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1.0

Rising electricity prices and recent conser-
vation legislation providing economic bene-
fits to cogenerators have combined to revive
industrial cogeneration in the United
States. Cogeneration is the simultaneous
production of electricity (or mechanical
energy) and useful heat (thermal energy)
from the same fuel source. There are two
basic cogeneration systems: topping and
bottoming cycles. In a topping cycle, elec~
tricity is produced first and the rejected
heat from the prime mover is used for pro-
cess heating. In a bottoming cycle, elec-
tricity is produced from the heat remaining
in the stream after the process heat re-
quirements have been satisfied.

Cogeneration can be accomplished at a utili-
ty's central-station power plant or at anm
industrial plant. This handbook deals only
with induystrial cogeneration, that is, si-
multaneous production of both heat and elec-
tricity at the industrial plant site. The
cogenerator has the option of either selling
all cogenerated power to the utility while
simyltaneously purchasing power to satisfy
his plant demand, or directly supplying the
plant demand with cogenerated power, thus
displacing utility-supplied power. This
decision depends on economic considerations
that are very plant specific. In the latter
case, purchased electricity is needed to
provide back-up or peak power.

The U.S. Department of Energy (DOE) con-
tracted with Pacific Northwest Laboratory
{PNL) to provide the food processing plant
manager or company enerdy coordinator with a
framework for making a preliminary assess-
ment of the feasibility and viability of
cogeneration at a particular plant, The
handbook is intended to provide an under-
standing of the potential of several stan-
dardized cogeneration systems, as well as
their limitations. However, because the
decision to cogenerate is very site spe-
cific, the handbook cannot provide all of
the answers. It does attempt, however, to
bring to light the major issues that should
be addressed in the decision-making process.

The decision of whether to cogenerate in-
volves several considerations, including
technical, economic, environmental, legal,
and requlatory issues. Each of these issues
is addressed separately in this handbook.

[n addition, a chapter is included on pre=-
paring a three-phase work statement, which
is needed to guide the design of a cogenera-
tion system. Experience has shown that a
well-defined work statement can be the key
to a rapid and cost-effective design effort.

INTRODUCTION

This is important whether or not a contract
is let to an A& firm,

Figure 1.1 shows the six basic steps that
will lead to a preliminary determination of
the feasidbility of cogeneration. These six
steps are discussed in Chapters 3.0 through
8.0. The information is presented in a
workbook manner. That is, information is
presented, an example is given, and room is
provided to record plant-specific data. The
six basic steps are summarized below:

® Develop Data Base. Describes what energy
data shouid be collected, where to obtain
the data, and how to organize the data in
a useful format for the analysis.

® Select and Size the Cogeneration System.
Uescribes the most appropriate applica-
tions of the various cogeneration config-
urations. DOescribes how to size the sys-
tem based on the energy data compiled in
the first step.

® Determine System Costs and Perform Econom-
1¢ Analysis. Describes now to estimate
the capital and operating cost of the co-
generation system. Provides a methodology
for determining economic feasibility and
for testing the sensitivity of the feasi-

bility to escalating fuel, electricity, or
0&M costs.

e Consider Environmental Issues. Summarizes
pertinent air-quality, water-quality, and
solid-waste standards. Discusses environ-
mental control equipment that may be re-
quired with particular cogeneration con-
figurations and fuels.

® (onsider Legal and Contractual Issues.
Describes existing laws and regulations
that may impact cogeneration. Summarizes
contractual considerations for utility
interaction,

® Prepare Three-Phase Work Statement. Pro-
vides a checklist of what to include when
preparing a work statement for development
of preconceptual, conceptual, and detailed
design packages, including bidding and
construction procedures.

In addition, an annotated bibliography and a
glossary of terminology are provided. Ap-
pendix A provides an energy-use profile of
the food processing industry. Appendices 3
through 0 provide specific information that
will be called out in subsequent chapters.
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FIGURE 1.1. Steps in Cogeneration Evaluation

This handbook is one of a series of five ® Paper and Allied Products (SIC 26)
e Chemicals and Allied Products (SIC

hanqbooks, each specific to one of the fol-
lowing five industrial sectors: ® Petroleum Refining (SIC 2911).

® Food and Kindred Products (SIC 20)
® Textile Mill Products (SIC 22)
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2.0 DATA BASE DEVELOPMENT

The first step in determining whether cogen-
eration is feasible for an industrial plant
is to assemble a plant energy-use data base.
This data base will define the plant energy
profile without cogeneration, which will be
referred to as the "base case." This chap-
ter provides the tools needed to develop the
data base for the base case. That data base
will be used in later chapters to select the
proper cogeneration configuration and to
analyze its performance. Tables for compil-
ing the necessary data are provided for con-
venience, and examples of completed tables
are included for clarification at the end of
the chapter.

Three types of data need to be collected:
(1) primary energy-use data, (2) steam data,
and (3) direct-heat data. Figure 2.1 shows
the relationship among these data. MNot all
of the data compiled in this chapter will be
used in the preliminary assessment. How-
ever, these data will be required for any
more-detailed analyses that later may be
undertaken. Each type of data is discussed
in more detail in the following sections.

2.1 PRIMARY ENERGY-USE DATA

Table 2.1 provides space for recording cur-
rent power and fuel-consumption data for the
plant as a whole. The quantity of both pur-
chased and internally generated fuels and
electricity should be recorded. I[f waste
products are used as fuels, the type of
waste material and the amount should be
recorded.

Aggregate plant energy-consumption data are
generally available from power and fuel
bills for purchased fuels and electricity.
In some cases, plants have internal metering
devices or record-keeping systems to track
the power and fuel consumption by individual
unit operations. Plant operation records
may contain information on waste fuels; if
not, judgment will have to be used to obtain
an estimate.

[f the plant enerqy load is fairly constant
over the year, monthly usage does not have
to be recorded. I[f the plant experiences
wide variations in enerqy use, you may want
to shorten the time period for data record-
ing to one month or less.

To facilitate later calculations, fuel-use
quantities are regorded in million British
thermal units (10 Btu). I[f plant energy-
use records are not in these units, fuel
heating values cgn be used to convert fuyel
quantities to 10~ Btu. Heating valuyes can
be obtained from plant records or from fuel
suppliers. Appendix B lists some typical
heating values of commonly used fuels.

2.2 STEAM DATA

Table 2.2 provides a format for compiling
process-steam demand data. Generally, the
temperature and pressure of the steam leav-
ing the boiler(s) are available from boiler-
house records. In filling out the table,
the properties of the steam allocated to

TOTAL
ENERGY USED
8Y PLANT

l

—

FUELS USED
s QUANTITY

o TEMPORAL DISTRIBUTION

POWER CONSUMED
e QUANTITY
e TEMPORAL DISTRIBUTION

DIRECT HEAT
APPLICATION
PROCESS

e TEMPERATURES

o MASS FLOW RATES
e CAPACITY FACTOR
e FUELS USED

STEAM GENERATION

o STEAM PROPERTIES

o CONDENSATE PROPERTIES
e FUEL PAQPERTIES

e BOILER EFFICIENCY

—

PROCESS

o MASS FLOW RATE
o CAPACITY FACTOR

| !

POWER NONPROQOCESS

o POWER GENERATED e STEAM MASS

e STEAM MASS FLOW RATE
FLOW RATE e TEMPORAL

e LOAD FACTOR DISTRIBUTION

FIGURE 2.1. Relationship of Data to be Collected



TABLE 2.1.

Current Energy-Consumption Data

FUELS (SPECIFY TYPE)

POWER

MONTH kWh) (10° 8TW)

(10° 8TWY) {10* sty

(108t

JAN

FEB

MAR

APR

MAY

JUN

JuL

AUG

SEP

ocT

NOV

OEC

ANNUAL
TOTAL

TABLE 2.2.

Process-Steam Oemand Data

STEAM PROPERTIES

BASE LOAD

PEAK LOAD

CONDENSATE

MASS FLOW
RATE
b/ hr)

PRESSURE TEMPERATURE
(psig) (°F}

LOAD
FACTOR
{hr/year)

MASS FLOW
RATE
{16/ hr)

LOAD
FACTOR
(hr. your)

TEMPERATURE
(°F)

ny
o

RETUANED

STEAM 1

STEAM 2

STEAM ]

process uses is recorded first, Steam flows
currently used for power generation are not
included.

Next, the baseload mass flow rate of the
steam from each boiler is recorded. This
represents the amount of steam that is con-
tinuously supplied. The number of hours per
year that this amount of steam is supplied
is recorded as the load factor, The peak
mass flow rate of steam and the peak load
factor (hours/year) are recorded next,

For each steam source two condensate proper-
ties are to be recorded: (1} the condensate
temperature, and (2) the percentage of the
condensate that is returned to the boiler.

[f these data are not available, standard
values of 170°F and 100% return can be as-
sumed, since this assumption affects total
enerqy consumption by only 10% at zero con-
densate return,

Table 2.3 provides a format for calculating
the heat content of the process-steam send-
out, H. [f the standard assumptions were
used for the condensate conditions recorded
in Table 2.2, an approximate heat content
can be calculated simply by multiplying the
mass flow rate of the steam by 1050. Using
the data collected in Tables 2.2 and 2.3, H
is calculated as the product of the mass
flow rate and the difference between the

2.2



TABLE 2.3.

Process-Steam Sendout Calculation

x Ne Ne n, he m H .
MAKE-UP FEED HEAT
CONDENSATE | CONDENSATE WATER WATER STEAM MASS FLOW CONTENT
RETURNED ENTHALPY ENTHALPY ENTHALPY ENTHALPY RATE OF SENDQUT

{%) (8TU/ b} (BTU/1b) (BTU/1b) (BTU/ Ib) {Ib/tr) (BTU/ hr)
STEAM §
STEAM 2
STEAM 3

TOTAL

steam enthalpy (heat content) at the boiler
outlet and the feedwater enthalpy at the
boiler inlet. That is,

H=m(h - h)

0 1

where

m = the mass flow rate (1b/hr)

ho = the steam enthalpy at the boiler
outlet (Btu/1b)
h; = the feedwater enthalpy at the boiler

inlet (Btu/1b).

The enthalpy of the steam can be obtained
from the steam tables in Appendix C, using
the temperature and pressure recorded in
Table 2.2. The enthalpy of the feedwater is
calculated as follows:

hjy = xh. + (1 - x)h,
where

the percentage of condensate returned
the enthalpy of the condensate
(Btu/1b)

the enthalpy of the make-up water
(Btu/1d).

=2
“

-3
x
[

The process-steam sendout values are then
totalled to obtain a total for the plant.

Once the process-steam sendout is deter-
mined, the plant power-to-heat ratio can be
calculated as follows:

plant _  annual power use {kWh)
power-to-heat  process-steam Toad

ratio gendout x factor
(kWh/10~ Btu) (10~ Btu/hr) (he/yr)

This value will be compared to the power-to-
heat ratios calculated for various cogenera-
tion configurations in Chapter 3.0.

2.3

Table 2.4 provides a format for calculating
the fuel used for raising steam for process
uses. For each steam source, the type of
fuel burned, the heat content of the process-
steam sendout (from Table 2.3), and the
boiler efficiency are recorded. Then the
fuel used to produce process steam is calcu-
lated by dividing the heat content by the
boiler efficiency.

Table 2.5 provides a format for recording
nonprocess-steam demand data. Because non-
process-steam demand generally varies with
time and with the season, the table is set
up to record data on a monthly basis. If
nonprocess-steam uses are large compared O
process uses, diurnal variations should be
considered. For each steam source, the
total monthly consumption, the average mass
flow rate of steam, and the peak flow rate
for nonprocess uses are recorded. The
monthly consumption figures are totalled

to obtain annual nonprocess-steam
consumption.

2.3 EXAMPLE DATA BASE

In this section an example is used to illus-
trate the development of a data base for the
wet corn mill described in Appendix A. The
example is not intended to be representative
of the entire food processing industry, but
simply to illustrate the methodologies pre-
sented in this and in subsequent chapters.
[t is recognized that heat and power demands
vary widely from plant to plant. Plants
vary in size, degree of integration, pro-
ducts, equipment, age, state of conservation
efforts, etc. Therefore, actual results
will differ from the example.

Tables 2.6 through 2.10 show the development
of a data base for the wet corn mill, In
this example, no monthly data are avail-
able. However, in a real plant the monthly
data on energy consumption and nonprocess-
steam demands (if applicable) would be
obtainable.



TABLE 2.4.

Fuel Used for Process Steam

H L Fo'*
PROCESS
STEAM BOILER FUEL
FUEL SENDOUT EFFICIENCY USE
TYPE {BTU/br) %) (8TU/hr)
STEAM 1
STEAM 2
STEAM 3
TOTAL
“H/ne s Fe
TABLE 2.5. Nonprocess-Steam Demand Data
STEAM 1 STEAM 2 STEAM 3
AVERAGE PEAK AVERAGE PEAK AVERAGE PEAK
CONSUMPTION| FLOW RATE | FLOW RATE | CONSUMPTION | FLOW RATE | FLOW RATE | CONSUMPTION | FLOW RATE | FLOW RATE
MONTH (b} {1b/ hr) {ib/ hr) {1by {ib/he) {ib/ hry [{1.1] {ibs hr) {Ib/he)
JAN
FEB
MAR
APR
MAY
JUN
JuUL
AUG
SEP
ocr
NOV
DEC
ANNUAL
TOTAL
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TABLE 2.6.

Current Energy Consumption Data for Wet Corn Mill

FUELS {SPECIFY TYPE)
STEAM POWER
POWER GENERATION DIRECT HEAT GENERATION
MONTH XWh) (10* aTw) (10° aTW (10* 8TWY {10° aTV)
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
ocr
NOV
[»] 1o
‘r‘g;‘;’:" 188 4n10° 5.25x10° 0.88x10° 869 6110
TABLE 2.7. Process-Steam Data for Wet Corn Mil}
STEAM PROPERTIES BASE LOAD PEAK LOAD CONDENSATE
MASS FLOW LOAD MASS FLOW LOAD
PRESSURE | TEMPERATURE RATE FACTOR RATE FACTOR TEMPERATURE %
(psi1g9) {°F) [{1- YA, 4] {hr/year) {lb/hr} {hr/ yoar} {°F) RETURNED
STEAM 1 15 250 659x10° 6600 170 a7
STEAM 2
STEAM 3
TABLE 2.8. Process-Steam Sendout Calculation for Wet Corn Mil}
x he h, L) he m H
MAKE-UP FEED HEAT
CONDENSATE | CONDENSATE WATER WATER STEAM MASS FLOW | CONTENT
RETURNED ENTHALPY ENTHALPY ENTHALPY ENTHALPY RATE QOF SENOOQUT
(") (BTU/Ib) {BTU/Ib) (BTU/1b) (BTU/ Ib) {Ibs hr (BTU/ hry
STEAM 1 47 138 138 138 1164 659x10° 676x10*
STEAM 2
STEAM 3
TOTAL 676x10°
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TABLE 2.9.

