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PREFACE

The reader should note that the draft contract between Clark and
the Massachusetts Electric Company presented in Appendix 2B has been
superseded by a new draft which, however, arrived too late to be included
in this report. Because of our uncertainty about the nature of the final
agreement, the economic analysis presented in this report is based on
the understandings in effect at the end of Phase I. While the general
conclusions we present are still correct, the reader should refer to

the Phase II Final Report tor all details.
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1. INTRODUCTION

Clark University represents an attractive site for demonstration of
cogeneration. The principal features of the site are as follows.

(1) Clark is located in New England, a region that depends on imported
oil for most of its electric generation, and has some of the highest electric
prices in the nation.

(2). Clark, with a 1.5 MW peak electrical demand, offers a variety of
demand patterns in its 30+ major buildings.

(3) Clark already has an operating steam distribution system which
serves its 12-acre campus.

(4) Clark is serviced currently by the Massachusetts Electric Company,
an organization that has taken an active and creative interest in cogenera-
" tion.

In Phase I of the ERDA Demonstration ICES Program, the team from Clark
University, consisting of representatives from the University, Thermo-.
Electron Corporation, Fitzemeyer and Tocci, and Massachusetts Electric,
reported the following results:

(1) The system of choice for ICES demonstration at Clark is a diesel
generator sized at about Clark's peak electric demand.

(2) In order to avoid placing additional demand on scarce light-oil
sources, such a generator should burn #6 oil if at all pbssible.

(3) Through Massachusetts Electric's agreement to purchase excess
power at about the cost of displaced fuel, the system can run at nearly
full capacity the year round, sell 40% of its output to the utility, and
receive backup as needed from the utility.

(4) Under a variety of possible financing plans, and reasonable projec-
tions of fuel costs, the system will deliver for Clark an internal rate of
return of 15-20%.

(5) There appear to be no institutional or environmental problems that
would prevent operation of the system as planned.

In this report we provide an update on a number of issues that were
incompletely resolved in the Phase I report.

In Section 2 we provide additional documentation on institutional
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issues involved in the proposed demonstration at Clark, particularly as
follows. '

(1) According to the best information available from the State
Attorney General's Office, there will be no problem with Clark's sale of
electricity to the utility, '

(2) We have now a draft agreement with Massachusetts Electric that
both we and the utility can support. It follows the general outlines dis-
cussed previously. Because of utility support, we expect no difficulty in
obtaining final approval from the State Department of Public Utilities (DPU).

(3) After further investigation of financing possibilities we are now
assured that we can obtain 6-7% HEFA financing. This will be sufficient
to make the project viable. At the same time, the project would be even
more attractive to us if anticipated federal loan programs at 3% interest
receive Congressional approval, and if we qualify, as we expect, for support
from these. '

(4) A revision of environmental impact assessments shows no difficul-
ties with the proposed project.

In Section 3 we provide a preliminary design analysis that clearly
defines our choice of engine and provides revised operating data in light
of additional load profile studies. In particular we now find :

(1) A Sulzer #6-oil-burning 1405 KW diesel is the system of choice.

(2) The engine should be housed in a separate building in close prox-~
imity to the existing central boiler and steam distribution points.

(3) As a result of detailed summer load studies the engine as specified
can be operated with higher capacity factors than anticipated in Phase I.

In Section 4 we provide a revised cost estimate using information devel-
oped in Sections 2 and 3. Compared to the Phase I report, we find no sig-
nificant change in net cash flow, and an internal rate of return of 15%.

In reaching this conclusion we note that increased capital charges roughly
cancel decreased fuel costs arising from use of #6 oil and higher engine
efficiency.

Our overall conclusion is therefore that, though some details have
changed, the Clark demonstration project continues to appear highly attrac-

tive.



Tt should be attractive to ERDA because the grid-connection plays a
pivotal role both in'the choice of system and in the energy savings.: Approx-
imately 40% of the electricity output is{to be exported to the utility and
thus 40% of the o0il savings comes directly from the~grid—¢onnection;

" For Clark, the ICES is especially attractive as an investment, for
reasons that go beyond its satisfactory rate of return. As discussed by
L.'Léndry, the University's chief business officer (see Appendix 1A), the
ICES offers protection against inflating energy costs by stabilizing half
of the University's electrical costs. Additionally, ownership of the ICES
almost completely insulates Clark from possible unfavorable changes in the
utility retail rate structure. Furthermore, the demonstration would increase
Clark's national visibility and add to the program in energy studies. There-
fore Charles Sanders, Chairman of the Board of Trustees, and L, Landry are
confldent that the Trustees will vote to construct the ICES, prov1ded the

results presented here are verified in the rest of Phase II.
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2. INSTITUTIONAL DOCUMENTATION

A 2.0 Introduction

In Phase I we identified several institutional issues which had to be
resolved. These critical issues were (1) whether the University has the
power to sell electricity, (2) whether we could make suitable arrangements
for interchange with Massachusetts Electric that would be approved by the
Massachusetts Department of Public Utilities, (3) whether we could find a
suitable mode of financing the system, and (4) whether the plant would meet
environmental and zoning requirements. We can now report that each of these

issues has been resolved or is at least well on the way toward resolution.

2.1 Corporate Power

We had initially hoped to obtain a formal ruling from‘the Attorney
General on whether the University as a charitable institution has the power
to sell electricity., However, since we are not a government agency, we are
not entitled to a formal ruling. We have instead been given an informal
opinion by the division in the Attorney General's office responsible for
overseeing charitable institutions. In the opinion of Assistant Attorney
General Reedy (letter in Appendix 2A),'”the distribution of excess energy
to a public utility;would be incidental to the primary purposes [of the
project], and would not affect the charitable status of the University,'
According to the University Counéel, Richard Mirick, since this is from the
division of the state government charged with supervising the conduct of
charitable institutions, it is sufficient assurance that the University's
power to sell electricity will not be challenged (see Mirick's lettér in
Appendix ?2A).

2.2 Interchange Terms

The Massachusetts Electric Company has reaffirmed its intent to offer
Clark terms of interchange. A letter from Mass. Electric President William
Cadigan appears in Appendix 2A. A preliminary draft of the contract is
given in Appendix 2B. Mass, Electric has assured Clark that while there
may be minor modifications in the details of the agreement, no changes will

be made that will be deleterious to the demonstration.



The agreement empowers Clark to use directly as much of the ICES eiec-
tricity output as Clark needs. Only when the ICES output is insufficient
for the Clark demand will Clark purchase electricity from Massachusetts
Electric. Those purchases will be at the current published energy rate,
C-22, together with a monthly distribution capacity charge based on con-
tracted demand. The distribution charge is based on Mass. Electric's
present distribution system costs. The present C-22 rate is also shown
in Appendix 2B. When Clark makes more electricity than it can use,
the excess will be sold to the utility for a price closely approx-
imating the cost of displaced fuel. This price depends on time of day;
thus there will be two prices, one for weekdays from 7:00 A.M. to
11:00 p.m., the other for the remaining times. For convenience,
the price will be factored into two pieées, a multiplier times
the average wholesale fuel cost. There will be two multipliers,
one for peak and the other for off-peak sales. 1In 1974 the peak
multiplier would have been 1.3; the off-peék multiplier would have
been 1.06. The multipliers will be reevaluated periodically to take account
of changes in the mix of generating costs. Our estimate is that based on
1977 data the multipliers will be about 5% greater than the 1975 values.

The terms of interchange must be approved by the Massachusetts Depart-
ment of Public Utilities. We have spoken with the DPU and expect soon to
have a timetable for obtaining DPU approval of the proposed terms. We an-
ticipate no difficulty in obtaining approval since Massachusetts Electric

strongly supports the demonstration project.

2.3 Financing

In Phase ] we identified four alternative modes of financing the ICES.
These were borrowing from the endowment, a commercial loan, a Health and
Education Facilities Authority (HEFA) tax-exempt bond issue, and federal
loan programs. We found that the last two possibilities were distinctly
preferable, but we were not able to definitely determine their feasibility.

At this writing we can report in relation to federal programs
that we would have been eligible under last year's HUD loan program had we been

ready to begin construction soon enough. The HUD program provides loans for



investments for the purpose of conserving energy in dormitories and dining
facilities. Since about half of Clark's heat and electricity go to dormi-
tories and dining (see Phase I Report, Tables 1.2.4-2 and 1.2.4-3), this
program, if funded for the coming year, could provide financing at 3% for
half the project cost. Unfortunately, no decision has been made yet on
whether the program will be funded for the coming year. A parallel program
for academic buildings under the Office of Education was not funded last
year, and its prospects for this year are nbt easy to estimate. We are pre-
pared to submit applications for either proéram the moment Congress appro-
priates funds to it.

Because federal financing is not certain, we have spent considerable
effort in seeking approval for a HEFA bond issue. As a first step we have
retained an investment broker, Marsom Pratt of Adams, Harkness and Hill, to
handle the bond issue. Mr. Pratt is investment counsel to HEFA. In 1976
he developed the successful bond issue for Clark's new Student Activities
Center and he is confident that a HEFA bond issue can be developed for the
ICES and that it will be approved by HEFA. He recommends that we place the
bonds privately, instead of having a public issue. For a private issue,
Clark will not need to tie up resources in securing the bonds, and approval
and placement will be easier to obtain. We will, however, have to pay a
higher interest rate than the 5% we paid on the public issue for the Student
Activities Center. The interest charges will not exceed 7% in any event.
HEFA approval for the bond issue must come in two stages. We expect to ob-
tain preliminary approval for the bond issue next month. Preliminary app-
roval authorizes the preparation of a prospectus for the bond issue. We
expect to obtain final approval for the bond issue after a review of the
proposed prospectus. The prospectus can, however, be completed only with
the preliminary design results of Phase II; consequently, final approval
of the bond issue can only be obtained after the completion of Phase II. At
the same time Pratt assures us that, if the cost analysis presented in part
IV of this report is confirmed in the rest of Phase II, there will be no

difficulty in obtaining final approval.

Pratt has also suggested the use of the leveraged lease as another mode
of financing. This may offer even better terms than the HEFA bond issue. Under

this plan an investor would own the facility and lease it to Clark. The investor
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would be able to offer good terms bécause he could take advantage of
tax benefits, investment tax credit, accelerated depreciation, etc., which -
do not apply to the University. This mode of financing was used for the
Harvard Hospitals' total energy plant.

To summarize, we feel confident that we can obtain financing through a
HEFA bond issue, and are taking the necessary steps to achieve this. We are
continuing to pursue two alternative possibilities which might offer even
better terms, namely federal loan programs and a leveraged lease. While we
do not regard borrowing from the endowment as a satisfactory method of long-
term financing, it is technically possible for us to borrow for this pur-

pose, and this provides us with enough flexibility to meet unforeseen short-
falls.

2.4 Environmental Impact

In Phase I we concluded that there were no insurmountable environmental
barriers to the ICES. That is still our conclusion;“however, the selection
of a numbér 6-0il-burning engine has changed emission data on two counts.

(1) Emissions from the #6-burning engine contain appreciably more
sulfur dioxide because of the higher sulfur content of #6 oil. While the
increase is not enough to put the ICES emissions in violation of the present
and anticipated air quality standards, we have, as before, requested and
received explicit assurances from the Central Massachusetts Air Quality
Division. (See letter from E. Benoit, Appendix 2A). A comparison of em-
issions from the ICES and from the present systems is shown in Table 2.4-1.

(2) Because a #6-burning engine requires.fuel treatment, we plan dis-
charge of the treatment water iﬁ the sewage system. Provided that a set-
tling tank is used to reduce the amount of oil in the discharge, the quan-
tities to be discharged are too small to cause any problems.

Our updated environmental impact evaluation is given as Appendix 2C.
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Table 2.4-1

Estimated Air Pollution Impact--Present System and T-oposed
Grid-Connected ICES

Annual Emission (in Tons/Year)

System
v SO2 NO co HC, Particulates
X
Present System
Utility boiler® 36.2 25.2 - 0.47 1.5
Clark boilerP 76.9 53.4 -= 1.0 3.2
System impact® 113.1 78.6 - 1.47 4.7

ICES System

Clark dieseld 55.1 140.7 23.8 11.0 0.6
Clark boiler 56.9 39.6 - 0.8 2.3
Utility boiler -21.8 -15.2 -— -.29 -.9
System impact 90.2 165.1 23.8 11.5 2.0
Net Change

At Clark 35.1 126.9 23.8 10.8 -.3
% Change® 46.0 238.0 NA 1080.0 -9.0
Auto eq%iva—

lents -- 2540.0 44.0 154.0 -
New England9 -22.9 86.5 23.8 10.0 -2.7
% Change -20.0 110.0 NA 680.0 -57.0
Auto equiva-

lents ~-- 1725.0 44.0 142.0 -

a. Based on generalized data for utility boilers burning residual
o0il with an ash content of 0.04% (by weight), sulphur content of
1.0% (by weight), weight of 7.83 1lbs. per gallon, 148,000 Btu per
gallon and a Btusto kwh ratio of 10,050 to 1. Assuming the consump-
tion of 6.8 x 10° per year. '

b. Based on the use of residual oil with the same characteristics
as specified in note a aBd a boiler efficiency of 75%. Assuming a
thermal load of 109 x 10°Btu per year.

¢. Carbon monoxide levels (less than .0l tons) are considered neg-
ligible here.

d. Based on the manufacturer's specifications and the use of #6
residual oil with an ash content of 0.04% (by weight), sulphur of
1% (by weight), a weight of 7.83 1lbs per gallon, and an energy value
of 148,000 Btu per gallon. Assuming operation at full capacity for
7750 hours per year.

e. The percent change for carbon monoxide is meaningless since
basically none was emitted previously.

f. Auto equivalents are included to provide a means of evaluating
the relative significance of the net changes. They are based on
EPA's estimates for the average emissions of all the motor vehicles
operating in the U.S. in 1976.

'g. The New England figures represent the net additional emissions
of the Clark ICES and net reduction in the emissions at New England
Electric System's residual oil fired generators. Assumes a net
reduction in NEES's o0il consumption by 279,000 gallons per year.



3. PRELIMINARY DESIGN ANALYSIS

3.0 Introduction

Our preliminary design analysis incorporates a number of changes from
Phase I. We have found that our summer thermal demand is not quite what
we had estimated, and the correction will enable the ICES to generate some-
what more heat and electricity. We have decided to locate the generating
system in a new building outside Jonas Clark hall. Most important, we have
found a diesel system which meets essentially all of the requirements we
defined in the Phase I analysis. It is a Sulzer engine, Model 8 ASL 25/30;
it is ebulliently cooled, burns #6 oil, and produces about 1400 KW of elec-
tricity. With the number 6-burning engine, we need one more subsystem for
the conceptual design, a fuel treatment system.

In the next section, 3.1, we present our new results on thermal demand,
and describe the electrical and thermal outputs of the new diesel. In sec-
tion 3.2 we review the Phase I choice of system and then give our reasons
for selecting the Sulzer engine and the new location. In section 3.3 we
describe the changes needed in the conceptual design to accomodate the new

engine and location.

3.1 Energy Load Profiles

The electricity load profile presented in our Phase I report was based
on several years of recorded data. Since our recent data is consistent
with the previous records, we have not altered our estimated electricity
load profile; it is reproduced in Figure 3.1-1. That profile contains an
estimated contribution from the new gym; we will have data on its actual
contribution as soon as it begins to be used, in less than a month,

The thermal load profile presented in the Phase I report used estimated
summer thermal demands. We now have data on thermal demand for this summer
and this changes somewhat our previous estimate. We have found that at
present summer thermal demand is considerably more uniform than we had
estimated. The revised profile is presented in Figure 3.1-2. As with the
electrical profile, we have estimated the contribution of the new gym and
we will be able to test this estimate in the next few months., The added

demand in summer nights means that we will be able to operate the ICES, at
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Fig. 3.1-1: Electricity Load Profile
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part load, for many summer nights, and the overall output of the system
could be somewhat greater than our previous estimate.

We repeat the thermal and electric load profiles in Fig., 3.1-3; shown
on these profiles are the electric and thermal outputs of the Sulzer 1405
KW engine. Except for summer nights and brief periods for maintenance, the
engine operates at full load continuously. The overall fuel saving we ex-
pect is about 250,000 gals/yr oil saved by Clark and the electric utility.
Notice that the grid-connection, in addition to its other benefits, gives

rise to about 40% of those savings.

3.2 Design Options and Final Choice of Engine

We have decided to put the generating plant in a new building adjacent
to the boiler room in the basement of Jonas Clark hall. This location is
preferable to a location inside Jonas Clark, because (1) it avoids major
problems with noise and vibration insulation; (2) it does not eliminate
classroom space; (3) it will be much easier to make the demonstration system
accessible and attractive for public viewing. The disadvantage of the
choice is that it adds significantly to the capital cost of the project (see
section 4.1 and Appendix 4A). We believe that the advantages more than make

up for the extra cost.

In Phase I we concluded that the optimum ICES for Clark would use a
single diesel engine, ebulliently cooled, burning residual oil, with a max-
imum electricity output of about 1500 KW and a maximum recoverable heat out-
put of about 4 million Btu/hr. We reached this conclusion after examining
a variety of diesel engines in various configurations along wifh representa-
tive steam turbine systems and gas turbine systems. We have reviewed that
analysis for this report and found it still correct. Steam turbines small
enough for Clark's heat demand simply do not make enough electricity to
finance them. Gas turbines suited to our size burn distillate oil and have
-slightly poorer performance characteristics than comparable light-oil-
burning‘diesels. Ebullient cooling is necessary because the University has
a steam heating system and it would be prohibitively expenéive to make the
modifications neéded for heating some buildings with hot water. There are

two advantages to burning residual oil: it is significantly cheaper, and
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Fig. 3.1-3: Electric and Thermal Qutputs of Sulzer Engine
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it is in the national and regional interest not to add to the pressure on

the demand for light oil and gas. Grid-connection obviates the need for
multiple engines as we don't have to follow Clark's electrical demand and

as we are not considering engines large enough to require extensive varia-
tion of heat output. Finally, the size of the generating system is fixed

by economic considerations. While it is profitable to sell excess electricity
to the utility, it is not sufficiently profitable under the present terms to
finance capacity which is solely for exports. Thus the optimum generator

will produce approximately as much electricity as will meet Clark's peak
electrical demand.

In Phase I we made our analysis using a diesel generating system which
met all of the above requirements except for one; the engine burned only
distillate oil, not residual oil. Since then we have identified two candi-
date diesels of the right size which can burn residual o0il and be cooled
ebulliently. These are a 1400 KW engine made by Sulzer, model 8 ASL 25/30,
and a 1500 KW engine made by Cooper Bessimer, Superior model 40-X-16. The
Sulzer engine is normally water cooled, not ebulliently cooled; however,
the Sulzer Company assures us that the alterations are minor ones and that
they are happy to maintain their standard one-year guarantee. The Superior
engine normally burns distillate oil; the manufacturer, Cooper Energy Systems,
is willing to modify the engine to burn residual oil. They too will maintain
their one-year guarantee, with the proviso that the fuel entering the engine
be carefully monitored to ensure strict limits on sodium and vanadium in
the fuel.

