. 2 Diesel-Driven Pumps

., 3 Motor-Driven Pumps {including jockey pump)
. 1 Foam/Dry Chemical Truck

. 1 Eguipment Van

. 150 Hand-Operated Extinguishers

. 100 Hose Reels

» 70 Hose Houses

. 90 Fire Hydrants

. 100 Post Indicating Monitors

. 1 Closed Loop Underground Piping System

The system protects the following areas:

Gasification Plants
Oxygen Plant

Coal Storage

Water Treatment Buildings
Warehouses

Administration Buildings
Methanol Storage Area

SNG

* & ¢ & = = & =

In addition to the fire protection system for the process
plants, fire protection systems are included for the combined
cycle power plant and coal handling system,

The various plants (i.e., shift conversion, acid gas removal,
methanol, sulfur recovery, etc.) are physically separated from
one another to delay the spread of fire, allow for quick access
to any plant by fire fighting equipment, and permit the intro-
duction of fire fighting gear between plants for coatainment.

The primary source of water for fire protection is the onsite
¢lean water storage pond which is supplied from the Copicut
Reservoir.

4.6 PLANT EMISSIONS
Plant emissions are divided into four major categories: fugitive par-

ticulate emissions, gaseous emissions, liquid wastes, and solid
wastes. Overall emissions and consequent waste treatment are mini-
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mized through the use of the Texaco Coal Gasification Process. Be-
cause of the high operating.temperature of the Texaco gasifier, by-
product tars and hydrocarbons heavier than methane are not produced.
Process waters are recovered and recycled to the gasification sys-
tem. High-temperature operation also permits recovery of the coalash
as a granular slag rather than as fly ash, thus minimizing ash
dispasal problems, Water treatment sludge is to be introduced to the

gasifiers for capture of the sludge by the granular stag.

4.6.1 Fugitive Particulate Emissions

Fugitive particulate emissions consist of dust from coal un-
loading, handling, storage, and preparation. Typical control
measures, such as using dust collection and wet suppression
systems or enclosed conveyors, can reduce fugitive dust emis-
sions by 85 to 98 percent, depending on the particular situa-
tion., The expected controlled emission rate of coal dust from
the plant site is 525 pounds per day. Ffn additional controlled
emission of 567 pounds per day of coal dust is expected at the
terminal coal handling site on the Taunton river. These emis-
sion rates are summarized in Table 4-3 and are based on a coal
feed rate of 10,500 tons per day.

4.6.2 Gaseous Emissions

Gaseous emissions consist of process vent gases, incinerated
tail gases, steam plant stack-gases, and power plant stack-
gases., These emissions are summarized in Table 4-4.

4.6.3 Liquid Wastes
Two differing 1liquid waste streams are generated on site,

treated, and pumped to the Taunton River. They are process
wastewater and sanitary wastewater.
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4.6.4 501id Wastes

Three basic sources of solid wastes will exist during the plant
operation:

a., Gasifier
b. Water/wastewater treatment systems
¢. 5Spent catalysts

of these three sources, slag from the gasifier, on a mass
basis, comprises the major portion of the soiid waste while the
remaining two are minor. Furthermore, the design and integrat-
ed operating procedures for the NEEP facility presently include
disposal of water/wastewater sludges (including sanitary) to
the gasifier system, resulting entirely in conversion to slag.
Spent catalysts will be recycled to manufacturers.

The disposal of solid wastes has assumed additional importance
since passage of the Resource Conservation and Recovery Act
(RCRA) and Massachusetts solid waste legislation. Of primary
concern in the disposal of these wastes is protection of public
health and the environment, Additional concerns are siting
{avoiding flood plains, wetland, seismic areas, archeologic/
historic areas, etc.) and aesthetics. The proposed engineering
approach to satisfying these concerns is described below.

Based on the coal feed rate of 10,500 tons per day to the gasi-
fier with coal characteristics as previously defined, approxi-
mately 1,500 tons per day of dry slag will be generated from
the coal itself. Water and wastewater treatment sludges will
contribute up to another 300 tons of dry slag per day.

Based on a density of 100 pounds per cubic foot for dry bulk
slag, the total volume of solid wastes generated will be
approximately 275 acre-ft per year at 90 pecent capacity.
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Based on a vertical stacking height of 40 feet, about 7 acres
will be required annually for slag disposal or 210 acres over
30 years. These acreages do not include access roads, slope

erasion control, runoff collection, etc.

4.7 PLANT EFFICIENCY

This section presents the overall thermal efficiencies and the dis-
tribution of energy flows for the plant. The efficiencies and energy
flows are based on gasifying 10,500 tons per day of coal; thus, the
total energy input to the facility is 228.3 billion Btu per day. The
production of 2,500 tpd methano]l consumes approximately one-third of
the raw gas. The production of 50 MMSCFD 3NG also consumes approxi-
mately one-third of the raw gas. After suifur removal, the balance
of the raw gas (up to a maximum of two-thirds) is used to produce
electric power in a combined cycle power plant and to satisfy the
internal plant fuel requirements.

4.7.1 Overall Energy Flow Distribution

The overall energy flow distribution is shown in Table 4-5.
Electric power is produced throughout the year; SNG production
is forecast for 6 months during the winter, while methanol pro-
duction is forecast for the rest of the year. The table is
based on the total coal energy input of 228.3 billion Btu per
day. The power plant flows are based on burning the amount of
medium Btu gas available from the process plant after supplying
the internal process fuel requirements. The methanol or SKG
output represents 20.7 percent of the total energy input.
Energy contained in unburned carbon and ash is constant for a
given gasifier feed rate. losses from the process vents ac-
count for 0.4 percent of the total energy input,

A more detailed study of waste heat recovery has resulted in
the lowering of cooling air and cooling water heat losses fTrom

4-108



Table 4-5

OVERALL ENERGY FLOW DISTRIBUTION
(EXPRESSED AS PERCENTAGE OF TOTAL COAL INPUT ENERGY)

SYNTHETIC FUEL

ITEM METHANOL SNG
Methanol (HHV) 20.7 0.0
SNG (HHV) 0.0 20.7
Net Electric Power 17.9 19.8
Sulfur (HHV) 1.5 1.5
Unburned Carbon (HHV) 0.8 0.8
Slag 0.1 0.1
Process Flue Gas 0.4 0.4
Air Coolers 6.8 5.4
Process Cooling Water 20.3 20.3
Power Plant Cooling Water 7.6 9.2
Power Plant Flue Gas 11.7 11.7
NOy Steam 1.6 1.6
Process Steam to Wastewater Stripping 7.8 7.8
Wastewater and Misceilaneous 2.8 0.7
TOTAL Iaa—O 1—160_6
PRODUCTS
Methanol, tpd 2500 0
SNG, MM SCFD 0 50
Electric Power, MW @ 68 F 500 550
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4.7.2

the early case studies, Large quantities of low pressure steam
are recovered in process waste heat boilers. Redesigning the
gasification shift, and gas cleanup units by increasing the
amount of waste heat recovery reduced the heat lost to air
coolers substantially and also reduced the cooling tower load
by about 14 percent, compared to early case studies.

The overall energy distribution of the plant for both methanol
and SNG is shown in Table 4-5 as a percent of total coal energy
input. The production rates of methanol and SNG both represent
the same heating value. Electric output is lower for methanol
due to the nature of the production processes. SNG production
is highly exothermic and results in the generation of a signi-
ficant quantity of high-pressure steam. The high-pressure
steam is superheated in the combined cycle plant HRSGs and sup-
plied to the steam turbine. Surplus low-pressure steam could
be supplied from the methanol plant if fuel grade methanol were
produced in lieu of chemical grade methanol. This would make
up for about one-third of the electric power difference. The
difference in air cooler losses represents the removal of low
level heat from the methanol before it is pumped to storage.
The difference in power plant cooling reflects the additional
steam turbine flow required for SNG. The very large quantity
of steam consumed by wastewater stripping is given in the
table. The electric power generating potential of this quanti-
ty of steam represents approximately 10 percent of the total
net electric power. This effect could be cut in half by the
use of a better quality of water for process plant makeup
(i.e., Yower stripping steam flow).

Conversion Efficiencies

The efficiencies for converting coal to intermediate and final
products are shown in Table 4-6. The estimated net electric

4-110



Table 4-6
CONVERSION EFFICIENCIES

PROCESS EFFICIENCY %
Ceal to raw gas * 76.1
Raw gas to fuel gas ** 97.6
Raw gas to syngas *¥ 89.4
Syngas to methanol ** 86.0
Fuel gas to electric power ¥ 45.9
Coal to electric power tf 33.8
Coal to methanol ** 67.4
Coal to SNG ** ' 74.3

Coal to electric power
and methanol § 38.7

Coal to electric power
and SNG §§ 40.3

¥ Cold gas efficiency” = HHV of raw gas/HHV of coal to gasifier
** Chemical conversion efficiency

¥ Gross electric power production

tt Net electric power production

§ 2,500 tpd methanol production

§§ 50 MM SCFD SNG production
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power, coal to busbar efficiency of NEEP is 33.8 percent. This
does not include the effect of steam turbine extraction flow
for wastewater ammonia stripping.