Fuel Used for Process Steam in Wet Corn Mill

TABLE 2.10.

H ™ F"m
PROCESS
STEAM 8OILER FUEL
FUEL SENDOQUT EFFICIENCY USE
TYPE {8TU/hr) (%) (8TU/ hr)
STEAM 1 ANY 676x10° 85 795.3x10°
STEAM 2
STEAM 3
8
TOTAL 795.3x10

Nonprocess-Steam Oemand Data for Wet Corn Mill

STEAM 1

STEAM 2

STEAM 3

MONTH

CONSUMPTION
T

AVERAGE
FLOW RATE
15/ hri

PEAK
FLOW RATE
{ib/he}

CONSUMPTION
(Ib)

AVERAGE
FLOW RATE
{1b/hr)

PEAK
FLOW RATE
{1/ hr}

CONSUMPTION
(Ib)

AVERAGE
FLOW RATE
{Ib/ hr)

PEAK
FLOW RATE
{lb/ he)

JAN

FEB

MAR

APR

MAY

JUN

JuL

AUG

SEP

ocr

NOV

OEC

76x10°

ANNUAL
TOTAL

249 6x1C*

*SPACE HEATING
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3.0 MATCHING COGENERATIQN SYSTEM DESIGNS

This chapter discusses the selection and
sizing of cogeneration configurations that
will meet the specified process-steam demand
developed in the plant energy-use data base
{Chapter 2.0). Four “standard"” topping con=
figqurations are considered: (1) steam tur-
bine, (2) gas turbine, (3) combined cycle,
and (4) diesel. The performance of the top-
ping configurations in terms of net power
generated, heat content of steam sendout,
and fuel consumption will provide the quan-
titative basis for the economic analysis to
follow in Chapter 4.0, Time-variant heat
and power demands and several options to
vary the power-to-heat ratio to overcome
mismatches between power and heat demands
are also discussed,

Steam is the predominant heat-transfer me-
dium in industrial processes, and providing
steam is a key concern of plant operators,
Therefore, industrial power generation will
generally “track" the steam demand, not the
power demand. This is in strong contrast to
a utility's central-station power plant,
where meeting the power demand is the pri-
mary concern, The steam demand imposed by
the manufacturing process will, in most
cases, be comparatively constant over ex-
tended periods. Nonprocess-steam demand
(e.g., for space heating and cooling) will,
in general, vary with time and season.

TABLE 3.1.

Prime Mover

3.1 TOPPING CONFIGURATIONS

Current technology offers several prime-
mover confiqurations for the topping of
process steam. Topping cycles may use steam
turbines, gas turbines, or diesel engines
for producing electricity. The choice of
prime mover depends upon the relative
amounts of process heat and electricity
desired and the process-heating application.
Typical topping confiqurations are summar-
ized in Table 3.1, and characteristics of
each of the prime movers are discussed in
more detail in the following sections.

The power-t? ?eat ratio,(2) the fuel-use
effi?iTncy, and the incremental heat
rate'®’ are key parameters used to evaluate

(a) The power-to-heat ratio refers to the
relative amounts of electricity and heat
produced by the cogeneration system.

{b) The fuel-use efficiency is the ratio of
electric output plus heat recovered in
Btu to the fuel input in Btu. This mea-
sure gives credit to the useful thermal
output of the system.

{(c) The incremental heat rate is the ratio
of fuel consumed minus heat supplied to
the net power output of the prime mover,
This represents the additionai amount of
fuel needed t0 generate each increment
of power.

Typical Topping Configurations

Configuration Fuel

Steam turbine

Gas turbine

Waste-heat boiler in exhaust

Back-pressure turbine Coal
Extraction/condensing turbine

Residual Fuel 0il
Distillate Fuel Qil
Natural Gas

Wood

Waste Fuels

Natural Gas

stream Distillate Fuel Qil
Residual Fuel Qil
Synthesis Gas (Coal
or Wood)
Combined cycle Gas turbine with high-pressure Natural Gas

waste-heat boiler, followed
by a steam turbine

Diesel Waste-heat boiler in exhaust

stream

Sometimes hot-water generation

Distillate Fuel Qi1
Residual Fuel 0il
Synthesis Gas

Residual Fuel 0il
Distillate Fuel Qil
Gaseous Fuels

through jacket-cooling



cogeneration configqurations., As summarized
below, these parameters vary depending on
the prime-mover:

® For a given capacity, the power-to-heat
ratio is lowest for the steam turbine and
highest for the diesel.

® For a given capacity, the fuel-use effi-
ciency rate is highest for the steam tur-
bine and lowest for the diesel.

® The incremental heat rate, ihr, at a given
capacity, is lowest for the steam turbine
and highest for the diesel,
3.1.1 Steam Turbines
Steam turbines include back-pressure,
extraction/noncondensing, and extraction/
condensing configurations., Back-pressure
turbines are steam turbines that are de-
signed to exhaust steam at temperatures and
pressures suitable for process-heat applica=-
tions. Extraction turbines are steam tur-
bines that are designed with an intermediate
port for steam extraction at a pressure be-
tween the inlet and outlet pressures. Ex-
traction/noncondensing turbines provide two
sources of process steam: high-pressure
steam from an intermediate extraction port
and lower-pressure exhaust steam. I[n an
extraction/condensing turbine, the only
source of process steam is the intermediate
extraction port; all of the exhaust steam is
condensed.

Steam turbines are available in unit sizes
(single casing) from 500 kW to 150 MW.

(Much Targer units are used in central-
station power plants for straight condensing
service.) Back-pressure units are available
in unit sizes up to 50 MW, with larger

units beET? rated for straight condensing
service.

Extraction/condensing turbines offer operat-
ing flexibility when steaT ?nd electric
loads vary significantly. 1) power-to-heat
ratios for steag turbines range from about
30 to 75 kWh/10" Btu. Full-load electric
efficiencies range from about 14 to 28%,
with 50% p?Es-\oad efficiencies varying from
12 to 25%. Steam can be obtained from
the turbine at one or more extraction points
to serve a variety of useful functions, such
as process and space heating at various tem-
perature conditions, More steam can be con-
densed to give additional power when process-
steam demands are low, or the boiler output
can be reduced to give constant or reduced
power at different process-steam demands.

3.2

J.1.2 Gas Turbines

Gas turbines are used in direct, indirect,
and indirect/combined-cycle systems. In
direct gas-turbine topping cycles, the hot
exhaust gases from the turbine are used for
direct process heating and drying, or as
highly preheated combustion air in boilers.
In an indirect system, the energy in the hot
turbine exhaust gases is recovered in a
waste-heat boiler to produce process steam.
Combined gas/steam turbine cogeneration pro-
vides greater flexibility than either gas or
steam turbines alone. [n this configura-
tion, heat is recovered from the hot exhaust
to generate steam in a waste-heat boiler.
The steam is subsequently expanded in a
back-pressure steam turbine to produce low-
pressure process steam and electricity.
Additional fuel may be burned in the waste-
heat boiler to produce higher pressure
steam, This is referred to as supplemental
firing.

Gas turbines are commercially available in
unit sizes ranging from 6 kW to 100 Mw.
Power-to-heat ratios are much higher for gas
turbines than for steam turbines, with typi-
cal values for ingirect systems ranging from
140 to 225 kWh/10Y Btu. Full-load electric
efficiencies range from 24 to 35%, and 50%
part-load efficiencies range from 19 to

29%. Typical power-to-heat ratios for com-
bined-gycle systems range from 175 to 320
kwh/10” Btu. Full-load electric efficien-
cies range from 34 to 40%, and 50% par%;;oad
efficiencies range between 25 and 30%,'*

Gas turbines can operate on natural gas,
distillate fuel oil, crude oil, residual
fuel oil or synthesis gas derived from coal
or wood. Dual-fuel units are also avail-
able. Maximum reliability is obtained with
natural gas; forced outages statistically
occur less than 1% of the operating hours
(99% reliability), and scheduled outages
occur 2 to 3% of the operating hours (96 to
97% overall availability). Units operating
on 0il, especially residual fuel ?jl, re-
quire more frequent maintenance.(

3.1.3 Diesel Engines

Cogeneration systems using diesel angines
include direct, indirect, and indirect/com=
bined cycles. In direct applications, the
hot exhaust gas from the engine is used for
process heating or drying. Indirect appli-
cations use hot water obtained from the en-
gine's cooling system in a heat exchanger,
and/or process steam produced from the hot



exhaust gases in a waste-heat boiler. Indi-
rect/combined-cycle applications use steam
turbines to generate additional electricity
from the steam generated in the waste-heat
boiler, Low-pressure steam from the turbine
is used for process heat.

The temperature of diesel exhaust gases is
generally lower than that of gas turbines,
typically 500 to 950°F, Steam pressure ob-
tained in waste-heat boilers is generally
Tower than about 400 psig. In slow-speed
diesels, where exhaust-gas temperatures are
lower than 650°F, steam pressures are usu-
ally less than about 200 psig. Higher pres-
sures can be obtained, but at a significant
penalty in mass flow and boiler efficiency.
Thus, supplemental firing is generally used
to achieve high steam pressures and mass
flows. In addition to releasing heat
through their exhaust gases, diesels reject
a substantial fraction of low-temperature
heat in their cooling systems. This hot
water is usef?l for space or process-heating
applications. )

The power-to-heat ratigs of the diesel range
from 350 to 700 kWh/10” Btu, which is nor-
mally in excess of the power-to-heat ratios
demanded by industrial production processes.
Moreover, the largest commercially available
diesels are in the 25 to 30 MW range; using
only the reject heat of the exhaust gas
would barely generate 40,000 to 50,000 I1b/hr
of steam. Diesels can operate as efficient
and economi¢ cogenerators in special situa-
tions; in most cases the power-to-heat ratio
will be varied by using the reject heat in
the cooling cycle or by supplemental firing.

3.2 PERFQRMANCE OF "STANDARD" TOPPING
CONFTGURATTONS

The purpose of this section is to present
a method of determining the performance
characteristics of four “standard” topping
configurations for a given heat demand:

® a back-pressure steam turbine operating at
modest throttle conditions (Figure 3.1)

ha
(77 (1-8-a
TURBINE
1+a
hy'
ha
—
F e— BOILER e — (T}
DESUPERHEATER
‘ <G A= Vg U
3 hy ha
m
Reo-hs DEAERATOR
m=002+0.0786 InP =
Ra-tv *
P = m(1-8ralhq-h1)/3413
ha-hg hy'-hy he-hp
Ja- = (1-B*a) =
hy'-ha hy'-hy ny-hs

F = m(1-B+aiho-ha)/ nb

Pe = 1P

FIGURE 3.1.

Standard Back-Pressure Steam Turbine
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¢ a3 gas turbine operating at modest inlet
temperature (Figure 3.2)

¢ 3 combined-cycle configuration, consisting
of the same gas turbine, trailed by a
steam turbine (Figure 3.3)

® diesels of varying speeds and heat rates,
equipped with waste-heat boilers generat-
ing saturated steam (Figure 3.4). No use
is made of the heat content of the jacket
cooling water.

The performance characteristics of these
systems can be determined by one of two

COMPRESSOR

TURBINE

approaches. One approach is to solve the
heat -and-mass-balance equations for each
system. These equations are given with
Figures 3.1 through 3.4. The second
approach yses performance curves derived
from these equations and several simplifying
assumptions to obtain an approximate solu-
tion. This latter methodology is described
below and an example is provided to illus-
trate its use.

Figures 3.5 to 3.1l show the net power out-

put, Pe, and fuel use, F, as a function of
steam Ssendout mass flow rate, m, and steam

_@

T.I

BOILER
Ty —
ECONOMIZER
m hy-ha
my= — {(1+a) -
Colle To-Te
he-he
(1+a}) =
hy-hy

me/P =55.437 - 2.1321 Inp
F = 0.030622 P%*®
P.=nP

FIGURE 3.2,

1 +am h
( ) ' > m
Ta
—-— am
ha
hs ha
m
(1+am
DEAERATOR -

Standard Gas Turbine



GAS TURBINE

STEAM TURBINE

(1-a+8)m
ha
SUPERHEATER °
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h!’
BOILER T
m
Te' - ha A 1
DESUPERHEATER
Am o
ECONOMIZER
hs o 2
Tes
DEAERATOR
STEAM TURBINE: 7 =0.02 +0.0785 In P,
P2 = mi1-B+akho-h+)/ 3413
No-h
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Calle To-Tq
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FIGURE 3.3. Standard Combined Cycle
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BOILER
. T‘
Ty == — h am
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FIGURE 3.4, Standard Diesel
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FIGURE 3.5. Steam Turbine Power Output
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FIGURE 3.6. Steam Turbine Fuel Use
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NET POWER OUTPUT, Pe (MW}

FUEL USE, F (10° BTU hr)
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FIGURE 3.7. Gas Turbine Power Output
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FIGURE 3.8. Gas Turbine Fuel Use
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NET POWER OQUTPUT, Pe (MW)

FUEL USE. F {10* BTU /1)
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FIGURE 3.9, Combined-Cycle Power Qutput
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sendout pressure, P1» based on the assump-
tions listed in Appendix D. These perform-
ance characteristics are read from the
curves for each steam sendout mass flow
rate, m, recorded in Table 2.4 and each
steam sendout pressure, P1» recorded in
Table 2,2. If the steam Sendout mass flow
rate exceeds the range of the graph, mul-
tiple prime mover units will be required to
achieve the desired steam sendout. The op-
timal size of each unit must be determined
from an economic analysis.