Since both manufacturers are confident that the modifications will not
impair the performance of the engines and since they will guarantee the
engines, we feel that both engines are viable options. Since they offer a
significant economic advantage over the distillate-fired engine, we would
prefer one of them as the generator for the grid-connected ICES. It is
worth noting that, according to Thermo-Electron, both manufacturers have
thoroughly competent field service representatives. Sulzer's U.S. service
is performed by Golten Marine, Brooklyn, New York, who have worked many
years on residual-burning marine diesels. Superior has their own field

service team which also has much experience.
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We chose the Sulzer engine in preference to the Superior for the follow-
ing reasons. (1) We believe that the burning of residual oil is a more sen-
sitive modification than the change to ebullient cooling. Sulzer has both
laboratory and field experience with burning #6 oil in that engine. That
experience is summarized in Appendix 3A. (2) Sulzer places less stringent
limits on vanadium and sodium than Superior. (3) The Sulzer engine gives a
slightly better return on investment (see section 4.3). (4) The Sulzer
engine is smaller and will be easier to install.

Each of these is a small consideration, but taken together they lead

to a clear preference for the Sulzer engine.

3.3 Update of Conceptual Design

The conceptual design section of the Phase I report has to be modified
to take account of (1) the new choice of diesel engine, (2) the need for a
fuel treatment system for #6 oil,and (3) the decision to place-the system
in a new location.

In Appendix 3B we give a detailed description of the two candidate #6«
burning engines, Sulzer and Superior, and compare them with the #2-burning
Fairbanks Morse. The #6 oil engines differ from the #2-burning engine des-
cribed in Phase I in requiring a #6 fuel treatment system and a separate
set of #2 o0il storage and day tanks for starting and stopping. The steam
and electrical systems are the same for all engines. In Appendix 3C we pre-
sent details of their performance, including heat balances at 100% and 50%
loads. Engine performance deteriorates only slightly down to 50% load; it
falls off rapidly for lower loads. Performance characteristics at 100% load
are summarized in Table 3.3-1. Heat and electric outputs of all three
engines are similar; however, because #6 0il is cheaper and is the fuel now
used in the boiler system, the #6-burning engines have appreciably lower
fuel costs, about 5.5 mills/kwh less than the #2-burning engine.

In Appendix 3D we give specifications and operating characteristics for
the fuel treatment system. The system removes sodium by demulsifying and
centrifuging; this also removes most other metals. It then neutralizes the
damaging vanadiﬁm compounds by combining the vanadium with the magnesium to

make magnesium vanadate, which is not damaging to the engine at the diesel
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operating temperature. These properties are summarized in Table 3.3-2.

Table 3.3-1: Performance Characteristics of Three Diesel Engines

Sulzer Superior

Fuel #6 #6
Maximum Electrical Output 1405 KW 1500 KW
Thermal Output 3.6x10° 5.2x10°

Low pressure steam 1.3x106 2.5x106

High pressure steam 2.3x106 2.7x106
Electric Efficiencies 38% 32%
Thermal Efficiencies 40% 49%
Heat Rate 8970 10,700
Incremental Heat Rate with

Heat Credit 6050 - 5150

Fairbanks-
Morse

#2
1531 Kw

4.0x10° Btu

1.0x10° Btu
3,0x10° Btu
36%
42%

9500

6280

Table 3.3-2: Properties of Fuel Treatment System

Impurity Sodium (Na)
Impurity content of 150 ppm
Typical Fuel

Impurity Content of Treated <30 ppm
Fuel (for Sulzer engine)

Treatment Demulsification
followed by
centrifuging

Treatment Chemical Tretolite RI-35 or

Nalco 9-533DA -

Dosage .--

Vanadium (V)

150 ppm
<100 ppm

Formation of harmless
magnesium vanadate

Tretolite KI-16

3.2/1 Mg/V

Figure 3.3-1 shows a sample layout for the components of the system

using the Sulzer engine and including the fuel treatment system. It is set

in a new building 60' x 37' x 24', This figure also shows the location of

the building relative to the Goddard Memorial now under construction. The

building location and shape is chosen to obtrude as little as possible on

the memorial.
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4, COST ANALYSIS

4.0 Introduction

There are two substantial changes in the cost analysis of our Phase I
report. (1) Capital costs have increased. Because of uncertainty in
federally subsidized financing programs, we take 6% as a base case interest
rate. The combined effect is to raise annual capital charges by $63,500.
(2) We have identified a suitable #6-o0il-burning engine. The effect of
this is to reduce fuel costs by $56,700 per year. . In addition, our new
. analysis contains some minor changes. There are additional maintenance
costs associated with burning #6 oil; as a result of further monitoring,
we find we can run at half power on most summer nights; and we have refined
our evaluation of the utility standby charge. Taken together, both major
and minor changes give net cash fléws similar to those obtained in Phase T,

We discuss capital and operating costs in the next two sections. In
section 4.3 we compare the ICES with the conventional system and show that
the internal rate of return is about 15%. We also discuss the sensitivity
of the analysis to our assumptions. Finally, in section 4.4 we discuss other

features of the ICES which make it an attractive investment.

~ 4.1 Capital Costs

Capital cost summaries for three systems, the Sulzer 1405 KW engine,
the Sﬁperior 1500 KW engine, and the Fairbanks-Morse 1531 KW engine, are
shown in Table 4.1-1. Detailed cost breakdowns appear in Appendix 4A. The
total capital cost for our selected system, the Sulzer 1405 KW éngine, is
$1,380,000, compared to the $820,000 Phase I estimate of cost for the
Fairbanks-Morse 1531 KW system. An analysis of the cost increase follows:
(1) Clark's decision to. use a new building for the plant adds about $200,000
to the cost; (2) a fuel treatment system for #6 oil adds about $100,000 to
the cost; (3) a more expensive engine adds about $100,000 to the cost; and
(4) miscellaneous extra equipment and engineering costs not considered in
Phase I add about $150,000 to the estimate. Only (1) and (4) apply to the
Fairbanks-Morse engine, so its revised capital cost is $1,190,000. Table
4.1-1 also shows the yearly finance costs assuming level payments on a

20-year note at both three pefcent and six percent interest. The
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TABLE 4.1-1
Capital Cost Summary

Sulzer Superior Fairbanks Morse
(Costs/$1000)

Equipment and Mechanical -

Work = 869 807 681
Civil Work - 255 255 255
Electrical Work
(not including grid connection) 51 51 51
Engineering Cost 207 207 200
Total Cost to Clark 1382 1320 1187
Grid Connection Equipment 40 ‘ 40 40
Monitoring Equipment 35, 35 35
Engineering , : 15 B 15 . 15
Cost to ERDA 90 90 90

Clark Yearly Payments .
at 6% Level Loan 118 113 102
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yearly costs for the Sulzer would be $91,000/yr and $118,000/yr, respectively.
The Fairbanks-Morse costs would be $78,000 or $101,000. Going from 6% to 7%
financing would place the Sulzer capital costs at §$128,000/year.

In the remainder of Phase II we will refine these cost estimates. We
will also evaluate the escalation of the costs through the construction

period.

4,2 Fuel and Maintenance Costs

Fuel costs with heat credit for the three engines are evaluated in

Table 3.3-1 and Appendix 3C. These are summarized in Table 4.,2-1:
Table 4.2-1: Fuel cost and heat credit

Fuel cost Heat credit Net fuel cost

Engine (mills/kwh) (mills/kwh) (mills/kwh)
Sulzer 1405 KW 22.4 7.3 | 15.1
Superior 1500 KW 26.7 11.4 15.3
F'G M 1531 KW : 28.5 8.0 20.5

Note the much greéter net fuel cost of the Fairbanks-Morse engine, because
it burns more expensive #2 oil.

We constructed Table 4.2-1 assuming that the price of #6 o0il to Clark
would be $2.50/106.Btu, and the price of #2 o0il would be.$3.00/106 Btu.
The présent prices are'$2.20/106 Btu and $2.65/106 Btu, respectively. The
increase is based on the assumption that oil prices will show the same sea-
sonal change this year as last. |

Maintenance costs for the three engines are summarized in Table 4.2-2.
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Table 4.2-2: ™aintenance Costs

Yearly Cost §

- Fairbanks-
Sulzer Superior Morse

Diesel Engine 41,900 45,000 37,000
Fuel Treatment 5,400 15,400 -
Miscellaneous 9,000 9,000 7,000

TOTAL 56,300 69,400 44,000
Cost/kwh 5.7 mills/kwh 6.6 mills/kwh 4.0 mills/kwh
2 % Increasc 5.9 6.8 1.1

The derivation of these cost estimates is given in Appendix 4B. The
estimates include diesel manufacturer's recommended maintenace and cost
experience, chemicals for fuel treatment, and a safety margin.

For the economic comparison in section 4.3, we have assumed 6% infla-
tion and thus estimate a 3% increase in average cost, Notice that burning
#6 0il increases maintenance costs both by the cost of chemicals for fuel

treatment and by increased wear on the engine.

4.3 Comparison with the Conventional System

In Table 4.3-1 we list the base-case assumptions we have made about
costs which we will use to compare the grid-connected ICES with the conven-
tional system. We assumed that the ICES was completed today at the capital
cost of section 4.1, that fuel prices for the coming year will show the same
seasonal variation as last year, and that all costs will escalate at 6%/yr.
We show later in this section that the results do not depend drastically on
the assumptions. ~

We list in Table 4.3-2 the energy output of the ICES used at Clark
and sold to the utility. These numbers are taken from the energy outputs
described in section 3.1. There is one complication, however; because the
standby terms require only that Clark pay at least a minimum charge each

month, Clark has available a certain amount of 'free!' electricity, that is,
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Table 4.3-1: Base case assumptions

Variable ' Value
Rate of inflation %/yr
Price of fuel (anticipated)
#2 oil $3.00/MBtu
#6 o0il : $2,50/MBtu
Prices of electricity (anticipated)
Purchased by Clark 4.45¢/kwh
Sold by Clark, weekdays 7 A.M. - 11 P.M. 2,60¢/kwh
Sold by Clark, other 2,15¢/kwh
Standby Minimum $32,000/yr
Retail rate structure multiplier 1.2
Plant lifetime 20 years
Clark electric demand 6.9x106 kwh/yr
Conventional boiler efficiency 75%

electricity which it has already paid for by paying the minimum., That elec-
tricity can have two values; one is a value equal to the present retail
price of electricity when it replaces electricify'that Clark would purchase
anyway, and the other is a value equal to the operating costs of the ICES
when it replaces ICES-generated electricity. Our estimates for each quantity
of electricity are also shown in Table 4.3-2. We expect that there will be
approximately .55 x 106 kwh of free electricity. About .3 X 106 kwh will replace
electricity that Clark would purchase anyway and about .25 x 106 kwh will '
substitute for ICES generated electricity. The ICES will generate in all
about 10.4 x 10° kwh of which 4.2 x 10 kwh will be sold to the utility.

We are now ready to compare the costs of the ICES with the costs of
the conventional system. The comparison is made in Table 4,3-3. Under the
base assumptions, the Sulzer 1405 KW engine has a first-year operating
savings of about $148,000/yr, and net savings after payment of financing
costs of about $30,000/yr. By the tenth year we project these savings to
be approximately $270,000 and $150,000, respectively. The projected base-

case yearly savings for the three engines are shown in Figure 4.3-1.
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Table 4.3-2: Electricity and Thermal Outputs

ELECTRICITY
1. Clark total demand 6.9x10° kwh
2. Clark demand supplied by diesel 6.2
3. Clark demand supplied by purchases
up to minimum standby payment .55
a. Minimum purchases replacing .25
retail purchase
b. Minimum purchases replacing
ICES generation .30
4. Clark demand supplied by additional
purchases .15
5. Diesel=produced energy sold to utility 4.2
6. Total production by diesel 10.4
7. Maximum possible production by diesel 12.5
8. Capacity factor 83%
9. Outages for maintenance and certain
summer nights : 8%
10. Operation at de-rated power level
(average 65% full load) 12%
HEAT
11. Clark total demand 11x1010 Btu
12. Clark demand supplied by diesel 2.6x1010 Bty
FUEL SAVINGS
13. Savings at Clark plus savings at utility 10
due to reduced generation 3x10 Btu

It is clear that the residual-oil-burning engines are preferable to
the distillate-oil-burning engine; the Sulzer engine has-a slight lead
over the éuperiér.

We have examined the sensitivity of the projected savings to the values
of our base case parameters. In Table 4.3-4 we list the key parameters
and the sample variations we have used to test the sensitivity of the
savings. Figure 4,3-2 shows the variation of the Sulzer engine savings with
each of the changes. The total variation is taken to be the square root of

the sum of the squares of each individual variation. The savingsare always
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Table 4.3-3
FINANCTAL ANALYSIS OF THE SYSTEM

A. DIESEL PLANT

. Capital cost

Fuel cost

Maintenance costs

Gross operating costs

Heat credit

Standby charge

. Purchases over standby
-minimum

8. Operating costs

NN BN -

B. UTILITY PRICE ARRANGEMENTS

9. Price of electricity sold to
Clark under conventional
system '

10. Credit for electricity sold
by Clark to utility under
proposed system ,

11. Operating credits

. FIRST YEAR BENEFIT TO CLARK
12, Net 6perating savings
13. Net savings

. FUTURE BENEFITS

14. Yearly benefit in fifth year
15. Yearly benefit in tenth year
16. Integrated 10-year benefits

. PAYBACK.

17. Years to pay back loan if
all savings used to reduce
debt .

18. Internal rate of return

Sulzer Superior
(in units of $1,000)
118 113
233 299
61 . 76
294 375
76 128
32 32
7 7
257 286
307 307
97 115
404 422
147 138
29 25
80 75
150 142
828 800
9.2 years 9.5 years
15% 14.3%

Fairbanks-
Morse

102
297
43
340
83
32

296

307

97
404

97
=5

30
75
350

13.0 years
12.2%
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TABLE 4.3-4

Key Parameters for Sensitivity Analysis

Key Parameters Base Value Variation Tested
Efficiency of Clark Boiler .75 _ . .85
Interest Rate on Loan .06/yr .03-.07/yr
Retail Electricity Rate

Multiplier 1.2 1.35

(flat rate is 1.5)

Rate of Fuel Price Escalation .06/yr ‘ 0.0-.12/yr
Additional Credit for Exports 0 .3¢/kwh
Underestimate of Capitél Costs 0 $200,000

Inflation Rate .06/yr . .03-.09/yr
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positive even for the total variation, so there is little risk to be expected
from the variation of those parameters. Note that flattening of the retail

electricity rate structure could cause a big increase in the savings.

4.4 Evaluation of the Investment

The anticipated 15% internal rate of return with the reasonable assurance
of positive net savings is enough to make the grid-connected ICES an attrac-
tive investment for Clark. In addition, as pointed out by the University
business officer, L., Landry, the investment in the ICES is a hedge against
the inflation of energy costs (see his letter in Appendix 1A). 1If about half
of the electricity generation costs are fixed 3as capital costs, only the
remaining half are‘subject to inflation. Thus the costs using the ICES
will rise much more slowly than costs for the conventional system as oil
prices go up. Of course, costs would decline less rapidly if oil prices
dropped, but we consider that much less likely. Fupthermore, by generating
most of its electricity, the University would be almost completely insulated
from unfavorable changes in electricity rates. It is certain that electricity
rates will change in the next year, as the DPU has required utilities to
introduce time-of-day rates. It is not certain that the changes will be
unfavorable to Clark, but it is likely. The University now benefits from
sharply declining block rates (see Appendix 2B), and there is both state
and federal pressure for flattening rate structures. Furthermore, the
University does not have much flexibility for shifting more electric use to
the nighttime and so it could be hurt by very high peak rates.

Thus we consider the ICES an attractive investment on two grounds. It
offers a decent rate of return with only modest risk, and it helps protect
the University from potential unfavorable changes in energy prices. Along
with these benefits Clark would benefit significantly from being a demon-
stration site. The demonstration would give Clark national visibility and

would give a major boost to our research and teaching in energy studies.
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APPENDIX 1A

Letter from Lawrence Landry,
Vice President of Business and Finance

and Treasurer
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Clark University WORCESTER, MASSACHUSETTS 01610

OFFICE OF THE TREASURER
617-793-7443

4 November 1977

TO: Frank Puffer, Director, ICES Study

FROM: Lawrence L, Landry, V ce President of Business and Finance
and Treasurer

I would like to summarize my findings to date as to the
financial desirability of the proposed ICES to service the Clark
University campus. The economic analysis can be stated in several
ways, depending upon the assumptions one wishes to use about
future operating and final capltal costs for constructing the ICES.
For my purposes, I am assumlng a $1,400,000 capital investment will
be required and that prior to debt service payments, first year
savings in operating costs will be $148,000. Assuming a 6 percent
inflation factor, the savings will rise to $199,000 by the fifth
year and $269,000 by the tenth year. Overall the analysis indicates
a nine to ten year payback period. These numbers are sufficiently
attractive to warrant an investment by Clark.

As you know, the Executive and Finance Committee reviewed
the preliminary findings last summer and felt that the investment
was attractive enough to continue our study. Recently I have
shared our updated numbers from the economic analysis with Charles
Sanders, Chairman of the Trustees' Finance Committee. He shares
my enthusiasm for proceeding with the project. We would expect
that if the findings to date are verified in the course of our
Phase II study that the Trustees would vote to construct the ICES.

Perhaps it would be helpful for you and other members of
the research team to understand the reasons for our enthusiasm.
Aside from the initial cost savings, our interest in the cogeneration
plant has a direct relationship to the overall financial situation
at the University. The basic problem in Higher Education is that
the costs per student have been rising at a greater rate than the
income per student. In other words, a University is much more
vulnerable to inflation than an enterprise that has productivity
increases through the use of new technology. Because of this
reason as well as our labor intensity, Clark has developed the
phllosophy of making prudent investments which at least result
in fixing our costs at current levels.



-30-

The cogeneration project is an excellent example of the
type of investment which can help further control costs. To date,
the University has an outstanding record in the field of energy
management. For example, since the first oil embargo we have
reduced electrical and heating consumption by 35 percent. However,
costs continue to escalate. An added attraction of the proposed:
plant is that it would insulate a substantial portion of the
University's energy costs from inflation. Currently 100 percent
of our energy bill is subject to inflation; with cogeneration,
about 50 percent of energy costs would be affected by inflation.
Furthermore, and I expect ruch more significant, is the fact that
the project will provide a perfect defense against electrical cost
increases that would result from alteration in the current price
structure of electricity. Under the existing price structure, the
unit cost of electricity declines as consumption increases. How-
ever, we seem to be moving toward a "flat rate" or "peak load"
formula for pricing electrical power. llhuse or similar changes
would increase the unit cost of electricity to Clark. However,
with a cogeneration plant, the University would be less vulnerable
to these cost shifts.

