts to obtain
public awareness of the program, culminating in the creation of
an energy information center as an integral part of the ICES plant

(see Section III for details).
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3.1 ICES SYSTEM

ICES Plant

The Conceptual Design of the ICES plant is based on the considerations
outlined under Task 1. The primary generation technology is combustion
turbine with the exhaust passing through unfired heat recovery boilers.
These are two-stage boilers with the first (high temperature) stage,
generating 150 psig steam and the second stage, producing 230-degree
hot water. An auxiliary boiler provides thermal stand-by reserve

equal to the output of two turbine/heat recovery boiler modules.

The basic module is a 2.5 megawatt gas turbine/generator set with a
capacity to satisfy approximately 25 percent of the peak thermal
demand. Four modules are provided. Redundancy and exceptional peak
capacity are provided by the auxiliary boiler. This configuration
permits a large degree of operational and expansion flexibility.

The ability to function on fewer than four turbine/generator sets
permits plant operation at less than peak demand while maintaining a
high plant efficiency due to the heavy loading on those pieces of

equipment which remain in operation.

The enclosure for the ICES plant is integrated into a parking garage
for 1,200 vehicles to service the Capital Place Complex with capacity
for Labor and Industry, Health and Agriculture, the Detention Center

and commercial buildings adjacent to the Demonstration Community.

In addition, the ICES plant will serve a proposed Civic Center, primarily
in the evenings. In order to facilitate pedestrian movement from the
garage to these places, an elevated sidewalk system to the adjacent
sites is provided. This system may allow the thermal distribution

from the ICES plant to these adjacent sites to be run in chases

provided beneath these walkways, thereby minimizing the excavation

of public streets and facilitating future msintenance.
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Energy Inforﬁation Center
An additional benefit resulting from the placement of the ICES plant

in the center of an intensively used circulation route is that it
will serve as an "Energy Information Center." The ICES plant will

be a highly visible building in Trenton, the New Jersey State Capital.
The elevated sidewalk and the ICES plant will be separated by a wall
of acoustical glass. The equipment will be color coded. Explanatory
plaques and diagrams along the sidewalks will explain the function

of the plant equipment as well as the basic concépts of ICES. Display
cabinets and panels will house energy-related exhibits and informa-
tion describing energy conservation techniques. Graphic material
describing the ICES plant is included in Figures 6 through 9 and

12 through 20.

‘Thermal Distribution

The basic distribution system consists of primary 150 psig steam
‘distributions to six central equipment centers which utilize the
steam to produce hot watér for heating, domestic and process use,
reduced pressure steam for process use, and chilled water for space
cooling. Each central equipment center will cqntain steam-hot water
converters, two-stage absorption chillers, condensate receivers/pumps,

cooling towers, pumps and auxiliary equipment and storage capacity.

3.2 ' ENERGY AND COST ANALYSES
Capital Costs

The preliminary estimate of the cost of the complete ICES system
based on the design described above and the equipment is $8,038,800
in 1977 dollars and exclusive of normal construction overhead, profit,
and COntingencies and Engineering fees. With these items added, the
total cost of the ICES system becomes $11,138,800.

The cost of the central ICES plant including heat recovery equipment
is $6,655,100. :
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The cost of the distribution system is $1,464,700.

The cost of the terminal equipment at the buildings being served by
ICES is $3,019,000. ‘

Fuel Input versus Energy Output

In order to complete the economic evaluation of ICES, a fuel input/
energy output analysis was developed. This was simulated on an

hourbby-ﬁour basis'fdr'a typical jear.

For the year simulated, the oil consumption for the ICES plant is
73,364 barrels, the  total electrical output is 28,079 megawatt
hours, and the net steam output is 176,822,000 pounds.

The simulation identifies whether the electricity is produced during
on-peak or off-peak hours, and the value assigned to the electricity

is based on the time-of-day of production.

Other Costs

Operation and maintenance costs are éssigned to ICES based on the
Utility'slexperience and on a careful analysis of the type of staff
and maintenance procedures required by this particular installation.
Credits are assigned to the caﬁital'value of the ICES plant to the
Utility. ‘

Similar analyses were performed for conventional supply of thermal
energy using oil-fired boilers in_one case and electric driven heat

pumps in another.