4.8 PLANT OPERATING ANALYSIS

Designs for the conceptual process and power plant presented in this
report have assumed base-load operation with an overall average oper-
ating factor of 90 percent for all parts of the plant, including
pbwer generation. This section examines the plant's ability to oper-
ate at variabie production rates, as well as with load balancing
between power, SNG, and methanol production,

4.8.1 Variable Production Rates

Figure 4-19 shows the effect of ambient temperature on the
gross and net electrical output from the plant as a whole
{(i.e., house loads and power recovery from fuel gas expansion
is included),

The combined cycle power plant has a power output of 550 MW
(net site) at 68°F while consuming two-thirds of the total gas-
ifier raw gas production. Above 79°F, the gas turbines are
incapable of consuming two-thirds of the raw gas production.
At 90°F, the turbines' gas consumption capability falls to
approximately 95 percent.

Below 79°F, the gas turbines are capable of consuming more than
two-thirds of the raw gas. At 20°F, the gas turbines are capa-
ble of consuming 78 percent of the total raw gas production to
produce 700 MW (gross).

As ambient temperature falls, air density increases. Since
the gas turbine air compressor is essentially a constant volume
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4,8.2

machine, more air mass can be compressed with decreasing tem-
perature. As more air is compressed, more fuel can be consumed
yielding the same turbine inlet temperature. Power output
increases because the mass flow rate through the turbine is
higher.

Figure 4-19 shows increasing electrical power output with
decreasing ambient temperature even without an increase in fuel
consumption. This is due primarily to the decreasing power
consumption of the oxygen plant air compressors and to a lesser
extent, improving plant heat rate (i.e., efficiency) with
decreasing ambient temperature.

Gasifier Load Leveling

Because over 75 percent of the facility's capital investment is
in the coal gasification and gas cleanup equipment, it is de-
sirable to operate the equipment at the highest possible
throughput at all times. The simplest means of achieving this
is to assume that the power plant is always base-loaded at
rated capacity. However, in actual practice toad swings will
occur and have been taken into consideration by providing ade-
quate flexibility in the design of the facility. Raw gas is
diverted from downstream of the convection raw gas ccolers to
the syngas systems to produce more methanel and/or SNG. When
methanol and SNG are produced concurrently with electrical
pawer, each consumes one-third of raw gas production., This
reduces the quantity of fuel gas for electric power production
to half qf its maximum quantity.

Figure 4-20 depicts the expanded methanol and SNG production
versus power plant load from 50 percent to 110 percent, The
maximum gasifier turndown is 60 percent for each unit. Turn-
down below 60 percent for each gasifier is not recommended be-
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cause the efficiency of slurry atomization drops significantly
below this level. As the power plant load decreases, more raw
gas will be available from the gasifier for methanol and/or SNG

production in accordance with the curves shown. It is desir-
able to produce maximum SNG during the winter season since the
demand for heating is high. A typical winter operating mode is
one wherein the SNG train produces 50 MM SCFD of SNG under ful-
ly loaded conditions and any drop in the power plant load wili
result in more methanol production. For example, if the power
plant load is reduced to 80 percent, the excess raw gas will be
chaninelled to the methanol train to generate approximately 900
tpd of methanol. In the summer season, forecast SNG consump-
tion is low and peak capacity methanol production is envis-
aged. The methanol train is expected to operate at full capa-
city with the SNG train available to absorb the surplus gas
when the power plant load is reduced. For example, if the
power plant load is reduced to 80 percent, the SNG train will
produce approximately 18 MM SCFD of methane, It is possible to
operate the power plant load at 40 percent with both methanol
and SNG trains operated near their full design capacity. Any
reduction in power plant load beyond this level can be accom-
plished by reducing the number of operating gasifier modules
and turning down the raw gas output.

If the power plant load exceeds 100 percent, both methanol and
SNG trains can be operated at reduced capacities as shown on
Figure 4-20. Operation of the power plant above 114 percent
fuel consumption is not possible due to gas turbine limita-
tions.

When the methanol or SNG facility is operated at Tow turndown
capacity, the compressors may be operated below surge Timia-
tations. An automatic system is required to recirculate some
gas to prevent surging. If both methanol and SNG are operated
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4.8.3

above 50 percent capacity at the time, additional injection
steam at 600 psig will be required to increase the Hp0/CO ratio
in the raw gas diverted from downstream of convection heat
recovery for proper water shift conversion.

Reliability and Availability

Reliability and availability are key concerns in the design of
the New England Energy Park. Considerable effort has been ex-
pended to ensure that the NEEP will exhibit superior operating
performance, Reliability engineering was introduced early in
the NEEP project and will continue to be emphasized throughout
the life of the project. Some of the steps which have already
been taken to enhance plant reliability and availability are:

. Commercially proven equipment has been used to the maximum
extent possibile.

. Process design philosophy has incorporated multiple train
configurations to minimize the likelihood of full plant pro-
duction loss.

. Spare equipment and/or excess standby capacity have been
incorporated in critical areas.

. A comprehensive reliability engineering program has been
instituted to provide assurance that plant performance goals
will be met.

(a) NEEP Reliability Program

Reliability engineering is a methodology which relates all
the factors necessary for high availability and attempts to
quantify their relative importance. Also, it establishes
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procedures and identifies measures wnich will help assure
achievement of the desired availability goals., The NEEP
reliability program management task force is an integral
part of the project engineering team. This organizational
structure helps to ensure that results and recommendations
of the program are incorporated into the plant design,

Before listing the individual tasks to be performed as part
of the reliability program, several points must be mention-
ed which are necessary for the program to be successful.
First, the activities of the reliability program are coor-
dinatedwith the project design schedule. Efforts are being
made to discover and rectify problems before they are
wecast-in-cancrete."  Second, the NEEP will be one of the
first, large-scale commercial coal gasification combined-
cycle plants. It is absoltutely essential that the project
design team, along with the reliabilty engineers, keep
abreast of the numerous Texaco process development programs
being conducted both domestically and abroad.

Pilot plant testing of coal gasification is continuing to
provide data on the reliability and availabiiity of coal
gasification technology. A large scale demonstration plant
by Ruhrchemie/Ruhrokohle has been operated since 1978. The
demonstration unit has been on line for 11,000 hours, hav-
ing gasified 60,000 tons of coal. Different types of coals
have been tested. Overall carbon conversion efficiency nas
been rated at 94 percent, which is greater than the 390 per-
cent design basis., A full waste heat recovery train has
been in successful operation for 9 months. Ancther demon-
stration unit is now operating successfully by TVA. This
unit does not include radiant and convective boilers. A
full scale commercial unit is now under construction by
Tennessee Eastman. Still another plant has been designed
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for the Cool Water project and is currently under construc-
tion.

A particularly valuable source of information has been the
developmental work being funded by the Electric Power Re-
search Institute. In the last half of the 1970s, EPRI ini-
tiated a developmental program to prove the TCGP oa a com-
mercial, utility scale (Cool Water), and also undertook the
development of an 1100-MWe integrated coal gasification
combined-cycle power plant. Part of EPRI's efforts have
been directed towards establishing a methodology for as-
sessing the availability of a gasification plant, as well
as compiling a component failure rate and repair data base
applicable to the TCGP. In addition to the above programs,
EPRI is sponsoring development of a high reliability gas
turbine combined-cycle unit, with special attention being
given to integration with a coal gasification plant. The
data from these EPRI programs is providing te be a rich
source of useful and timely information for the NEEP relia-
bility program.

The specific tasks to be performed as part of the reliabil-
ity program were selected based upon their suitability to-
wards accomplishing particular goals related toc enhancing
plant safety and availability. Tasks concentrate on both a
system and component level of detail. Many of the activi-
ties in the program have already been initiated.

. Establishment of Plant Performance Goals

. Allocation of Plant Availability Goals

. Preliminary Hazards Analysis (PHA)

. Availability Design Review (ADR)

. Collection of System and Component Failure Data

. Fault Hazards Analysis/Failure Modes and Effects Analy-
sis/Criticality Analysis (FHA/FMEA/CA)
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. Critical Items List (CIL)

. System Failure Analysis

. Integrated Plant Model

. Review of Test, Maintenance, and Operating Procedures

Sparing Philosophy

The reliability and availability of a full scale Texaco
gasification plant using coal as a feedstock has yet to be
proven on a commerical scale. For the NEEP facility to
meet the overall capacity factor targets, each process
plant must meet its corresponding performance goals. One
of the steps taken in the design to accomplish this ebjec-
tive is to provide spare equipment or excess capacity at
critical points in the plant. There are three basic op-
tions available when specifying sparing requirements.
These options are:

. Installed Spares on Standby

Redundant equipment is built into the plant, but does not
operate during normal operation. Should one of the oper-
ating units become inoperable, the installed spare can be
rapidly brought into service with minimal or no loss of
production.

. Equipment Capable of Excess Production

Most of the equipment in the plant is capable of opera-
tion at capacity levels above the stated design level,
If necessary, the equipment could operate at these higher
levels for short periods of time to help compensate for
outages of other equipment.

. Local Warehousing of Spare Equipment
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(c)

Replacement units are kept in inventory at an on-site
warehouse.

The particular sparing option, or combination of options,
to be employed for each process block will depend upon
several factors, such as cost, availability, and the criti-
cality of the block to the overall facility.