Another consideration in evaluation of an investment in
the ICES is that unlike industrial concerns, the University does
not have alternative investments that could yield the same benefit.
This fact as well as the opportunity to finance completely through
debt makes the investment that much more attractive. In connection
with financing the plant, I am quite optimistic that funds can be
raised at a cost not to exceed 7 percent. Although our first
preference for financing would be from federal programs, we are
also developing a fallback position in case federal funds are not
available. We are pursuing two alternative routes of financing
and are receiving advice from an investment banker; namely, Adams,
Harkness & Hill. Mr. Marsom Pratt from this firm has worked pre-
viously with the University and assisted us in placing a tax-exempt
bond issue in August 1977 for $2,200,000 at a net interest cost of
5 percent through the Health Educational Facilities Authority (HEFA).

Alternative to federal financing is to use tax exempts through
the HEFA Authority. I have discussed this option with Samuel C.
Brown, Executive Director of the Authority and he is optimistic
about our possibilities for financing the plant. Accordingly, he
has asked Marsom Pratt to work with us in evaluating our study and
developing a tax-exempt package.

A further alternative to a tax-exempt bond issue, we are
also exploring financing through a leveraged lease. Recently,
Harvard University successfully financed a generation plant by
using this method. Adams, Harkness & Hill is a highly regarded
firm with many contacts and I believe that they will successfully
finance the ICES plant for the University.
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Although I expect that one of the above-mentioned financing
routes will eventually be approved by the Clark Trustees, I should
point out that the Board could elect to borrow from endowment funds
and in that respect provide self-financing. The final decision on
financing, however, will be made in conjunction with the final
plans for the plant. In other words, once we have fixed a time
schedule and capital costs, the Trustees can then commit the
University to a particular financing package.

LLL/pa
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APPENDIX 2A

Letters from: -

Mary Joann Woods Reedy, Assistant Attorney General, Division of
Public Charities

Pichard W. Mirick, Mirick, 0O'Connell, DeMallie and Lougee, Counselors
at Law

Ronald W. Plutnicki, Consumer Service: ‘visultant, New England
' Power Service Co., NEES

Edmund G. Benoit, Chief, Air OQuality Control Section .
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THE COMMONWEALTH OF MASSACHUSETTS
DEPARTMENT OF THE ATTORNEY GENERAL

JOHN W, Mc CORMACK STATE OFFICE BUILDING
ONE ABHBURTON PLACE, BOSBTON 02108

FRANCIS X. SEZLLOTT
ATTORNEY GENERAL

October 21, 1977

Richard W. Merick

Merick, O'Connell, DeMallie and Lougee
1700 Mechanics National Tower
Worcester, MA 01608

Dear Mr. Merick:

You have requested the opinion of this office on the legal
power of Clark University to engage in the construction and operation
of an integrated community energy system (ICES).

Upcn review of your letter and the attached charter and
feasibility study it is my conclusion that the primary purposes
of the project will advance the charitable purposes of the
University. The distribution of excess energy to a public utility
would be incidental to the primary purposes, and would not affect
the charitable status of the University. .Conklin v. John Howard
Industrial Home, 224 Mass., 222 (1916): McKay v. Morgan Memorial
Goodwill Industries, 272 Mass. 121 (1930).

Sincerely,

Ty Gt dond,

Mary Joann Woods Reedy
Assistant Attorney General
MJWR/kah Division of Public Charities
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Mirick, O CoNNELL, DEMALLIE & LOUGEE

: COUNSELORS AT LAaw
1700 MECHANICS NATIONAL TOWER
WORCESTER CENTER

WORCESTER., MASSs. 01608
8i7 799-054|

November 4, 1977

Lawrence L, Landry, Vice President for
Business and Finance

Clark University

950 Main Street _

Worcester, Massachusetts 01610

Dear Mr. Landry:

I suggested to you sonie time ago that if the University proceded
with construction and operation of a grid-connected integrated community
energy system, and sold any excess electricity to the local public utility,
it might be argued that the University as an eleeymosynary institution did
not have the legal power to manufacture and sell electricity.

I am happy to report that discussion and correspondence with the
Division of Public Charities of the Department of the Attorney General of
the Commonwealth of Massachusetts has resulted in a response indicating
that the project would not affect the charitable status of the University.

I am attaching a copy of the letter from Assistant Attorney General Reedy.

The Division of Public Charities is the agency which represents
the public interest in matters involving the charitable status of eleemosynary
Institutions. In view of her letter I do not anticipate any questions from any
other state or local government source as to the University's legal power to
proceed with the project as planned.

Very truly yours,
Z&AM&W.‘L
Richard W. Mirick

RWM/pjb
Enc.
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ﬂ Massachusetts Electric Company
. . 939 Southbridge Street
y MQSSOChUSG"S EleCfﬂC Worcester, Massachusetts 01610
Tel. (617) 791-8511

William J. Cadigan

Presidert

February 16, 1978

Dr. Frank W. Puffer

Dean of Academic Affairs
Clark University-

950 Main Street

Worcester, ‘Massachusetts 01610

Dear Dr. Puffer:
Clark-DOE Demonstration Program of a

Grid-Connected Integrated Commumnity
Energy (Cogeneration) System

I Have been advised of your recent meeting with Clark's Board of Trustees
concerning the status of the subject program. Apparently, some of the
members of the Board are unsure of Massachusetts Electric Company's posi-
tion relative to its support of Clark's proposed Cogeneration project.

Let me assure you that my Company's position toward this project has not
changed since we agreed to become an active participant in your proposed
program to DOE back in November of 1976. We have expended much time and
effort in the development of the Phase I Report, as well as the soon to
be completed Phase II Report; and, offer the same continued effort through
the remaining Phases of work toward a successful completion of the demon-
stration facility.

It is important to note that our parent company, New England Electric System,
has committed itself to the national energy conservation program. This has
been demonstrated by undertaking various studies to evaluate the long range
benefits of energy conservation programs. One such effort is our Solar Water
Heating Experiment. This demonstration program was designed to test the suit-
ability of solar water heater systems to help meet the energy needs of New
England and their possible future integration with utility operations. Co-
generation of heat and electricity at an industrial or institutional site

. offers a great potential for energy conservation through improved overall
efficiency.

However, many economic, technical and institutional factors will impact the
future of cogeneration. These factors must be studied and carefully evalu-
ated before the cost/benefit ratio of the cogeneration potential can be
determined. . : '

A New England Electric System compan:
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Dr. Frank W. Puffer, Clark University February 16, 1978

In order to properly evaluate these factors, it is essential that my Company
have some experimental installations in our service area to accumulate valu-
able operating information. We have recently completed a survey, designed
to assess the potential of cogeneration with a further attempt to identify
a class of cogeneration customers.

As a member of the Task Force, we have benefited greatly from the input of
the other members. We have used this input in our work to develop a policy
and cogeneration rate. The information gained in the following phases of
work would be most valuable in assessing the cogeneration potential.

We are now studying the long range potential economic benefits of the Co-

generation capacity. The value of this cogeneration capacity will be greatly
affected by its availability, its fuel economics, and the mamner in which it
is dispatched. The Clark Project will be valuable in terms of the information
provided by the operating experience of the facility.

We are hopeful that the Clark Cogeneration Demonstration Program will proceed
on schedule; and, we continue to support its successful completion.

Very truly yours,
'
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November 4, 1977  Worcestor. . Massackusetts 0/665

Mr. Lawrence Landry

Vice President of Finance

Clark University

950 Main Street

worcester, Massachusetts 01610

Dear Sir:

On November 3, 1977, | met with Mr. Robert Caiazzo, student, at Clark
Unlversity, regarding the proposed Inter Connected Energy System (ICES) for
Clark University, 950 Maln Street, Worcester, Massachusetts.

A As was explained to Mr. Caiazzo, the Worcester area is non-attainment for

total suspended particulates, oxidants, and carbon-monoxide. The recently enacted
Clean Air Act of 1977 specifically addressed the problems for non-attainment regions.
In addition, the Act requires actions to be taken to assure deterioration of air
quality in clean areas will not occur. |t is not yet certain whether this pro-

ject would have to undergo-the review procedures associated with the non-attainment
or PSD (Preventlon of Significant Deterioration), provisions of this Act.

It is anticipated that many of the questions surrounding applicability of
the Act to this project will be resolved shortly.

It is expected that most issues of concern to this office would be addressed
during the design stage. This would include issues such as air quality monitor=
ing requirements, stack testing, modeling, submittal for approval of specific
- plans and specifications and possibly subjects such as growth analysis and
emission offsets,

As | have stated in the past, this office supports the purpose of this pro-
ject and will continue to provide information and guidance in air quality matters.

Yours trul ,f) v
ﬁ ~)$(;?/J—=‘“f-v '
Edmond G. Benoit
Chief, Air Quality Control Section

EGB:mlk
cc: Harry Schwartz
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APPENDIX 2B

Present Retail Electricity Rate and Standby Terms
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New England Power Service Company
20 Turnpike Road

NeW Engklnd POWGI’ Serice Westborough, Massachusetts 01581

Tel. (617) 366-9011

January 25, 1978

Dr. Robert L. Goble
Physics Department
Clark University
950 Main Street
Worcester, MA 01611

Subject: Clark-DOE, Demonstration of a Grid-Connected Integrated
Community Energy System

Dear Dr. Goble:

In order to comply with the Department of Energy's request, as
stated in its letter of December 15, 1977, I am enclosing herewith
a preliminary draft of a Purchase and Sale Agreement for the inter-
change of electric energy between Massachusetts Electric Company
and Clark University. The draft has not been reviewed by our Legal
Department at this time. Therefore, in providing it to you, we in-
tend only to indicate the type of provisions which we would expect
to include in a contractual agreement between us. Out of necessity,
these provisions are subject to change. Further, it should be under-
stood that it may be necessary to include additional provisions in
any contract between us. As soon as our attorneys have completed
their review, we will forward to you a copy of the Company's final
proposed form of agreement for your review.

Further, you are well aware of our efforts and attempts to formulate
a Cogeneration Policy and Rate; but, at this time, we are not ready
to file a cogeneration document with the Massachusetts Department of
Public Utilities (M.D.P.U.). When our Cogeneration Policy and Rate -
have been finalized, accepted and approved by M.D.P.U., then the
Rate will be made available to Clark as an alternate purchase price
schedule to that presented in paragraph 6 (b) of the Agreement.

I must remind you that any proposed agreement that Massachusetts Elec-
tric Company would offer to Clark must be approved by M.D.P.U. before
the agreement may be executed. If you have any questions, please
contact me.

Very truly yours,

o At

Ronald W. Plutnicki, P.E.
Consumer Services Consultant

A New England Eléctric System company



PRELIMINARY DRAFT CONTRACT 4BHKP?—
BETWEEN

CLARK UNIVERSITY AND MASSACHUSETTS ELECTRIC COMPANY

AGREEMENT dated as of and made by Clark

University (Clark), a° Massachusetts university of higher education
and Massachusetts Electric Company (Masselec) a Massachusetts

Corporation engaged in the retail sale of electricity.

1. Scope of Agreement

Clark will generate electricity as a by-product of its cogeneration
plant. The majority of this electric energy will be used to
satisfy Clark's requirements. Since the cogeneration plant has
been designed with_an electrical output greater than Clark's
present and projected requirements, Clark seeks to sell its

excess electric energy from the cogeiieration plant.

Masselec is willing to absorb (in whatever amount) the excess
electricity so generated, at the cogeneration plant, into ifs
system whenever this generation is available. Masselec is also
willing to provide backup service, (in an amount to be identi-
fied) whenever the cogeneration plant cannot meet Clark's electri-

cal requirements.

The parties of this agreement hereby set down the terms whereunder
they will provide for an interchange of electric energv.

2. Sale of Electricity

(a) Clark agrees to sell and Mascelec agrees to buy all excess
electricity (over and above Clark's requirements) that is
generated at Clark's cogeneration plant at the times and under

the terms of paragraph 4 of this agreement.

Masselec agrees to sell and Clark agrees to buy all electricity

needed to meet Clark's electrical requirements when the cogeneration

-40-
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plant is unable to meet Clark's requirements, under the terms of

paragraph 4 of this agreement.

Effective Date and Term

.The term of this contract shall commence upon the Commercial
Operation date of Clark's cogeneration plant and the interconnection
with Masselec's system, in such a manner as will allow delivery

to be made to Masselec, and shall continue until terminated by
either party giving to the other six (6) months written notice
specifying the date of termination, such date of termination to

be not earlier than twenty (20) years after the aforesaid date

of commencement.

‘Terms of Sale

Clark will operate its cogeneration system so as to meet the

thermal and electrical requirements of the univérsity complex.
Clark's excess electricity may be delivered to Masselec at any

time each day, and such electricity will be purchased by Masselec

at the price stipulated in paragraph 6 (a) herein.

Masselec will provide Clark with electric service during those

times when the Clark cogeneration plant cannot meet the university's

total requirements, at a price stipulated in paragraph 6 (b) herein.

Clark will arrange its maintenance program to preclude the
possibility of the cogeneration system being out of service
during the following months of the year: December, January,

February, June, July and August.

Delivery

Electricty shall be delivered at the interconnection point
between the parties' facilities in the form of three phase,
sixty hertz, alternating current at approximately 13,800 volts.
The voltage shall not vary more than 10% from said voltage,

momentary fluctuations excepted.
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Price and Billing

(a) Recognizing that the term of this contract is for a term of

twenty (20) years or more, Masselec is agreeable to a variable
rate for such a term. A definable cost that will serve as a
base for Masselec purchases from Clark is the cost of fuel as
set out in the New England Power Company (NEP) FERC Electric -
Tariff. The payment will be defined by Masselec on a monthly

basis as follows:

(Weekdays, 7:00 a.m. to 11:00 p.m.) $/kwh = A x 1.30
(Weekdays, 11:00 p.m. to 7:00 a.m.) . $/kwh = A x 1.06
(Weekends and Holidays, 24 hours ) $/kwh = A x 1.06

A = the average New England Power Company (NEP) fuel costs

for the ﬁurrent operating menth.

1.30 6 1.06 = multipliers used to convert NEP's average fuel
costs to incremental fuel costs. These multi-
pliefs are subject to modifications, to reflect
chénges in the relationship between the average
fuel cost and the incremental fuel cost.

Masselec will stand ready to sell electricity to Clark

during those times when the cogeneration plant cannnt

provide the total university requirements. The pricing

of such service will be the sum of the following:

Distribution Capacity Charge

$2.00 per month per kilowatt of Distribution Capacity con-

tracted for as a maximum service taking by Clark.

Energy Charge

All energy purchases will be billed in accordance with
Masselec's General Rate C-22 as.filed from time to time
with the Massachusetts Department of Public Utilities

(M.D.P.U.), presently M.D.P.U. Hc. 274 or any supercessioh
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or modification thereto, except that the minimum charge will
not apply to this agreement.

Determination of Distribution Capacity

The Distribution Capacity made available to Clark will be
determined by the capability contracted for as a maximum
service taking and for this agreement shall be fifteen

hundred (1500) kilowatts.

If at any time the Demand as measured in kilowatts (kw)
exceeds the capability contracted for, that demand will

become the contracted for capability.

High Voltage Metering Adjustment

Masselec reserves the r1ight to determine the metering installation.
Where service is metered at Masselec's supply line voltage, there-
by saving Masselec transformer losses, before determining the
number of kilowatts of demand and kilowatthours to be billed under
the preceding provisions, there shall be deducted from the meter
registrations of kilowatts and kilowatthours for the month in ques-
tion an amount, respectively, of one percent (1%) of such registra-

tions.
If in the future !Masselec files with the M.D.P.U.

a co-
generation policy and cogeneraticn rate, and if said

policy and rate are approved by the M.D.P.U.; then said
cogeneration policy and cogeneration rate will be made

available to Clark as an alternate purchase price schedule

to that presented in paragraph 6 (b) of this agreement.

Rate of Taking, Transformer Capacity

For the period from the date of commercial operation of
Clark's Cogeneration Plant until such time as additional
capacity is needed by Clark, and Masselec shall have given

written consent, upon timely notice, to an increased level,
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Clark may takg hereunder electricity (when the Cogenera-

tion Plant cannot meet the University's needs) at any rate
not exceeding sixteen hundred (1600) Kilovolt-amperes, and

for the said period the transformer capacity will be deemed

to be 1600 Kilovolt-amperes.

Parallei Operation

Clark may operate its electrical generating equipment in parallel

with Masselec's system provided that:

(a) Clark own, install, and maintain protective devices
and apparatus that Masselec deems acceptable, and

(b) that Clark save and hold harmless Masselec from all claims
for damage to Clark's equipment or injury to Clark's
employees or others on Clark's property arising out of or
referable to such parallel operation.

Interconnection Responsibilities o

The responsibilities of each partyv to this Contractual Agreement

which will allow for the interchange of electric energy are

described as follows: »

(a) Clark will install the necessaryvprotective devices in
its substation in accordance with design drawing No. °
Clark will do all synchonizing of its elect;ic generator.

(b) Masselec will do all work in its substation, at Clark's
expense, that wiil insure the interchange of electric
energy, in accordance with decign drawing No.
Masselec will install the necessarv metering'equipment in
Clark's substation and at Clark's expense, in accordance
with design drawing No. ‘ _ for electricity registrétion,
for billing purposes and priced according to Faragraph

6 of this agreement, for Masselec's purchase and sale of
A P

electricity.
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(c) Masselec will supply relay settings. Masselec must either
set and test the relays, or witness the setting and testing,

both at Clark's expense.

Metering

A1l electricity shall be measured in the form of three phase,

sixty hertz alternating current of approximately 13,800 volts.

Access to Facilities and Records

Representatives of the parties to this Agreement shall at all

reasonable times have access to the facilities and daily/monthly

"information sheets of the other fcr the purpose of making inspec-

tions and obtaining information reasonably required in connection
with this Agreement.

Modern Apparatus and Practice

Each party to this Agreement shall use modern standard commercial
apparatus and shall exercise the necessary skill and diligence
required to secure satisfactory operation in accordance with the
best modern practice in order that the best service practicable
can be maintained.