FEconomic Analysis

A "total system”" approach was applied in which the total costs of the
ICES were compared to those of a conventional system. The costs for

the ICES and conventional system follow:
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ICES Costs
»1. Those costs associated with the total ICES energy production

including capital, fuel, operating and maintenance.

2.. The savings associated with supplying less electric energy
required by the community, as compared to the conventional

system, at the applicable rates.

3. A credit for the value to PSE & G of the energy and capacity
provided by the ICES plant

4, A credit for PSE & G transmission and distribution long-term

savings resulting from the generation of the ICES plant.

) Conventional System Costs
1. The costs associated with the conventional heating facilities
to provide steam output equivalent to that of ICES, including

capital, fuel, operating and maintenance.

The ICES cost and the conventional system cost were then compared on
the basis of "present worth of all future annual revenue requirements."
It may be pointed out that a "zero" bottom line indicates that the

ICES would be profitable.

The ICES shows a competitive economic position compared to both
conventional alternatives. The Phase I analysis shows a marginal
annual penalty to' ICES of $100,000 as compared with the oil-fired
conventional system, and $260,000 as compared with the electric heat
pump conventional system viewed in 1982 dollars. Based on a 1982
capital value of $14,215,000 these differences are less than the

anticipated error in this preliminary economic evaluation. This ~
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" of oil (L425.5 x 10

analysis also assumes that all- the costs of the system are borne
by the ICES owner and customers. In fact, ERDA fund;ng support
of Phase II alone would be equivalent to a reduction of the ICES

annualized cost of approximately $100,000 per year.

Fuel Analysis -

‘The analysis of fuel use made for the economic evaluation also

permits the following energy comparison for the three approaches.

The ICES system requires a total annual fuel input of T3,36L4 barrels
9

Btu) to produce its total electric and thermal

output.

The conventional system, using oil-fired boilers, requires an annual
input of 40,975 barrels of oil (243.5 x 109
of thermal energy alone. This thermal energy is somewhat less than

Btu) for the provision

the thermal oﬁtput of the ICES plant:due to the use of electric vapor
chillers. Based on PSE & G's present and projected generation mix,
incremental electricity during on-peak hours will be produced by
0il-fired plants and during off-peak hours will be produced by coal-
fired plants. The simulation of the community demand for the con-
ventional system using oil-fired boilers permits the identification
of on-peak and off-peak usage. Based on the above, the annual fuel
use due to this electrical production is 27,779 barrels of oil

(166.7 x 10°
of oil or 167.4 x 10

Btu) plus 6,440 tons of coal (27,903 equivalent barrels

9 Btu). In other words, the total oil input for
the conventional system with oil-fired heating to provide the equivalent
output of ICES is 68,754 barrels of oil.plus‘6;hh0'tons of coal or a
total of 96,657 equivalent barrels of oil or 579 x 109 Btu.

Based on the same methodology, the conventional system using electric
heat pumps in the proposed buildings shows a total annual fuel use of
32,802 barrels of oil (19L4.6 x 107

energy). The electricity demand of the community requires a fuel

Btu for the provision of thermal
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input of 34,353 barrels of oil (206.1 x 109 Btu) plus 7,960 tons
of cosl (34,500 equivalerit barrels of oil or 207.0 x 10° Btu).
This amounts to a total annual fuel input of 67,155 barrels of
0il plus 7,960 tons of coal or 101,655 equivalent barrels of oil
or 601.0 x 10° Btu.

ICES Versus Conventional System Fuel Use

A comparisdn of the three analyses shows the ICES plant consuming
slightly more oil per year than the conventional alternatives and
considerably less total fuel.

The conventional oil-fired system consumes 4,610 barrels of
oil (6 percent) less than the ICES plant. However, the conven-
tiohal oil-fired system consumes 23,293 equivalent barrels of
0il (32 percent) more than the ICES plant.

The conventional system with electric heat pumps consumes
6,209 barrels of oil (9 percent) less than ICES. However, the con-
ventional system, utilizing electric heat pumps, consumes

28,269 equivalent barrels of oil (39 percent) more than ICES.