Risks and Mitigating Measures

This section presents the potential technical risk areas
for the gasification plant and the other process facili-
ties, their nature and risk probability, and their conse-
quence on plant operation, The measures already taken and
the recommendation(s) for further risk reduction are sum-
marized in Table 4-7,
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5., MARKETING
5.1 INTRODUCTION

The marketing plan for New England Energy Park products is based on a
multi-product production strategy. The major product, electrical
power, serves as the anchor for the project, since electrical power
is traditionally marketed under long-term contracts. Contractual
terms are being sought under the provisions of the Public Utility
Regulatory Policy Act of 1978 (PURPA) which will allow project spon-
sors a return on equity commensurate with the risk of a pioneer pro-
ject while offering utility rate payers a Tong-term savings over the
oil-generated power it displaces. This marketing objective is feasi-
ble in the New England Power Pool (NEPOOL) because of the Pool's
heavy dependency on oil-fired generation through the 1990's. Exten-
sive analysis has been performed on NEPOOL's generation situation and
future options open to the pool. The New Engtand Energy Park unit
presents an attractive option to the Pool on an economic, eavironmen-
tal and financial basis, as shown in the following section on market
analysis. Discussions are in progress with several utilities regard-
ing power purchase, operation of the facility and possible ownership
of the capacity. Placement of a large cogenerator on the NEPOOL sys-
tem presents first-of-a-kind 1legal, requlatory, and institutional
issues which require resolution by the utilities as a group. The
NEEP sponsors are working toward resolution of these issues in coop-
eration with the New England utilities,

Methanol marketing has been based on a bootstrapping approach with
sales to the turbine market in the early years allowing a least cost
market position in the transportation market, when that market devel-
ops. The nearby New York/New Jersey area presents a large utility
turbine market. Four utilities represent a large enough market for
the offtake. Discussions have also been initiated with Hobil 011
Corporation regarding the feasibility of piping methanol to the Mas-
sachusetts Municipal Wholesale Electric Company (MMWEC) combined
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8.2

cycle unit in Ludlow, Massashusetts. In addition, Brooklyn Union Gas
Company is considering the feasibility of methanol as a feedstock for
their SNG plant at Green Point, New York.

Natural gas (methane) market analysis was not begun until the entry
of Brooklyn Union Gas Company and Eastern Gas and Fuel Associates
into the project. At that time, natural gas supply and demand balan-
ces were examined for the northeastern region of the United States,
Methane demand has a seasonal component throughout the U.S.; however,
the availability of methane supplies during the winter heating season
is particularly important in the northeastern region because of the
severity of the climate. The northeastern utilities deliver 5§ to 7
times as much gas in the winter as in the summer. With limited gas
storage available, the inherent flexibility of NEEP in controlling
the quantity and timing of methane delivery is of great value to the
northeast. '

MARKETING OBJECTIVES

. Long-term contracts are being sought for power and methane. These
contracts shall éontain pricing provisions tied to reasonable al-
ternatives for the consuming sector; they shall also contain re-
quirements that the products must be taken if available.

. Methanol shall be sold on a commodity basis into the New York/New
Jersey stationary turbine market. Because minor capital invest-
ments will be necessary for turbine modifications, short term con-
tractual arrangements for methanol are likely during the early peri-
od of facility life,

. The product contracts ensure that NEEP products are placed prior to
startup and that partial credit support is provided.

. The proposed marketing arrangements shall grotect the nonregulated
status of the New England Energy Park. Although methane and power
~ are sold into regulated markets, contractual arrangements are being
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designed to insulate non-utility sponsors from regulation under the
Public Utility Holding Company Act or rate regulation by the Feder-
al Energy Regulatory Commission or the Massachusetts Department of
Public Utilities.,

. Contract provisions for the placement of baselcad power and the
placement of full production of methane in the winter months and
methanol in the summer months are being sought, Operational con-
siderations, particularly reliability, indicate that the IGCC train
is best run in a baseload condition. The SNG and methanol down-
stream units are capable of absorbing operational swings.

5.3 MARKETING PROGRAM

5.3.1 Electric Power

The power from the New England Energy Park is being marketed
into the most integrated pool in the uUnited States. NEPOOL is
a cooperative arrangement among New England utilities that has
been evolving over a substantial period of time. In 1954, the
Yankee Atomic Electric Company was formed by ten New England
electric utilities to construct a 175-megawatt nuclear plant,
which went into operation in 1960 at Rowe, Massachusetts. Fol-

lowing the success of this project, similar joint ventures have
been formed by more than a dozen New England utilities to con-

struct three additional nuclear power plants - Connecticut Yan-
kee, Maine Yankee, and Vermont Yankee,

In late 1966, initial steps were undertaken tc develop a power
pooling agreement and a central dispatch operation, the New
England Power Exchange (NEPEX). The agreement was drafted dur-
ing 1967 and revised in 1968 by the NEPOOL Working Committee,
which included representatives of small investor-owned systems,
publicly owned systems, and the nine originators of the con-
cept,

5-3



Some of the current Pool members are:

. Boston Edison Company

. Central Maine Power Company

. Central Vermont Public Service Corporation
. Eastern Utilities Associates

. New England Electric System

. New England Gas & Electric Association

. Northeast Utilities

. Public Service Company of New Hampshire

. United I1luminating Company

NEPOOL currently serves four major roles:

. Long range planning

. Implementation of members' plans

. Centralized operations planning and control

. Pricing and billing procedures for exchange transactions

Dispatch is accomplished centrally under the principle of leas
cost generation, and members reimburse each other through
"gavings share" arrangement. Centralized dispatch and plannin
have led to joint investments in projects for new generation.

puring the last decade the New England utilities built to mee
peak load growth, which was quite brisk until the rapid run v
in oil prices in 1973-1974; Figure 5-1 shows peak load growt
from 1955 - 1979, The Pool is still winter peaking, but sev
eral southern New England utilities have become summer peakir
during the recent past. The NEPOOL peak load growth projectic
is 2.6% percent annually, but individual utilities are project
ing lower growth, For example, Boston Edison foresees a 1lo:
growth rate of 1.7% if coal conversion programs are successfl
and the price of power is held down, but only 1% if their o
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dependency remains unchanged. Southern New Hampshire is expe
iencing peak load growth rates of 5-6% because of the raf
development of that area. Because of the high cost of he
heating in the region, many New Englanders are turning to wc
or solar for heating, supplementing these alternate sour
with electric heat, either resistance heating or quartz he
ers. Although the overall cost of space conditioning is loy
to individuals, these changes in consumer preferences for sp
conditioning may lead to exaggerated winter peaking patter
This trend is being closely watched by utility load foreca
ers.

Since load growth trends are downward, the emphasis in gene
tion planning has shifted to concerns with the fuel basis
power generation and the price and security of supply of fu
used for generation. As shown in Figure 5-Z, the Pool is he
i1y dependent on oil for generation. Nearly 60 percent of
electrical generation in New England in 1980 was oil-fir
Figure 5-3 compares New England to the United States, which
only 11 percent dependent on oil-fired generation. Virtu:
all of the oil used for power generation in New England
imported and is subject to the price fluctuations in the w
oil market as well as potential disruptions in delive
NEPOOL would like to reduce this dependency on foreign
diversify sources of supply and maintain and increase tl
ability to adapt to changing consumption patterns. To ¥
these objectives, the Pool has several options:

. New nuclear capacity

. Conversions of oil units to coal
. Purchase of Canadian power
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Nuclear expansion in the 1980's in New England will probably be
1imited to the three units under construction, Millistone 3, and
Seabrook 1 and 2, with a total capacity of 3450 MW. The recent
cancellation of the Pilgrim II unit (and those of Charlestown
and Montague) illustrates the problems encountered with begin-
ning new nuclear units at this time. The lead times on the
units are excessively long, on the order of 14 years, causing
significant cost growth in periods of high inflation and inter-
est rates. Because of cost growth and the licensing uncertain-
ties since Three Mile Island, nuclear expansion presents exces-
sive financial risk to many New England utilities, whose finan-
cial positions are not strong enough to allow them to accept
such risk.

Twenty-four oil units in New England have been assessed as coal
convertible (a total of 2760 MW). The conversions will be
evaluated by individual utilities taking into account location,
age of unit, potential de-rating, and permitting situation.
Environmental licensing has taken 2-3 years for conversions
already in progress; construction typically requires 1.2
years. Not all of the twenty-four units will be evaluated as
cost-effective conversions. NEPOOL uses a planning figure of
seven conversions. Even with coal conversions the Pool is sig-
nificantly dependent on oil during peak day dispatch. Figure
5-4 presents the annual generation mix, given all coal conver-
sions. The New England Energy Park power is targeted toward
replacing oil capacity on the system and substituting for coal
conversions that are not deemed cost effective.