Pegulations and Franchises

This agreement and all rights, otligations and performances

of the parties hereurde» arc subiject to (a) all present and
future applicable stale and fedvral law and to all duly pro-
mulgated orders and other <uly ~uthorized action of governmental
authority having jurisdicticn in the premises; and (b) the
retention by the partiss of the :ipnts of way, franchises,
locations, permits and otlr~r ri:kts necessary for the perfbrmance

of this Agreement.
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M.D.P.U. Approval * -46- ge

Prices to be paid for electricty by Masselec hereunder, along
with Masselec's.filed Terms and Conditions, Provisicns, and
Rates, are subject to review and determination by M.D.P.U. in
any proceeding brought under Sections 93 or 94 of Chaptér 164
of the General Laws, as amended, tc the extent provided for

and in accordance with the terms of Section 94A of said Chapter.

N

Assignment

This Contractual Agreement shall be binding upon and shall

inure to the benefit of, and may be performed by, the successors
and assigns of the parties, excepnt that.no.assignment, pledge or
other transfer of this Contractual Agreement by either partv,
shall operate to release the assignor, pledgor or transferee

cf any of its obligations under this Agrecment unless consent

to the release is given in writing bv the other party, or, if
the other party has heretofore assigned, pledged or otherwise
transferred its interest in this Agreement, by the other party's
assignee, piedgee or trarisferee. |

Integration

This document contains the entire agreement and understanding
between the parties as to the subiect matter of this Agreement,
and merges and supercecdes all prior agreements, commitments,
representations, writings,'and discussions between them.
Neither this Agreement nor anvy fterm or provisions hereof, ex-

cluding the multipliers presented in paragraph 6 (a), may be

changed, modified, amenced, waiwver, “ischarged or terminated

ocrally, but only hy an instrumcn+s i writing signed by an of-
ficer of the party against :hinh the enforcement of the change,
modification, amendmen . wi.i.cr v discharge, or termination

is scught.
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Severability

Should any provision of this Agreement be held invalid, such
provisions shall be considered severable and such invalidity
shall not affect the remainder of the provisions herein.

Applicable Law

This Agreement is made in and shall be construed and interpre-

ted in accordance with the laws of the Commonwealth of Massachusetts.

[THIS PRELIMINARY DRAFT CONTRACT IS SUBJECT TO CHANGE
UPON LEGAL REVIEW]

MATSACHUSETTS ELECTRIC COMPANY

CLARK UNIVERSITY
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MASSACHUSET]T'S ELECTRIC COMPANY

General Rate C--22
M.D.P.U. No. 374

Purchased Power Cost Adjustment No. 6

cffextive February 1, 1977

Monthly Charge asg Adjusted

$2.00 , - First 20 KWH or less per month
' 6.672¢ per KWH Next 80 KWH per month
5.072¢ per KWH . Next 200 " " "
4 962¢ .per KWH : Next 1700 " " "
3.772¢ ‘per KWH Xcs of 2000 " " "

dowever, 1f the KVA transformer capacity needed to serve a customer exceeds
25 XVA. the minimum charge will be incr2ased by $1.75 for each KVA in excess of
25 KA. ‘ : :

Cthwesr Reve Jiauses spply as usual.
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Shaet 1

Cancelling M. D. P. U. No. 343

MASSACHUSETTS ELECTRIC
.COMPANY

GENERAL RATE C-22

AVAILABILITY

Service under this rate is available for all purposes.

No service will be furnished hereunder to a Customer for resale in whole
or in part within the territory of the Company, except to a Customer who was
engaged in reselling electricity furnished by the Company on April 21, 1958 who
may continue to resell, but only under the same circumstances or conditions, in
the same location and to the same extent as such Customer was reselling on said
date.

MONTHLY CHARGE

$1.87 for the first 20 kilowatt-hours or less of electricity
delivered each month,

6.016 cents per kilowatt-hour for the next 80 kilowatt-hours,
5.416 cents per kilowatt-hour for the next 200 kilowatt-hours,
4,306 cents per kilowatt-hour for the next 1700 kilowatt-hours,

3.116 cents per kilowatt-hour for the excess over 2000 kilowatt-hours.

PURCHASED POWER COST ADJUSTMENT

The prices under this rate as set forth under '"Monthly Charge"
may be adjusted from time to time in the manner provided in the Company's
Purchased Power Cost Adjustment Provisions to reflect changes occurring on or after
January 1, 1971 in the Primary Service for Resale Rate of the Company's supplier,
New England Prwer Company.

ADJUSTMENT FOR COST OF FUEL

The amount determined under the preceding provisions shall be adjusted
in accordance with the Company's Standard Fuel Clause as from time to time
effective in accordance with law.
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Sheet 2
MASSACHUSETTS ELECTRIC
COMPANY
GENERAL RATE C-22
. MINIMUM CHARGE b )

$1;87per month,

Hoéever, 1f the KVA transformer capacity needed to serve a customer
exceeds 25 KVA, the minimum charge will be increased by $1.75 for each KVA
in excess of 25 KVA. "

1

BIMONTHLY - BILLING
The Company reserves the right to read meters and render bills on a
bimonthly basis. When bills are rendered bimonthly, the charge for the initial

block, the kilowatt-hours stated in each block and the Minimum Charge shall be
‘multiplied by two.

TERMS AND CONDITIONS

. The Company's Terms and Conditions in effect from time to time, where
not inconsistent with any specific provisions hereof, are a part of this rate.

Effective December 8, 1976.
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Appendix 2C
Draft

ENVIRONMENTAL EVALUATION REPORT

Table of Contents:

1. Summary of Phase II Activities

2. Preliminary Environmental Impact
Assessment = ’

3. Massachusetts Environmental
Assessment Form

4. 1Individuals and Offices Consulted

November, 1977
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l. SUMMARY OF PHASE II ACTIVITIES

Changes in the assessmentAof environmental impacts were
caused by the change of equipment from an engine burning #2 dis-
tilled oil to one operating on #6 residual.. This hew engine and
its appurtenances, sﬁch,as oil treétment equipment, watep treatmeht
equipmént and auxiliary tanks, changed the configuration of the
prbject, its operational charactéristics,'and its pollutant emis-
sions. Major changes from the environmental impact assessment
prepared during Phase I are a reduction in the increase of NO,,
emissions and'parficulates and an increase in SO2 and HC, emissign.
In addition, a liquid effluent is néw present. The fqllowing sec-
tions, organized in the same way as wés the Phase I report, reflect
these changes. Discussions with the regulatory agencies affected

do not, however, raise any new problems due to the changes in the

installation.
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2. PRELIMINARY

Environmental Impact Assessment

November, 1977

Environmental Impact Assessment (E.I.A.) of the proposed contract
EC-77-C-02-4211, "Demonstration of a Grid-Connected Integrated
Community Energy System" at Clark University, Worcester,
Massachusetts.

Submitted in accordance with the National Environmental Policy
Act of 1969 and according to the guidelines promulgated by

ERDA on December 8, 1976, and published in the Federal Register,
Volume 42, Number 17, January 26, 1977, pp. 4826-4833.

Submitted to: The Energy Research and Development Administration
Chicago Operations Office
9800 South Cass Avenue
Argonne, Illinois 60439
Contents
I. Introduction
II. Description of Proposed Action
III. Description of Existing Environment
IV. Potential Environmental Impacts
A. Positive
B. Negative
1. Construction -- short term

2. Operation =-- long term

V. Coordination with federal, state, regional and local
‘"plans.

VI. Description of Alternatives
VII. Conclusion
Submitted by: The Environmental Impact Assessment Group
Professor Harry Schwarz, Coordinator

Clark University
950 Main Street
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I. Introduction

The more efficient use of energy is an urgent national
challenge. Nowhere is this need greater than in New England
where the energy prices and reliance on imported energy suppiies
are the highest in the country. 1In response to this situation,
Clark University is proposing that it decrease its\energy.use
through the installation of a co-generation system; This system
would involve the generation of electricity on campus by a
diesel generator and the utilization of the engine's "waste heat"
in the University's steam heating system. By utilizing the heqt
that is normally lost in the generation process, the energy
efficiency of ﬁhe co-generating system will be approximately
25% higher than at present.

Similar co-generation systems have a proven record of
" safety, technologic success, energy conservation, and economic

savings in many European countries.

II. Description of the Proposed Action

The cogeneration system would involve the installation of
a Sulzer 8 cylinder, ASL-30 diesel rated at 1494 Bhp at 900 RPM.
The diesel would generate 1405 ki%owatts of electricity and provide
3.67 x 106 Btu/hr of energy to the University heating plant.
~When in operation the system will meet nearly all of the Univer-
sity's electrical demand. The system will be integrated with
Massachusetts Electric Company. The utility has agreed to

purchase electricity generated in excess of the University's

demand and to sell electricity to the University when the
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generator is not in operation or otherwise unable to fulfill the
University's demand. The thermal load of the University that
exceeds the diesel's output will be provided by the present
boiler system.

The positive enyironmental impacts include: (a) the con-
servation of scarce resources, (b) maintenance of the financial
strength of Clark University, (c) the creation of an energy
conservation demonstration facility in Massachusetts, (d)
enhancement of Clark University's programs and reputation in
energy management, (e) additional experience in the design, con-
struction and operation of co-generation facilities by the tech-
nical participants, (f) the expenditure of approximately one
million dollars in some of the most economically depressed regions
of the country, (g) a small reduction in the emission of some air
pollutants in the New England region, (h) reduction in the negative
environmental impacts involved with the extraction, processing and
transport of fuels, and (i) decreasing the negative economic
impacts that result from New Engiand's dependence on expensive
imported oil, (j) assisting in a more positive national balance
of payments, and‘(k) reducing the political vulnerability that

results from the nation's lack of energy self-sufficiency.

The anticipated negative environmental impacts may be
associated with the construction (approximately 6 months) or
the operations phase. The former include (a) additional traffic
on the campus, (b) the aesthetic impact (audio and visual) of

the construction operation, (c) emission of particulate matter

(dust) in the loc2l area, Anticipated negative impacts of the
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operational phase include: (a) an increased emission of some air
pollutants at Clark University, (b) the discharge of a limited
amount of water contaminated by o0il treatment residues, (c) the
noise and vibration of the diesel engine and generator, (d) the
increased presence of oil delivery trucks, (e) the visual and
physical impact of the building that will house the diesel and gen-
erator, (f) the audio and visual impact of the system's small cool-
ing tower, and (g) an element of unknown risk that accompanies

the alteration of an existing system. All of these impacts, in-
cluding an evaluation of the significance of each, are discussed

in detail in Section 1IV.

III. Description of the Existing Environment

For the purpose of evaluating the system's environmental
impact, the description of the existing environment has been
divided into five categories: (a) the present energy system,
(b) the building in which the present energy system is located,
(c) the University campus, (d) the surrounding residential com-

munity, and (e) metropolitan Worcester.

(a) The Present Energy System. The central heating plant

is located in the northwest quadrant of the basement of Jonas
Clark Hall (see Fig. 2C-EIA-1). There are three boilers--two

rated at 21 x 106 Btu per hour and one rated at 29 x lO6 Btu
per hour. The peak thermal demand of the University can be met
by one of the small and the larger boiler. The steam and hot
water are piped through a network of underground tunnels to the
other buildings on campus (see Fig. 2C-EIA-2). The boilers can be

adapted to burn either residual (#6) or distillate (#2) oil, or

natural gas. Exhaust from the boilers is vented through a 95 foot
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Figure 2C-EIA-2. Steam distribution system at Clark

University. Steam lines in all cases
include both steam supply and condensate
return. .
1. Downing Administration 18. General Store/Birth Control
Center Center
2. Atwood Hall 19. Wright Hall
3. Academic Center 20. Little Center for the Visual and
4. Geography Building Performing Arts
5. Jetterson Hall 21. Dodd Hall
8. Alurmni Gymnasium 22. Johnson Hall
7. Science (Bio-Physics) 23. Sanford Hal!
" Building 24. Estabrook Hall
8. Jeppson Laboratory 25. Physical Plant
9. Jonas Ciark Hall 26. Alumni House
10. Robert Hutchings Goddard  27. English House
Library 28. Carriage House
11. Bullock Hall 29. Department of Management
12. Potter Laboratery 30. Nursrry Schac!'Commivar
13. Dana Commons Lounge
14. Dana Dormitory 31. Downing Residence
15. Hughes Hall *  Restrooms and Public
16. Florerce Residence Telechone
17. Student Activities Center P Parking Area
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stack mounted on the north side of the building. The o0il is
delivered on campus by tanker truck and stored underground in
two 20,000 gallon tanks. The boiler operations are inspected
periodically and meet all local, state, and federal regulations.
They are operated by specially licensed personnel.

Electric power is supplied by Massachusetts Elect:ic
Company, a member of the New England Electric System. The
electricity is provided by a single, 13,800 volt utility line.
It is connected to University owned transformers located on
the North side of Jonas Clark Hall near the heating plant.
Electricity is distributed from this point throughout the campus.

(b) Jonas Clark Hall. Jonas Clark Hall is located in the

centef of the campus (see Fig. EIA-2). It was built in 1887, is
a brick construction, haé four floors and contains 84,289 gross
square footage. As mentioned previously, the present boiler
system is located in the northwest corner of the buildingd's base~
ment. An old gym, craftshop, gameroom, three small laboratories,
and a lavatory are also located in the basement level. The three
upper floors are devoted to classrooms, faculty offices, and the
offices of the College of Professional and Continuing Education.
Although the éound levels inside the boiler room are high
(95-85 decibels), the building's thick brick walks, the boilér
room's brick ceiling, and.sound proofing reduce the sound levels
immediately outside the boiler room to the ambient level. (See
Table EIA-1l for specific aecibel readings.) The sound reduction

is important since the building is set in the center of the campus.
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Table 2C-EIA-1

Noise levels at Clark University?®

Location

No;se level (dB)

Main Street, heavy trucks

Inside present boiler plant

Main Street, normal traffic

Outside window of present boiler room
Residential street at back of campus
Inside Clark computer ceﬁter

Inside room with people talking

Street enclosed by campﬁs, no cars

Park across Main Street, opposite Ciark:

Dormitory quadrangle

95

95

75
70
70

68

"65

55

55

52

a. Data measured by students ln the Program on Sc1ence,
and Society with a portable dB meter. .

Technology
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(c) The Campus. The University owns 35 acres of land. The

area covered by the main buildings and served by‘the central steam
distribution system is 15 acres. The University owns 46 buildings,
of which 21 are considered "major." There is approximately
1,000,000 gross square feet of building space. (Fig. 2C-EIA-2 indi-
cates the layout of the central campus.)

The architectural styles of the buildings vary considerably,
gepresenting a history of the changing perceptions of the
"academic style" held by architects and administfators. The re-
sult is a combination of modified gothic, New England mill, high
efficiency barracks, and modern irregular. A 12 person aesthetics
committee advises on architectural changes that might detract
from or intrude upon this architectural melange.

Clark is a small university with about 2,000 undergraduates,
250 graduate students, 280 staff members and 140 full-time
faculty members. This results in a campus week day population
of 2,600 and an evening/weekend population of 1,200 when the
University is in éession. Clark has not escaped the recent
economic pressures familiar to private universities. Tuition -
raises have been a regular, unavoidable feature as have staff
‘reductions and very modest salary increases for the remaining
staff and faculty. 1In the 10 year period from 1965 to 1975, the
University's total energf costs rose from $81,000 to $560,000.

The University's energy costs in 1976 were $389,938, which in-
dicates that Clark's efforts to respond to these pressures have
been determined and effecti§e. Past operating deficits have

been eliminated, active cost cutting measures have been under-

3
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taken, a major fund raising campaign is underway, energy con-
servation efforts have reduced thermal demand by 41% between
1972 and 1976 and electrical demand by 41% between 1970 and 1976,
and imaginative programs have been instituted to both attract
superior students and insure the, financial stability of the
University. The proposed cogeneration system is, of course, one
such project. (See Fig. 2C-EIA-3.)

The sound level‘bn the campus varies considerably with time
of day and location. Fig. 2C-EIA-2 shows locations on the campus at.
which sound measurements were made to establish baseline data.

Table EIA-2 presents average and lowest readings taken over several

days.
Table 2C-EIA-2
Baseline Sound Data

Average Sound Levels ' Minimum Sound Levels

A curve A curve ,
. - _ Time

Level 8am 1llam 5pm 2am Time Location db Measured
1 65db 67 65 60 1 60 2 am
2 60 54 54 42 2 42-" 2 am
3 62 60 58 46 3 46 2 am
4 58 60 58 51 4 51 2 am
5 53 52 50 44 5 44 2 am
6 68 70 70 49 6 49 2 am
7 55 55 50 46 7 46 2 am
/

8 57 56 56 50 8 50 2 am

(d) The Community. The University's campus is situated in

a residential neighborhood 1.2 miles .south of the city center

(see Fig. EIA-2). The campus is set in a high density landscape
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typical of urban New England. On three sides the neighborhood
consists of two and three story houses (triple deckers) located

on small, narrow lots. Some of these structures are single family
residences, but most contain several rental units. The median
family income of the area was $8,819 in 1975. Main Street lies

to the east of the campus. It is a major artery and truck route.
On it are located a number of small service oriented businesses,
churches, and public service organizations. The residential
neighborhood resumes to the east of the artery (see Fig. EIA-2).

The University's relations with theksurrounding community
are generally positive. The primary issues of community-uni-
versity conflict are all related, but for clarity are presented
separately here. (1) There has been a seriéus lack of student
parking on campus. Although the university added 140 new parking
spaces in 1976 and will add 200 spaces in 1977, the problem is
still not entirely resolved. (2) Students rent many of the
apartments in the area surrounding the campus. Some residents
in the community feel that this movement has decreased the com-
munity's viability. (3] The issue that has caused the most
stress is thé University's purchase of adjacent, residential
property for expansibn. Similar to student apartment renting,
Athé same residents feel that tﬁis decreases the number of school
age children in the community and jeopardizes the continued opera-
tion of the community elementary school on.Downing St. Since
the University pPlans no major future expansion, this dispute

should not be an issue in the future. A significant aspect



-65-

of the proposed ICES installation is that it will not affect
any of these areas of University-Community conflict.

(e) Metropolitan Worcester. The city of Worcester has a

population of approximately 170,000 and more than 6 million

people live within 50 miles of the city. Although Worcester is
the second largest city in New England, it is best described as

an old, medium-sized, industrial city. Similar to many cities

in the Northeast, the post World War II era has brought changes
that have stressed the economic and social fabric of the city.

The population has declined as the more affluent moved to the
suburbs, textile and related industries have closed, the tax rate
has continuously increased, urban renewal programs have met

with only partial success, abandoned buildings.degradé older neigh-
borhoods, etc. Recently the city's response to these problems |
has been more effective and actually reversed many of ﬁhe negative
trends. The city center is being revitalized, and the exodus of
people and industry .has slowed, newer sérvice industries are ex-

panding.