The above information compares volume of different grades of oil.
If the same comparison is made using the thermal content of the oil

used, the results are as follows:

9 Btu

(4 percent) less o0il than ICES. However, the comentioral oil-fired

9

The conventional oil-fired system consumes 15.3 x 10

system consumes 152.1 x 10° Btu (36 percent more) fuel than

ICES.

The conventional system with electric heat pumps consumes
24.8 x 109 Btu (6 percent) less oil than ICES. However, the
conventional system with electric heat pumps consumes

~182.2 x 10° Btu (43 percent more fuel than ICES).

These data are summarized graphically in Figures 10 and 11.

36




1000 EQ. BBLS OF OIL

100 1

90 1
80 4

70 -

60 ¢4

50

40

30 1

20 -+

10 4

L}

FIGURE 10
LCES VS. OIL HEATING

" FUEL COMPARISON:

ICES REQUIRES 23,293 EQUIVALENT BBLS OF
o1L (152.1 x 109 BTU) PER YEAR LESS THAN

THE CONVENTIONAL SYSTEM.

ICES REQUIRES 4,610 BBLS OF -0IL (15.3 x 109 BTU)

PER YEAR MORE THAN THE CONVENTIONAL SYSTEM.

NOTE 1

OIL BURNED

73, 364 BBLS

425.5 x 1098TU

NOTE 2

0L BURNED FOR
ELECTRICITY

27,779 BBLS
166.7 x 107BTU

OIL BURNED FOR
HEAT

40,975 BBLS
243.5 x 1098TU

[CES
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1000 EQ. BBLS OF OIL

’

FIGURE 11 |
FUEL COMPARISON: . ICES VS. ELECTRIC HEAT PUMPS

Note 1: ICES REQUIRES 28,291 EQUIVALENT BBLS 0F OIL
© (182.2 x 109 BTU) PERTYEAR LESS THAN THE
CONVENT | ONAL SYSTEM.

Note 2: ICES REQUIRES 6,209 BBLS OF OIL (24.8 x 109 BTU)
PER YEAR MORE THAN THE CONVENTIONAL SYSTEM.
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FIGURE 12
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4.1 FIRMING UP COMMITMENTS A

The Demonstration Team has considered three areas where essential
commitments must be made in order that the ICES system reach the
implementation stage. The first area is securing the commitments
from the principal parties involved in the Demonstration Team as
to their continued participation in this Deomonstration Program.
The second area is securing the commitment on the part of the
customers to receive the service. The third group of commitments
to be secured arethose from the various regulatory agencies

identified in Task II Institutional Assessment.

Demonstration Team

All of the participants in the Demonstration Team are committed

to performing the Phase II contract And are optimistié that the
detailed feasibility study of Phase II will confirm the preliminary
feasibility analysis which shows that the Trenton ICES not only
saves fuel but also will provide thermal energy to customers at a
competitive cost while providing Public Service Electric and Gas

Company a reasonable return on investment.

Demonstration Community

The Demonstration Team has kept the observer-participants informed
as the project has proceeded. An introductdry working session was
held on February 16th, 1977 whén representatives'of'the various
ICES Demonstration Community owners attended a briefing session

with the working members of the Demonstration Team.

These representatives, along with several other interésted parties
attended an executive summary session of the mid-term review with
ERDA officials, held on April Tth, 1977 at Trenfon, New Jérsey.

Based on the preliminary feasibility study Phase I, the Demonstration

Community customers have expressed enthusiasm about joining the system.
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: <
Regulatory Bodies

In order to secure initial review and commitment from the various

regulatory agencies, the Demonstration Team contacted appropriate
agencies to meet with them and to discuss the ICES concept, its
application in downtown Trenton, the ramifications to those agencies
and ‘their requirements for approvals. The following agencies were

contacted: . |

The New Jersey Department of Environmental Protection
The Delawsare Vailey Regional Planning Commission

. The Delaware River Basin Commission

New Jersey Public Utility Commission

The New Jersey State Energy Office

The Trenton Planning Board

DAV F e
E
o

New Jersey Department of Labor and Industry, Mechanical
Inspection Bureau

In each case the Demonstration Team found the regulatory agencies
helpful in their suggestions and guidance in meeting their review
requirements. No serious difficulties were encountered at this

preliminary review stage.