Diesel Power Qutput and Fuel Use

Table 3.2 provides a format for recording
the performance characteristics of the stan-
dard topping configurations. The power-to-
heat ratio, fuel-use efficiency, and the
incremental heat rate are derived from H,
P,» and F as shown in Table 3.2, Table 3.3
sﬁows an example of a completed table for
the wet corn mill,

The pawer-to-heat ratio of each configura-
tion provides the following useful informa-
tion when compared to the plant power-to-
heat ratio calculated earlier in Section 2.2:



TABLE 3.2. Performance Characteristics of Standard Topping Configurations

W
HEAT CONTENT Pa'™ £ e
OF STEAM NET POWER FUEL POWER/HEAT* ndel INCREMENTAL
SENDOUT ouTPuT USE RATIO FUEL HEAT RATE
PHIME MOVER {10* BTU. hr) (MW} (10* 8TU. hr) (kWh/ 10* 8TU} UTILZATION (B8TU/ kWh)
STEAM |
STEAM 2
STEAM
TUHBINE STEAM 3
TOTAL
STEAM |
STEAM 2
Gas STEAM 3
TuU €
TOTAL
STEAM 1
STEAM
COMBINED 2
CYCLE STEAM 1
TOTAL
STEAM 1
} STEAM 2
OIESEL
ENGINE STEAM 3
TOTAL

“FROM TABLE 2 3

"TUSE STEAM PRESSURE AND STEAM MASS FLOW RATE FROM TABLE 2.2 TO AEAD POWER QUTPUT OF STEAM TURBINE FROM FIGURE 1.5. GAS
TURBINE FROM FIGURE 3 7 COMBINED CYCLE FROM FIGURE 3 9. AND DIESEL ENGINE FROM FIGURE 3.11

"'USE STEAM PRESSURE AND MASS FLOW RATE FROM TABLE 2 2 TO READ FUEL USE FOR STEAM TURBINE FROM FIGURE 3.6, GAS TURBINE
FAOM FIGURE 3 8. COMBINED CYCLE FROM FIGURE 1. 10 AND DIESEL FROM FIGURE 3.11

““POWER, HEAT RATIO - Pe (10001 H
=t : [Pe (100083413} + H]. F
" - [F H/ae]: [Pe10001]

® [f the plant power-to-heat ratio is
greater than that of the cogeneration
system, the cogeneration system will
generate less electricity than is needed
by the plant.

® [f the power-to-heat ratio is less than
that of the cogeneration system, the co-
generation system will generate more
electricity than is needed by the plant.

The incremental heat ratio will be used in
the next chapter to estabiish a preliminary
rank ordering of the configurations.

3.3 TOPPING CONFIGURATIONS FOR VARIABLE
HEAT DEMANDS

Cogeneration plant sizing is straightforward
(as shown in Table 3.3) if the steam demand
(1b/hr) remains constant over extended pe-
riods of time, This is the case in many
industries where heat demands vary only
slightly from the average design values.
When the heat demand varies greatly, the

topping systems can be modified to accom-
modate changing sendout conditions. This
section will describe some methods available
to vary the power/heat ratio generated by
typical topping units. Maintaining opera-
tion of the prime mover as closely as pos-
sible at design-point efficiency, despite
changes in heat demand,is important. Keep-
ing increases in specific fuel consumption
or exhaust-gas temperature within limits is
particularly important for gas turbines.

The efficiency of steam turbine changes lit-
tle for part-load conditions. Typically,
55% of the total steam throughput is re-
quired at 50% part load (i.e., only a 10%
loass in efficiency). Therefore, steam tur-
bines can track varying steam demands with
smaller penalties in fuel consumption than
gas turbines and diesels,

A unit topping a varying steam demand must
be able to change its power-to-heat ratio.
Some examples of configurations that permit
such variations from their design values are
as follows:




TABLE 3.3.

Performance Characteristics
for the Wet Corn Mill

of Standard Topping Configurations

o
HEAT CONTENT Pe™ Fe e
OF STEAM NET POWER FUEL POWER/ HEAT" e} INCREMENTAL
SENDOUT OuTPUT USE RATIO FUEL HEAT RATE
PRIME MOVER 110* aTuU/ hr) (MW} (10" 8TU/hr) (kWh, 10* 8Tu) UTILIZATION {8TU, kWh)
STEAM 1 6760 42 950 62.13 018 3683
STEAM 2
STEAM
TURBINE STEAM 3
TOTAL 6760 42 950 62.13 0.15 1683
STEAM 1
STEAM 2
GAS STEAM 3
v
TOTAL
STEAM |
STEAM
COMBINED 2
CYGCLE STEAM 3
TOTAL
STEAM 1
STEAM 2
DIESEL
ENGINE STEAM 3
TOTAL

"“FAOM TABLE 23

“USE STEAM PRESSURE AND STEAM MASS FLOW RATE FROM TABLE 2.2 TO READ POWER QUTPUT OF STEAM TURBINE FROM FIGURE 1.5, GAS
TURBINE FROM FIGURE J 7 COMBINED CYCLE FROM FIGURE 3.3 AND DIESEL ENGINE FROM FIGURE 3.11

“'USE STEAM PRESSURE AND MASS FLOW RATE FROM TABLE 2.2 TO READ FUEL USE FOR STEAM TURBINE FROM FIGURE 1 6. GAS TURBINE
FRAOM FIGURE 3 8. COMBINED CYCLE FROM FIGURE 3.10 AND DIESEL FROM FIGURE 311

“"POWER/ HEAT RATIU - Pe {10001 H
“ut < [Pe (100083413) + H] F
e - [FHo0]. [Pe10001]

® 3 back-pressure steam turbine with an ad-
ditional boiler at the pressure level of
the process steam. {([n retrofit situa-
tions, the boiler can be one of the exist-
ing process-steam generators.) :

® an extraction/condensing steam turbine.

® a gas turbine with supplemental firing.
(A diesel can be substituted.)

These configurations and the effects on
their performance of varying the heat con-
tent of the steam sendout are shown in Fig-
ure 3.12. The back-pressure turbine has a
smaller incremental heat rate than the ex-
traction/condensing turbine. At maximum
steam extraction, a minimum steam flow must
still be maintained through the condensing
stages of the extraction/condensing turbine,
which drives up the heat rate for power gen-
eration. Increasing steam extraction re-
duces the incremental heat rate until the
maximum steam extraction rate is reached.
For all other candidates, the incremental

heat rate increases whether the heat demand
increases or decreases. Fuel-use efficiency
decreases in all cases for any excursion
from the design point,

[n summary:

e Substantial peak demands for heat should
not be met by the cogeneration unit.

® Sizing of the prime mover is least crit-
ical in the case of the steam turbine, but
quite ¢ritical for the gas turdine., Over-
sizing will result in elevated stack-gas
temperatures and the concomitant energy
losses.

3.4 LOAD-DURATICON CURVES AND SYSTEM
MATCHING

Where steam demand is fairly constant and
variations occur only occasionally, the
increase in incremental heat rate over the
year will have only a modest effect. The
sizing of the topping unit becomes quite




HDECREASES HINCREASES
] F ihe L P F the e
BACK-PRESSURE
TURBINE WiTH INCREASE .
LOW. PRESSURE OECREASE | UECREASE | CONSTANT { CONSTANT || CONSTANT iF, 1S INCREASE | DOECREASE
BOWER ADOED}
N
e
z
@2
x
2
3
a4
=
(2]
EXTRACTION/
CONDENSING INCREASE | CONSTANT | INCREASE | OECREASE {| OECREASE |CONSTANT| DECREASE | DECREASE
DESIGN TURBINE
POINT
3w
as
£ WASTE HEAT BOILER INCREASE
2 TANT FolS DECREA
gg AND SUPPLEMENTAL CONSTANT { CONSTANT | INCREASE { OECREASE || CONSTAN AIOOI:D‘ INCREASE EC SE
- FIRING
n =
a4 Q
[ W)
VESIGN POINT F, : Q
ine = INCREMENTAL HEAT RATE
s - FUEL UTILIZATION
FIGURE 3.12, Sample Configurations for Changing Heat Demand
critical, however, where steam demand varia- The areas under thg load~-duration curvas for

tions are substantial. This can be the case
in midsize industries that do not operate
three shifts per day on all processes
throughout the year, or where weather-
dependent nonprocess loads have to be met

by the central plant.

The top of Figure 3.13 shows an example of
large changes in heat and power demands with
the seasons; moreaver, coincidence between
power and heat demands is quite poor. B8y
determining the average steam demands (1b/
hr) for given time intervals (for instance,
months) and arranging them in declining or-
der, 3 Toad-duration curve can be developed
(Figure 3.13, bottom). The load-duration
curve indicates the number of hours during
which a given steam demand is exceeded.
Figure 3,13 also contains the load-duration
curve for the power demand, plotted in the
opposite direction. The load-duration curve
for the steam demand is an excellent tool to
assess the performance of cogeneration units
of different types and sizes.

One passible way of maintaining the steam
Toad-duration curve in summer months is by
using adsorption air conditioning.

heat demand, H 8tu/yr), fuel consump-
tion, F (10 Btu/yr), and net power genera-
tion, Pe (kxWh/yr) provide the following:
the annual heat sendout to the process, H
6 a
{10° Btu/yr)
the annual fuel consumption for the
bine and supplemental firing, Fa
Btu/yr)

gur-

P

the annual ea

(kWh/year).

net power generation,

These three values can be combined to deter-
mine an average value for the incremental
heat rate:

(ihr)av = (Fa - Ha/O.SS)/Pea
3.5 NOMENCLATURE
p steam pressure psig
T temperature °F
h enthaipy Btu/1b
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P /H
ihr

Cp

mass flow of steam
sendout

mass flow of exhaust
gases

ambient temperature
shaft-power generated

heat content of steam
sendout

fuel consumption
net power output
turbine efficiency
boiler efficiency

heat-exchanger
efficiency

fuel-yse efficiency

power conversion
efficiency

power/heat ratio
incremental heat rate

heat capacity

1b/hr

1b/hr

°F
KW

Btu/hr

Btu/hr
MW

%

ak

kwh/108 Btu
Btu/kWh

Btu/1b°F

3.15

a/f air-to-fuel ratio
HY heating value of fuel Btu/1b
HR heat rate Btu/kWh

Local enthalpy state points in steam cycle:

hy throttlie conditions

h1 sendout conditions

h2 condensate return

hg after deaerator

hg at boiler inlet

h5 before superheater

hl' ideal isentropic expansion from ho
hl‘ before desuperheater
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4.0 ECONOMIC ANALYSIS

Establishing the performance of a cogen-
eration system is an essential first step
toward determining the most cost-effective
system, However, choosing the best cogen-
aration unit depends on economic
considerations.

An economic analysis is needed for two rea-
sons: 1) to determine whether cogeneration
is worth undertaking, and 2) to determine

which of several cogeneration configurations

is best. Although the resulting decisions
in both cases usually involve judgments of
factors other than those included in the
economic analysis, that analysis provides
essential information in an organized, sys-
tematic framework that strongly influences
those decisions.

The basic steps in the economic analysis
presented in this chapter are as follows:

1. perform preliminary rank ordering

2. estimate the investment cost of the
cogeneration system

3. estimate the first-year operating costs
4, develop cash-flow summaries based
on power and fuel cost escalation
estimates
5. calculate measures of economic worth
6. analyze sensitivity
7. determine impact of tax parameters.
Appendix E describes some of the basic con-
cepts and terminology often associated with

discussions of project economics.

4,1 PRELIMINARY RANK ORDERING

A preliminary rank ordering of the standard
cogeneration configurations can be achieved
by establishing the break-even points be-
tween first-year fuel costs and cogenerated
electricity costs as a function of incre-
mental heat rate. This preliminary rank
ordering is useful because it excludes un-
realistic configurations at an early stage.

The first step in the rank-ordering process
is to recognize that three possible operat-
ing scenarios are available to the plant:

1. Cogenerate into plant load and purchase
additional power needs from the
utility.

4.1

2. Cogenerate into plant load and sell
excess power to the utility.

3. Sell all cogenerated power to the
utility and simultaneously purchase
plant power needs.

The last possibility, simultaneous sale and
purchase, is only of interest if the avoided
cost exceeds the local industrial elec-
tricity price level. The first two possi-
bilities are mutually exclusive and are
dependent on the relationship between the
power-to-heat ratio calculated for the plant
demand and the power-to-heat ratios gener-
ated by each of the cogeneration configura-
tions as discussed in Section 3.2. I[n the
first two cases, to be economically viable,
power must be cogenerated at costs that are
competitive with the cost of power purchased
from the central power station. In the
third case, the cost to cogenerate the power
must be less than or equal to the avoided
cost or the negotiated rate at which the
utility will purchase cogenerated power.

The second step in the rank-ordering process
uses Figure 4.1 to establish the break-even
points between first-year fuel costs and
cogenerated electricity costs as a function
of the incremental heat rate. For a given
fuel price, the cogenerated electricity
costs increase proportionally with the
incremental heat rate (Figure 4.1). The
energy manager should first draw horizontal
lines across Figure 4.1 at the local indus-
trial electricity price level and at the
avoided cost. These lines contain the locus
of all break-even fuel prices for the three
options. Next, a vertical line should be
drawn for each incremental heat rate shown
in Table 3.2 up to the fuel price levels.

At this price level, a horizontal line
should be drawn to determine the cogenerated
electricity cost for the particular prime
mover-fuel combination. The margin indi-
cated between the cogenerated electricity
cost and either the cost of purchased elec-
tricity or the avoided cost represents the
savings available to cover operating and
maintenance (0&M) costs and to recover the
capital investment required for constructing
the cogeneration plant. The prime mover-
fuel combinations can now be ranked by these
savings margins, and losing combinations can
be excluded prior to the economic analysis.

A sample rank ordering for the candidate
configurations for the wet corn mill is
presented in Figure 4.2,
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4,2 ESTIMATE INVESTMENT COSTS

Obtaining a predesign estimate of the in=-
vestment cost is the next step in conducting
a preliminary assessment of the economics of
cogeneration. Ffor this initial investment
analysis, the turnkey cost of a cogeneration
system can be estimated in one of two ways.
The estimated costs of major equipment items
can be totalled and then cost factors can be
applied to account for installation and in-
direct construction costs. Or, cost data
from current publications can be used. Sev-
eral recent publications contain estimates
of cogeneration system costs. Some of these
estimates are reproduced in Appendix F. I[f
published cost data are used, they may need
to be adjusted to current price levels, as
discussed in Section 4.2.2.

Table 4.1 lists the major cost items for a
cogeneration system. The costs can be clas=~
sified as purchased equipment costs, instal-
lation costs, balance-of-plant costs, and
indirect costs. The basic framework for
estimating the total investment cost from
the purchased equipment cost is provided in

TABLE 4.1. Major Cost [tems for

a Cogeneration System

PURCHASED EQUIPMENT COSTS

e Fuel Handling and Storage

Fuel Use - Boilers

e Energy Conversion - Turbine Generators,
Engines

e Pollution Control

e Major Electrical - Switch Gear,
Transformers

PURCHASED EQUIPMENT INSTALLATION COSTS

e Installation Labor
e Structural Supports, Insulation, Paint

BALANCE -QF -PLANT COSTS

Instrumentation and Controls
Piping

Ancillary Electrical Equipment
Buildings

Yard Improvements
Service fFacilities
Land

INDIRECT COSTS

Engineering and Supervision
Construction Expenses
Contractor's Fee
Contingency

4.3

Table 4.2. The total
estimated as follows:

investment cost is

1. Update purchased equipment cost to cur-
rent-year price levels (if necessary).

2. Determine installed equipment cost.

3. Determine balance-of-plant cost.

4., Determine total direct cost.