Clark is one of eleven colleges and universities of the
Worcester Consortium of Higher Educatioﬁ. These institutions
combine to become one of the largest employers in the city. For
this and other reasons, the well-being of the region's colleges
and universities is critically important to the resurgence men-
tioned above.

Worcester, like the rest of the Northeast, suffers from

extremely high energy costs. These costs exceed those in any
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other part of the country. Most industries and many individuals
have instituted conservation measures and reduced their energy
consumption significantly. But further conservation measures,
such as Clark's ICES proposal, will be necessary if the city and
region are to remain gconomically-competitive in the future.

The most persistent, specific "environmental" problem in
Worcester is the high particulate content of its air. Worcester
is presently a "Noﬁ—Attainment" area for particulate matter, con-:

sistently violating the state air quality standards for particulate

matter. .
A review of the quarterly air pollution measurements at

Clark, contained in EIA Table 2, indicates that the particulate

levels exceed the standards by é.maximum of 25% over the past 5

years.
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Table 2C-EIA-3

Quarterly air pollution at Clark?
c ' d
Total susgended par- SO2 NO2
ticulates : (ppb) (ppb)
(ugm/m3) ph/ PP
Year 1 2 3 4 1 2 3 4 1l L2 3 4
1971 62 68 9 14 78 71
1972 76 62 50 46 13 6 4 14 42 34 42 39
1973 76 44 43 55 15 3 1 6 29 47 51 24
1974 68 62 40 51 12 .2 1 13 30 25 21 - 32
1975 63 58 32 40 16 4 4 12 30 24 19 36
1976 57 11 29
a. Data supplied by Edward Benoit, District Chief, Centrél

Year

a re
hill

sand

Massachusetts Air Quality Control District. The numbers
quoted are quarterly mean values.

Federal and Massachusetts Air Quality Standards for Total
Suspended Particulates are.

Primary , Secondary (in ugm/m3)
75 60
260 150

SO0y levels at Clark are less than 1/3 of typical values
encountered in major cities.

NOy; levels at Clark are 1/3 to 1.2 of typical values
encountered in major cities. ,

The high particulate content of the air is thought to be
sult of the topography of the city. The city is extremely
y and this results in the use of excessive amounts of road

in winter. In addition, the city is located in a basin
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which discourages dispersion of particulates and encourages the

development of temperature inversions.

IV. Potential Environmental Impacts

A. Positive. The positive impacts that were listed in
section II will be discussed in detail in this section.

The conservation of scarce resources is one of the

primary objectives of the installation. Measures that result

in significant reductions in national oil consumption without
serious economic or environmental disruption must be viewed as
positive contributions to the human and physical environment.

The significance of these actions is even higher when it occurs
in regions which have no indigenous sowurces of fossil fﬁels. The
ICES plant will reduce Clark University's total energy consumption
from 213.3 x 109'Btu to 171.5 x 109 Btu per year or by approxi-
mately 20%. These figures correspond to a reduction of 284,900
gailons cf 0il consumed perkyear ﬁo meet the University's elec-
trical and thermal needs. The total energy savings are even
greater in terms of net energy savings due to energy csaved by

not needing to extract, transport, and refine the 284,900

gallons of oil per year.

In the context of fuel conservation; the ICES installation
should be viewed as part of the University;s overall commitment
to reduce its energy consumption. This commitment has been
active and effective. Since 1970, the University has managed
to reduce its thermal energy demand by 41% and its electrical

demand by 41%. These savings have been achieved through the
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efforts of students, staff and faculty, energy use studies,
the improved efficiency of end use equipment, an IBM System
load dropping computer and improved thermostatic and electrical

controls.

The maintenance of the financial strength of the University

is a significant attribute of the ICES proposal. The cost of ful-
filling the energy requirements at Clark in 1975 was $560,000.
This amounts to approximately 20% of the amount spent on faculty
salaries at the University. Reducing these figures by 20%

would be a very positive economic impact. Since . other conserL
vation measures have already been successfully implemented,’the
ICES installation is the only practical means of further re-
ducing the University's energy cost burden.

Clark is a private university and tuition costs have in-
creased dramatically over the last decade. Already many in-
dividuals are excluded from attending for financial reasons.

The savings from the ICES will help to reduce further tuition in-
creases, maintain the University's ability to compete for the
most qualified students, and hopefully, renew opportunities that
were previously closed due to high tuition rates. It should be
pointed out that presently Clark benefits from a declining block
rate pricing-structure. The projected savings of the ICES will
be larger if these rates move towards a more uniform rate
structure.

The creation of an energy conservation demonstration

facility in Massachusetts would be a positive contribution of

the ICES installation. Establishment of a co-generation demon-
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stration plant, of a size and scale appropriate to many indus-
trial, commercial, institutional, and public facilities would be
an important asset to the region. The effect that the ICES
would have as a demonstration site encouraging similar conser-
vation efforts by others is the primary reason the project has
received the attention and support of the Commonwealth's
Governor and Energy Policy Office.

Three factors insure that the ICES installation will provide
an effective demonstration facility. First, Worcester is unusually
accessible to the rest of New England. The city's motto "The
Heart of New England” implies and its location on I-90 and I-290,
functioning train station and airport insure ease of access to
the facility. Over 50% of the region's population lives within
50 miles of the Clark Campus. Secondly, the University has
established an impressive record in monitoring and recording ité
energy use patterns: The Science, Technology and Society Pro-
gram at Clark has devoted three issues of its journal to energy
use at the University. Finally, the demonstration facility
would include information on the University's other conservation
efforts which, as noted above, have been extremely effective.

The ICES will enhance Clark University's programs and re-

putation in energy management. Clark has become a center for

a considerable amount of research in the energy field. This

research has ranged from projects in méthane gas digestion, solar
energy, wind energy, conservation technologies to funded research
in the societal risk of nuclear power, the electric utility-solar

energy interface, and methane gas generation from waste treatment
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plants. Students and faculty in two departments, Geography.ﬁnd
Physics,'and two Programs, Environmental Affairs and Sciencé,
Technology, and Society, have been particularly‘active in
the field of energy research. A co-generation facility on
campus would provide numerous new research opportunities. In-
stallation of an ICES system at the University would enhance
the University's position in the energy management field.

The ICES installation will result in additional experience

in the design, construction and operation of co-generation

facilities by the technical participants. Although the concept

of co-generation has been understood for many years and many
such facilities exist in Europe, there is relatively little.
technical experience with them in the United States. Installa-
tion of the ICES plant at Clark should be considered an impor-
tant addition to this experience. This experience is an impor-
tant addition to the technical resources that the nation will
need to respond to the energy crisis. Since this installation
will play a significant role in moving co-generation from theo-
retical concept to political reality, the increase in the know-
ledée.gained in dealing with the issues involved in each step
(design, construction, and operation) is a very positive impact
resulting from the ICES.

The expenditure of approximately one million dollars in

some of the most economically depressed regions of the country.

The ICES installation will involve the dispersal of about one
million dollars in the national economy. The money will heip

generate jobs in the regions where unemployment has been most
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persistent and severe -- New England and the Upper Mid-West.
In New England many of the jobs will be in the construction
field where unemployment levels have been especially high., 1If
the Clark University ICES acts as a stimulus for other instal-
lations (as is expected), the positive effect on regional employ-
ment levels would be even more significant.

A reduction in the emission of some air pollutants will

occur because the increased efficiency of the ICES will result

" in reducing total oil consumption by 284,900 gallons. The sav-
ings will be at the Massachusetts Electric generating stations.
‘Assuming that the fuel not consumed is residual.oil) the emis-
sion of particulate matter willrbe reduced by é.?-tons/year and
SOé emissions will be reduced by 22.9 tons/year. (See ElA Table

4.)

Reduction in the negative environmental impacts involved

with the extraction, processing and transport of fuels. The

284,900 gallons of oil that is conserved by the ICES installa-

tion also contributes to the reduction of the negétive effects

often associated with drilling, refining and transportation of

oil. This positive impact is not very significant, but it is a
factor that should be considered when evaluating the decisions

that may encourage or discourage the widescale use of ICES.

Decréasing the negative economic impacts that result from

New England's dependency on expensive imported oil. New England's

~dependency on more expensive, foreign oil supplies contributes to
the region's high cost of living and higher operating costs for

business establishments. Electricity rates in the region are
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particularly high and act to discourage the growth of in-
dustries that use large quahtities of that source of energy. 1In
addition, the région is particularly vulnerable to actions that
reduce the avaiiability of oil shipments. 1Installations of the
ICES would reduce the region's dependencé on foreign supplies
and vulnerability to another embargo. As such, it would improve
the economic potential of the region significantly.

'Assistiqg in a more favorable balance of trade. Since the

rapid rise in oil prices in 1973, oil imports have consistently
been the most expensive item impdrted by the United States.
With oil imports now exceeding domest.ic production, the ability
of the nation to maintain a surplus bhalance of trade will be
severely tested. 1Installation of the ICES system will decrease
the outflow of money. éresently, approximately 75% of New
England's‘residual‘oil is from foreign sources charging $12.00

a barrel. At these rates, the ICES would save $82,000 per year,
a small amount when compared to the billion dollar trade
figures, but stiil a savings.

The political vulnerability that results from the nation's

lack of energy self-sufficiency. As stated in the proposed
National Energy Plan, complete energy independence is an un-
realistic goal. Nevertheless, programs that reduce the

nation's need to import foreign supplies of oil and gas do
reduce the influence that fossil fuels have on the political de-
cision-making process. The fuel conservatioﬁ'of the ICES in-
stallation will contribute positively to the nation's political

environment.
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IV. B. The Negative Environmental Impacts

The potential negative environmental impacts of the
construction and operation of the ICES were. listed in Section
II. They are discussed below in greater detail. .

Construction Phase. The negative impacts of this phase

are like those associated with similar construction pro-

jects. The length of the construction phase is difficult to
estimate at this point in time, but it is probably about 6 months
long. The negative impacts that will be experienced in this
phase include:

Additional traffic along Downing Street and at the site

on the north side of Jonas Clark Hall. Since Downing Street is
near and Jonas Clark Hall is at the center of the campus this will
have a disruptive effect. The inconvenience of heavy machinery
on the compact campus will be greatest when thé excavation
equipment, dump trucks, and cement ﬁrucks are on campué.

The aesthetic impacts, both audio and visual, will persist

throughout the construction phase. This impact should not be
too great since the installation is not a large construction
project, yet it is located in the center of the campus. Ciearly,
it will‘be necessary to insure that the most disruptive aspects
of the construction phase be conducted when the University is.
not in session.

Particulate emissions, primarily dust, will be generated

during the production process. Althoughk these emissions will
not be significant; they are mentioned here becaause of Wor-

cester's air particulate problem.



-75-

In summary, the negative environmental impacts of the con-
struction phase are mainly related to inconvenience. To keep
this inconveniehce to a minimum, it is important that the construc-
tion be undertaken during the late spring and summer months when

the University is not in session.

B. The Operations Phase. The negative environmental impacts

of the operations phase are considered to be more important than
those of the construction phase because that phase will be rela-

tively brief. The negative impacts of the operations phase include:

An increased emission of some air pollutants. While the ICES

will reduce some emissions, NO. emiséions will increase by approx-
imately 86.5 tons, CO will increase by 23.8 tons and HC will in-
crease by 10.0 tons. The air quality impact is more negative if
only the Worcester region is considered (instead of the New England
region which includes the Massachusetts Electric generating plants).
Clark's impact on the local air quality is listed in Table EIA-4.
Worcester is a "Non-Attainment" area for particulate matter -
“at the present time. In the local area, emissions in this category
will be decréased by 0.3 tons. The NOx emissions do represent a
major increase both at Clark and in the New England region. How-
ever, levels of NOx in the Worcester region are well below the am-
bient standards and there is no photo-chemical smog problem in

the region. It should be noted that the Regulations as Amended

for the Control of Air Pollution exempt diesel engines from NO
limits. In addition, NO, is a dispersing pollutant, so higher
emissions will not result in significantly higher concentrations

at the site. As a result of these factors, the NOx emissions do
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not appear to result in a significant negative impact in the

opinion of the EIA team and .the Director of the Central Massachusetts
Air Quality Control District. ﬁowever, these emissions will be crit-
ically reviewed in the Air Quality Analysis at a later stage in

the design process.

Liquid effluent. - Oil treatment equipment will produce an ef-

fluent of gallons per hour containing approximately
and 1% of oil. Water pretreatment prior.to dis-
charge of this waste will reduce the o0il content to 80 ppm.

Noise and vibration of the diesel engine and generator.

These impacts are potentially significant but can and will be

eliminated through proper design and construction techniques. To
insure that vibration is kept to a minimum, the diesel and gener-
ator will "float" on a cement pad independent from Jonas Clark
Hall. Sound proofing will be applied to insure that the ICES
will meet the noise standards as specified by the Commonwealth
and'épproved by the EPA. Noise levels at other co-generation
installations indicate that noise reduction should not be a dif-
ficult process. Commonwealth Gas Corporation's co-generation
-plant in Southborough, Mass. reduces the noise levels from
95-104dB in the generator room to 61-66dB in the observation

room with standard construction techniques.

The increased presence of o0il delivery trucks will result

from the increase of 455,900 gallons of fuel consumed on the
Clark Campus. At present there are approximately 123 deliveries
per year. The ICES installation will require about 57 additional
deliveries per year. This represents an increase of nearly 50%.

Aside from their visual and olfactory impact, the increased
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" Table 2C-EIA-4

Estimated Air Pollution Impact--Present System and Proposed
Grid Connected ICES

Annual Emission (in Tons/Year)

sttem .
802 NOx Cco HC, Particulates
Present System
Utility boiler? 36.2 25.2 - 0.47 1.5
Clark boilerP 76.9 53.4 - 1.0 3.2
System impact€® 113.1 78.6 - 1.47 4.7

ICES System

Clark dieseld 55.1 140.7 23.8 11.0 0.6
Clark boiler 56.9 39.6 - 0.8 2.3
Utility boiler =-21.8 -15.2 - -.29 -.9
System impact 90.2 165.1 23.8 11.5 2.0
Net Change
At Clark 35.1 126.9 23.8 10.8 -.3
$ Change® . 46.0 238.0 NA 1080.0 -9.0
Auto equiva- ‘
lents - 2540.0 44.0 154.0 -
New England9 -22.9 86.5 23.8 10.0 -2.7
% Change -20.0 110.0 NA 680.0 : -57.0
Auto equiva-
lents - 1725.0 44.0 142.0 , -

a. Based on generalized data for utility boilers burning residual
0oil with an ash content of 0.04% (by weight), sulphur content of
1.0% (by weight), weight of 7.83 lbs. per gallon, 148,000 Btu per
gallon and a Btu,to kwh ratio of 10,050 to 1. Assuming the consump-
tion of 6.8 x 10° per year. ) '

b. Based on the use of residual o0il with the same characteristics
as specified in note a aBd a boiler efficiency of 75%. Assuming a
thermal load of 109 x 10°Btu per year.

c. Carbon monoxide levels (less than .01 tons) are considered necg-
ligible here.

d. Based on the manufacturer's specifications and the use of #6
residual o0il with an ash content of 0.04% (by weight), sulphur of
1% (by weight), a weight of 7.83 1lbs per gallon, and an energy value
of 148,000 Btu per gallon. Assuming operation at full capacity for
7750 hours per year.

e. The percent change for carbon monoxide is meaningless since
basically none was emitted previously. _

f. Auto equivalents are included to provide a means of evaluating
the relative significance of the net changes. They are based on
EPA's estimates for the average emissions of all the motor vehicles
operating in the U.S. in 1976.

g. The New England figures represent the net additional emissions
of the Clark ICES and net reduction in the emissions at New England
Electric System's residual oil fired generators. Assumes a net
reduction in NEES's oil consumption by 279,000 gallons per year.
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presence of 8000 gallons fuel trucks carriesbwith it an element of
risk. The increased presence of these trucks is only considered
significant on the Clark Campus and Downing Street. Other streets,
such as Main Street, are major truck arteries and 60 more trucks
per year will be insignificant.

The visual and;bhysical impact of the ICES building. The

system will be installed in a separate building on the north side
of Jonas Clark Hall. This location will require an addition of
about 40 by 60 feet. This building will have an effect on the
appearance: of Jonas Clark Hall which is a focal point of the campus.
The University Aesthetics Committee will review these proposals
before a final decision is reached. The location will also intrude
upon the campus, which is already lacking in "green space." How-
ever, this location reduces the levels of unknown risk that are
involved with installing the system within the 90 year old building.

The audio and visual impact of the cooling tower may produce

negative impacts. A more definite evaluation will be presented
after the exact sizing and location of the cooling tower is

t('etermined.

Elements of unknown risk accompany any alteration of an

existing system. To reduce potential of this negative impact

becoming significant, the ICES system will use only proven equip-~

ment and engineering techniques. The experience of the technical
partners in co-generation should reduce this threat still further.

In summary, the known negative impacts from the ICES are not

deemed significant. It should be noted that the ICES system's
negative impacts are relatively contained within the Clark Uni-

versity campus. As a result, almost all of the negative impacts
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are experienced by the same people who benefit from the more sig-
nificant positive impacts. Negative impacts on third parties,

such as the local community, are minimal.

V. Coordination with Federal, State, Regional and Local Plans..

The ICES installation is only feasible if it can comply
with all of tﬁe appropriate statutes, codes and regulations. The
importance of complying with these legal and in?titutional factors
has been recognized throughout the planning process. Aside from
these specific factors, it is also important that the ICES not
conflict with any policies'and programs of Federal, state and
local governments. The relevant items and the steps that have
been undertaken in response to them are discussed below. The
specifib codes and letters from appropriate regulatory and

planning officials are contained in Appendices 2B and 2C.

Environmental Impact Analysis. Regulations regarding overall
environﬁental impact analysis are presented in Chapter IIf, U. S.
'Energy Research and Development Administration, Part 711 - Guide-
lines for Environmental Review published in the Federal Register,
26 Januéry 1977, pp 4826-4833. (See Appendix 2). These regu-

lations require that an Environmental Impact Assessment (EIA) be
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written as specified in Part 711 - 25 of the requlations. This
document is a preliminary draft of an EIA based on the present
state of knowledge on the Clark’ ICES installation. This report
will be updated and expanded as the planning process continues.
The applicability of the state requirements for an environ-
mental impact assessment is unknown at the present time and will
depend on the degree of involvement of the Commonwealth in the
ICES project. A preliminary draft of a Massachusetts Environ-
mental Assessment Form is included as section 3 of this report.
It was completed in accordance with specifications contained in
"Preparation of Environmental Impact Reports" (see Appendix 2B).