4,2 FINANCING

The Demonstration System will be owned and operated by Public Service
Electric and Gas Company. As part of their large electric and gas
utility system (third largest in the nation) the project would be’
financed by its normal process of issuing securities and using
internally generated funds. However, the Demonstration Team
recognizes that in order to increase the margin of economic feasibility
of this Demonstration Project and thereby insure its success, alterna-
tive means of financing which could lower the cost of money to

PSE & G will be explored. S
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4.3 FUEL ALLOCATION '

At this time it is not possible to get a definite statement from
the Federal Eﬁergy Administration that oil will be allocated to
PSE & G for the ICES plant. President Carter's energy message
indicates that electric utilities will be admonished to convert
to coal where possible. However, PSE & G's experience in this
area indicates that oil will be readily available to fuel this
plant. Since the fuel will be consumed so efficiently that it
will conserve fossil fuel in the form of coal for use elsewhere,
the Demonstration Team feels confident that there will be an

adequate supply of fuel oil for this project.

Also, the present natural gas supply situation would not allow
PSE & G to use gaseous fuel for combustion turbine. However, if
additional gas supplies could be made available from new /Sources
such as Atlantic off-shore drilling, coal gasification, etc., then
gas may be considered as a viable future fuel supply for the ICES

plant in order to conserve oil.

With minor modifications, combustion turbines can be converted to

‘burn either oil or gas.

4.4 OWNERSHIP AND OPERATION

The Trenton ICES Demonstration Project will be owned and operated
by Public Service Electric and Gas Company as part of the overall
power generation system of PSE & G and the Pennsylvania-New Jersey-
Maryland (P-J-M) Interconnection Power Pool. PSE & G will operate
the system in response to thermal demand in accordance with the ICES
concept with the possible exception of an emergency situation when
all other PSE & G and P-J-M peaking generators are on line and
additional electrical system demand must be met on a short term

basis.-
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4.5 CUSTOMER INDUCEMENTS

Decision Process

Choices for energy supply to buildings for use in heating, ventilating
and air conditioning (HVAC) System are usually based on one or more

of the following parameters:

1. ACapital cost of the system '

Fuel Cost and Availability ' '
. Life of Equipment

Ease of Maintenance and Complexity of the System

Operating and Maintenance Expenses (0 & M)

N W & Ww N

Reiiability, noise, aesthetics, ease of control, etec.

The interaction of these parameters impacts on the building owners'

decision process based on yet another group of parameters.

1. How is the cépital generated? Is capital money more easily '

obtained than operating subsidies?

2. Does the owner also operate the system?.

3. Does the owner/operator-havé a more favorable investment
alternative available to hire? (e.g. another apartment

rather than an expensive HVAC System)

L. What is the estimated life of the project?

5. What is the total cash flow of the project and what percentage

does the HVAC alternative represent?.

!
s
!

With some variations, decisions regarding HVAC Systems and their energy
supply are based on a life-cycle cost analysis. Using this

approach, the capital, O & M and energy costs are evaluated for
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available fuels using the éstimated life of the project. The alternative
which yields the lowest present worth of all future.costs is ‘'usually
chosen. The difference between alternatives, must, however, be
significant enough to off-set or override the other parameters

mentioned above.

Existing Buildings

For the ekisting buildings, the decision will be made using a
comparison between the customer's present energy supply and
associated costs and the conversion operating, maintenance and
 thermal costs of an ICES system. The two most sensitive areas in
this analysis are the capital conversion costs.and the thermal
costs including contract duration, minimum charges and termination

costs.

New Buildings

For the new buildings, a much more zdvantageous economic position
is possible for ICES due to the complete capital amortization of
both terminal systems. In this case, thermal costs alone are the

most sensitive area.