A utility version of the New England Power exchange (NEPEX)
dispatch model was used to evaiuate the avoided cost of power
that would result from the NEEP project. The NEEP sponsors
adjusted NEPOOL announced capacity plans to reflect the current
financial and timing constraints.
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5.3.2

The 1990 avoided cost calculated using this methodology, ranges
from 5.9 to 6.5¢/KWH (expressed in 1981 dollars) which is in
excess of the 5.63¢/KWH assumed for revenue projections, indi-
cating that a bargaining range does exist, and that the poten-
tial also exists for levelization of power prices to mitigate
early year losses for the NEEP sponsors,

The New England Energy Park's status as a qualifying cogenera-
tor under PURPA allows project sponsors considerable latitude
in power sales to utilities, It is anticipated that power pur-
chase contracts with more than one utility will be necessary.
These contracts may be subject to scrutiny by the Massachusetts
Department of Public Utilities (DPU).

In addition to power purchase contracts with individual utili-
ties, transmission agreements will be made with NEPOOL. To
facilitate the transmission and dispatch arrangements, the unit
will be analyzed by the NEPOOL Planning Committee under their
usual procedures. The project will be presented to the Plan-
ning Committee in early summer to begin the analysis of system
stability and capacity and energy needs. In the interim, dis-
cussion of possible contract terms and conditions continues
with individual utilities.

Methanol

Market analysis has been performed on chemical feedstock,
transportation and turbine fuel markets for methanol. A survey
of the chemical methanol market in the United States revealed
excess capacity currently and planned additions equal to
expected growth in demand. In addition, a survey of the New
England area revealed .minimum feedstock use; major users are
located in the states of New York, New Jersey and Pennsylvania,
but total usage is less than half of the projected output of
the NEEP project.
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The transportation blending market was analyzed briefiy. A
blending value for methanol was calculated based on backing
butane out of the gasoline pool. The value of methanol for use
in the gasoline pool was calculated for low concentration
blends (less than 10%) in unleaded gasoline. The calculations
are based on a comparison versus butane, with the decision to
blend in methanol or butane being based primarily on the rela-
tive values of the two components. That 1s, a decision to
blend in methanol 1is, in effect, a decision to back out bu-
tane. Two additional important factors in this calculation
are:

. Components in the gasoline pool must remain balanced for con-
trol of vapor pressure.

. Added value is ascribed to higher octane components based
upon the refinery cost of incremental octane.

The blending values calculated are summarized in Table 5-1 be-
Tow, along with the corresponding forecast for unleaded regular
gasoline,

Table Bl
METHANOL BLENDING VALUE

(nominal ¢/gallon)

1980 1985 1990
Unleaded Regular Gasoline 91.3 185 286
Methanol Blending Value 64.7 134 224

The calculated methanol blending value is about 30% higher than
the NEEP methanol price during the late 80's. However, it
should be noted that these values for methanol do not account
for technical problems such as corrosion and phase separation
which may preclude the use of methanol/unleaded gasoline blends
by major oil companies.

5-12



Despite the projected attractiveness of methanol as a blending
fuel, oil refiners have not shown interest in it. This lack of
interest may be attributable to the soft gasoline market. The
transportation market is therefore regarded as a potentially
attractive market which may be available but which is difficult
to demonstrate presently., However, EG&G is participating in a
methanol vehicle demonstration program with the State of Massa-
chusetts to stay abreast of developments in this market seg-
ment.,

Methanol market analysis efforts have concentrated on the util-
ity turbine market. Capital shortages in the utility sector
coupled with inflationary interest rates and long permitting
and construction lead times have dramatically increased the
incentives to keep on line the existing 200,000 MW of oil and
natural gas fired capacity in the United States. Recent con-
servation measures together with rapidly increasing utility
rates have resulted in a sharp decrease in load growth projec-
tions for most sections of the country. A decreased require-
ment for new large base loaded units has increased the need to
consider smaller, more flexible equipment such as combined
cycles and simple cycle gas turbines for system expansion. The
operation of such units is much enhanced by ultra-clean liquid
or gaseous fuels that are available on an as-needed basis,

Although methanol has not been traditionally used as a power
generation fuel, it is extremely clean and could, therefore,
contribute significantly to decreasing emission problems
currently facing the industry. Methanol contains no sulfur, no
particulate matter and no nitrogen. It also burns at lower
temperatures than petroleum derived liquid fuels or natural
gas. It would, therefore, be anticipated to produce
significantly lower nitrogen oxides emissions than petroleum
based 1iquids and other synthetic fuels.
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Extensive testing, partially funded by the Electric Power Re-
search Institute and Southern California Edison Company, has
been performed on methanol as a turbine fuel., These results
indicate that with certain minor modifications of the fuel
handling system, methanol can be burned in gas turbine units
efficiently and with some environmental advantages.

An examination of recent DOE reports indicates that four of the
ten largest utilities with multiple gas turbine installations
are located on the East Coast. Access to the Eastern Seabeard
from the NEEP site via rail and coastal barges, makes this mar-
ket a particularly attractive target.

Table §-2 summarizes the potential utility gas turbine demand
for methanol in New York/New Jersey under the assumption of
conversion of all existing units. This data is based on both
FERC Form 1 and Form 12 submittals by these utilities as of
1980. This demand is roughly 1.6 times the estimated NEEP
methanol output of 2500 tons/day and is likely to grow with
continued decreases in base and intermediate load capacity
additions due to regulatory and financial restraints. The nine
utilities shown on Table 5-2 presently have gas turbine facili-
ties with the following fuel requirements:

pistillates {No. 2 oil or jet fuel) 54%
Natural Gas 24%
Multi fuel 22%

Additionally, the present distribution of electricity demand
produces a seasonal component fin the fuel requirements,
typically with a distributiun such as that shown in Table 5-3.

Conversion of gas turbines to methanol feed has been examined
and found to be reasonably low cost. Methanol is more bulky
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Table

5-2

UTILITY GAS TURBINE EQUIVALENT METHANOL REQUIREMENTS

Installed | Annual Annual Annual (1)
Capacity Energy Energy Methanol
1980 Output Input Equivalent
Utility {(MW) (MWH/yr) | (Btu/yr x 1012) | {tons/yv)
New Jersey
Atlantic City Electric 375 244,500 3.212 164,750
Jersey Central Power 1,041 62€, 500 8.381 429,800
Public Service Electric 2,902 539,500 7.598(2) 389,650
New York
Central Hudson Electric 42 2,000 0.027 1,400
Consolidated Edison 2,549 422,000 6.674 342,250
Long Island Lighting 1,246 182,500 2.333 119,700
Niagra Mohawk 297 84,500 1.170 60,000
Orange & Rockland 84 4,500 0.065 3,350
Rochester Gas & Electric 38 17,500 0.243(2) 12,450
TOTALS 8,574 |2,124,000 26.491 1,523,350 =
4,175 tons/day

Notes:

{1) Based on methanol heat content of 19,500,000 Btu/ton.
(2) Based on average full load heat rate of gas turbines

surveyed of Btu/kWH.

Table

5-3

TYPICAL DISTRIBUTION OF METHANOL DEMAND
(% of Average Monthly Demand)

January
February
March
April
May

June

220%
159%
67%

74%
30%

6%

July
August
September
October
November
December

85%
232%
114%

20%

96%

95%
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than conventional liguid fuels on a Btu basis; therefore, lar-
ger storage and transfer facilities are required., Retrofit of
existing facilities with special floating roof storage tanks
would be most likely. Methanol is not compatible with certain
materials, and therefore care must be taken in the selection of
materials. Fire protection modification and methanol vapor

. detection equipment may be required. All of these items can be

5.3.3

addressed through engineering redesign coupled with additional
capital investment in new equipment, Conclusions based on the
preliminary EPRI test program indicate that:

. Methanol is a clean burning fuel. Emission levels are ex-
tremely low and would not require the use of special equip-
ment for pollution control;

. Operation and maintenance costs are less than those associ-
ated with units burning distillates and approximately equal
for natural gas burning units;

. Overall performance and efficiency is better than distillate
or natural gas operations,

Methane

With the entry of Eastern Gas and Fuel Associates (and its
subsidiary Boston Gas) and Brooklyn Union Gas Company into the
NEEP sponsor group, the economic attractiveness of and
potential markets for high-Btu gas from the NEEP have been
examined. A special engineering study on the addition of
methane to the product slate was completed by Bechtel. This
study provided the design basis for methane product cost
analysis. Concurrently, natural gas supply and demand balances
for the region were examined, The results of this market
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Natural gas demand grew at a rate of 7% per year in New England
and 5% in New York State during the 1960s, but gas supply
shortages and subsequent curtailments of pipeline deliveries in
the 1970's restricted the rate of growth in demand for natural
gas in that decade, However, with the passage of the Natural
Gas Policy Act of 1978 and the development of supplemental
methane sources, the natural gas supply outlook has been im-
proving over the past three years. This improvement has been
reflected already in a dramatic increase in new gas sales re-
ported in New England and New York State in 1980 and 1981.

Figure 5-5 presents projected methane demand in New York State
and New England for the 1980s. The region's projected average
annual rate of growth is 1% to 2%. This forecast is based on a
number of conservative assumptions associated with the current
rapid escalation of natural gas prices and a partial decontrol
of gas wellhead prices scheduled for 1985. In spite of this
modest rate of growth in natural gas demand, the total New
England and New York State demand is projected to increase by
at least 100 billion cubic feet in this decade and an
additional 100 billion cubic feet in the 1990's.