Air quality standards. The exhaust emissions of the ICES

installation are subject to state and Federal air quality standards.
The main applicable reguiations are the Federal and Massachusetts
Air Quality Standards (40 CFR 50), Requirements for Preparation,
Adoption, and Submittal of Implementation plans (40 CFR 51), In-
terpretive Ruling for Implementation of the Requirements of
40 CFR 51.18, and Regulations as Amended for the Control of Air
Pollution, Dept. of Environmental Quality Engineering, the Common-
wealth of Massachusetts as amended through 13 June 1975. (All of
the above regqulations are contained in Appendix 2B).

Emissions figures have been reviewed by Mr. Edmond G.Benoit,
Chief, Central Massaéhusetts Air Quality Control District. Mr.
Benoit has stated that, based on presently available data and

pending more detailed analysis, the project would not be in
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violation of air pollution regulations (See letter in Appendix
2C). Moreover, Mr. Benoit is very squrtive of the project and
its ability to provide better data as to the air quaiity impact
of co-generation systems. The staff of the Central Massachusetts
Air Quality Control District will be asked to recommend the most
appropriate monitoring equipment to gather this data.

Further discussions have been held with air quality special-
ists at EPA‘S Region I, Boston office. They confirmed that com-
pliance with all state standards will a150'§uarantee compliance
with Federal regulations.

Noise regulations. The Director of the Central Massachusetts

Air Quélity Control Board has jurisdiction over noise pollution
under the Regulations as Amended for the Control of Air Pollﬁtion,
Dept. of Environmental Quality Engineering, Commonwealth of Mas-
sachusetts, adopted 26 Jan. 1972 and amended through 13 June 1975.
{See Appendix 2B). He foresees no difficulty iﬁ meefing ﬁhese
standards. Representative of the EPA noise pollution branch in
Boston also have been contac£ed, Thev stated that the Common-
wealth's standards either meet or exceeded theirs and would be
acceptable.

Building Codes. The applicable building codes are contained

in Article II, "Heating Equipment and Appliance mounting,
Clearances and Connections.” of the State Building Code. In
addition, boilers and unfired pressure vessels are subject to the

provisions of Chapter 146 of the MGLA as amended. These issues
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have been reviewed with Mr. Norton Remmer, Commissioner, Dept. of
Building Code Inspeétion of the City of Worcester. Commissioner
Remmer states that compliance with all requirements of the
building code can be achieved by applications of standard designs
and construction techniques. (See letter in Appendix 2C.) The
provisions of Chapter 146 require the approval of certain boilers
and pressure vessels by the Board of Boiler Rules of the State
Department of Public Safetf. Such approval will be obtained, if
appropriate, once detailed designs and specifications are known.

Zoning. The City of Worcester Zoning Ordinance applies to
the University and the ICES installation. Clark is located in ;
residential district which is pérmissible under Section 15A (6)
of the code (See Appendix 2B). The ICES installation was dis-
cussed with Mr. Remmer, Commissioner, Dept. of Building Code
Ingspection, City of Worcester. He stated that the project would
not violate existing zoning regulations (See letter in Appendix
2C). The Office of Community Planning and Development was also
contacted to insure that the installation did not interfere with
the plans and programs of that agency. They indicated *hat the
project would not affect their plans. The Worcester Redevelop-
ment Authority, an agency that operates in the vicinity of the
Clark campus, has also indicated that they have no objection to
the ICES installation (See letter in Appendix 2C).

To conclude, the Clark ICES proposal does not conflict in
a significant manner with any specific legal and institutional

requirements or the plans and policies of related governmental
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agencies. 6n the contrary, the majcrity of these entities
supported the ICES proposal on the basis of the positive impacts
guch a system would have on energy conservation and economic
welfare of the community. The advice of the regulatory personnel
have been of great assistance to the Environmental Impact
Assessment Group. The Group will continue to seek their advice

and opinions in the future.

VI . Description of Alternatives.

There are four sets of alternatives open to Clark University.
Those being: (1) to continue with present practices; (2) to in-
stitute additional strong conservation measures to reduce energy
demand; (3) to install a totally independent integrated energy
gystem; or (4) to .select a different grid connected ICES system.

Continue with present practices.

This alternative would have no environmental impacts at
Clark University, it would however continue unabated use of oil
within the New England area. This would, therefore, be contrary
to the national and regional objective of fuel'conservation.
Furthermore, it would continue Clark's vulnerability to cost
increases in fuel and electricity with the inherent danger to
its financial-stability and the indirect effect of financial
instability on the student body, the faculty and the community.

Institute additional conservation measures.

The University has already instituted strong conservation

measures. The principle one being an IBM System 7 load dropping
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computer which has 26 electric controls and 13 steam controls.
The computer is prograhmed to balance loads, essentially re-
ducing peak demand. The introduction of this conservation de-
vice in conjuncéion with simpler conservation rules has already
resulted in a reduction of about 35% for the thermal load and
45% of the électric load. 1Investigation of further conservation
measures indicate that such measures are likely to produce adverse
effects on the Clark community, produce increasingly marginal
conservation yields and as a corrolary, increases in marginal
costs. Fuel savings would be only proportional to energy input
reduction with'no improvement in fuel to energy conversion
efficiency.

Independent integrated energy system

Total energy plants for the Clark campus not connected with
the existing electric grid have been investigated in several
studies. Such systems have generally the same advantages as a
grid connected ICES. Cost, however, are higher as system's
reliability must be achieved by the installation of standby
units. Engineering studies show that the cost of interconnection
including'standby charges for electricity are lower than those
of standby units.

Different grid connected ICES

A large number of alternative ICES installations including
‘differently sized diesel units, steam turbines and gas turbines
were investigated. These investigations showed that diesel

units produced the best balance between efficiency and tech-
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nologic risk, that generally larger units produced ....._ased
efficiency and rate of return and also higher initial cost. On
environmental grounds few differences can be ascertained except
that larger units are likely to increase aesthetic problems, air
pollution but reduce o0il consumption. 'On economic grounds,

larger units in addition to increased initial cost,represent

higher opportunity cost and larger risks.

VII Conclusion

Based on the previous section of this environmental assess-

ment, the following conclusions can be derived.

(1) There will be no significant negative or positive environ-
mental impacts at the‘project site, .i.e. the Clark campus.
Physical changes will be minimal and do not affect ecologically
sensi tive areas. Aesthetic effacts and nbise effects can be
mitigated by proper facilities design. Air péllution effects
at site will be minimal as the increase in pollutants that have
localized effects such as CO, SO, and particulates is samll.

(2) Socio-economic effects at the project site are beneficial.
Significant financial savings accrue to Clark Universify and.
the presence of the deomonstration project will enhance the
reputation and academic programs of the University.

(3) Community environmental effects of the project are negative,
"however, only to a small degree. The significant output of NO,
will increase the NO, level in Worcester. This however is not

serious as the present ambient NO, level is well below ambient

N
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standards and there are no local photo chemical smog problems.
Traffic in the area surrounding Clark will be increased

slightly by the increased frequency of oil delivery trucks and
there may be some temporary nuisance conditions during éonstruction.
(4) Socio-economic effects on the community are expected to be
small but positive. The increased local expenditure for con-
struction, operation and maintenance should to some degree en-
'hance the community.

(5) Regional environmental impacts of the project are small on
a national scale but they are positive and as a demonstration
project, this is highly significant. - 0il savings of nearly 8000
barrels per year may not be large when compared with the present
national consumption of that fuel, but being nearly 25% of the
fuel consumed for Clark's need, they are a significant indication
of the contribution that grid connected ICES can make towards
the national goal. |

(6) Regidnal and national socio-economic impacts, while insig-
nificant by themselves, are important as indicators of the
opportunities that exist, through cooperation of individual
institutions, utilities and government towards achievement of
socio-economic goals.

(7) The overall increase in the emission of nitrogen oxides,
carbon monoxide and hydrocarbon inaicate that the increased
efficiencies of co-generation systems are not without environ-

mental cost. The increases from a single ICES at Clark are not
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considered significant. However, it is important to project the
impact of many such installations to gaiﬁ a more thorough under- -
standing of theltotal environmental impact. As a demonstration
project, the Clark ICES will provide more precise data to

anticipate theae_impacts. At present, the figures -suggest that
large numbers of diesel powered ICES should nét be installed in
regions wiﬁh high NO, concentrations or high incidence of éhoto-

- chemical smog without careful evaluation of théir impact.
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COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS

3. ENVIRONMENTAL ASSESSMENT FORM

Please read Environmental Assessment Form Manual
before filling out this form.

1. SUMMARY |
ECEA File No.

ACTIVITY FINDING
Negative Assessment -

Enter Publication Date:

Posi Assessme
ositive Assessment Entor Code

ACTIVITY IDENTIFICATION _
1. Submitting Agency ~ Executive Office: _private
Department: Bureau:
Other: ’

2. Actlivity Identification: EEEEEEEEENEREEENEEEE,

3. Has this activity been filed with EQEA before? Yes X __No
If so, under what EOEA number?

4. Does this activity fall under jurisdiction of NEPA? _y  Yes No
If so, under which federal agency? ERDA
Present status?__ poacingl ity Study stage

ACTIVITY DESCRIPTION SUMMARY

1. Town, County Reglon, etc.:___Worcester
Enter Code

2. Location within Town or Street Address {if applicable):
Clark Unjversity, 950 Main street L 1 1 ] [ 1]

3, Activity Typels):__ Short-term construction, cperation- (Appendix)
4. Ageney Involvement: T T T T T T T T T [T T T T T T IT T 111]

6. Estimated Commencement: ] |
Month | Day | vear
6. Completion: | |
Month | Day | Year

7. Estimated Construction Cost: £1.000._ 000

8. Estimated Operational Cost Per Year:

8. Summary of Proposal (narrative):

See attached Page

COPIES OF THIS ASSESSMENT MAY BE ORTAINED FROM:
Name; Telephone: Cost Per Copy:

Address: [
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9. Summary of Proposal (narrative):

The co-generation system would involve the installation of a
Sulzer 8 cylinder, ASL/30 diesel rated at 1494 BHP at 900 RPM.
The diesel would generate 1405 kilowatts of electricity and provide
3.67 x 106 Btu/hr of energy to the University heating plant. When
in operation the system will meet the University's entire electrical
demand. The system will be integrated with Massachusetts Electric
Company. The utility has agreed to purchase electricity generated
in excess of the University's demand and to sell electricity to the
University when the generator is not in operation or is otherwise
unable to fulfill the University's demand. The thermal load. of
the University that exceeds the diesel's output will be provided
by the present boiler system.
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A, Include en original 8% x 11 section of a U.S.G.S. 7% minute, 1:24,000 scale map with the
sctivity or project area boundaries delineated. (Original U.S.G.S. sheet required for filing
with Secretary only; copies may be supplied to others.) Include multiple maps if activity or
project is larger than the area delineated on a U.S5.G.S. 1:24,C00 scale map. Include maps,
diagrams or sketches at a larger scale if the features of the activity or project cannot be
clearly shown at the 1:24,000 scale.

8. Give a brief description of the present use of the area or areas affected in 5.

Indicate the number of acres affected that are:

1. Developed [T 1 ] d.wetland [T 114
2. Open Space m 4. Shoretine [T [ g

8.  Bee Attached

[

C. Pivée o brief description of the proposed activity, includingall phasesand characteristics,
na.

1. Fill in the following dimensions, if applicable:

8. Total Activity m d. Number of Stories: DE]

Area (Acres):

. Number of Parki
b. LengthinMiles: [T S spaces: (L1 11d
c. Number of Hous- f. Vehicular Traffic Gen-
IngUnits:m Litllid

erated Per Day:

2. See Attached

D. Describe how your agency is involved in the activity in 4.
Specify: N _ :
V.PermitorProgremType: [ J [ [T T T T T TTTTTTITITITT]

2. Pertinent Governing Statute(s) or Regulation(s):[ T TT 1 TTTT1 TTT11]

3. Olher'State Agencies !nvolyed: 1T 1 [T TTTTTTT]
4,
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B. Sl

The present use of this area ‘adjacent to Jonas Clark can be described
as a small open space plot. Location of the glass enclosed structure
housing unit will, in the belief of this team, enhance the aesthetic

value of this area.

Co 2.

The proposed action involves the installation and operation of one
1405 Kw Sulzer 8 cylinder ASL/30 diesel, 1494 BHP -at 900 RPM. The
machine is expected to operate 7750 hrs/yr w/110°hrs of down-time

" or maintenance.

The rate of fuel consumption and exhaust specifications as supplied
by the manufacturer are as follows:

‘Fuel donsumption: “'357 ibs/BHP/HR

Exhaust Specs.: Nox: 8.3 gr/BHP/HR
CO: 1.4 gr/BHP/HR
HC+: .65 gr/BHP/HR
Particulate: - .031 gr/BHP/HR

SO 3.25 gr/BHP/HR

2° :
It will continue to afford a view of the Goddard Library as well
as the Jonas Clark facade. As the structure itself will highlight
the operation of the facility, an educational function--for the
University as well as the community--will be served.



I1. ASSESSMENT OF POTENTIAL ENVIRONMENTAL IMPACT -92-

Answer the following questions by placing an **X** in the appropriate YES/NO space; consider actlvity, construc-
tion, operational, as well as indirect impacts.
Indicate under *‘Explanation’® why significant impact is considered likely or unlikely to result.

A, OPEN SPACE AND RECREATION -

1. Might the activity affect the conc_!iiion. use or access to any open space
and/or recreation area? ¥ NO YES
If YES, specify area(s) and acreage(s) affected: ~

i)
(2}
3k
(4)
(5)

‘ Acreage Duration  Severity Enter Code
2. Explanstion:

No significant impact on use or access to any open space and/or
recreational area is expected, as the location of the facility

is not in or near any such area.

8. HISTORIC RESOURCES
1. Might any site or structure of historic significance be atfected? X NO YES
If YES, state level of historic significance:

Significance Duration Severity

2. Might any known archaeologic site be affected by the activity? x NO YES

If YES, specify duration and severity!

Duration Severity

NG YES

-

3. Might any known paleontologic site be affected by the activity? X

If YES, specify duration and severity:

Duration Severity

4. Explanation:

No significant impact is expected on any historical, archaeological or
paleontological site as the location area has undergone previous exca-
vation - piping, etc. - without damage to any of the above.

After checking with the necessary commissions it has been concluded
that the project is not located in a sensitive area. )



C. ECOLOGICAL EFFECTS -93-

1. Might the activity affect any natural feature adjacent to or neat the
activity area?

It YES, specify natura! featurcs affected:
(1)—

(2).
{3k
(4)
(5)
{6}

o

YES

.EUllllt

o
s
2
)
3

Severity " Enter Code

2. Might the activity affect wildlife or fisheries? NO YES -

If YES, specify wildlife or fisheries affected:

e

1)—
(2)-

3k
(4)

Duration Saverity Enter Code

If YES, specify whether any rare or endangered wildlife or fisheries species NG
might be affected: : X YES

3. Might the activity affect natural vegetation? NO - - YES

If YES, specify vegetation and acreage(s) affected:

E

(1)
(2)
3)
(4)
{5) ,
(6)

LITTTT]

Acreage Duration Severity Enter Code

If YES, specify whether any rare or endangéred plant species might be NO YES

sffected:
4, Explanation:

D¢

D. ENVIRONMENTAL HAZARDS

1. Might the activity involve the use, storage, release of, or disposal of
potentially hazardous substances? : X NO YES

If YES, specify substance type and rate of usage:
m
(2)
(3

Usage Rate Duration Severity Enter Code

2. Might the activity involve alteration of riverine floodplains, inland £s
wetlands, or coastal wettands? X __NO __ Y

If YES, specify duration and severity of impact:

Duration Severity
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3. Might the activity involve construction or other action within
geologically unstable areas? x_NO VES
4. Explanation: Operation of this facility does not require the use, storage or
release of potentially dangerous materials. In addition, its location is

not near/on wetlands or a specifically unstable geological area. For
these reasons, the facility is not regarded as posing a potential environ-

mental threat.
E. RESQURCE CONSERVATION AND USE

1. Might the activity affect or eliminate land suitable for agricultural .
_ X NO YES

or timber production?
It YES, specify present agricultural land use and

respective acreage(s) affected:
(1 l
(2)

(3%
Acreage Duration Severity Enter Code

2. Might the activity affect potential use or extraction of an indispensable NO YES
ne goarce mineral or energy resource? ' X

if YES, specify resource affected and approximate amount:

(1—Qil 8l7l6 3l 6 sl 2
(2)

(3)
Tons Duration Severity Enter Code

3.Euﬂmwtw?2As this facility is not located in an agricultural area, and any
excavation would be to nominal depths (no more than 12') in a shale ledge,
there are no expected impacts on any resources due to construction. How-
ever, operation of the ICES will result in a net savings of approximately
8,000 barrels of o0il/yr. These savings are important in light of our
national goal to decrease energy consumption.

F. WATER QUALITY AND QUANTITY
1. Might the activity affect the quantity of water resources, within,
adjacent to, or near the activity area? x NO YES
If YES, specify water source affected and respective

amount {gallons/day):
(1)

(2).

(3~

(4L
Gallons/Day - Ouration Severity

Enter Code

2. Might the activity result in a deleterious effect on the quality NO YES
of any water resource areas or watersheds? X —_—

If YES, specify water resource that might be affected:

{1)
(2}
(3
(4}

D.:ation Severity Enter Code
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if YES, specify possible substance causing effects:

]
(21
(3)m
.

3. Explanation: .

G. AIR QUALITY .

1. Might the éctivity affect the air quality in the project area, immediately
adjacent areas, or the Air Quality Control Region?
if YES, specify pQSsibIe substances affecting air quality:

(2L_Nitzngen_nx;des_iNng)

13—Rarticulate

{4—_Hydracarbons (HCt)

(s)—Sulphux Dioxide (S032)

~(6)—Caxrbon Monoxide (€O}

If YES, specify whether any key receptors may be in the affected area:

(1L_Educax;anal_EacLlat¥_4Cla;k_094¥ass$ty;———-

(2)

(3)

2. Explanation:

See attached.

H. NOISE
1. Might the activity result in the generation of noise?

It YES, specify noise source:

(1) Canstructiaon
(2} Operation = i.e., cooling tower

{31

2. Explanation:

See Attached.

Dweation  Severity Enter Code
NO YES
] [Ols 21 g
3 | {6 2
[ 3 | 216 710 6
3] 2] 6 71 0| 4
| 3 ] 216 2101
1 3] 2 JAQ 3
Duration Severity Enter Code
21213
Duration Severity Enter Code
NO YES
T
lla g8l 0
116 8l 0
Duration Severity bEmer Code
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G. 2. Explanation:

The operation of the diesel will affect the air quality in the pro-

- Ject area to a minor degree. 1Installation of a TEP will alter air
follution impacts, not only because the TEP based system will use

 less fuel, but, more importantly, because air pollution from internal

combustion engines has a different character from that from furnaces.