In addition, some members of the Demonstration Community may find
social and political advantages to becoming part of ICES. Trenton
ICES would be looked on as a first of its kind and is a visible .

symbol of energy saving. Both of these aspects are newsworthy.

Inducements
With an eye towards customer inducement, the ICES project team
must develop steam rates or contracts which will accomplish the

following:
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1. Offer some margin of life cycle cost advantage over conventional

systems.

2. Encourage summer and winter use of thermasl energy consistent

with user needs.

In addition, the use of a non-restrictive policy must be evaluated
and established regarding the conversion costs for existing

buildings. v
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5.1 SCHEDULING REQUIREMENTS

In order to meet the stringent time requirements necessary for
the Demonstration System to be on line when the first new portions
of the Demonstration Community are constructed, an aggressive

time schedule has been established.

Capital Place I will be ready for occupancy in May 1979, therefore
the Work Management Plan consists of a two-tiered fast track
approach. The Demonstration System must have thermal capacity
available by May 1979; this means that the plant enclosure in-
¢luding the parking garage (of which it is an intergral part by the
nature of its urban design), the back-up boiler system and the first
portion of its distribution sy;tem must be completed by that date.
We have therefore established two stages of construction for the
Demonstration System: Stage "A" which consists of the back-up |
boiler (used to provide steam to Capital Place I, Luther Arms and
the Justice Complex until the turbiﬁesegenerators and waste heat
boilers are on line), the portion of the distribution system serving
Capitol Place I, the Mercer County Detention Center-Courthouse

' Complex, Kingsbury I, Luther Arms and the Justice Complex, and the
plant enclosure including the parking garage; and Stage "B" which
consists of the electrical generation and waste heat recapture
systems, controls, etc., and the remainder of the steam distribution

network, and the electrical interconnection with the Utility grid.
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5.2 WORK MANAGEMENT: PHASE II

Task I Energy Analysis

A. Reassessment of Phase I Work
1. Reassess Demonstration Community and modify energy profiles.
2. Investigate possible use of coal technology as a retrofit
including on-site coal gasification and/or use of PSE & G
multiple-source gas supply including coal gasification.

3. Assess future growth of community.

B. Further Investigation of Economic Parameters
1. Investigate module size for potential incremental growth
of the Demonstration System.
2. Develop demand profiles year by year as the Demonstration
Community develops.
3. Investigate alternate designs for the ICES plant enclosure.
4., Reassess ICES economics including a sensitivity analysis based

on variations of significant parameters.

Task IT Institutional Assessment

A. Development of draft forms of agreement where necessary:
1. Urban renewal parcel land disposition
2. Easements and rights-of-way for thermal distributim and storage facilities

3. Customer service agreements

B. Preliminary approval of oil allocation from the U.S. Federal
Energy Administration.

C. Amendment of the John Fitch Way Urban Renewal Plan.

D. Evaluation of alterpative financing arrangements.
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E. Draft environmental assessment.

F. Determination of PSE & G steam service policy.
1. Service application procedures

Inspection of customer's facilities

Service additions and alterations

Access to customer's premises

vioFow
. . . .

Metering and service configuration

G. Determination of steam rate policy

H. Analyze the effect of building the ICES Demonstration System.
1. PSE & G: financial analysis
2. Each customer: life cycle cost study

3. City of Trenton: tax benefit analysis

Task III Preliminary Engineering Design

A, Preliminary design of power and thermal systems, subsystems and

controls.

B. Preliminary design of steam distribution and thérmal storage

systems.

C. Preliminary design of the ICES plant enclosure including the
elevated walkways. '

Task IV Final Engineering Design of the Stage "A" Construction
Including Construction Documentation

A, Final engiheéring énd.architectural_design of the 'standby boiler
(which will provide thermal service until the entire Demonstration
System is operable) the ICES plant enclosure. and the Stage "A"
thermal distribution and storage network to serve Capital Place I,
the Mercer County Detention Center and Courthouse, Kingsbury I,
Luther Arms and the New Jersey State Justice Complex.
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Task V Customer Liaisoh

A. Establishment of contact with the necessary operating and manage-

ment personnel for each member of the Demonstration Commﬁnity.