5. Determine total investment cost.
Sources of equipment costs, methods of
adjusting costs for capacity, methods of
estimating auxiliary equipment costs, and
methods of updating costs to current-year
price levels are discussed in this section.

4.2.1 Purchased Equipment Costs

Major cogeneration equipment can be conve-

niently divided into the following groups:

1) fuel-handling and storage equipment,

2) fuel-use equipment, 3) energy-conversion
equipment, 4) pollution-control equipment,

and 5) major electrical equipment,

The most accurate equipment costs are firm
bids from fabricators or suppliers. Often,
fabricators can supply quick estimates that
are close to the bid price. Second best in
reliability are costs from past purchase
orders. When used for pricing new equip-
ment, purchase-arder prices must be adjusted
to current dollars using a cost index as
discussed in Section 4.2.2. Information on
process equipment costs is also published in
engineering journals. I[f the published
information is for equipment of a different
size or capacity, costs can be scaled to the
desired capacity using a scaling factor as
follows:

Cost of Equiprent A = (Cost of Euiprent 8) (20Tt A
Capacity B

Suggested values for n are 0.87 for boilers,
and 0.75 for steam turbines and other
equipment.

The potential cogenerator should consider
the possibility of incorporating used equip-
ment components in the cogeneration system.,
Used equipment offers the advantage of lower
initial costs and may be availabie from
small utility plants that are being retired
or from other industrial plants.

A\ n



TABLE 4.2.

STEP 1 UPDATE COSTS TO CURRENT YEAR

Cogeneration System Investment Estimate

PURCHASED
EQUIPMENT COST. s

COST INDEX RATIO
(CURRENT YEAR/COST YEAR)

(E}
CURRENT PURCHASED
EQUIPMENT COST, s

STEP 2: DETERMINE INSTALLED EQUIPMENT COST

INSTALLATION COST = INSTA IPMENT
SACTOR STALLED EQU EN

{n

COST. s

STEP 3: DETERMINE BALANCE-OF-PLANT COST

£ % B8ALANCE-QF-PLANT _ 8)
COST FACTOR = BALANCE-QF-PLANT
COST. s
STEP 4 DETERMINE TOTAL DIRECT COST
(2]

= TOTAL DIRECT COST
S

STEP 5: DETERMINE TOTAL INVESTMENT COST

o) X

INDIRECT COST -
FACTOR

TOTAL IVNESTMENT
COST. s

4.2.2 Cost Indexes

Some cost data available for predesign cost
estimates are from older projects and may be
out of date. Cost indexes can be used to
convert ald costs to present-day costs as
follows:

Current Cost = Original Cost x index value at current time

index value at original time

One such index is the Chemical Engineering
plant construction cost index, which is pub-

lished biweekly in Chemical Engineering. All
index components are based on ?§57—I§53 = 100,

1.4

4.2.3 Cost Factors

With the estimate of the purchased equipment
cost obtained from one of the sources dis-
cussed above, an estimate of the total in-
vestment cost can be derived. This is done
by myltiplying the purchased cost by cost
factors that account for installation costs,
balance-of-piant costs, and indirect costs.

The best source of these cost factors is
data from recently constructed plants that
are similar in configuration. Table 4.3
lists some ?Xer?ge cost factors from the
literature. »2



TABLE 4,3. Average Cost Factors

[tem Cost Factor
[nstallation 1.4 - 1.5
Balance-of-Plant 2.2 - 3.0

Indirect Costs 1.25 - 1.4

4.3 OQPERATING ANQ MAINTENANCE COSTS

[n addition to the capital cost of the
cogeneration system, operating and mainte-
nance (0&M) costs must be determined to
fully analyze the economics of cogeneration.
The relevant (&M costs discussed in this
section are the fuel cost, the electricity
cost (or revenue), and the labor and over-
head costs associated with operating and
maintaining the system.

4.3,1 Fuel Cost
The cost of fuel is a dominant factor in the

operating costs of a cogeneration system
because the plant may burn more fuel when

generating its own electricity. However,
using new high-efficiency (85%) boilers for
the cogeneration case compared to existing
boilers with a lower efficiency (70%) for
the base case may lead to an incremental
fuel savings for the cCogeneration case.
Table 4.4 provides a format for calculating
the annual fuel cost for cogeneration and
for the base case. A sample calculation for
the wet corn mill is shown later in the
chapter.

To determine the annual cost of fuel with
cogeneration, the annual fuel use is multi-
plied by the local fuel price. The annual
fuel use includes the fuel used in the co-
generation unit as well as fuels used for
direct-heating applications in the plant.
In Table 3.2 the fuel consumption, F, (105
Btu/hr), was calculated for the cogeneration
system. This must be converted to an annual
figure by multiplying by the number of hours
of operation per year (load factor). The
annual fuel use and the fuel price must be
in consistent units to determine the annual
fuel cost.

TABLE 4.4. Fuel Cost Calculations

FUEL COST WITH COGENERATION:

FUEL USE. F x LOAD FACTOR FUEL PRICE ANNUAL FUEL
(10 BTU/HR) (HRS/YR) ($/10* 8TUY) COST($/YR)
TOTAL A
FUEL COST WITHOUT COGENERATION:
FUEL TYPE FUEL USE FUEL PRICE B ANNUAL FUEL
(UNITS/YR) {S/UNIT) COST ($/YR)
TOTAL B
INCREMENTAL FUEL COST =A-B =
(OR SAVINGS)




The annual fuel cost for the base case is
determined by multiplying the price of each
fuel by its annual use. This includes fuels
used for both direct- and indirect-heating
operations. The annual fuel usage for each
type of fuel can be obtained from Table 2.1.

To determine the incremental fuel cost, the
fuel cost for the reference case is sub-
tracted from the cogeneration fuel cost, as
shaown in Table 4.4,

4,3.2 Electricity Cost or Revenue

To determine the electricity cost or reve-
nue, again the three cases outlined in Sec-
tion 4.1 must be considered.

As mentioned previously, simultaneous sale
and purchase is only of interest if the
avoided cost exceeds the purchase price of
power, In the first case, an expense is
incurred because additional power beyond the
amount cogenerated must be purchased to meet
the plant demand. In the latter two cases,
revenue is realized either through the sale
of excess power or of all cogenerated power
to the utility.

Table 4,5 provides a format for calculating
the incremental electricity savings from

cogeneration. A sample calculation for the
wet corn mill is shown later in the chapter.

First, the cost of electricity for the base
case is found by multiplying the annual
ysage (from Table 2.1) by the purchased
electric rate. Then, the cost or revenue
with cogeneration is calculated. The power
generated by the cogeneration system, Pe,
was calculated in Table 3.2, This is con-
verted to an annual consumption figure
(xWh/yr) by multiplying by the load factor
and by 1000. Next, if the cogeneration sys-
tem is to cogenerate into the plant load,
the annual plant use (A) is subtracted from
the amount of electricity cogenerated (B) to
yield the amount that must be purchased
{negative value) or the amount of excess
that can be sold to the utility (positive
value). If additional electricity must be
purchased, the annual electricity cost is
found by multiplying the deficit 0 (if nega-
tive) by the electric rate. If excess elec-
tricity is to be sold, the annual electri-
city revenue is found by multiplying the
excess O (if positive) by the avoided cost
or the negotiated purchase price.

If all of the electricity cogenerated is to
be sold to the utility and the total plant
electricity demand purchased simultaneously,
the annual electricity revenue is the prod-
uct of the annual electricity cogenerated
(C)} and the avoided cost or the negotiated
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purchase price. The incremental savings is
the annual base-case purchased electricity
cost (A) plus the annual purchased electric-
ity cost, which is negative, or the annual
electricity revenue with cogeneration (E).

4.3.3 Other 0&M Costs

In addition to fuel and electricity costs,
other 0&M costs, such as operating labor,
annual routine maintenance, and overhead
charges for administrative and support
labor, should be considered. Again, the
incremental cost is the difference between
these costs with cogeneration and the base
case.

These costs are highly plant specific and
depend on the cogeneration configuration
selected and the fuel used. Appendix G pro-
vides some average values g?r the 0&M costs
of a cogeneration system.(

4.4 COGENERATION PRQOJECT CASH FLOWS

After identifying the relevant costs, the
next step is to determine the amount and
timing of the cash flows. It is important
to determine the timing of each cost and
revenue because of the time valqe of money.

For most investment projects, large cash
outflows occur during the construction years
and perhaps the first few years of opera-
tion. Once the cogeneration system is
operating, smaller cash outflows or aven
inflows can be expected. Finally, at the
end of the project life, the salvage value
of the equipment represents a cash inflow.

Becayse costs are occurring over a period of
several years, the escalation of costs must
be taken into account. The best source of
information on future fuel or electricity
costs is usually the plant's electric
utility or fuel supplier, and the public
utility commission for avoided costs.

In some cases, historical
ful. Table 4.6 shows the
fuels from 1973 to 1982. Escalation rates
for,g?ese fuels have been estimated by the
DOE® (Table 4,7). The DOE has also made
estimates on a regional basis. Other or-
ganizations, such as the Gas Research
Institute and the Electric Power Research
Institute, have also made estimates, al-
though these estimates do not always agree.
Replacement equipment and labor can also

be expected to fluctuate with time. Ac-
cording to the Marshall and Swift Index(s)
(Table 4.8), equipment costs in the U.,S.
have escalated from an index of 332.0 in
1972 to 745.6 in 1982, Labor during the
same period escalated from average hourly

data may be help-
relative costs for



TABLE 4.5. Electricity Cost/Revenue Calculations

|. BASE CASE ELECTRICITY COST

B
(A ELECTRIC RATE 8

ANNUAL USE X A . ANNUAL PURCHASED
(kWh. YR) (3/kWh) ELECTRICITY COST ($/YR)
LOAD )
ECTRICITY 5 X FACTOR X 1000—&3 - ANNUAL ELECTRICITY
TMW) (HOURS/ YR) COGENERATED (kWh.'YR)
Il. COGENERATING INTO PLANT LOAD
O
c . A = ELECTRICITY DEFICIT OR

EXCESS (kWh/ YR)

CASE 1. IF D IS NEGATIVE (DEFICIT), PURCHASE EXCESS POWER:

()
ANNUAL PURCHASED
ELECTRICITY COST (s/YR)

o x  ELECTRICRATE
($/kWHh)

CASE 2: IF O IS POSITIVE (EXCESS). SELL EXCESS POWER:

(E}

o) x  AVOIDED COST ANNUAL ELECTRICITY
{8/kWh) REVENUE ($/YR)
INCREMENTAL SAVINGS
INCREMENTAL

SAVINGS (s/YR)

5. SIMULANTANEQUS SALE AND PURCHASE

AVOIDED COST- INCREMENTAL
c X ELECTRICRATE = SAVINGS (S, YR)
($/kWh)

earnings of $4.09 for manufacturing employ- cogeneration system would be good sources of
ees in 1973 to average hourly earnings of estimates of future equipment costs.
$8.50 in 1982 (Table 4.9). The escalation
rates for these parameters may vary during Table 4.10 provides a format for summarizing
the investment life of a cogeneration sys- cash flows, either for each alternative or
tem, Labor contracts with unions, company incrementally. The present-year costs that
projections of wage increases, and overall were estimated earlier can simply be muiti-
inflation rates are some of the guides that plied by escalation rates to obtain the esti-
might help determine future labor costs. mated costs for the year the cash flows occur.

The vendors of equipment used in the

4.7



TABLE

Distillate(b)

4.6.

Relative Costs for Fuels(4)

Residual (¢)

Electricity(d) Fuel 0il Fuel 0il Natural Gas(d) Coal(®)
Year ($/kwh) ($/Barrel) ($/Barrel) ($/1000 ft) ($/10 Btu)
1973 1.25 N/A 5.03 0.35 0.41
1974 1.69 26.9 11.95 0.49 0.71
1975 2.07 31.2 13.20 0.77 0.81
1976 2.21 40.6 11.49 1.06 0.85
1977 2.50 46,0 13.23 1.39 0.95
1978 2.79 49.4 12.75 1.48 1.12
1979 3.05 65.6 18.67 1.80 1.22
1980 3.69 97.8 26.09 2.28 1.35
1981 4.29 120.5 32.50 2.91 1.53
1982 4.95 118.6 29.08 3.49 1.63

[ndustrial rate {(retail) for privately owned utilities.
No. 2 heating oil average retail.

Average delivered to electric plants.
Cost to steam-electric utility.

(a)
(b)
{c) No. 6 residual oil average retail.
(d)
/e)

TABLE 4.7,

Form of Energy

Electricity(?)

Distillate Fuel 0il
Residual Fuel 0il

High Sulfur

Low Sulfur
Natural Gas
Steam Coal

(a) Not applicable to avoided cost that is utility-dependent.

TABLE 4.8.

"~ Year

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

Relative Cost I[ncreases fo
(Marshall and Swift [ndex)

4.3

Estimated Real
Escalation Rate
(%) (1985-1990)

Escalation of Fuel Costs for Industrial Sector(s)

8
44

55
48
29
11

f6§quipment

Equipment Cost

332.0
344.1
398.4
444 .3
472.1
505.4
545.3
599.4
659.6
721.3
745.6



Relative
for Labor

TABLE 4.9. %9?t Increases

Average Hourly % Change from

Year Earnings Previous Year

1973 4.09 8

1974 4.42 8

1975 4,83 9

1976 5.22 8

1977 5,68 9

1978 6.17 9

1979 6.70 9

1980 7.27 9

1981 7.99 10

1982 8.50 6
The net cash flow for any period is simply
the cash inflows minus the cash outflows;
all cash flows are included regardless of
how or why they occur. These project cash

flows should include inflows such as project
revenues, revenue from the sale or lease of

project assets, and revenue from the sale of
tax credits under the Economic Recovery Tax

Act of 1981 (to be discussed later). All

TABLE 4.10.

cash outflows that arise due to the project
during the period must be subtracted from
the inflows to arrive at the net cash flow
for the period. Typical cash outflows in-
clude capital expenditures, interest and
principal payments, 0&M costs, lease pay-
ments, and project income taxes.

Tables 4.11 to 4.14 illystrate sample calcu-
lations for the wet corn mill, Table 4.11
shows the cogeneration investment estimate
for a steam-turbine system. Table 4.12
shows the fuel cost calculations and

Table 4.13 shows the electricity cost/
revenue calculations for the same system.
Table 4.14 summarizes the cogeneration
project cash flows for the wet corn mill.