The greatest increases will be in amounts of NO, and SO emitted

due to the hi?h operation temperature of the equipment.” For the

former, and high sulphur content of #6 residual oil, the increase

in emisgion is directly related to the increased capabilities of

the new system and must be considered in light of possible reductions

regionally owing to the overall expected decrease in oil consumption.

H. 2. Explanation:

The proposed project is expected to have an imperceptible noise
impact on the environment. Noise levels inside the building will
meet the OSHA standard of 85 DB. All measures will be utilized to
insure against any disruption of the present environment, in and
around Clark University. Construction noise will be kept to a mini-
mum through the use of heavily muffled equipment. No negative noise
impact is expected during the operation phase owing to use of noise
abatement materials in construction of, and around, the equipment
housing. ’
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{ mm the notlvuy c8ude & change In the vigual character in o near the
ty sroa?

i YE8, »cclfy netural and cultural leatures that may be changed:

8. Expianation:

Bee Attached.

J, PLANNING
1. Will the activity require a variance from or result in 8 potential violation

of any statute ordinance, by law, regulation, or standard, the major pur-
pose of which Is to pravent or minimize damage to the environment?

it YES, spacify veriances and/or statues:

Durstion Beverity Enter Code

2. Wil the ectivity require certification, suthorizaetion, review of plans, or
issuance of 8 parmit by any local, state or federal agency? NO x. YEs .
it YES, specify agency and action teguired:
3. Will the activity comply with all federal, state and local land use, trans-
portation, open gpace, recreation and conservation plans? - NO __ X _YES
it NO, atate plan type and specific agency concerned:
(1 ’
(2)
{3)-
(4)
Enter Code

4, Enplanation:
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t. 3. Explanation:

Mith the construction of a new building designed o houme Clark's
Total Energy plant, a part of the Jonas Clark structure, approximately
8 feet high and 40 feet long will be obstructed. It is the belief of
the Environmental Group that amesthetic values added outweigh the loss
" arising from obstruction of the Jonas Clark side facade. This belief
lies in our conviction that an attractive structure, as the one
planned, allowing view of Plant operations, has greater aesthetic
value than the small part of the facade that will be obstructed. 1In
addition, this feature will enhance relations with the community
surrounding Clark as the plant will provide an additional site of
interest on the campus.



I, FINDINGS AND CERTIFICATION -99-

A. It has been determined that thia project is not bne which mey cause significant damage to
the anvironment {Negative Asgsessmant). . m

B. it hes been determinod that this project may cause slgnléicant damage to the environment
{Positive Assossment), D

. The draft impact report wil be submitted on or about:

2, The draft impact report will be: Standard D Extensive [

3. The draft impact report will be combined: (1

4. The draft impact report will ba joint in conjunction with: D

€. | hareby certify that this assessment has been or will be, if applicable regulations provide for subsequent
elrculation, duly circutated to the Attorney General, the appropriate Regional Planning Agency, and other

review agencies as required by Appendix B.

DATE Signature of Responsible Officer

{print or type)  Name of Responsible Officer '

Address

Signature of Preparing Officer {If different

from Responsible Officer)

Telephone Number
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4. Individuals and Offices Consulted

Bdmond G. Benoit _
Chief, Air Quality Control Bection
Central Mass Air Quality District

Tom Cusson
- Central Mass Air Quality District

Al Nicks
Noise Pollution
EPA, Boston

John Lynch
E.1.8. Office
EPA, Boaton

finda Murphy
Air Qualityt New Sources
EPA, Boston

Charles O'Connor
Office of Planning and Community Development
Worcester, Mass.

Norton 8. Remmer, P.E.

Commissioner: Department of Code Inspection
City of Worcester, Massachusetts

419 Belmont St. 01604
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City of Worcester, Massachusotts
DEPARTMENT OF CODE INSPEQTION

419 BELMONT STREET 01694
TELEPHONE 817 708-81114

COMMIISIONER

Mr. Lawrence Landr

.Vice President of %inance
Clark University

950 Main Street
Worcester, Mass, 01610

Dear Mr, Landry,

This letter will serve to confirm the conclusions reached

at a meeting on Monday, Agril 11, 1977 relative to regulations

~controlling the groposed
at Clark Univers

installation of mechanical facllitles
ty in conjunction with an ERDA demonstration

project,

L,

2.

3.

S,

Zoning. In accordance with the Zoning Ordindnce of Worce
aster and the Official Map the proposed use would
nog be in violation of zoning and could proceed
routinely for approval.

Building Code, There are no requirements of the Building
Code relative to the proposed locatione which
were reviewed for which compliance could not be
achieved by standard design and constructiop
techniques.

All other requirements of the City relative to construction
based upon the proposed preliminary concepts, would be
subject to routine procedures,

This office cannot tuke responsibility for State mundated
und administered requirements relative to environmental ime
pact, and pollution controls. These items would have to
be reviewed by the appropriate authorities.

. W
Certain Boilers and Unified Pressure Vessels require
approval by the Board of Boiler Rules of the State Degdrte
ment of Public Safety as indicated in Sections 110b, 1
and 1103.1 of the State Building Gode, cnd this otflee
would have nn jurisdiction over those apprcvals

garLon 8, Hemmer

omnligeiones
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DEPARTMENT OF CODE INSPECTION
CITY OF WORCESTER

MASSACHUSETTS 01604

NORTON S. REMMER, P.E. 419 BELMONT STREE;
COMMISSIONER TEL. 617-798-8111

November 3, 1977

Mr. Lawrence Landry

Vice President of Finance
Clark University

950 Main Street
Worcester, MA 01610

Dear Mr. Landry:

This Department previously submitted a letter (copy
attached) relative to the installation of mechanical facilities
for generating power at Clark University.

A review of the current proposed specifications has
not altered the decisions reached previously. Within those
areas for which this Department has primary legal responsibility
relating to the project, i.e., Building Code and Zoning
Ordinance, I can see no reason to expect that the project
as proposed would not meet zoning ordinance requirements
or could not be constructed in accordance with the Building

Code or its reference standards, using standard design and

construction techniques.

g%ﬁﬁr&w

Norton S. Remmer, P.E.
Commisgioner

NSR/cv
c.c. Mr. Harry Shwarz
Environmental Affairs Program
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APPENDIX 3A

Engine Operating Experience and Guarantees



-104-

APPENDIX 3A

Engine Operating Experience and Guarantees

Operating Experience

Both Sulzer and Superior have had extensive experience with the candidate
engines burning distillate oil. Sulzer's experience has been with low-tem-
perature (less than 200°F) water-jacket cooling, but they feel that the change
to ebullient cooling is quite straightfoward.  Superior's experience with
their engine is largely with ebullient cooling.

We believe that the behavior of the engine when using residual oil is the
most sensitive question. Sulzer's experience with heavy-oil-burning engines
is considerable, since they have about 50% of the market for large marine en-
gines. They also have heavy-oil experience with engines of the same design
as the one proposed for Clark. They have run 6-cylinder ASL 25/30 engine in
the laboratory from 1969-1972. Thev accumulat~d 1130 hours of operation, 880
on heavy fuel and 250 on distillate oil during break-in, starting and stopping.
The sodium/vanadium content of the fuel varied between 13ppm/76ppm and 27ppm/
173ppm. Measurements of wear were made after 300 hours of operation with the
27/173 Na/V fuel. The chromium-plated top piston ring had wear of about
.0015inch/1000 hours. Liner wear was .0004 to .0008inch/1000 hours. No wear
could be measured on valves or the piston ring grooves. According to Sulzer,
rate of wear on piston ring and liner drops to about 1/3 of the initial rate
after about 5000 hours. Assuming this change is linear for the first 5000
hours and remains constant thereafter, the wear on the top piston ring would
be .005 inch after 5000 hours and .0075 inch after 10,000 hours. The liner
wear would be .00133 to .0027 inch after 5000 hours and .0019 to .0038 inch
after 10,000 hours. From these values, Sulzer has predicted the lifetimes
of various components. These predicted lifetimes are presented in Appendix
4B, Table 4B-1, where they are used to estimate maintenance costs for the en-
gine. In addition to the test engine, two ASL 25/30 engines have accumulated
more than 10,000 hours burning residual in regular service.

Superior had 10 installations of their older in-line version of models
40, 60, and B0, engines designed for crude or residual oil. However, they
do not know what the experience of these sites has been. We obtained useful
information from one of these sites, an eight-cylinder engine rated at 1000kw
that has run about 107,000 hours for the Florida Keys Electric Corporation in

Marathon, Florida. About 75% of those hours were for operation between 1954
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and 1964, using residual fuel. 1In 1964 the plant changed to #2 oil as the
price difference between #2 and #6 oils disappeared. A further consideration
was that the vanadium content in the available fuel had increased, and they
were not set up to treat vanadium. A spokesman for Florida Keys stated that
wear on valves and other engine parts was not appreciably different for #2
and #6 oils, except when there were high vanadium levels in the oil (unfortu-
nately the spokesman could not say definitely what a high vanadium level was}.
There was an increase in maintenance costs for such components as injectors,
fuel pumps, and other fuel handling equipment.

To summarize, Sulzer has experience operating their candidate engine with
residual fuels; Superior does not. Sulzer does not have experience with the
ebullient cooling of their engine while Superior does. Both manufacturers
have considerable- experience burning heavy fuels in other engines, but Sulzer's

experience is probably more extensive as they are the larger company.

Guarantee Terms

Both companies offer us their standard guarantee. Sulzer will guarantee
the engine for 12 months from the commissioning of the power plant. The
guarantee applies to an ebulliently cooled, residuai—oil-burning engine, but
the engine must maintain limits of sodiuﬁ/vanadium of 30ppm/100ppm. The
guarantee covers repair or replacement of defective parts; the details of the
guarantee.can be negotiated at the time of purchase. The guarantee will not
cover normal wear, improper maintenance, incorrect operation, etc.

Superior's guarantee is similar. It is also for one year and covers re-
pair or replacement of defective parts. Their guarantee requires regular
monitoring of the fuel input to the engine to ensure that limits of sodium/

vanadium of Sppm/30ppm are not exceeded.
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APPENDIX 3B

Plant Descriptions -

I.

ENGINES

A. Superior Engine

The Superior engine is Model 40-X-16 (V type). It has 16 cylinders,

900 RPM, and is rated at 2120 bhp at 100% load. The generator output at

100% load is 1500 kw. The engine has a break mean effective pressure of

141.4 at 100% load and is turbocharged. As currently available it does

not use heavy oil. Cooper Energy Systems has advised that with modifica-

tions the engine will be suitable for residual oil.

The following design changes would be necessary to make it capable

of burning residual oil as fuel:

1.

Injection pumps would require special clearanced plungers and barrels
and have a bypass to allow an adequate flow of oil through the pump

for cooling.

. The injection nozzles would require special clearances in the area of

the valve and seat.

. The injection nozzle tips would require low sac volume and an orifice

size selected for the particular fuel used.

. The fuel would require pre-treatment including, as a minimum, water

washing and centrifuging. Preheating would also be required to reduce
the fuel's viscosity in order to make it more easily handled for the
treatment necessary. -We would be working with commercially available
manufacturers of fuel treating equipment to make the final selection.
Once the fuel is treated, it would also require additional filtration
at the engine. Further heating of the fuel may also be required before

and after filtration depending upon the fuel viscosity.

. The engine would be equipped with a duplex fuel system which would

allow the engine to start and stop on No. 2 diesel fuel and transfer
to residual operation after the engine is running. This will ensure
that there is no #6 oil in the engine when the block is cool.
Reduction in metallic alloys in the fuel system may be required de-
pending upon the amount of corrosives in the residual. Many residuals
contain extremely High sulphur and water content which, under the

right conditions, can form corrosive acids.
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7. The use of a high total base number (TBN) lubricating oil would be
required in the crankcase along with more frequent oil change
periods. The high TBN oil has high alkaline reserve preventing
acid build-up in the crankcase and minimizing corrosion in this area.

The manufacturer would like to have a minimum of one month available

for testing an engine with the residual fuel selected.

B. Sulzer Engine

The Sulzer engine is Model 8 ASL 25/30 (in-line cylinders). It
has eight cylinders,'QOO RPM and is rated at 1984 bhp at 100% load.
The generator output at 100% load is 1405 kw. The engine is currently
available as a residual oil engine. It has a brake mean effective
pressure of 242.7 at 100% load and is turbocharged. There are two A 25/30
engines burning #6 oil. They have accumulated over 10,000 hours of
service.

Both the Superior and Sulzer jacket and air cooler will be cooled

by Glycol-to-air radiators.
II. STEAM SYSTEMS (common to Superior and Sulzer engines)

A. The new diesel plant will utilize the existing deaerator, condensate
system and feedwater pump of the university boiler plant.

B. A new waste heat boiler will be installed. This willAbe rated at
approximately 2500 1b/hr at 125 psig saturated steam. The unit will be
equipped with a gas bypass valve to control steam pressure. The boiler
will be equipped with level controls, high and low water alarms.

C. The ebullient jacket cooling system consists of supply and return piping
to a steam reservoir separator. The reservoir/separator will be equipped
with level controls and high and low-level alarms. Make-up water to the
system will be via a water softener. Pressure in the system will be
maintained by a modulating steam valve which will release the steam to
the 15 psig system. Any steam not required by the 15 psig university

system will be condensed in a radiator condenser.
I11. FUEL SYSTEM

Two fuels are required for engine operation, No. 2 and No. 6. No. 6
oil is the basic fuel. No. 2 o0il is used for starting and shutting down

the engine. The oil storage system will consist of an existing 20,000
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gallonvNo.‘6 0il storage tank and a buried 2000 gallon No. 2 oil storage
tank. Two fuel oil transfer pumps will be required, one for No. 2 oil

and one for No. 6 oil. These pumps will be located in the diesel plant
building. The No. 2 pump will take oil from the No. 2 tank and pump to

a 300 gallon day tank in the diesel plant. The No. 6 oil transfer

pump will pump the No. 6 oil from the buried tank to the oil treatment
system. After treatment, the oil will be pumped to an elevated 600 gallon
0il storage system. From this point an engine driven pump will pump the

oil to the engine,.
FUEL TREATMENT SYSTEM

The fuei treatment system is described in Appendix 3D of this report.
ELECTRICAL SYSTEM

The diesel generator will generate power at 13,800 volts. The unit
will operate continuously, in parallel with the Massachusetts Electric
Power System. The existing Jonas Clark 208V electrical system will be tied
into a new switchboard located in the diesel plant. This power will feed
the auxiliaries and lighting fc- the diesel plant. The 13,800V power will
be fed (via the new switchboard) to the Goddard Library via two buried
conduits. At the distribution system in Goddard, the power, which can flow

into or out of Clark, will be metered in each direction.
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PLANT DESCRIPTION
DISTILLATE OIL ENGINE

ENGINE

The engine selection for distillate oil is the Colt Fairbanks-Morse,
opposed piston,.9 cylinder, 720 RPM, rated at 2160 bhp. The gen-
erator output at 100% load is 1531 kw. This engine has many years

of experience and is recognized as a highly reliable engine.
STEAM SYSTEMS |
The steam system would be the same as for the heavy oil engines.
FUEL SYSTEM

The fuel system will consist of a 20,000 gallon buried distillate oil
tank and transfer pump and a day tank from which the oil would be pumped

to the engine by the engine driven oil pump.
FUEL TREATMENT SYSTEM

There is no fuel treatment system required for the distillate oil.

. ELECTRICAL SYSTEM

This is the same system as described for the heavy oil engine.
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APPENDIX 3C

Performance of the Candidate Systems
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APPENDIX 3C

Performance of the Candidate Systems

For each diesel generator considered, heat balunce data were obtained

from the engine manufacturer in terms of Btu per bhp-hr. The heat balance

parameters given by the manufacturer were:

Work Output

Jackei Water
Lubricating 0il Cooling
Exhaust. Gases

Exhaust. Latent Heat

Radiation and Unaccounted

Exhaust gas flows and exhaust gas temperatures were also obtained from the

engine manufacturer for each engine evaluated. This data was then used to

obtain system heat balances, showing the amount of 125 psig and 15 psig

steam flows.

A characteristic of diesel engines is that performance (i.e. heat

balance in terms of Btu/kwh) is fairly constant down to about 50% of design

load and then drops off substantially. We show this by showing heat balances
load. '

For each candidate system, the following assumptions were used to

at 50%

determine the best balances:

1.
2,
3.

The
The

95%
The

. The
. The

was

deaerator in the existing heating plant was used.
boiler blowdown was taken to be 5%.

of the steam was returned. Theoreturn temperature was 160°F.
makeup water temperature was 60 F.

final feedwater temperature was 225°F.

boiler exit gas temperature for fired and heat recovery hoilers
fixed at 325°F. The diesels were evaluated with ebulliently

cooled jackets. An analysis of the campus heating system showed
that the maximum average low pressure steam6duty which could be

utilized by the heating system was 2.4 x 10

Btu/hr.

. Heat balances were evaluated taking the efficiency of the conventional

systems as either 75% or 85%. The actual figure is near 75%.

Figure 3C-1 is a schematic for the heat balance calculation for a diesel.

The heat rate for the engine was calculated by comparing the fuel re-

quirements for the proposed demonstration system with those for the conven-

tional system. The fuel to the engine per Kwh is:
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FIGURE 3C-1
Schematic for Diesel
Heat Balance :

Input ‘ T 9 EKW

Diesel Engine . H ,
' t
‘ He - Hy To Heating
) : v 3’ System
Input Supplemental i v Hb : l
Boiler
LN
PROPOSED SYSTEM
. H_ - H
Input ) Boiler t b LN To Heating
LS 4 System

CONVENTIONAL SYSTEM
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1b fuel 1

EHR = $hp-hr X 746

x heating value (Btu/lb fuel) e8]
where

EHR

engine heat rate (Btu/Kwﬁj

The total fuel per Kwh used by the proposed system is then obtained by

adding boiler fuel used to supplement the engine thermal outpﬁ%:

H H
95 _ puR « —2 (2)
T ThET
where
Hds = total fuel used by demonstration system (Btu/hr)
Hy = thermal output of supplemental boiler (Btu/hr)
;ET = electricity produced by engine (Kw)
The total fuel used by the conventional system is just the boiler fuel
required to obtain the required thermal output. ' '
H_ + H : S :
H. - b t 3)
ny -
Subtracting equations 2 and 3 then results in the desired incremental
heat rate:
HR = EHR + b - Heg R O
"ET T |
= EHR - Ht
ToeT

We see from equation 4 that the term Ht/nb is the useful thermal output
(from the exhaust and cooling jacket) generated by the diesel. It re-
places boiler fuel which would have had to be utilized in a conventional
boiler. This fuel is therefore credited to the diesel.