-.B. Obtain any necessary final commitments and arrange for customers to
allow ERDA to conduct end use tests. Determine final financial status

- of each customer.

5.3 WORK MANAGEMENT: PHASE III

-Task I Final Design and Construection Documentation

A. Final design and construction documentation of power and thermal

systems, subsystems, components and controls.

B. Final design and documentation of thermal distribution and
storage systems.

Task II Construction of the Stage "A" Demonstration System

A. Receive bids and/or negotiate construction contracts and con-
struct the Stage "A" Demonstration System as described in Phase II,

Task IV above.

¥

Task ITI Operation and Maintenance Procedures

A. Prepare a detailed operations and maintenancevprocedtre menual.

Task IV Customer Liaison

A. Continue customerllia.ison to define customer's requirements for

end-use equipment and metering.

5.4 WORK MANAGEMENT:  PHASE IV

" Tagsk I Construction Management

A. Preconstruction planning and activities plus management of the

construction process.
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Task II Construction .

A. Perform the remaining construction to complete the ICES system.

Task IITI Customer Liaison

A. Continuation of customer liaison to coordinate service connection.

Task IV Billing Procedure

A. Establishment of meter reading and billing procedures.

B. Train appropriate customer accounts personnel.

5.5 WORK MANAGEMENT: PHASE V
Task I System Installation Tests
A. Testing to verify that the equipment installations have been made

in accordance with the construction documents.

Task IT Start-Up Tests
A. Preparation of schedule of start-up tests.

B. Conduct Start-up Tests with U.S. ERDA concurrence.

Task IITI Installation of Monitoring Equipment

A. Design and installation of Monitoring Instrumentation Systems

(MIS) for detailed data collection.

Task IV Performance Test

A. Provide for and perform s 1—yeér performance test of the ICES

Demonstration System.

Task V Customer Liaison

A. Continued customer liaison to assure proper communications and

. billing.
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5.6 WORK MANAGEMENT: PHASE VI’

Task I Operation and Maintenance Management

A. Operation and Maintenance of the Demonstration System according

to the schedule established in Phase III, Task III above.

Task II  long Term Demonstration Evaluation

A. Preparation of reports to evaluate the Demonstration System;

Task III Post Contract Operation

A. Preparation of a post contract program plan for the continued

operation of the Demonstration System.

Task IV Customer Liaison

A. Continuation of on-going customer liaison program.

5.7 DEMONSTRATION COST ESTIMATES¥

NON-CONSTRUCTION DEMONSTRATION COSTS

Phase ERDA Share ICES Demonstration Team Share
I $176,900. —_—
II $920,100 -—
III -—— $937,450
v -— $360,400
v _— $111,000
VI $ 10,000%* $ 45,000

CONSTRUCTION COSTS

Phase ERDA Share ICES Team Share
I — —
II _— -—
IIT _— ' $2,489,500
I $120,000. ", $7,439,200
v Cost of MIS -
Vi — -

* Note: All costs in 1977 dollars.
#% Costs to vary with the reporting requirements of ERDA.

Possible ERDA subsidy to existing buildings for capital costs
of connection to the Demonstration System, if the New Jersey
Public Utilities Commission will not permit differential steam
contract rates for new and existing construction.

Monitoring Instrumentation Systems as required by ERDA or the
.National Bureau of Standards.
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PERT Chart Phases II through VI

Trenton ICES
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FIGURE 22

5.9 DEMONSTRATION TEAM ORGANIZATION

Trenton ICES

DEMONSTRATION TEAM - AN! 10NAL
CHARTS- ‘ASE 11 ANu -AASES 111 = VI
u.s.

ERDA

City of Trenton
Department of Planning §&
Deve lopment

|Electric & Gas

Publice Service

Richard G. Stein Turner
R.G. Vanderweil Construction

PHASE 11 DETAILED FEASIBILITY AND
PREL IMINARY DESIGN

. ) u.s.
ERDA

Public Service
Electric & Gas

City of Trenton

Department of

Plan'g & Devel.

Richard G. Stein Turner
R.G. Vanderweil | _ Construction
" PHASE 111 THROUGH VI.
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