4.5 [NVESTMENT ANALYSIS TECHNIQUES

Generally, a company's opportunities for
investment exceed its available supply of
capital. The prospective returns on those
investments cover a wide range. [t is
important, therefore, to appropriate funds
to opportunities that yield greater finan-
cial returns than the cost of capital.

Cogeneration Project Cash Flows

CAPMITAL OEPRECIATION FUEL ELFCYR!CII’Y
YEAR . - COST QR
oo vosTs REVENUE

oam
CQOSsTS

TAXABLE
INCOME

TAX
CREDITS

AFFER.-TAX

A
raxes CASH FLOW

4.9



TABLE 4,11. Cogeneration System I[nvestment Estimate for
Wet Corn Mill Example

STEP 1. UPDATE COSTS TO CURRENT YEAR

PURCHASED COST INDEX RATIO
EQUIPMENT CQOST. s X (CURRENT YEAR/CQST YEAR)

(E)
CURRENT PURCHASED
EQUIPMENT COST. s

18.54x10°

1.214 22.51x10°

STEP 2. DETERMINE INSTALLED EQUIPMENT COST

]

E X INSTALLATION COST = INSTALLED EQUIPMENT
FACTOR coST §
22.51x10° 145 32.64x10°

STEP 3. DETERMINE BALANCE-OF-PLANT COST

B)
BALANCE-QF -PLANT {
E X = BALANCE-OF-PLANT
T FACTOR
cos COST. s
22.51x10* 2.60 58.53x10°
STEP 4 DETERMINE TOTAL DIRECT COST
(D)
B . ! = TOTAL DIRECT COST
S
58.53x10* 32.84x10* 91.17x10°

STEP 5 DETERMINE TOTAL INVESTMENT COST

o X INDIRECT COST - TOTALIVNESTMENT
FACTOR COST. s
91.17x10° 1.325 120.79x10°

Efficient capital budgeting requires, among
other items, careful examination and evalua-
tion of alternative demands for capital. To
effectively evaluate alternatives, some
equivalent basis of comparison that summa-
rizes the significant differences among
alternatives is necessary. Most evaluation
techniques produce a single index or mea-
sure. Often this measure is used, along
with other decision criteria, to select the
most efficient investment.

Because circumstances (size of investment,
risk, etc.) and objectives (cost reduction,
income generation, replacement, etc.) of
investment decisions vary, and because par-
ticular evaluation techniques are inherently
different, several common evaluation

techniques are discussed below: 1) payback
period, 2) accounting rate of return, and
3) life-cycle-costing techniques, which in-
clude internal rate of return and net pres-
ent value, It is important to determine
which economic analysis tool is most com-
monly accepted for investment decisions in
each particular company.

For each method, the benefits and costs
resulting from an investment must be esti-
mated. Other considerations affecting the
economic feasibility of investments include
the applicability of energy and investment
tax credits, the cost of borrowed capital,
and federal and state taxes. Because of
escalating energy prices, many companies may
prefer the internal rate of return or the

4.10



TABLE 4,12,

FUEL COST WITH COGENERATION"

Fuel Cost Calculations for Wet Corn

Mill Example

FUEL PRICE ANNUAL FUEL
FUEL USE. F x LOAD FACTOR x l NNUAL FUE
(10° BTU/HRY {HRS/ YR} ($/10° 8TY)
1098 5 6.600 350 25.14 2 10*
TOTAL A 25141 10"
FUEL COST WITHOUT COGENERATION:
FUEL USE FUEL PRICE ANNUAL FUEL
FUEL TvPe {UNITS, YR) x (3/UNIT) COST (8/YR)
NATURAL GAS 5168 x 10° 3150 $21 Sé « 10°
TOTALB 21 56 x 10°
INCREMENTAL FUELCOST - A-8 = $3,580.000 J

(OR SAVINGS)

net present value. These techniques account
for costs and revenues over the entire life
of the equipment,

4.,5.1 Payback Period

The payback period (P) is a simplistic
investment evaluation method. [t is equal
to the ratio of the initial investment (I)
over the annual cash inflow (CF). If the
cash inflows are equal for each year, it is
represented as:

[
p= ol S
If the cash inflows vary from year to year,
the payback period is equal to the number of
years (t) it takes for the cash inflows to
equal the initial :investment:

where

n = last year in which cash flow is
expected,

Payback is a very limited investment evalua-
tion tool. It ignores the time value of
money and fails to consider project earnings
after the initial investment has been
recovered, Despite these disadvantages,
payback period is a quick method to gauge
the early recovery of funds invested.

4.11

4.5.2 Accounting Rate of Return

The accounting rate of return (ARR) is
another simplistic investment evaluation
method. It is the ratio of average annual
after-tax profit (ATP) over the investment:

ARR = ATP

This method requiras an estimate of net
annual profit., For cogeneration systems,
the net annual profit is the revenues from
surplus electricity sales, plus any energy
cost savings that might occur with fuel
switching (e.g., from oil to coal), plus
energy and investment tax credits (if
applicabie), minus fixed and variable costs
consisting of the following: - i

® . property taxes and insurance
® labor and maintenance
® federal taxes.

If all or part of the cost of the equipment
is financed, then the cost of borrowed
capital is also included as an expense item.

In practice, two methods are used to deter-
mine the investment. One method uses the
average net investment, which is the initial
investment divided by the depreciable life
of the equipment. The other method uses the



TABLE 4.13.

Electricity Cost/Revenue Calculations

for Wet Corn Mill Example

| BASE CASg ELECTRICITY COST

(A [{=}}
ANNUAL USE x  ELECTRICRATE ANNUAL PURCHASED
{kWh YR} {S/kWh) ELECTRICITY COST (S/YR)
188.4x10° 0.045 8.4a8x10°
LOAD (C)
C%LGESLZ'&%D X FACTOR X ‘°°°l‘f’vv = ANNUAL ELECTRICITY
MW (HOURS.YR) M COGENERATED (kWh./ YR)
a2 6600 1000 277.2x10°
II. COGENERATING INTQ PLANT LOAD
(O}
c . A = ELECTRICITY DEFICIT OR
EXCESS (kWh /YR)
277.2x10° 188.4x10° 88.8x10*
CASE 1 IF D IS NEGATIVE (DEFICIT), PURCHASE EXCESS POWER:
(E)
0 x  ELECTRICRATE . ANNUAL PURCHASED
(8/kWhi ELECTRICITY COST ($/YR)
CASE 2. IF OIS POSITIVE (EXCESS). SELL EXCESS POWER:
(E)
o) x  AVOIDED COST ANNUAL ELECTRICITY
($/kWh) REVENUE (S /YR)
88.8x10* 0.045 4.00x10°
INCREMENTAL SAVINGS
i INCREMENTAL
8 . E = SAVINGS (s ‘YR)
8.48x10° 4.00x10° 12.48x10°
. SIMULANTANEOUS SALE AND PURCHASE

C X ELE(CSTTC:V:;”E = SAVINGS (s.'YR}
/
277.2x10¢ 0 0
initial investment. These methods would
provide very different rates of return. The rate of return and net present value.

major disadvantages of the accounting rate
of return are that it is based on profit
rather than cash flows and that it ignores
the time value of money.

4.5.3 Life-Cycle Costing Techniques

Life-cycle costing techniques consider total
relevant costs and revenues over the life of
a system. These techniques include internal

Life-
cycle costing is a useful approach for com-
paring cogeneration confiqurations and/or
financing alternatives.

The major steps in performing life-cycle

cost analysis are as follows:
l. [dentify relevant cost items for each
alternative.
2. Determine magnitude and timing of cash

flows.



TABLE 4.14,

Cogeneration Project Cash Flows for Wet Corn Mill Example

{cash flows in thousands of dollars)

YEAR CAPTAL DEPRECIATION FUEL b FLCEC():ST:E:I" .O&M d TaxA@LE "Alfse Tax f AFTER TAX
OSTS a cOSTsS REVENUEC OSTS INCOME CREOITS CASH FLOW
1993 120 790 0 - - - — 12N.7900 - - 120 790 0
1984 - 181192 35800 12,4800 2,149 173683 - - /7509
1985 - 265738 . 16895 126048 22351 198736 - - 6700 2
1988 - 25.365 9 37812 12,7308 23245 18,7208 b - 66845 1t
1987 - 25.365 9 1.855 3 12.8%8 2 241758 18.780 S - - 6.585 4
1988 - 25 35;9 39517 129688 7 2.5142 18 84S - - 65208
1989 - - 40504 131168 2F148 A.451 4 29678 296746 £.451 4
1990 - - 41517 132479 271394 81787 29332 29731 §13767
1991 - - 42555 13.380 3 28281 82967 8968 S 2.896 5 62967
1992 - - 436193 115140 2,941 ] 821089 28570 28870 6.2108
1993 - - 44709 13,649 2 30589 41194 28149 424 6 3.7290
1994 - - 45827 13,788 7 3813 6.021 7 27700 - 32817
199% - - 4697) 139238 33085 59177 27221 - 319545
1996 - - 48147 140829 34408 5.807 1 8714 - 31359
1997 - - 49351 14203 4 35785 56898 8173 - 30125
1996 - - 5058 4 14 J45 4 1216 5.565 4 25600 - 3.0053
1999 - - 51849 14 488 9 38708 5433% 24994 - 29341
2000 - - 53145 146338 4025) 5.294 0 24352 - 18588
1001 - - 5447 4 14,7801 41881 .9, 146 4 23671 - 2.779
2002 - - 558316 14927 9% 413538 49905 22956 - 1.694 93
2003 - - 57212 190772 45279 48281 22200 - 2606 1
F(a) Noncash expense used to calculate (d) Assumed to escalate at 4% per year.
I taxable income. : (e) 46% of taxable income.
'(b) Assumed to escalate to 2.5% per year. (f) 10% of taxable income. ]
[(c) Assumed to escalate at 1% per year. ]
y L i 1 1 I [ |

3. Calculate life-cycle costs.
4. Compare costs of alternatives.

Life-cycle cost analysis accounts for costs
and revenues over the life of the system,
rather than first costs only. For a cogen-
eration system, this requires examining the
following kinds of costs: 1) system
acquisition costs, including purchase
prices, delivery costs, and installation
costs, 2) system 0&M costs, 3) repair and
replacement casts, 4) insurance, 5) taxes,
and 6) salvage value.

A life-cycle cost comparison of alternatives
may be based on total costs for each system
or on incremental costs among alternatives.
Since only cost differences are critical in
choosing among alternatives, the incre-
mental-cost approach is often used. Cost
items that are identical for the alterna-
tives can be omitted without changing the
outcome of the analysis.

Internal Rate of Return

The internal rate of return (IRR) is the
discount rate for which a cogeneration
investment 's present value of the after-tax
cash flows is zero. In other words, it
equates the present value of the expected

cash outflows with the present value of the
expected inflows. It is also called dis-~
counted-cash-flow (DCF) rate of return.

n CF
}: __t—t.. = 0
t=0 (1+r)

where

CF, = after-tax cash flow for‘year t
(From Table 4.10)

.n = last year in which cash flow is

expected
r a IRR
t = year of cash flow.

A company should invest if the [RR is
greater than the opportunity cost of
capital.

There are three things to be aware of:

1. Short-term interest rates may differ
from long-term rates.

2. If there is more than one change in the
sign of the cash flows, there may be
multiple [RRs or no real [RR.



3. The technique must be used on each

additional unit of investment.

When choosing between mutually exclusive
investment opportunities, the IRR analysis
will not ensure maximum overall return to
the firm if any one of the following condi-
tions is true:
® the initial investments are different

e the investments have different deprecia-

tion lives

e the cash-flow streams are significantly
different.

Net Present Value

The net present value (NPV) is a discounted-
cash-flow method much like the I[RR.

n CF

NPY = z .__Ji_g
t=0 (l+r)
where
CFt = after-tax cash flow for year t

(from Table 4.10)

r = required rate of return

r
i

year of cash flow

3
uw

last year in which cash flow is
expected.

Generally, the net present value is computed
for the life of the cogeneration system.
Alternatively, the period of analysis may be
equal to or much shorter than the cogenera-
tion system life. A reason for limiting the
period of analysis is to decrease the uncer-
tainty in forecasts of energy availability
and economic conditions. [f a very low dis-
count rate were used, the results would be
quite sensitive to the period of analysis;
if a relatively high discount rate were
used, the results would be much less
sensitive,

The more positive the net present value of
an alternative, the more attractive the
option, since positive values represent sav-
ings and negative values represent costs.

[f the analysis is performed on an incre-
mental-cost basis, a positive net present
value indicates that cogeneration is less
costly than purchasing power from a utility.

Table 4.15 provides a format for computing
discounted cash flows for an investment and
for calculating the four investment-analysis

4,14

measures discussed above, The after-tax
cash flows from Table 4.10 are multiplied by
present worth factors to obtain the dis-
counted cash flows. The present worth fac-
tors may be obtained from an accounting or
finance text or calculated from the formula
given in Appendix E.

The discount rate is referred to in many
ways: cost of capital, minimum desired rate
of return, cutoff rate, target rate, hurdle
rate, and financial standard. Regardless of
what it is called, the discount rate is the
rate of return on the project that theo-
retically will leave the market price of the
firm's stock unchanged. However, ther ;s
little agreement on how to measure it.

The energy manager must be guided by his
firm's accounting practice.

4.6 SENSITIVLITY ANALYSIS

The outcome of the cogeneration investment
analysis can be quite sensitive to the data
estimates and assumptions made in the analy-
sis. In particular, a great deal of uncer-
tainty is associated with estimating future
cost escalation,

Sensitivity analysis (parametric analysis)
provides a systematic means of determining
the importance of each independent factor on
the end result. In sensitivity analysis,
one parameter is varied incrementally over
its expected range of values while all other
factors are held constant. In this way,
changes are determined in the outcome of the
investment analysis with incremental changes
in the parameter. This impact can either be
linear or nonlinear. The process is re-
peated for each parameter under study.

Thus, the most significant factors are
readily identified. Sensitivity analysis is
particularly important in determining the
potential impact of known uncertainties on
the end result.

The first step in a sensitivity analysis is
to identify the primary assumptions made in
the investment analysis. Some of the fac-
tors that may affect the outcome of the
cogeneration investment evaluation are

1) the escalation rates of energy prices,
2) the investment cost of the cogeneration
system, 3) the cost of operating labor, and
4) plant shutdown or curtailed operating
hours.