The region's methane demand growth is due primarily to
projected conversions of oil heating customers to natural gas
in the residential sector,

Historically, all forms of domestic energy have been expensive
in the Northeast. For decades, the region reacted to this fact
by importing large quantities of foreign oil. Much of this oil
was absarbed by the residential market with the result that,
compared to other parts of the U.S., the Nertheast has a large
percentage of gas customers who do not heat their homes with
gas. This situation presents a large potential source of
market growth and one which is very desirable, from a national
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policy perspective, The customer who converts to gas heat also
tends to convert to gas for hot water heating, further increas-
ing potential saturatians.

Two pipeline companies currently supply the New England states
with natural gas. Both companies obtain their gas supplies
from sources in the Gulf of Mexico, a distance of approximately
1,600 miles. Because of this distance and the fact that New
England is at the end of the supply systems, the natural gas
supply to New England has tended to be expensive and somewhat
fragile with regard to security.

Because of these factors, the New England area was first in the
country to look for other sources of gas supply. Among these
other supplies are Algonquin's naphtha-based SNG plant, Boston
Gas Company's propane-based SNG plant, and the LNG import term-
inal of the Cabot Corporation in Boston Harbor, Because the
outlook for the future is for little, if any, increase in natu-
ral gas supplies from domestic sources due to transmission sys-
tem constraints, the New England utilities will have to contin-
ue to look elsewhere for new supplies to meet expected load
growth. Possible sources are imported natural gas from Canada,
increased LNG imports from Algeria, or other countries, and
increased production of SNG gas from new and/or existing plants
with liquid or solid feedstocks. All1 planned supplemental
sources to the Northeastern region rely on foreign sources of
gas. While the region's geographical location favors imports
from Canada, imported energy supplies have political as well as
security of supply implications.

The market analysis undertaken by the NEEP sponsor group indi-
cates a growing, c¢limate-sensitive natural gas load in the
Northeast, due primarily to the rising cost of home heating
oil. The gas transmission and distribution companies have
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responded to load growth by structuring a number of supplemen-
tal supply projects. However, all of these projects depend on
foreign sources of supply. NEEP offers a distinct advantage to
distributors because of its ability to deliver gas during the
winter season from within the region,

5.4 STATUS OF MARKETING PROGRAM

The power marketing program has been based on a PURPA approach with
full information exchange with the New England utilities. Extensive
meetings have been held with Boston Edison Company, Eastern Utility
Associates, Massachusetts Municipal Wholesale Electric Company, and
the New England Electric System. Boston Edison has aided the project
by performing dispatch analysis on their generation planning simula-
tion model. In addition, information discussions have been held with
Central Maine Power and Northeast uUtilities.

Qualifying cogenerator status for the facility has been received from
the Federal Energy Regulatory Commission; a copy of their order is
appended to this volume, Since the NEEP is the largest certified
cagenerator in the nation, the placement of the power raises complex
jssues with regard to dispatch, capacity payments, ownership,
operation and appropriate contractual arrangements, Individual New
England utilities have offered long-term contracts to small
qualifying facilities at 90-95 percent of avoided cost {the fuel
component of the cost of generating power in conventional oil-fired
thermal units). However, because of the size of the NEEP and the
necessity of dispatching at baseload, the contractual arrangements
for power placement will be negotiated with more than one member of
NEPOOL. Such joint contractual undertakings have been used in
support of the Canadian imports.

In the methanol marketing program, the utilities identified in the
turbine market survey have been contacted, They have generally con-
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firmed EG&G's analysis on conversion cost and use issues. Letters
from Consolidated Edison and Long 1Island Lighting expressing an
interest in purchasing the methanol are appended to this vclume. In
addition, The Brooklyn Union Gas Company is assessing the potential
for substitution of methanol for naphtha at their Green Point, New
York, SNG peak-shaving plant and may choose to exercise their
purchase option if results of these studies indicate a benefit far
methanol conversion.

The NEEP methane marketing efforts have meet with positive responses
from potential off-takers. Brooklyn Union Gas, who joined the pro-
ject primarily because of its interest in purchasing methane, has
expressed an intent to off-take at least 20 million cubic feet of
methane per day during the winter season (approximately 5 Bcf of
pipeline quality gas per year). Boston Gas Company, a wholly owned
subsidiary of Eastern Gas and Fuel Associates, also expressed a
strong interest in purchasing winter methane.
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6.

FINANCE

6.1 INTRODUCTION AND STATUS

At the time the NEEP goes into commercial operation in early 1988,

total estimated capital cost of $3.8 billion will have been incur-

red. These costs include the 1981 dollar estimate for construction

of $2.0 billion, the impact of inflation during the five-year con-
struction period on these costs of approximately $0.8 billion, inter-
est on funds borrowed during construction of approximately $0.6 bil-

1ion and $0.4 billion for working capital and losses during the first
year of operation. It is contemplated that funds to meet these capi-
tal requirements will be provided by equity sponsors in the amount of
approximately $1.1 billion with the $2.7 billion remainder being bor-
rowed (see Table 6-1).

Table 6-1
SUMMARY OF BASE CASE FINANCIAL RESULTS
(Billions of Current Dollars)

Capital Cost Project Funding
Construction Cost Estimate $2.0
Inflation of Construction Costs 0.8
Interest Buring Construction 0.6 Guaranteed Debt $2.7
Initial Working Capital Deficits _0.4 Equity Contribution  $1.1
Total Estimated Project Costs $3.8 Total Funding $3.8

Total Project Cost per Barrel of 0il Displaced: $12.08

Because of the magnitude of this undertaking and the technical risk
incurred, the borrowings will only be possible if the credit support



is provided by the U.S. Government through the United States Synthe-
tic Fuels Corporation (SFC).

The NEEP financial projections demonstrate that the economic viabil-
ity of this project depends on the ability (1) to market the pro-
ject's output under contract, and (2) to mitigate the project's
risks. Given the location of the project, and New England's depen-

dence on foreign 0il, the project's output will be marketable pro-
vided it is competitively priced, Project risks, in particular risks
associated with performance shortfalls and capital growth, were anal-
yzed based on the engineering risk mitigation strategy and the antic-
ipated participation in the Cool Water project.

The project management has developed a staged approach to funding
consistent with the project's technical development. Funding for the
feasibility stage of $10 million has been provided by‘ the equity
sponsors and a grant from the Department of Energy. The funding of
$16 million through the pre-construction siage will also be provided
by the equity sponsors contingent on the prospects of financial as-
sistance in the form of loan guarantees from the SFC to assist in
funding during the construction phase. Assuming such guarantees are
provided, funding during the construction phase will be shared 30% by
the equity sponsors and 70% from borrowings by the project. As is
typical in construction financing, the jnitial debt capital will be
provided by commercial banks under a revolving credit facility with

such interim financing ultimately repaid with the proceeds of the
permanent financing.

The financial projections indicate that NEEP is an economically vi-
able project. The returns are sufficient to attract the necessary

equity capital and provide adequate debt service protection to the
lending institutions. However, it is impractical to assume that ail
risks can be minimized to the point of insignificance during the con-
struction period and the initial years of operation. For this rea-
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6.2

son, the praject is requesting assistance from the SFC initiatly in
the form of loan guarantees with the possibility that price guaran-
tees may be requested after completion risks are removed.

COST METHODOLOGY

To facilitate the estimate of the capital cost of coal conversion,

each process system was further divided into plants utilizing the
architect/engineer's (A/E) definitions.

Vendor estimates were obtained on most major equipment and the re-
maining equipment was sized and estimated by Bechtel. The approaches
used can be summarized as follows:

a) Vendor all-in quote with other items, i.e., materials, tie-ins,
etc., factored.

b) Major equipment identified and sized. Vendor 1input on major
equipment price. Other items from historical information.

¢) Major equipment identified and sized; cost fractored from histori-
cal information, (Other materials and labor added on a percent
basis,

d) Major facilities and equipment sized., Quantities of other materi-
als estimated. All items were priced using historical informa-
tion,

e) Factored adjustment to plant cost due to add on methanation system
needs.

The cost estimate for the power plant was derived from comparison to
a large combined-cycle power plant engineered and constructed by the
project's A/E, Bechtel, and presently in commercial operation., Ven-
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dor quotes on the major mechanical equipment were obtained and con-
firmed the estimate developed by Bechtel.

Field costs were reported by materials, labor, and subcontracts. All
in vendor gquotes were placed in the subcontract categary.

Specific areas where vendor information was significant are as fol-
Tows:

. Coal Receiving and Handling - Budget estimates, including installa-
tion, were received from the Mid-West Conveyor Company for the coal
conveyor systems at the terminal and on site. Budgetary prices
from Heyl & Patterson and PACECO Bulk Hand1ing Divison provided the
basis for the unloader estimate.

. Texaco Basification Process - A standard type B design package was
obtained from Texaco Development Corporation for the conceptual
gasification plant design. Major equipment for eight trains was
quoted by Combustion Engineering Power Systems.

. Air Separation - A budget estimate was obtained from Air Products
and Chemicals, Inc., for the 8,500 tpd oxygen plant. This estimate
included the utility requirements, number of trains required, pre-

liminary installed cost estimate, plot area required, and a des-
cription of the major equipment items.