Another key parameter is the cost of fuel attributable to generation
of electricity. This is the cost of fuel for running the system less the
cost of fuel that would be used in the existing boiler to make up the heat

output of the candidate system. This can be expressed
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fop = £ x BHR - b x My ()
"bET
where
ch = cost of fuel attributable to generation of electricity (¢/Kwh)
£, = price of fuel used in engine (¢/10° Btu)

EHR = fuel input to engine (or high pressure boiler for a steam
turbine) (Btu/Kwh)

f, = price of fuel that would be used in a conventional boiler
(¢/10% Btu) '

H = useful thermal output of system (Btu/hr)

= efficiency of conventional boiler

The derivation of equation 5 is similar to that for the heat rate, equation
4. When the same type of fuel is used for both the engine and the boiler,
or when the costs for these fuels are equal, ch is simply the fuel cost
multiplied by the heat rate.

The performance data for three engines, the Sulzer 1405 KW, the Superior
1500 KW and the Fairbanks Morse 1531 KW are shown in Table 3C-1.

The heat balances themselves for full and half-load are shown in Figures

3C-2 to 3C-6.
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APPENDIX 3D

Heavy Fuel Treatment System
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APPENDIX 3D

Heavy Fuel Treatment System

The 120 GPM integrated heavy fuel treatment system can perform the

following operations: .

1. Heating the raw fuel,
2. Injection of demulsification agent.

3. Centrifugal desalting and sludge removal resulting in reductions of
water-soluble metallic salts such as sodium, potassium, lead, calcium,
etc.

4. Fuel management involving inhibition of vanadium via magnesium
sulfonate, residual to distillate transfer capability, filtration
and pumping.

5. All control and supervisory equipment for fully automatic operatjon of
the entire system.

The system will reduce the sodium and vanadium content of the fuel as

follows:
Influent 0il (representative values) Effluent 0il
Sodium 200 PPM < 5 PPM
Vanadium 200 PPM <30 pPPM

Part of the sodium is water-soluble. Therefore, water (about 18 GPM)
is first mixed with the fuel in a mixer. The fuel is then centrifuged. The
single-stage centrifuge separates and removes water-soluble and nonsoluble
sodium, potassium, lead, calcium and magnesium. ' The purifying effect of the
centrifuge is dependent on the product of flow rate and the (kinegmatic)
viscosity of the oil at the centrifuging temperature. This pfoduct must be
small. The effluent is 99% water with the above metallic soluble plus
approximately 1% oil. This oil is removed in a skimming tank where the oil
content is reduced to less thén 80 PPM.

After the centrifuging, the vanadium is treated. Organic vanadium is
extremely corrosive in high-temperature areas of an engine. Because it is not
very soluble in water, it is difficult to remove. Instead, it is made nop-
corrosive by combining it with magnesium prior to combustion in a ratio of a
minimum of three parts of magnesium (by weight) to each part of vanadium (by
weight). We will treat the vanadium with oil-soluble magnesium sulfonate.
This chemical is available in the commercial product tretolite (KI-16) which
is widely used in industry. Tretolite has 8% magnesium sulfonate and a
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density of 9.25 1b/gal. See section 4B for cost analysis.

The following equipment modules will be required:

Centrifugal Desalting Skid consisting of:

One solids ejecting centrifuge, capable of proce551ng 120 GPH

of the specified fuel.

One (1) Mixer for blending fuel and water.

One (1) Water system with pumping, heating and flow control.

One (1) Heat exchanger for heating fuel complete with appropriate
temperature controls.

Above skid will also include:

Demulsifier system consisting of metering pump, level switch,
gauge glass and calibrated metering glass.

Inhibition system for appropriate addition of oil-soluble
magnesium additive. Basis for design: 360 PPM vanadium,

3/1 Mg to V ratio.

Controls consisting of starting circuits for all motors with
appropriate termination points for easy interconnection to field
terminals.

Fuel management skid consisting of a 100 galion receiving tank for
treated fuel, high-low controls and agitator.

The building must be properly ventilated and be equipped with an over-
head crane providing access to all equipment.

The system flow diagram is shown on Figure 3D-1. Figure 3D-2 is a key

drawing giving instrumentation symbols.

Utility Requirements:

1. Electrical power -- 208/3/60 - 13 KW
2. Air (instrument quality) -- 100 psig - 5 kg/cm2

3. Water (potable and less than 25 PPM Na+)
40 psig, 60°F with nominal flow capability of 12 GPH

4. Steam -- saturated 15 psig, approximately 60 1lbs. per hour
Process Additives:

1. Demulsification agent:

Dosage
Source Nalco Chemical Company or Tretolite
Identification Nalco 9-537DA or Tretolite RI-35

2. Inhibition of Vanadium:

Dosage 3.2/1 mg/Va
Source Tretolite
Identification Tretolite KI-16
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APPENDIX 4A

Detailed Capital Cost ‘Analysis

We present here, in Tables 4A-1 and 4A-2, an update of the Phase I
capital cost analysis, We have made the following important changes:

(1) We have computed costs for installation in a new building. (2) We have
obtained costs for two new engines, the Sulzer and Superior. (3) We have
made estimates, based on manufacturers' quotations, for the cost of a #6 oil
fuel treatment system. (4) We have reviewed our previous cost estimates and
made changes where necessary.

Our complete capital cost analysis is shown in Table 4A-1. The total
costs for the Superior, Sulzer, and Fairbanks-Morse systems are about
$1,320,000, $1,382,000, and $1,187,000, respectively. It should be noted
that these are costs to Clark; grid connection and special instrumentation
will cost about an additional $90,000.

Among the costs we reviewed were the engineering cost estimates, Our
new estimate is shown in Table 4A-2. The engineering costs from final
design on are expected to be around $207,000. The grand total shown includes
feasibility and preliminary design and is our estimate of the total engin-
eering costs to another site duplicating the Clark system, The costs in-
clude engineering of the fuel treatment system. We expect the engineering

of the #2-burning Fairbanks-Morse system to cost about $7,000 less.
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Table 4A-1

CAPITAL COST ANALYSIS INSIDE NEW BUILDING

Superior 1500 Kw Diesel Sulzer 1405 kw Diesel Colt F-M 1531 Kw Diesel

Residual 0il Residual 0il Distillate Oil
MECHANICAL COSTS Model 40-X-16 Model ASL 25/30 ‘ Model 38TD8-1/8
Item
No. Total Cost ‘l‘ota} Cost Total Cost
1 Engine and generator $ 385,411 $ 444,704 $ 438,000
2 Vibration isolation 3,375 3,375 ) 3,375
3 No. 6 oil engine development 21,172 .
4 Switchgear 40,000 37,878 Included in Item 1
5 Skid and piping for engine and generator --- 30,000 ---
6 Service platforms and rails --- 6,000 ---
7  Control panel - 8,000 ---
8 Engine freight 5,000 2,500 ) 5,000
9 Exhaust waste heat boiler and controls , 63,900 54,766 54,766
10 Jacket ebullient boiler and controls 14,845 13,500 13,500
11 Jacket air cooled radiator, condenser
and controls 12,035 ' 10,350 : 10,350
12 Jacket circulating water pump _ 3,300 2,900 2,900
13 L.C. after cooler, and turbo cooler
Glycol radiator with surge tank 6,440 . $,500 5,500
14 Water softeners 4,000 4,000 4,000
15 Fuel oil treatment system ' 111,240 94,500 , ---
16  Air compressor for diesel starting and
for instrumentation 7,000 7,000
17  Fire protection ' 10,000 10,000 8 10,000
18  Heating and ventilating including sound '
attenuation of fan pemetrations. Floor
and roof drains . $ 25,000 $ 25 ,000 $ 25,000
19 Piping and hanger 40,000 40,000 40,000
20 Valves 20,000 20,000 20,000
21  Insulation 8,000 8,000 8,000
22 Intake filter " 4,000 4,000
23  Intake silencer 5,700 5,700
24 Exhaust silencer 5,700 5,700 5,700
25 Diesel air inlet duct ' 5,000 5,000 5,000
26 Diesel exhaust gas duct 5,000 5,000 5,000
27 No. 6 F.0. day tank (600 gals.) . 4,000
28 No. 2 F.0. day tank (300 gels.) ' 2,500 3,500 2,500
29 Fusl oil pumps 5,500 5,500 ‘5,500
30 Sludge tank - 4000 gals. 4,000 4,000 —

TOTAL MECHANICAL . ¢ 807,418 $ 869,373 $ 680,791
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Table 4A-1

CAPITAL COST ANALYSIS INSIDE NEW BUILDING
(Continued)

Superior 1500 kw Diesel Sulzer 1405 kw Diesel Colt F-M 1531 Kw Diesel

Residual 0i1 Residual 0Oil Distillate Qil
Model 40-X-16 Model ASL 25/30 Model 38TD8-1/8
[tem
No. Total Cost Total Cost Total Cost
CIVIL WORK
1, New building - 37W x 60L x 24H
including:
a. All foundations and exterior walls of
brick and concrete block with unifired
proofed structural steel, bar joints and
acoustical roof deck.
b. Foundations for engine-generator and
auxiliary equipment.
c. An opening into the existing boiler
room protected by a Class A sliding
fire door.
d. 14 x 14 sound proofed overhead door
in the south wall.
e. An internal envelope of corrugated and
. perforated aluminum acoustical treat-
ment on all walls and celing.
f. Crane having a span of 30' and 7 tons
capacity.
g. 95 foot brick stack.
TOTAL CIVIL WORK : $ 255,000 $ 255,000 $ 255,000
ELECTRICAL WORK
1. Comnections to generator set. 5,000 5,000 5,000
2. Lighting for generator-area, wir for
controls, pumnps, heaters; ventilat
system and motor control center. 25,000 25,000 25,000
3. Underground four duct bank to the existing - ;
library distribution board. 21,000 21,000 21,000
TOTAL ELECTRICAL WORK ‘ $ 51,000 $ _ 51,000 $ 51,000
TOTAL INSTALLED COST $1,113,418 $1,175,373 $ 986,791
ENGINEERING COST TO CLARK (Final Design, 207,000 207,000 200,000’
Installation and Start-up)®® ' ’

TOTAL PROJECT COST $1,320,418 $1,382,373 $1,186,791

*For distillate fuel fired engine $7,000 is subtracted from engineering costs because fuel treatment system not required.
#*Refer to Table 4A-2,
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TABLE 4A-2
Engineering Cost Analysis
| MAN - MONTHS
Engineering  Design Supervision

Engineering and economic feasibility 1.0
Preliminary Design
Detailed layouts 0.5 1.0
Detailed cost analysis 0.7
Grid connection 0.3
Site and civil engineering 1.5 1.0
Environmental engineering 0.8
TOTAL 3.8 2.0
Final Design
General arrangement drawings 1.1 2.2
Flow diagrams 1.1 2.5
Electrical drawings and layout 1.0 2.0
Thermal distribution system drawings

and design 0.2 1.0
Heating and ventilation drawings and

design 0.4 5
Structural and accoustics drawings

and designs 2.0 2.0
Engine system specifications 1.9 '

Electrical specifications 1.0

Structural and accoustics specifications 2.0 1.4
Heat and ventilation specifications 1.0

Thermal distribution system

specifications - 1.0
Project purchases, schedules and

construction plan 2.0
Construction cost budget 0.5
TOTAL 15.2 11.6
Installation
Engine installation 1.7
Electrical installation 0.4
Civil and architectural installation 3.0
Heat and ventilation installation .5 0.4
Thermal distribution installation 0.2
Drawing changes 0.5 1.0 0.2
TOTAL ' 1.0 1.0 5.9
Test and Startup 0.5 0.5
Sub Total (Final Design, Installation,

Test and Start-up) 16.7 12.6 6.4
GRAND TOQTAL 21.5 14.6 6.4
Sub Total Engineering Cost (Final _

design, Installation,Test and Start-up) $207,000

GRAND TOTAL (Replication Engineering Costs) $247,000
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AFPENDIX 4B

v and Maintenance Costs
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APPENDIX 48

Operation and Maintenance Costs

Operation and maintenance costs were estimated for the diesel engine,
generator, boiler and accessory equipment. The estimates for the diesel
engine were arrived at in consultation with representatives for Sulzer
and Superior. Operation and maintenance costs for other equipment were
estimated by Thermal Electron staff.

Sulzer reported that injectors should be removed and checked every
2000 hours and that this is an operation requiring 2 man hours. Their
estimated lifetime is about 6000 hours. Annual checkups consisting of
lifting the engine covers, checking valves, and pulling the pistons should
be performed every 6000-8000 hours of operation. Cost for these annual
checkups, including labor and replacement parts, (valves, lines, bearings,
etc.) when required, amounts to about $10-12/hp over the life of the engine.
Expected lifetime of engine components is given in Table 4B-1 with estimated’
differences between distillate and residual oil use. O0il changes are re-
commended every 10-12,000 hours of operation. Sulzer recommended increasing
the resultant costs by 25% to obtain a conservative estimate for operation
on residual fuel. '

Superior recommended checking the injector tips and changing the
engine o0il every 1000 hours, but claim that the injectors last 20,000 hours.
They recommend periodic maintenance inspection periods consisting of engine
observation and checks by field service mechanics every 2000 hours. They
anticipate major overhaul periods every 20,000 hours. The major overhauls
would include replacemént of bearings, pistons, rings, and valves if re-
quired.  Superior experience has been that the cost of the major overhauls
for the worst case gas engines is about $14-21/kwyr. |

Both engines, Sulzer and Superior, require extensive fuel treatment
of the residual oil. As explained in Appendix 3D, the two primary harmful
impurities in the residual oil are vanadium and sodium. Both must be re-
duced to tolerable levels to insure proper engine operation and minimum
maintenance ¢osts. The sodium is removed by washing and centrifuging. The
vanadium is treated with a magnesium-based compound to form magnesium

ortho-vanadate1 which has a higher melting point than organic vanadium.

1 G.E. Krolls, Liquid Fuel Treatment Systems, General Electric Gas Turbine

Reference Library, GER-2484, 1973,
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TABLE 4B-1

SULZER
0776 0032

AL25/30 and AV 25/30

Expected lifetime of engine
components due to wear
(load factor <0.9)

[hrs] (Hea vy) Diesel
fuel fuel

Injection nozzle: above 6000
Valves: (10000) above 30000
Top pistonring: 10000-15000

Piston: above 100000
Piston ring groove: Oversized above 50000

Liner: above 60000

Connecting rod bearings: 24000-48000
Main bearings: 32000-64000

Values depending on environment
conditions and taking reconditioning
possibilities into account
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This prevents deposition on the valves and cylinder walls. The amount of

additive required depends on the content of the fuel and the amount that

must be removed prior to use in the engine, amounting to about 3.2 parts

of magnesium per part of vanadium (by weight) removed. Fuels available in

New England have a wide range of vanadium content, from 50-250 PPM. For

the purposes of this analysis we have assumed the vanadium content to be

150 PPM."Ménufacfurerﬁ' recommended 1imits on vanadium content going into

the engine are listed in Table 4B-2, We see from this table that, according

to manufacturer's ekperiente, the Sulzer engine can tolerate gfeater limits

on sodium and vanadium. Costs for neutralizing the vanadium are calculated

in Table 48;2, which shows that the cost of Tretolite KI-16 for the Superior en-

gine is almost a mil/kwhr. greater than for the Sulzer engine. , )
Table 4B-3 summarizes fhe operation and maintenance costs for both the

Sulzer and Superior engine based on the above discussion. We see from

Table 4B-2 and 4B-3 that the difference is attributable to the larger amounts of

~ fuel additive required by the'Superibf engine for removal of the vanadium.

Other system operation and maintenance expenses are given in Table 4B-4. From

this table we see that the operation and maintenance costs are 5.7 mils/kwhr

for the Sulzer engine and 6.6 mils/kwhr for the Sﬁperior engine. This can

be compared to an expectéd cost of about 4 mils/kwhr for the distillate-

fired 1531 KW Fairbanks Morse with opposed piston described in the Phase I

report.
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TABLE 4B-2

MANUFACTURERS' RECOMMENDED LIMITS & |
FOR VANADIUM AND SODIUM GOING INTO ENGINE

‘ : SuEerior Sulzer
Vanadium 30 PPM 100 PPM
Sodium 5 PPM <1/3 V content’

Cost of Tretolite for Removal of Vanadium
from 150 PPM to Limits Imposed by Manufacturers

Sulzer (150 PPM to 100 PPM)

50 1b Vv X 3.2 1b Mg , 100 1b tretolite gal tretolite

10° 1b fuel . Y 4 8 1b Mg §.25 1b tretolite
x _0.504 1b fuel x $5.00 = $0.000545/kwhr
kwhr gal tretolite

Superior (150 PPM to 30 PPM)

120 1b V x 3.2 1b Mg , 100 1b tretolite , _gal tretolite
10° 1b fuel b V 8 1b Mg 9.25 1b tretolite

x 0.565 1b fuel $5.00 = $0.00147/kwhr
kwhr gal tretolite
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" TABLE 4B-3
SUMMARY OF DIESEL ENGINE OPERATION AND MAINTENANCE COSTS

Sulzer Superior
Type 8 ASL 25/30 Model 40-X-16
_ 1405 kwe 1500 kwe
Injector Inspection and Replacement $ 1,300/yr - $ 1,300/yr
Annual Maintenance and Overhaul
(every 6-8000 hours)* 22,000
Periodic Maintenance/Inspection** 2,200 2,200
Major Overhaul (every 20,000 hours)* 26,500
0i1l : 8,000 . X 6,000
Sub Total $33,500/yr $36,000/yr
Sub Total x 1.25 " 41,900/yr 45,000/yr
Tretolite*** 5,400 15,400/yr
Total Engine $47,300/yr $60,400/yr

Total Engine/kwhr $0.00481 /kwhr $.000575/kwhr

" *Includes major overhaul and feplacement of all parts over 20 year life of engine.

**Includes oil analysis, replace filters, check fuel pumps, valves, crankcase,
balance cylinder temperatures, etc.

***Based on vanadium content in oil of 150 PPM and treatment with tretolite (8% Mg)
at 3.2 parts Mg/part V and $5.00/gal tretolite.
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"TABLE 4B-4

SUMMARY OF SYSTEM OPERATION AND MAINTENANCE COSTS

Superior
Model 40-X-16
1500 kwe

Sulzer
Type 8 ASL 25/30
1405 kwe
Diegel Engine (see Table C) $ 47,300/yr
Generator 2,000
Boilers | ' 1,600
Pumps 1,5C0
Fuel Treatment System - 2,000
Miscellaneous 2,006
Total System $ 56,400/yr
Total System/kwhr $0.00573/kwhr

y.S. GOVERNMENT PRINTING OFFICE: 1978-740-206/132

$ 60,400/yr
2,000
1,600
1,500
2,006

2,000

$ 59,500/vr

$0.00662/kwhr