The second step is to vary each parameter,
one at a time, while holding all other
assumptions constant. Often three values of
each parameter are used: the best case, the
worst case, and the most-likely case. These
three scenarios encompass the range of out-
comes of the investment analysis.



TABLE 4.15,

DISCOUNT RATE = e

[nvestment Analysis

)/,
%

EAR AFTER-TAX ngiiﬁr DISCOUNTED
FLOW
CASH FLOW FACTOR CASH FLO
PAYBACK PERIQD =
ACCOUNTING RATE OF RETURN =
INTERNAL RATE OF RETURN =
NET PRESENT VALUE =
As a third step, the variables that have the benefits. Because the requlations have been

greatest impact on project feasibility
should be evaluated to determine the degree
of uncertainty in their estimated ranges.
This information provides a measure of
project risk and also serves as a guide to
where additional efforts in refining esti-
mates {reducing uncertainty) would be most
valuable,

4.7 IMPACT OF TAX PARAMETERS

Recent energy legislation affects the imple-
mentation and economic viability of indus-
trial cogeneration systems. It is extremely
important that a potential cogenerator be-
come familiar with this legislation so that
maximum advantage can be taken of available

1.15

changing and are.subject to future change,
it is necessary to remain current on this
topic. The following are recent tax acts
that either directly or indirectly impact
implementation of cogeneration systems:

e fnergy Tax Act (ETA) of 1978

® Crude 0il Windfall Profit Tax Act (COWPTA)
of 1980

e fconomic Recovery Tax Act (ERTA) of 1981.
4.7.1 ETA

The ETA provides for changes in the business
investment credit to encourage conservation



of, or conversion from, 0il and gas. The
10% energy investment tax credit for
investments in designated energy property is
in addition to the regular 10% investment
tax credit. Although energy credits
generally apply to costs incurred for the
period of October 1, 1978, through

December 31, 1982, it is important to
discuss the ETA to understand past available
benefits and what might be possible if an
extension or revision is made.

To qualify for the energy investment credit,
the property must have been new (not used)
and first placed in service after September
30, 1978. The energy credit (but not the
regular investment tax credit) is available
for structural components of buildings that
otherwise qualify as energy property. Co-
generation equipment and facility invest-
ments are not specifically addressed inm the
ETA. However, the ETA provides energy in-
vestment tax credits for two classes of
property, which include several of the com-
ponents, both equipment and structural,
which may be used in cogeneration systems.
These energy-property classifications are
alternative-energy property and specially
defined energy property. Alternative-energy
property includes boilers, burners, fuel-
handling equipment, and associated pollu-
tion-control equipment for systems that do
not use 0il or natural gas as a primary
fuel. Also included as alternative-energy
equipment are modifications to existing
equipment that use oil or natural gas as a
fuel, so that such equipment will use a sub-
stance other than oil or natural gas, or an
0il mixture where 0il will not constitute
more than 75% of the fuel., Specially
defined energy property includes recupe-
rators, regenerators, heat wheels, heat
exchangers, waste-heat boilers, heat pipes,
automatic energy-control systems, tubula-
tors, preheaters, combustiblie-gas-recovery
systems, economizers, and any other property
of a kind specified by the Secretary of the
Treasury by regulations, the principal pur-
pose of which is reducing the amount of
energy consumed in any existing industrial
or commercial process and which is installed
in connection with an existing industrial or
commercial facility.

1.7.2 COWPTA

The COWPTA establishes new tax incentives
for enerqy efficiency and extends or modi-
fies certain provisions included in the

ETA. The COWPTA provides a 10%, nonrefund-
able energy credit for qualified investments
in cogeneration equipment. The equipment
must not use 0il or natural gas or their by-
products as fuel for any purpose other than
startup, flame control, or backup. Further,
during any taxable year, not more than 10%

(determined on a Btu-input basis) of the
fuel can be oil or natural gas or their
products.

The energy tax credit allowed by COWPTA was
applicable to investments made between Jan-
uary 1, 1980, and December 31, 1982, How-
ever, the 10% energy tax credit may be ex-
tended to December 31, 1990, if both of the
following criteria are met or apply to a
cogeneration project with a normal construc-
tion period of two years or more:

e Before January 1, 1983, the taxpayer has
completed all engineering studies in con-
nection with the commencement of project
construction.

e Before January 1, 1986, the taxpayer has
entered into binding contracts for the
acquisition, construction, reconstruction,
or erection of equipment specially de-
signed for the project, and the total cost
to the taxpayer of that equipment is at
least 50% of the reasonably estimated cost
of all such equipment that is to be placed
in service as a part of the project upon
its completion.

To qualify for the 10% energy tax credit,
cogeneration equipment must not be public
utility property. Public utility property
is that used predominantly in the trade or
business of furnishing or selling of elec-
tric energy and steam through a local dis-
tribution system or transportation of steam
by pipeline, if the rates are fixed by a
public body such as a public utility commis-
sion., Sale of electricity by cogenerators
to utilities at rates based on avoided costs
pursuant to PURPA does not disqualify prop-

* erty for the 10% energy tax credit.

4.7.3 ERTA

Although not directed specifically at
cogeneration, the ERTA provides significant
tax incentives for new business investment
in general. This tax act provides for an
Accelerated Cost Recovery System (ACRS),
which determines the depreciation life and
the depreciation method for investments in
equipment. The depreciation life is gener-
ally 5 years in accordance with ERTA, De-
preciation methods in the ACRS include 150%
declining balance (DB) changing to straight
line (150% 08/SL), 175% DB changing to sum-
of -the-years'-digit (SYD) (175% DB/SYD), and
200% DB changing to SYD (200% DB/SYD).
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5.0 FINANCIAL STRATEGIES

Recent tax law changes have increased the
importance of investigating alternative fi-
nancing options for cogeneration projects.
Because the ability to qualify for or effec-
tively use tax incentives varies among po-
tential cogeneration system owners, arrange-
ments other than ordinary sales may some-
times improve the economics. Alternative
arrangements can allow tax incentives to be
effectively used by one party in the trans-
action, who can then make the cogeneration
system available to the system user at a
lower price.

The two essential parties to any financial
transaction are the buyer and the seller.
However, the transactions might also include
“third parties" -- other institutions that
intervene in transactions between the buyer
and seller, as opposed to working through
either one of them. In a rough sense, a
third party is somewhat 1ike a wholesaler,
who buys from the seller and then sells to
the buyer. Figure 5.1 shows the three par-
ties and the types of financial aid that
might be involved in a?l?lternative-
financing arrangement.

This section describes alternative methods
of financing cogeneration projects, includ-
ing ordinary sales, sales with borrowed fi-
nancing, four types of leases, and joint
ventures. In many situatifons, alternative-
financing arrangements can significantly en-
hance the economics of cogeneration projects
by providing a way to efficiently allocate
elements of risk, return on investment, re-
quired capital investment, and tax benefits.

5.1 ORDINARY SALE

In an ordinary sale, the user would simply
receive the cogeneration equipment from the
manufacturer in exchange for the purchase
price (Figure 5.2). An industrial plant
will usually want to own and operate its co-
generation eguipment. However, several
California utilities have built and now own
and operate cogeneration facilities at in-
dustrial plants. The utilities sell the
heat or steam to the plants and add the
electricity to their grids. The plants have
the benefit of guaranteed process heat sup-
plies without the costs of purchasing and
operating the cogeneration system. For
example, the Garden State Paper Company in
Pomona, California, gets all of its process
steam and electricity from a 15-MWe cogen-
eration facility owned by ?E?thern
California Edison Company.

Another possible arrangement is for a third
party to own and operate the cogeneration
facility. The third party, an independent
cogeneration company, will receive the tax
benefits in return for designing, building,
and operating the facility. For example,
Applied Energy, Inc., a subsidiary of San
Diego Gas and Electric Company, owns and
operates a 0.8-MWe cogeneration facility at
Rohr Industries' plant in Chula Vista,
California. Rohr buys the steam from the
facility and San Diego ?gi and Electric
Company buys the power.

5.2 SALE WITH BORROWED FINANCING

A sale with borrowed financing would involve
a bank as a third party (Figure 5.3). The

EQUITY EQUITY
DEBT DEBT
GRANT :
SELLER BUYER GRANT
INSURANCE INSURANCE
TAXATION TAXATION
REQUIREMENTS REQUIREMENTS
THIRD PARTY

EQUITY DEBT GRANT INSURANCE TAXATION REQUIREMENTS

Figure 5.1. Parties and Types of f{?ancial Aid in an Alternative-
Financing Arrangement
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FIGURE 5.3. Sale with Borrowed Financing(l)

user (industrial plant or utility) would
take out a bank loan to help finance the
purchase of the cogeneration equipment from
the manufacturer. The user would repay the
1oan with interest.

5.3 LEASE

A lease is a rental agreement in which the
equipment user (lessee) promises to make a
series of payments to the equipment owner
(lessor). At the end of the lease term, the
lessee has the option to purchase the equip-
ment or take out a new lease. The lessor
obtains the tax benefits of ownership during
the lease term and can pass these savings on
to the lessee through lower lease payments.

Leasing provides various advantages to both
the lessor and the lessee. For the lessor,
advantages include availability of acceler=
ated depreciation to reduce tax liability,
applicable investment and energy tax cred-
its, and the residual value of the equip-
ment. For the lessee, advantages include
100% financing (no capital requirement); the
possibility of lower payments than a bank
loan would require, assuming that the value
of tax benefits is passed on; and because of
off-balance-sheet financing, no direct
decrease of the lessee's net worth.

Leasing offers particular tax advantages in
cogeneration financing. In a typical
arrangement, a corporation investor would
buy the cogeneration equipment and lease it
to a utility. The ytility could realize
significant savings if the tax credits
available to the corporation (and not
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available to the utility) were passed on to
it through lower lease payments.

In the following subsections, several types
of leases are described: ordinary lease,
third-party lease, leveraged lease, and sale
leaseback.

5.3.1 QOrdinary Lease

In what is called an “ordinary lease" only
two parties are involved, and the user would
agree to make regular lease payments to the
equipment manufacturer in return for use of
the equipment (Figure 5.4). This type of
leasing arrangement operating directly be-
tween the manufacturer and user is unlikely.
Usually, a third party would be involved in
the lease transaction.

PLANT

MANUFACTURER USER

——————
Pt —————

LEASE PAYMENTS

FIGURE 5.4, Ordinary Lease(l)

5.3.2 Third-Party Lease

A third-party lease would involve the manu-
facturer, the user, and the owner, who acts
as the third party (Figure 5.5). In this
arrangement, the owner, most likely a cor-
porate investor, would purchase the equip-
ment from the manufacturer and lease it to
the user in exchange for reqular payments.
The owner (lessor) would receive tax bene-
fits, which could be passed on to the user
(1essee) in the form of reduced lease
payments.

MANUFACTURER USER
PLANT PLANT
PURCHASE OWNER LEASE
PRICE PAYMENTS

FIGURE 5.5. Third-Party Lease(l)

5.3.3 Leveraged Lease

[n leveraged leasing, part of the cost of
the leased equipment is financed through a
loan secured by the equipment and the lease
payments. The owner (lessor) issues debt
and equity claims against the eguipment and
the lease payments (Figqure 5.5). The owner
(lessor) is the intermediary among all the
parties involved. The owner raises most of
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FIGURE 5.6. Leveraged Lease(l)

the capital needed to buy the equipment by
taking out a loan. The remaining capital is
contributed by equity investors. After pur-
chasing the equipment, the owner makes a
lease agreement with the user and receives
reqular lease payments. The lenders have a
security interest in the leasing contract.
The lease payments received by owner (les-
sor) are used to repay the lenders. The
amount left over repaying the loan and in-
terest is distributed to the equity inves-
tors. Tax benefits received by the ]ﬁsor
are also passed on to the investors.

Leveraged leasing offers tax advantages to
the owner (lessor). The owner gets the tax
shields created by the interest payments on
the loan as well as by accelerated deprecia-
tion. Also, although the owner has only a
modest equity investment in the equipment,
the total equipment cost can be depreciated.

5.3.4 The Sale-lLeaseback Method

Under the Economic Recovery Tax Act of 1981
(ERTA), companies that previously were un-
able to take advantage of investment tax
credits may be allowed these bcnefits
through sale-leaseback financing (sometimes
called "safe-harbor leases”). In the sale-
leaseback method, a company that cannot
benefit from tax credits sells equipment to
a company that can.benefit from such ¢red-
its. The new equipment owner then leases
the equipment back to the original owner
under contract. The lessor (equipment
owner) and the lessee (equipment user) are
then able to share in the tax benefits
allowed to the lessor.

Because the Treasury Department interpreta-
tion of the law is uncertain, a company's
ability to make use of sale-leaseback ar-
rangements will yltimately depend on final
guidelines to be issued by the [RS. While
these guidelines are still undetermined,
interim Treasury Department guidelines are
found in the [RS "safe-harbor" provisions.

There are three basic requirements: (1) the
lessor must be a "regular corporation;"

(2) the lessor's minimum investment in the
leased equipment must never be less than 10%
of the equipment's cost (25% for energy
equipment); and (3) the term of the lease,
including extensions, must not exceed 90% of
the equipment's useful l1ife for depreciation
purposes or 150% of the present class life
of the equipment. An additional requirement
is that the lessor must buy the equipment
within three months of the lessee's original
purchase. If the final IRS rules do not im-
pose further major restrictions on the use
of sale-leaseback arrangements, manufactur-
ers and utilities will have been provided
with a major szentive to enter the cogener-
ation market.