., Acid Gas Removal - The Selexol acid gas removal systems were de-
signed by Bechtel with the aid of a computer program supplied by
the Selexol Department of Allied Chemical Corporation. The program
performs overall heat and material balances and sizes some of the

major equipment. The'installed cost of the equipment was estimated
by Bechtel.

. Sulfur Recovery - A budget quote was obtained from Black, Sivalls,
& Bryson for the Claus sulfur recovery and SCOT tail gas treating
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plants. This quote included preliminary installed costs, utility
requirements, and catalyst and chemical requirements,

. Shift Conversion - Catalyst performance and cost information was
obtained from Maldor-Topsoe for the shift and carbonyl sulfide hy-
drolysis reactors.

. Methanol Synthesis - Information on the design and cost of the
methanol synthesis unit was obtained from the Lurgi Corpoaration.
This information included the overall material and energy balance,
utility requirements, preliminary installed-cost estimate, and cate-

alyst information.

. Methanation - Methanation unit design was based on Cono-Meth tech-
nology licensed by Conoco, The installed cost of the unit was
estimated by Bechtel,

. Electric Power Generation - Information on the cost and performance
of the combined-cycle power plants was obtained from General Elec-
tric, Westinghouse, and Brown Boveri. Rotoflow and Elliot provided

performance and cost information on gas expanders.

A1l costs shown in Table 6-2 are presented in October 1981 dollars.

Estimates used, which are developed for other time frames, are ad-
justed based on Bechtel's actual experience, The following escala-

tion rates were noted for materials between March 1980, and October
1981:

a) Process Ptant (15 percent)
b) Power Plant (9 percent)

Material and subcontract costs were adjusted using these rates. All
labor was adjusted by applying the October 1981 labor rates to the
estimated job-hours.
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Table 6-2
SUMMARY OF COST
($ Millions)

ITEM CAPITAL

Ccal Conversion to Raw Gas $1.243.3
Fuel Gas Cleanup 80.7
Synthesis Gas Cleanup 206.3
Methanol Synthesis 88.2
Methanation 43.8
PROCESS PLANT SUBTOTAL $1,662.9
Power Plant 325.6
NEEP PLANT COST (1981 $) $1,987.9
initial Working Capital Deficits 447.0
Inflation of Construction Cost 800.0
Interest During Construction 634.0
TOTAL CAPITAL REQUIREMENT $3,869.0




6.3

Iin general, dindirect costs were estimated using the following ap=-
proach. Field distributables were estimated at 80 percent of labor.
Engineering and home office costs were included at 12.5 percent of
the direct material costs, labor costs, and distributables. Lower

percentages were applied to the gasifier and the power plant for
engineering and home office costs.

Certain precautions have been taken to offset the risk associated
with cost overruns. Contingency is included to cover variations in
pricing, quantities, and productivity, and is assigned on a plant
basis.

Pre-operational expenses were added to complete the estimate of capi-
tal required for the project.

ECONOMIC VIABILITY

Economic viability of this project hinges on its location in a market
where foreign oil is directly displaced by the NEEP products and on
the region's acceptance of the need for a sophisticated coal conver-
sion facility for the continued economic growth of the region. This
viability appears robust under a variety of possible future scenar-
ios. Table 6-3 shows the sensitivity of the financial results to the

major project risks.

The lack of real growth in revenues and performance shortfalls are
the risks with the greatest impact on the project's financial re-
sults. For this reason, the project has devoted its efforts to ac-
complishing the marketing program described in Section 5. As a
result of these efforts, NEEP is now reasonably confident that it can
sell the project's products on an oil displacement basis. An impor=
tant factor in the project's economic viability is its ability to
displace foreign oil at better than a Btu-for-Btu basis. The pro-
ject's New England location ensures that its power output can compete
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Table 6-3

SENSITIVITY OF FINANCIAL RESULTS
{(Billions of Current Dollars)

Base Case
100% Equity

Marketing Risk*
0% Real Revenue Increase
2% Real Revenue Increase
3% Real Revenue Increase

Performance Shortfalls
80% Maximum Operating Factor
70% Maximum Operating Factor
60% Maximum Operating Factor

Cost Growth
156% Cost Growth
30% Cost Growth
30% Cost Growth and
One Year Delay in Start-up

Inflation and Interest Rates
8% Inflation, 4% Real Interest Rates

Max imum
Internal Rate Total Equity
of Return $ Year
30% 2.0 1996
10 2.9 1988
(2) 3.2 2001
33 1.6 1994
36 1.4 1990
27 2.5 1997
20 3.1 1997
(4) 4.1 2001
24 2.7 1997
15 3.3 1997
12 3.4 1997
31 2.2 1995

* In the 0% case, coal costs also show 0% real growth, but in the 2% and 3%

cases coal costs show real growth of 1% and 2% respectively.




against foreign oil-based power plants which have low conversion
efficiencies relative to the combined cycle unit proposed for NEEP.
One kilowatt hour of power generated by the project requires 7750
Btus of medium Btu fuel gas, while the oil-fired New England power

units require 9,600 to 13,000 Btus of No. 6 fuel oil,

Even given its ability to displace fareign oil, the project is sub-

ject to operating Tosses in the first years of operation before unit
production costs reach stability. The project proposes to structure
the SFC's price guarantee and the marketing contracts in such a way
as to ensure project viability in the early years of operation, with
any disbursements under a price guarantee being recouped by the SFC
in the later years of operation. In addition, the project is sensi-
tive to the vagaries of the world oil market, The project is not
economically viable without a real increase in world oil prices.
While the sponsors believe the 1% real increase in oil prices assumed
in the Base Case is a conservative assumption, a price guarantee is
also intended to protect the project from sustained oil price weak-
ness.

The accomplishment of the project's marketing objectives will lead to
economic viability only if the other major risks of performance
shortfalls and cost growth are controlled. The project’s risk miti-
gation strategy depends both on conservative engineering and design
estimates and on financial risk analysis. The engineering and design
risk mitigation strategy, which concentrates on the use of commer-
cially proven technology, is contained in Section 4. 'The project's
proposed participation in the Cool Water project is designed to
transfer directly to the project the results of the Cool Water demon-
stration, giving NEEP a high level of process and project informa-
tion, The NEEP project schedule has been tailored to follow closely
the Cocl Water project schedule, This integration will give NEEP the
benefits of design, construction, and operating experience of Cool
Water.
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The financial analysis of prcject risk maps the financial consequen-
ces of that risk by evaluating the probabilities of the major sources
of risk. For this analysis, the project uses its proprietary risk

analysis model and the methodology described in The Rand Corpora-
tion's study Understanding Cost Growth and Performance Shortfalls in

Pioneer Plants, The application of this analysis to the NEEP finan-

cial projections provides an indicator of financial risk to the SFC
and the equity sponsors. It also allows a measure of the probability
that the amount of the SFC's obligational authority reserved for the
project will be disbursed and not later recauped.

The project's maximum operating factor is one of the most important
project risks. For this reason, the Base Case design production of

the plant is 55 trillion Btus of medium Btu gas per year, 16 2/3%
below the 66 trillion Btus of gas expected to be produced. The re-
turns to the equity sponsors are very sensitive to operating factors
in the early years of operation. For the purpose of projecting fi-
nancial results, the project used conservative operating factors for
these early years: 60% for the first twelve months of operation, 75%

for the second twelve months of operation, and 90% for subsequent
years. The capacity factors for the first two years were estimated
based on the follow-on approach to Cool Water and the present level
of the engineering and environmental work done.

Cost growth primarily affects the total equity contribution of the
sponsors., The sponsors and the most serious of the potential spon-
sors have all recently been involved in large capital projects. This

is particularly true of EG&G, which has had substantial commercial
success managing first-of-a-kind capital projects. This experience
has resulted in substantial attention to evaluation of the risk of
cost growth,
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6.4

The project applied stringent risk analysis to the capital cost esti-
mates and devoted its engineering resources to those areas most like-
1y to generate cost growth, This plan resulted in a concentration of
attention on those portions of the plant which have not been in com-

mercial use before, and in site-specific work including on-site and
off-site unit configurations, complete soils and hydrology data,

design of the water system and final definition of all access routes

to the project. In addition, the major environmental and health and

safety requirements have been identified, and permits have been or
are in the process of being applied far.

This approach to cost overruns, together with the follow-on approach
to the Cool Water project, allows the project to make reasonable
estimates of the cost growth risk. The project has attempted to

place specific estimates of cost uncertainty, rather than overall
gross "“contingency" facters, on various parts of the project, parti-

cularly allowing for new technology. This approach has enabled NEEP
to perform risk analysis on the project and to estimate the effects
of cost growth with a reasonable degree of confidence.

EQUITY SPONSORS

NEEP's present sponsors and the investment banking firm of Lehman
Brothers Kuhn Loeb, Inc., are in the process of contacting potential
equity sponsors, NEEP is seeking indications of interest in equity

commitments, conditioned on entering Phase Il of the SFC's second
solicitation. There are now a number of potential sponsors willing
to devote substantial management time and engineering effort to NEEP,
jncluding detailed reviews of the cost estimates. But these poten-
tial sponsors are unwilling to make any funding commitment to any
project seeking SFC assistance until the project is chosen for Phase
II. Assuming NEEP is chosen for Phase 1I, these potential sponsors
have indicated an interest in participating in NEEP. In addition,
NEEP has arranged a series of meetings over the third quarter with
new potential equity sponsors.
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6.5 UNIT PRODUCTION COST

Unit costs of production have been calculated for all of the Energy
park products. These costs have been calculated on a life cycle

basis, including depreciation, interest, feedstock, and operating
costs. Tax credits have not been taken into account in unit produc-

tion costs, nor have returns to the sponsor group. The actual re-

quired selling price will depend on the revenue targets of the final
group of sponsors as well as the group's ability to utilize the tax
benefits. Thus, the unit costs of production discussed below are
breakeven costs which cover variable costs and capital recovery.