A sale-leaseback arrangement for cogenera-
tion financing would involve two basic steps
(Figure 5.7). In the first step, an indus-
trial plant or a utility would buy and as-
semble the necessary equipment. A corpora-
tion rich in capital but needing tax deduc-
tions would buy the equipment from either
the industrial plant or the utility. The
seller would receive a fraction of the en-
tire equipment cost (not less than 25%) in
the form of a down payment. In the second
step, the corporation would lease the equip-
ment back to the seller (industrial plant or
utility). The transaction would be arranged
so that the remaining purchase payments
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FIGURE 5.7. Sa1e-Leaseback({;Safe-
Harbor" Lease)



(step 1) are exactly offset by the lease
payments (step 2). Thus, no more cash would
be exchanged between the two parties. Fol-
lowing the leaseback transaction, the indus-
trial plant or the utility would be able to
use the equipment. Meanwhile, the corpora-
tion would be able to take advantage of the
tax benefits. When the term of the lease
was up, the industrial plant or utility
could choose to repurcha?? the equipment for
as little as one dollar. )

This type of package provides advantages to
both the seller and the corporation. The
net cost of the equipment to the seller has
been reduced by the amount that the corpora-
tion paid the seller for the tax benefit.
The corporation has received a tax write-off
because the lease payments are equal to the
debt payments, and because it may ultimately
sell the depreciated equipment back to the
original seller for less than the fair mar-
ket value, realizing no capital gain., Fur-
thermore, the corporation has invested a
relatively small amount of money at risk,
and it eventually recovers this sum., The
original seller has accepted most of the
risk in the investment,

An axample of a sale-leaseback transaction
is under way at Diamond/Sunsweet, a coopera-
tive walnut-processing plant in Stockton,
California, Diamond/Sunsweet plans to build
a 4.5-MWe cogeneration facility, sell it to
a group of investment companies, and then
lease it back. The benefits to Diamond/
Sunsweet are in lower energy costs, while
the benefits to the investment c??ganies are
in tax credits and depreciation,

5.4 JOINT-VENTURE FINANCING

Joint-venture financing is an option that
offers the benefits of combining the skills
and experience of different organizations
through cooperative agreements. The range
of possible partners in joint-venture finan-
cing is virtually limitless. However, some
likely participants include municipal or
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investor-owned utilities, leasing corpora-
tions, banks, equity firms, individual in-
vestors, engineering firms, energy manage-
ment companies, equipment manufacturers,
equipment vendors, local government enti-
ties, nonprofit organizations, and private
nonprofit foundations. Financing mechanisms
that may not be possible or conceivable
using traditional arrangements may be devel-
oped effectively when the resources and ex-
pertise of two or more entities are used.
The various parties involved may facilitate
creative combinations of financing methods.
These arrangements may include techniques
such as issuing bonds, raising capital from
private investors, lease financing, and
direct purchase. Because of the originality
of many joint-venture agreements, it is
particularly crucial that all parties
involved understa?? and accept their
responsibilities. )

A joint venture between an industrial plant
and a utility has been successful in Pampa,
Texas. There, the Celanese Chemical Company
and the Southwestarn Public Service Company
jointly own and operate a 30-MWe cogenera-
tion facility., Celanese owns and operates

a coal-fired boiler that produces steam

for the utility-owned turbine generator.
Celanese and §?e utility share the
e1ectricity.(
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6.0 ENVIRONMENTAL [SSUES

This chapter discusses the environmental
aspects of installing a cogeneration system.
These aspects include environmental regula-
tions, types of pollutants, environmental
impacts of the various prime movers and
fuels, and current emission-control
technology.

6.1 FEDERAL REGULATIONS

The most important step in determining the
required pollution-control equipment and
regulatory steps to gain approval for a new
cogeneration plant is to contact the Envi-
ronmental Protection Agency (EPA) office
responsible for the area in which the cogen-
eration plant is to be located. The region-
al EPA offices are listed in. Appendix H.

The most likely regulations that will apply
are the 1980 Prevention of Significant De-
terioration (PSD) regulations found in the
Code of Federal Regulations (CFR) under
Title 40, CFR 52.21. Advance contact with
the EPA's PSD reviewing authorities is the
most useful way to determine whether PSD
regulations apply and whether a PSD appli-
cation will be required. The federal regu-
lations do not describe the requirements
that State Implementation Plans (SIP) may
require. With these plans, states may
revise portions of the federal PSD requla-
tions to conform to their existing or pro-
posed methods of implementation., Generally,
SIP provisions that differ with federal PSD
requirements will be more restrictive.
Large steam generators with heat inputs
greater than 250 MMBtu/hour are also
requiated by New Source Performance Stan-
dards (NSPS) regqulations. The EPA has
prepared an extensive publication entitled
Prevention of Sigpjficant Deterioration,
Workshop Manual.'*’/ Copies of this manual
are available from the EPA.

Figure 6.1 outlines the required steps in
the regulatory process to gain approval for
a new cogeneration system, Table 6.1 gives
the emission levels of the controlled pol-
lutants that are considered significant
under PSD regulations. Additional informa-
tion on actual PSD determinations is avail-
able for public inspection at

Environmental Protection Agency

Region [[ Office, Permits and
Administration Branch

Office of Policy and Management

26 Federal Plaza, Room 432

New York, New York 10278

(212) 264-4711
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6.2 TYPES QF POLLUTANTS

The primary environmental concern associated
with a cogeneration facility is the air
pollution caused by fuel combustion.

Water-quality and solid-waste impacts also
result from the combustion system, but to a
lesser extent than air pollution, The pri-
mary air pollutants of concern are particu-
lates, sulfur dioxide (502), and nitrogen
oxides (NOX). Other air pollutants of
secondary concern are carbon monoxide (CO)
and hydrocarbons (HC).

Particulates will be emitted into the envi-
ronment by the combustion of all coals, and,
to a lesser degree, by fuel oils. One par-
ticulate, flyash, is composed mainly of
silica and some metal oxides. In coal com-
bustion, the stack gases will also contain
unburned carbon particles.

Most coals and many fuel oils contain sul-
fur. Their combustion will result in the
formation of sulfur oxides (SOX), predomi-
nantly SO, and, to a lesser extent, sulfur
trioxide %503). The level of SO, generated
is directly proportional to the
sulfur content.

uel's

The reactions responsible for creating NO,
are much more complex than those of SO,.
The amount of NO, depends only to a small
degree on the fuel's composition. The major
source of nitrogen is the combustion air,
The predominant NOx in the stack gas is NO;
in most combustion processes there is not
enough residence time to fully oxidize NO to
NO

20

Although cogeneration facilities can gener-
ate water-carried pollutants, federal water
pollution regulations applicable to cogener-
ation are minimal. There are federal water
pollution standards that apply to facilities
generating electricity for distribution and
sale. Excepted from these standards are
facilities with less than 25-MW rated net
generating capacity or any units that are
part of an electric utility system with a

“total n?E)generation capacity less than

150 Mu.

The solid wastes that can be generated by
cogeneration facilities include flyash,
bottom ash, slag, and flue-gas-emission-
control water, The management of these
wastes will generally be controlled by state
and local regulations rather than by federal
regulations. The solid or liquid wastes
that may meet the criteria of hazardous
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FIGURE 6.1. Outline of Preconstruction Review of Major Pollution-Control Regulations(2)



TABLE 6.1, Emission Levels Considered
S1gn1f1??5§ Under PSD Regula-

tions

Emissions Rate

Pollutant (tons/year)
Carbon monoxide 100
Nitrogen oxides 40
Sulfur dioxide 40
Particulate matter zs(b)
Ozone 40
Lead 0.6
Asbestos 0.007
Beryllium 0.0004
Mercury 0.1
Vinyl chloride 1
Fluorides 3
Sulfuric acid mist 7
Hydrogen sulfide 10
Total reduced sulfurlC) 10
Reduced sulfur compounds(C) 10

(a) In spite of the above values, any major
source or modification located within
10 km of a Class I area thaf causes an
increase of at least 1 ug/m® in the
ambient air concentration (over the
Class I area) for a reqgulated pollutant
(i.e., a pollutant for which an emis-
sion or air quality standard has been
established) is regarded as emitting
significant amounts of that pollutant.
Volatile organic compounds.

Including hydrogen sulfide.

(b)
(c)

wastes under the Resource Conservation and
Recovery Act are those containing corrosion
inhibitors used to prevent boi1er15§be
fouling in steam-turbine systems.

6.3 COMBUSTION SYSTEMS AND FUELS

The environmental impacts resulting from
cogeneration facilities depend on the type
of prime mover and fuel used, as discussed
below. .

6.3.1 Steam Turbines

Steam turbines can be major sources of air
pollution and can also produce significant
amounts of water pollutants and solid waste,
depending upon the fuel used. Air pollu-
tants produced during combustion in fossil-
fuel-fired boilers include particulates,
SOZ, and NOX. Most of these pollutants are
caused by firing bituminous coal. Fuel-o0il
firing is a factor in SO, and NO, emissions,
while wo?gifired boilers emit particulates
and NOy.

6.3.2 Gas Turbines
Gas turbines produce some air pollutants,

but generate minimal water pollutants and
solid waste. The air pollutants of con-

cern are NO, and S0j. The emissions of
particulatesr2§c, and CO are less
significant.

6.3.3 Diesel Engines

Diesel engines are sources of several air
pollutants: NO,, CO, particulates, HC, and
507 Large-bore engines, which would be
used in cogeneration systems, account for
the majority of NO, emissions from diesel
engines, but relatively small amounts of HC
and CO emissions. Eighty percent of the HC
are comprised of methane, a nonreactive pol-
lutant. CO emissions, although significant
for carbureted or naturally aspirated gas
engines, are much lower for diesel en-
gines. Particulate emissions from diesel
engines are believed to be very small, aver-
aging abo?§)33.5 1bs/1000 gallons of fuel
consumed.

' S0, emissions from diesel engines depend
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upon the sulfur content of the fuel and the
firing rate. The use of low-sulfur fuels is
currently the only viable method of SO,
control, since exhaust-gas scrubbing is not
economically feasible. Because of the lower
0%M costs of burning low-sulfur fuel, indus-
tries are expected to continue this emission
control approach. Therefore, S0, emissions
from these sources are expected to be minor.
Other environmental impacts (water pollution
or solid waste) are no?5¥fstent from diesels
using low-sulfur fuel.

6.4 EMISSION-CONTROL DEVICES

Various emission-control devices to reduce
the pollution loads of cogeneration facili-
ties to acceptable levels are available from
many vendors. Although the details of these
techniques are beyond the scope of this
handbook, the major ones are discussed
briefly below.

6.4.1 Particulate Emissions Control

Four types of emissfion-control devices are
used for particulates: electrostatic pre-
cipitation, fabric fi]t?f?’ wet scrubbers,
and multitube cyclones.

Electrostatic precipitators (ESP) are char-
acterized by high collection efficiency
(>99%) and moderate operating costs compared
with the other three devices. They also are
adaptable to small boilers, although the
greatest efficiency is obtained with larger
systems, such as utility boilers. Varia-
tions in fuel characteristics, such as sul-
fur, alkali, and particle size, can play an
important role in determining ESP perform-
ance, For oil-fired boilers, ESP efficiency
can vary from 45 to 90%, but these devices
are not normally used for new installations.
They are being used in oil-fired boilers



that originally used coal. With no modifi-
cations, an ESP unit originally designed for
coal and now used on an oil-fired ?gjler may
only provide about 50% efficiency.

Fabric filtration (baghouses) for industrial
boilers accounts for about 10% of the market
for particulate controls. Collection effi-
ciencies of 96 to over 99% wgth emission
rates of 0.01 to 0.046 1b/10° Btu have been
achieved on coal-fired boilers. Major fac-
tors affecting boilers equipped with fabric
filters are additional maintenance require-
ments, potential corrosion problems, and
transient operations. Fabric filters are
not normally used for oil-fired devices be-
cause of potential damage to filters from
the hydroscopic character of oil flyash.
the stringent level of emission control,
fabric filters are more cost effectzi? than
ZSP wnen low-sulfur coals are used.

At

The use of wet scrubbers for coal-fired
boilers has both advantages and disadvan-
tages. The major advantages are (1) the
ability to remove both particulates and
gases, (2) the ability to function in wet,
corrosive, and explosive gas atmospheres,
and (3) less space requirements than either
ESP or fabric filters. The major disad-
vantages are (1) energy penalties asso-
ciated with their operation, (2) poor ef-
ficiency for fine particulates, (3) poten-
tial water and solid waste problems, and

(4) high-pressure drop at equivalent ESP or
fapbric-filter collection efficiencies. A
major factor affecting scrubber performance
is the non-steady-state operation of indus-
trial boilers; however, high particulate-
removal efficiency can be achieved once
steady state is reached. Collection effi-
ciencies of 98% are achievable, although the
mass emission rate may exceed standards
because of inability to remove fine parti-
culates. Wet scrubbers are not usually used
on oil-fired boilers, since 0il particulates
are usually smaller than 2 microns }? diam-
eter and are not readily captured.(

Mechanical collectors, such as multitube cy-
clones, have lower particulate-removal ef-
ficiencies than the three devices previously
described., Their performance is a function
of aerosol particulate size, with particles
over 10 microns most readily captured.
Mechanical collectors are mostly used in
conjunction with other control devices to
improve efficiencies. By themselves, these
systems hage emissions rates of 0.19 to

3.05 1b/10 ?E?’ which exceed most state
requlations.

6§.4.2 Sulfur Dioxide Emissions Control

Great strides have been made in recent years
to optimize commercial processes for consis-
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tent and reliable flue gas desulfurization
(FGD). Availability of modern FGD plants
has steadily increased an average of 53% in
1978 to B5% in 1981. S0, removal systems
fall into the following categories:

® wet throwaway systems
® regenerative processes
® dry scrubbing processes.

The throwaway systems produce nonmarketable
by-products, while the regenerative systems
produce sulfur and sulfuric acid. The dry
scrubbing process, which is relatively new
to the FGD field, results in particulates
that can be collected for disposal. The
five commercial FGD processes in use today
are Lime/Limestone, Double Alkali, Wellman-
Lord, Magnesium Oxide, and Sodium Scrub-
bing. Each of these processes is discussad
briefly below.

Lime and Limestone Process - The lime and
Iimestone FGU processes are similar in many
aspects and have gained favor for use with
large boilers in the utility industry.
Lime/limestone is a wet, nonregenerative
SOz-absorption process in which the flue gas
is contacted with an alkaline slurry in a
scrubber/absorber tower, Calcium sulfite
and sulfite formed by the reaction are sep-
arated from the carrier liquid by setting or
filtration, and the solids containing sludge
is disposed of in an environmentally effec-
tive manner.

Double Alkali Process - Several FGD pro-
cesses can be characterized as double alkali
processes. Double alkali scrubbing is an
indirect lime/limestone process that avoids
some of the plugging and sealing from using
calcium compounds. The double alkali
process consists of four basic steps:

. flue gas pre-treatment
® SO2 absorption
® absorbent regeneration

® solid/liquid separation and solids
dewatering.

When particulates are present in the gas
stream, they are removed by electrostatic
precipitators, wet scrubbers, or other
means. The scrubber solution is a mixture
of sodium sulfite, sodium bisulfite, sodium
hydroxide; sodium carbonate, and sodium
bicarbonate, SOZ reacts with this sodium-
based alkali solution to form soluble sulfur
oxide salts, which are drawn off in the
scrubber bleed stream.