Figure 6-1 shows the cost of electric power generated from NEEP (in
1981 dollars) compared to an assumed market price based on the avoid-

ed cost of oil-generated power. The market price is the fuel compo-

nent only of electric power generated from No. 6 0il in a convention-
al thermal unit. No. 6 oil is assumed to inflate, in real terms, at
a rate of 1% per year from a base of $32.00/barrel established in
fourth quarter, 1981, As 'shown in the chart, power from NEEP is in
the competitive range of oil-generated power in the 1990s. This com-

parison is the least favorable to NEEP because it assumes that no
capital charges accrue to the oil unit; that is, the oil-fired capa-
city is assumed to be available and fully depreciated. In fact, the
load and capacity analysis contained in the marketing section indi-
cates that new capacity will be needed by NEPQOL in the early 1990s

and that a more proper comparison would be against othar new sources
of generation capacity.

Table 6-4 shows the unit production cost of methanol from the NEEP in
both current and 1981 dollars. These costs are higher than the as-
sumed 1981 price of 4Gq/ga\10n but the production of methanol confers
gasifier load leveling cost benefits on the projection of power and
methane.
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The unit costs of production for the methane output from the project

are shown in Table 6-5, As pointed out in the marketing section, New
England gas distributors are currently paying $10-$12/MMBtu for win-
ter gas, so that methane from the Park can be assumed to be in the
competitive range,
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7.

SITE SELECTION

7.1 INTRODUCTION

Fall River, Massachusetts, has been identified as the NEEP site. The
site selection process for the NEEP project, initiated in mid 1979,
is responsive to the National Environmental Policy Act, the Massachu-
setts Environmental- Policy Act and local requirements,

The NEEP site selection process was based on selection of a site that
met project resource requirements, was potentially licensable, was
accepted by the surrounding communities, and was capable of being
developed at minimum cost.

General siting requirements were identified and applied at two dif-
ferent levels. The first level screening was designed to identify
and evaluate potential areas within the New England region that would
be capable of supparting the proposed facility. The second stage
screening was designed to evaluate specific sites in greater detail.

A basic premise of the NEEP project is that it will assist in meeting
future energy needs of the New England region. Thus, the site-selec-
tion process only considered sites within the region.

Due to the size and complexity of the NEEP project, a minimum of 500
acres, and a preference for 1000 acres or more, was required for a
site to be considered. A larger site would provide greater flexibil-
ity in site layout and more opportunities for mitigating eavironmen-
tal impacts through the use of buffer zones.

The coal gasification process requires 12 - 18 million gallons/day of
water, Therefore, a site with access to a large water supply was
required; however, relatively low quality water will meet most of the
project's needs. It was determined that the effluent from a sewage
treatment plant could be a possible source for most of the plant's
process water requirementis.
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7.2

General environmental compatibility was an important criterion be-
cause of the need for the proposed project to meet a wide range of
environmental regulations. Environmental considerations included air

quality, water quality, land-use patterns, and general site develop-
ment constraints, Air quality screening included determining exist-
ing ambient air quality with respect to national and state standards

and the proximity to Class I Prevention of Significant Deteriaration
areas. Water quality screening included evaluating the existing
quality of water bodies in the vicinity of the sites and reviewing
water-use classifications and plans., Land-use screening included the
evaluation of potential land use conflicts and the potential for mit-
igating them. General site development screening evaluated the need

for actions such as dredging channels and filling wetlands.

Because the proposed project will require large quantities of raw
materials and produce significant outputs, access to suyitable trans-
portation was an important criterion. Approximately 3.5 million tons
of coal/year will need to be transported to the site by coastal ship-
ping, so access to a deep water port was required. Access to the re-
gional power grid, proximity to gas pipelines and utility rights-of-
way were considered important to facilitate transport of plant out-
put, Access to adequate surface roads and a nearby highway system

was also an important criterion.

REGIONAL SELECTION

Initial identiftcation of suitable areas involved extensive contact
with state industrial development agencies and a review of available
siting studies from other proposed major industrial facilities.
These activities identified sites along coastal Maine, New Hampshire,
Rhode Island, and western and southeastern Massachusetts. These
sites are identified in Figure 7-1.

The three coastal Maine sites are noteworthy primarily for their na-
tural deep-water harbors. Al1 three have been considered for pos-
sible energy facility sites. The Pittston Company has proposed to
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Figure 7-1
POTENTIAL NEEP AREAS EVALUATED
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build an oil refinery at the Eastport site (near the Canadian bor-
der). The Machias site, located 30 miles southwest of Eastport, was
propaosed as a site for a potential LNG terminal. The Sears Island
site, located in the northern part of Penobscott Bay in Maine's cen-
tral coastal region, has been proposed as the site of an oil refin-
ary, a nuclear power plant, and a coal-fired power plant., The Maine
Public Utilities Commission denied permission to construct a coal -
fired power plant at this site at the scale originally proposed; the
sponsor is presently conducting jts own feasibility study for a coal
gasification/combined cycle power plant. Land availability at two of
the three Maine sites was questionable, All three sites are located
in sparsely populated regions, not well served by existing means of
transportation. Because of distance, transportation costs to these
sites would be greater than sites in southern New England.

The Hooksett, New Hampshire, site is located in southern New Hamp-
shire between Concord and Manchester along the Merrimack River, near
the site of an existing coal-fired power plant. Coal for the Hook-
sett site would have to be delivered by train, as the river is not
navigable. The potential is high that the handling of such large
volumes of coal by train would pose a problem on the existing rail-
road network.

The Charlestown, Rhode Island, site is located on the south coast of
the state and was formerly the site of the Charlestown Naval Air Sta-
tion. The area surrounding the site is sparsely populated and has
traditionally been used for recreation and fishing. The area has
valuable wetlands and estuarine systems. Available water supply in
the area is limited. Most of the residents in the community rely on
groundwater for domestic water supply; substantial additional ground-
water development could likely lead to saltwater intrusion of local
aquifers, The nearest deep-water port facilities are located in
portsmouth, Tiverton, and Providence, Rhode Island. The Charlestown
site was proposed by the New England Power Company (NEPCO) for the
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development of two nuclear power plants. Following significant local
opposition, NEPCO canceled its plans for the nuclear units. The
site, which was under the jurisdiction of the U.S. General Services
Administration, was recently transferred to the U.S. Fish and Wild-

life Service and the State of Rhode Istand. This transfer of owner-
ship will 1ikely result in the continued use of the area as a wild-

life preservation and conservation area.

Two sites in western Massachusetts were evaluated; one in Montague,
located along the Connecticut River, and one in Cheshire near the Hoo-
sic River. The Montague site was proposed for the development of two
nuclear power plants by Northeastern Utilities Company. The site
would use water from the Connecticut River, one of the largest rivers
in New England. The Chesire site would use the Hoosic River as a
water source. Both western Massachusetts sites would require rail
transport of coal, a concern due to the present condition of the New
England rail network. The Chesire site had relatively good access to
rail transport and was in an economically depressed area, which would
have a favorable effect on labor availability since the project could
draw from the underemployed labor force in nearby Pittsfield and
North Adams. The major potential drawbacks included rough topogra-
phy, and associated site preparation costs, and questionable water
supply. EG&G entered into an option agreement for the purchase of
this site during January 1980; however the option was ultimately not
exercised.

After consideration of the numerous areas in Maine, New Hampshire,
Rhode Isiand, and Massachusetts, the selection was narrowed to three
alternative areas in southeastern Massachusetts. In summary the
sites north of Cape Cod, Massachusetts, were eliminated due to Togis-
tical and economic factors related to coal delivery. While the Maine
sites showed good potential for deepwater port development, the added
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costs associated with the long transportation distances were prohibi-
tive. Additionally, the remote northern sites had limited Tabor mar-
kets and posed difficulties with respect to product marketing. With
these limitations associated with sites north of Cape Cod, attention
was focused on more southerly locations.

Three southeastern Massachusetts areas were identified because they
showed good potential for process water availability and offered sev-
eral options for transportation of raw materials and products. The
areas are the Taunton River Basin area (including Fall River, free.
town, and Somerset); Otis Air Force Base, Bourne area (Cape Cod}: and
the Plymouth area. These areas were subjected to a more formal site

selection evaluation on the basis of several setection criteria. The
criteria were assigned a weighting based on their relative importance
to the success of the project -- i.e., land and water availability
were considered the most important criteria, while proximity to the
region's electrical grid and natural gas distribution were of lower

relative importance. The criteria and relative weighting are as fol-
Jows :

. land availability (8)

. water availability (8)

. proximity to deep-water port (7)

. proximity to rail lines/highways (6)

. environmental constraints-air quality, water quality, solid
waste disposal (5)

. land use conflicts (4)

. local attitudes/policies regarding industrial development (3)

. proximity to electricity grid (2)

. proximity to natural gas distribution (2)

. labor pool availability (1)

Each of the three regions were evaluated for each of the ten criteria
according to the following rating:
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3 Excellent

Meets project requirements

2 Good - Could satisfy project requirements with some
modifications

1 Fair - Barely satisfies minimum réquirements

0 Poor - Does not satisfy minimum requirements

The relative weighting for each criteria multiplied by the rating
yielded a score; the sum of all the scores for each site was com-
pared for selecting the site that was deemed most suitable for devel-
opment of the NEEP project. The results of the regional selection
process are shown in Table 7-1.

As illustrated by this analysis, the Taunton River Basin (primarily
Fall River) best satisfied the basic siting criteria. In particular,
it was the only region with access to an existing deep-water channel
and an adequate water supply. Water supply and conflict with exist-
ing land uses were significant problems in both the Bourne and Ply-
mouth areas,

The Taunton River area revealed a good potential water supply situa-
tion, large parcels of available land, a good labor supply, a variety
of transportation options, and a receptive public and political at-
mosphere.

Land availability in the Taunton River Basin was considered excel-
lent; EG&G has subsequently placed a 4500 acre-parcel under a pur-
chase option agreement for project development. Water availability
was judged to be good, with the effluent from the Fall River second-
ary sewage treatment plant targeted to supply the majority of the
industrial grade process water., The Mount Hope Bay and Taunton River

7-7



99 1§ 211 Lejol
£ (€) 1 (1) 41e4 £ (g) IuaL19d0x3 (1) A3tLiqelleae
e UETRE Wb e | Lood uoqe1
v {¢) pooY A (T) 4ied 9 (g) Juaptaaxy (2) waysks
uoanqtaysip seb
[eanjeu 03 A3 HEX0dd
9 (E) 2 (1) 424 b (2) pooy (2} piib £3}o1a3
U3 LIIX3] -J3919 03 A1LuLXx0dd
9 (2) poOY 0 {0) 004 6 {€) JuDila0x3 (g) usu
-do|3A8p [eL4}SNpUl 94
Ko}|od/sepniLize |e207
8 (2) pooy 14 (1) 4184 el (g} 3ual1dax3| (p) SID}LJu0d asn-pue|
SNOLAGO JO 8JUDSQY
01 {2} pooy S (1) 41ed ST {g) 3uailaaxl (g) sjupeJdisuod el
-UBWUOA LAUD B |3U3104
9 (1) 41ed 9 (1) Jted el (2) poon (9) skemyby/saui|
L1ed4 03 A% LwiX0dd
L (1) dted L Jired 12 (€) jua|1a2%3 (1) 3+40d Jajem
dasp 03 A3juwLxoxd
8 (1) 4184 0 {0) 4004 e (g) uai1adx3 (8) AxtLiqeileAe 433ep
8 (1) ated ve (€) juallsaxy 91 {2) pooy (8) A31LtqeljrAe puey
fupjybiaM| Buprey | Buijublan bupzey | Bupjubirom Bu ey
311S yjnoufld BaLY uLseg J3ALY uojuneg
aseq ail04 ALY S130

XI¥1ivk NOILD3T3S LIS

I-L ?iqe}

7-8



7.3

system has channel depths of 35 feet as far north as the Shell 0il
terminal in Fall River and the Montaup Power Plant in Somerset. Pre-
liminary studies indicate that navigational problems caused by fog or
jce are not likely to be serious except in unusual circumstances. In
severely cold weather, normal vessel traffic tends to keep channels
open.

-

NEEP Site Selection

The second phase of the siting analysis took a more detailed look at
potential sites in the Taunton River Basin area because of its favor-
able transportation and water supply situations. Sites investigated
included Acushnet Saw Mill property in northeastern Fall River; the
Algonquin SNG facility in Freetown; land in Dartmouth (near the New
Bedford line), Freetown and Lakeville (near the Lakeville Ponds), and
Berkley.

The Acushnet property became a prime site for consideration because
it was a large parcel of land under single ownership., The site is
close to potentia].watef sources (South Watuppa Pond, Lake Noquo-
choke, Copicut Reservoir and the Fall River Sewage Treatment Plant),
is in a relatively isolated location, and in proximity to utility
transmission rights-of-way (gas and electric power lines pass direct-
1y through the site).

The Algonquin site in Freetown had limited land and is close to resi-
dential development. The Dartmouth/New Bedford site is located near
the New Bedford Industrial Park. The parcel is owned by a number of
people, representing a potential problem. The site is located very
close to the Acushnet Cedar Swamp and the aquifers which supply the
groundwater for the town of Dartmouth. The parcel of land in Free-
town/Lakeville was also owned by a number of individuals. It had
low-density residential development and a neighborhood school close
to the boundary. In addition, the site was close to the Lakeville
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Ponds which serve as the primary drinking water source for the cities

of New Bedford and Taunton and several smaller towns. The site in
Berkley was eliminated from consideration when a site inspection re-
vealed residential development on parts of the parcel which were held
under separate ownership, and that water supply would pose a poten-
tial probiem.

The Acushnet Saw Mill property in Northeastern Fall River satisfied
the critical requirements of the proposed coal gasification/combined
cycle power plant and became the selected site.

The developers have secured a parcel of land of more than adequate
size, providing considerable flexibility in developing the ultimate
plant design and layout specifications. The surrounding area is es-
sentially undeveloped; therefore, populated areas can be readily buf-
fered by use of natural features.

An excellent transportation infrastructure exists, including a deep
water channel in the Fall River harbor, rail access to the waterfront
with connections to all major lines, and good highway and air ac-
cess, Both power lines and pipe lines are prevalent in Fall River,
due to the close proximity of two power plants, a synthetic natural
gas plant, and an oil products terminal or the Taunton River. The
power line network provides ready access for the power facility's
electricity output.

No obviocus environmental constraints have been discovered. Fall
River is in attainment for SO, NOp, and CO but nonattainment for TSP
and ozone. Unless rural Fall River, where the NEEP site is located,
is redesignated as attainment for TSP, the Offset Policy rather than
the PSD program will be followed. As the site area is surrounded by
undeveloped land, there are no land use conflicts.
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Water resources appear to be more than adequate, with an estimated
available supply of industrial quality water in excess of 20 million
gallons per day which does not include waste water treatment efflu-
ent. A water supply scheme has been worked out with the City of Fall
River utilizing water to which they hold rights.

The region has been economically depressed for a number of years, ex-
hibiting one of the highest unemployment rates in Massachusetts. The
populace and government officials in Fall River and surrounding com-
munities are receptive to industrial development. These cities and
towns have been encouraging development of a sound industrial base
for a number of years.

The natural systems and environmental situation in the southeast re-
gion of Massachusetts are compatible with the type of activity being
proposed, Given the need for new energy sources in the Northeast,
and the desire to use domestic coal reserves, NEEP represents a rela-
tively clean means of accomplishing these ends. The ambient air qua-
lity is not expected to be adversely affected to any significant de-
gree since, in using the most modern technology, many of the key pol-
lutants are reduced in concentration prior to or during combustion of
the fuel. Water quality impacts are expected to be positive over-
all, The ultimate goal is to design a facility with minimal waste-
water discharges through the incorporation of process water treatment
steps which enhance the ability of the overall complex to recycle
process water.

Water quality issues associated with coal storage and slag disposal
will be addressed by using advanced control techniques. Storage and
disposal areas will be situated to direct drainage away from critical
wetlands and surface water bodies by capitalizing on topographic,
sediment, and groundwater flow characteristics. Combining such natu-
ral features with engineered storage areas, subsurface drainage sys-
tems, physical barriers, and continual site monitoring programs will
ensure the integrity of the region's water quality.
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7.4

No direct railroad access currently exists to the site. The existing
Conrail 1ine divides north of the site; one branch goes to Fall River
passing approximately four (4} miles west of the site, while the
other branch goes to New Bedfard passing two (2) miles east of the
site. A spur will have to be constructed to transport materials and
coal to the site,

Legislation has been introduced in the State Legislature to provide
an easement through the State Forest from the existing Conrail New-
port line to the NEEP site.

NEEP SITE CHARACTERISTICS

7.4.1 Site Description

The New England Energy Park is located in the northeast corner
of Fall River, Massachusetts, on a 1900-acre site formerly owned
by Acushnet Sawmills, The 1900 acres are part of a 4500-acre
property that EG&G has under a purchase and operation agree-
ment. Small sections of the site extend into Freetown and
Dartmouth. Because the site itself is part of an undevel oped
4500-acre property, it allows the nearby sparsely populated
areas to be buffered by use of natural features.

The entire 4500-acre property is undeveloped and heavily wood-
ed. The forest has been harvested for timber for more than 50
years; thus the trees are relatively young, mixed hardwoods
with some pine stands scattered throughout. Several roads
cross the site, but most are unpaved; significant portions of
the site are accessible only by 4-wheel drive vehicles or on
foot. There are few residential buildings near the site and
none on it. The Freetown-Fall River State Forest is adjacent
to the 450Q-acre property.
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