The Wellman-Lord Process - In this process
an aqueous sulfite solution is used to




absorb SOZ, and sodium bisulfite is formed
and then released in a concentrated stream
to be stripped and converted to a useful by-
product - either liquid S0,, liquid SO4,

sul furic acid, or elementa? sul fur. The
process is suitable mainly for large instal-
lations and utilities. Collection effici-
ency is better than 90%, but energy use is
quite high, averaging between 3.6% and 12%
of generation,

Magnesium Oxide (Mg0) - This process is also
primarily suitable for large installations.
With both coal and oil-fired burners, S0,
removal >90% has been achieved. The Mg0
process is a regenerative system in which
magnesium sulfite is formed and then dried
and calcined to regenerate the Mg0 for
reuse. The sulfur is then processed to the
by-product of choice.

Sodium Scrubbing - Nonregenerative sodium-
based scrubbing systems are widespread in
industrial boilers. About 90% of current
industrial FGD systems are nonregenerative
sodium scrubbers. Sodium hydroxide is the
absorbent in most systems, with sodium car-
bonate accounting for the balance. If fly-
ash is not collected concurrently with 30,
absorption, a nonregenerative sodium-
scrubbing system produces only a liquid
waste stream. Total dissolved solids in the
waste stream can be diverted directly into
an industrial plant's treatment facilities.

Dry scrubbing processes are relative new-
comers to the FGD field. The absorbing
liquor is sprayed through atomizers into the
S0, and dust-laden exhaust gas. The fine
droplets of water will evaporate very
quickly. Residence time of actual systems
ranges from 10 to 12 seconds. Most of the
reaction products can be removed at the
bottom of the spray tower; the rest is
collected in baghouses or electrostatic
precipitators.

6.4.3 Nitrogen Oxides Emissions Controls

Nitrogen oxides (NO,) formed during combus-
tion result from either thermal fixation of
atmospheric nitrogen in the combustion air,
or the conversion of chemically bound nitro-
gen in the fuel. For natural gas and dis-
tillate oil firing, nearly all NO, emissions
resylt from thermal fixation, whereas with
residual oil and coal, the contribution from
fuel-bound nitrogen can predominate. The
rate of formation of both thermal and fuel
NO, depends highly on combustion conditions,
ané both are promoted by rapid mixing of the
oxygen with the fuel. In addition, thermal
NO, is increased by long residence time at
high temperatures. Because NO, depends on
combustion conditions, control techniques to
date have emphasized combustion-process
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modifications. These modifications, which
are applicable to coal-, oil-, or gas-fired
boilers, include the following:

 low excess air (LEA)

e staged combustion air (SCA); overfire air
or sidefire air

® low NO, burners
e flue gas recirculation
¢ reduced air preheat

e load reduction or reduced combustion
intensity

e ammonia injection.

These techniques have varying effectiveness
in reducing NO, emissions and also have dif-
ferences in opfi?tional, cost, and environ-
mental impacts'<’.

For gas turbines, emissions-control techni-
ques for thermal NO, formation include wet
systems consisting of water or steam injec-
tion, or dry systems consisting primarily of
combustion modifications. The formation of
thermal NO, is reduced by the following
basic techniques:

1. reduce combustion pressure

2. decrease peak flame temperatures in the
combustor reaction zone

3. reduce effective residence time of
combustion gases at elevated
temperature

4, control the amounts of nitrogen an? )
oxygen available for producing NO, 2),

For diesel engines four emission-control
techniques or combinations of these tech-
niques have been demonstrated to be effec-
tive in reducing NO, emissions: (1) re-
tarded ignition or ?uel injection, {(2) modi-
fication of air-to-fuel ratios, (3) manifold
air cooling, and (4) duration of power out-
put. The most effective NO, emission-
control technique is fuel injection retard.
Both retard and air-to-fuel ratio changes
are effective in reducing NO, emissions from
dual-fuel engines (those firing both a
liquid and gaseous fuel),
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7.0 LEGAL AND

CONTRACTUAL ISSUES

This chapter describes laws, regulations,
and contractual considerations that affect
cogenerators. To obtain the latest informa-
tion on cogeneration requlations, refer to
the Federal Register,

7.1 EXISTING LAWS
The original cogeneration legislation was
enacted in 1978 as three separate acts:

3 The Public Utility Requlatory Policy Act
(PURPA)

9 The Power Plant and Industrial Fuel Use
Act (FUA)

2 The Natural Gas Policy Act (NGPA).
Each of these acts is discussed below. Tax

legislation that affects cogenerators is
discussed in Chapter 4.0.

7.1.1 PURPA

PURPA is the most important piece of legis-
lation for cogenerators. [ts purpose is to
encourage industrial cogeneration by prohib-
iting electric utility discrimination and by
reducing requlations. Sections 201 and 210,
respectively, set the criteria for qualify-
ing facilities and avoided costs. Unless a
plant is a qualifying facility, 1ts owners
cannot take advantage of any of the federal
incentives for cogeneration.

PURPA provides that the Federal Energy Requ-
latory Commission (FERC), which promulgates
the rules under PURPA, can exempt qualifying
facilities from state requlation of rate of
return and financial disclosure, and from
federal regqulation under the Federal Power
Act and the Public Utility Holding Company
Act. It requires utilities to purchase
electric power generated by qualifying fa-
cilities at rates that are just and rea-
sonable to the rate-payers of the utilities,
that are in the public interest, and that do
not discriminate against cogenerators.

PURPA also mandates that utilities must
provide supplementary back-up power to
qualifying facilities at nondiscrimipatory
rates.

State Public Utility Commissions {PUCs)
implement the rules promulgated by FERC.
A summary of the current status of each
PUC's implementation of the FERC rules is
presented in Appendix I.

7.1.2 FuA

The purpose of the FUA is to decrease the
consumption of oil and gas in certain new
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and existing major fuel-burning installa-
tions and power plants and to increase the
use of alternative fuels. However, the Act
provides eligible cogenerators with a perma-
nent exemption from the ban on the use of
0i1 and gas. An exemption may be granted if
more than 10% and less than 90% of the use-
ful energy produced by the cogeneration
facility is electricity. The cogeneration
facility must also demonstrate either

(1) that oil or gas savings (over what would
otherwise be consumed) will occur, or

(2) that the facility will be in the public
interest,

7.1.3 NGPA

The NGPA states that incremental cost in-
gcreases incurred by natural gas suppliers
because of derequlation of wellhead prices
must be passed on to industrial customers
who burn gas in nonexempt baoilers. [t also
authorizes FERC to grant exemptions from
this incremental-pricing rule to qualifying
cogenerators.

7.2 REGULATION

To qualify for the exemptions and benefits
under PURPA, a cogeneration facility must
obtain qualifying status (Figure 7.1)., This
can be accomplished by either self-certifi-
cation or FERC certification. To obtain
self-certification, the following must be
supplied to FERC:

name and address of facility
brief description of facility
primary energy source

power production capacity.

To obtain FERC certification, the following
additional information must be supplied:

® percentage of ownership held by electric
utility

e more detailed description of facility
® installation date

3 notice for publication in the Federal

Register.

The application should be specific and con-
tain enough information to ensure that all
applicable standards are met. Also, calcu-
Tations should be clearly shown. More in-
formation can be obtained from FERC at 82S
North Capitol Street, N.E., Washington,
0.C. 20426.
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COGENERATION FACILITY

FIGURE 7.1. Determination of Qualifying-Facility Status(3)

7.3 INTERCONNECTION

This section briefly summarizes the requ-
latory, technical, and contractual aspects
of interconnection of the industrial power-
generation equipment into the utility power
grid system. Interconnection is not a sim-
ple process, and the utilities have not
worked out any standard solutions to the
technical, economic, or institutional pro-
blems of linking up potentially numerous,
diverse, and randomly distriPTEed end-user
power generation facilities.

7.3.1 Regulatory Issues

With enactment of Public Law 95-617, PURPA,
and subsequent implementation requlations
issued by the FERC, requlated utilities must
now agree to the following:

3 to interconnect with qualifying cogenera-
tion facilities and small power producers

9 to purchase power from the producers at
"just, reasonable, and nondiscriminatory”
rates
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® to offer to supply back-up power ?S)the
end-user's facility malfunctions.
Although the Supreme Court has recently
upheld the rights of states to enforce the
Act within their jurisdictions, ?le 18
state PUCs have done so to date.
To meet the requirement that utilities pur-
chase power from qualified producers at just
and reasonable rates, FERC issued a set of
pricing principles based on the "avoided-
cost" concept for use by the PUCs and non-
regulated utilities in determining rate
structures. Under the "avoided-cost" con-
cept, rates for the power produced by the
cogeneration facility are to be based on the
costs avoided by the utility in not having

to generate the powerzjtself or purchase it
from another source.

7.3.2 Technical Issues

Present utility power-distribution protec-
tive schemes are designed for one-way power
flow (from the utility power plant to the
customer) and not for the phase-coordinated
distribution network required to handle two-
way power flow (from the utility to the



customer and vice versa).(l) Once an end-
user generator is interconnected and begins
to operate in parallel with the utility net-
work, it becomes part of a sophisticated
system that requires sophisticated and reli-
able protection to avoid: (1) damage to the
system by the generator, (2) damage to the
generator by the system, and (3) hazar?i)to
personnel who must service the system.

In conventional radial one-way distribution
systems, overcurrent protection is provided
by coordinating the timing of current bet-
ween fuses, breakers, and reclosers. Fault
sensitivity, speed, and response between
protective devices is coordinated so that a
minimum of equipment on the distribution
system is left without power. Connecting a
generator in a bi-directional mode can alter
the normal fault-current gradient because
power can be fed into the system as well as
drawn from it. The following are typical
interconnection problems that must be
addressed.

Utility Breaker Tripping - If, for any rea-
son, the utility breaker should open (e.g.,
fault clearing), the in-plant generator
would become isolated from the system and
left coupled to the full plant load and to
any adjacent customers that are connected
downs tream of the tripped breaker. This
could result in generator overloading, a
drop in voltage and fre?uency, and, possi-
bly, damaging results'2’, If this happens,
the nonessential loads must be rapidly shed
so the gener?§?r output will not be
interrupted.

Automatic Utility Breaker Reclosing - If the
in-plant generator has fallen well out of
phase .by the time the utility breaker auto-
matically recloses, the resulting shock can
be sufficient to shear the generator shaft
and cause extensive electrical damage to the
system., Because plant breakers cannot oper-
ate fast enough to prevent damage, provi-
sions must be made to keep the in-plant
generator off-lzg? until the utility system
has stabilized.

Protective Relays - The purpose of protec-
tive relays 1s to detect unsafe out-of-limit
conditions in a power system and to trip
appropriate circuit breakers. The most
commonly needed relays in an interconnected
generation system are over-current, over-
and under-voltage, over- and under-fre-
quency, differential, and relays, which
govern the direction of power flow. Design

(a) Generator overspeeding could result if
power is being fed into the utility grid
at the time of breaker opening.
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and specification of the relay package is
almost always the customer's responsibility,
even though the utility may have published
guidelines for protection packages and
retains final approval authority. Cur-
rently, no standards and conventions have
been established for interconnection protec-
tion and, in most cases, the utilities and
customers have not agreed on the trip's
limits. The utility's approach is to drop a
generator off-line at the moment trouble is
detected, whereas the customer's main inter-
est is uninterrupted power to the plant.

7.3.3 Contractual Issues

Assuming that one qualifies as a cogenerator
or small power producer, the only contrac-
tual certainty is that the utility will
interconnect. Other terms of the contract
will depend largely on negotiations with the
utility, including the following:

® payment rates for the power sold to the
utility and time of day during which
excess power is sold

® allowance for capacity payments

® permissible system maintenance and down-
time

® costs for extra switch gear and protection
® standby charges
® power-factor penalty payments.

Negotiations must also include the method
for swapping power. Basically, two metering
arrangements are used when excess in-plant
power is sold to the utility:

® sale of excess power only

e sale of all generated power and simul-
taneo?g)purchase of all the plant's power
needs . :

In the first case, only one tie line is
required. This line is equipped with two
in-1ine watt-hour meters, ratcheted to oper-
ate in the opposite direction to the power
flow. Ouring normal operations, in-house-
generated power flows directly to plant pro-
cesses, supplemented by utility power as re-
corded by the "in" meter. When excess power
is available, it flows into the grid system
and is recorded by the "out" meter. Both
meters are usually time-of-day meters, and
payments for both purchased and generated

(b) Generally referred to as a "buy-all,
"sell-all" arrangement,



power are a function of the time of day that
the power is delivered.

The “buy-all, sell-all" metering arrangement
involves two separate circuits that are in-
dividually metered. One circuit handles in-
coming power, while the other handles out-
going power, This system is designed to
take advantage of regulations that require

a utility to pay its avoided cost for the
power it purchases. Plant power is then
purchased at standard industrial rates.

7.4 OTHER CONTRACTUAL CONSIDERATIQNS

Ouring the cogeneration system's development
and construction, several contractual agree-
ments will be consummated. These could in-
clude arrangements with engineering firms,
equipment vendors, construction and equip-
ment installation contractors, and the util-
ity company, etc. This section addresses
the principal considerations relating to -
these contractual arrangements.

A satisfactory contract has been defined as
one which "...is complete in its offer, free
from ambiguity in regard to terms, and suf-
ficiently definite so that the duties and
privileges of the respective contracting
parties ca?4?e ascertained with reasonable
facility."” Unfortunately, the last of
these three conditions is frequently the
most difficult to develop. The specificity
of contracts will vary during the various
phases of system development and construc-
tion. At the start of preconceptual design,
details will be minimal, since the primary
objective is creativity in developing feasi-
ble options. During the conceptual and
detailed-design periods, instructions will
become more definitive, while the equipment-
procurement, facility-construction, and
equipment~installation contracts become ex-
tremely specific. Also, the quality of the
contacts developed will depend on the degree
of participation in their preparation by
three parties representing diverse view-
points -- the owner (i.e., plant manage-
ment), lawyers, and engineers {both in-house
and outside consultants).

7.4.1 The Preconceptual-Design Phase

An outside engineering firm is assumed to be
used for this phase of system development.
The essential components of the contract
will be (1) a statement of work (what is to
be done as well as the expected deliveries),
(2) a schedule for completion of the work,
and (3) an agreement on the fee and method
for payment. As mentioned previously, the
statement of work will have to be relatively
broad in scope at this point. However, it
is suggested that the following items be
addressed:
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® statement of the objective
® Jocation of the proposed facility

® requirements for site visits as
appropriate

® whether any energy-related architectural
changes/modifications to other portions of
the plant are to be incorporated into the
design considerations

® Jocation of and extent of historical
energy-related data to be made available

® constraints, if any, on types of fuels to
be considered

® specification of responsibilities and
interface requirements for "barrier
assessments"

e jdentification of a point of contact for
data collection, plant-access coordina-
tion, and resolution of technical/
administrative issues that may arise

® work completion dates (to include interim
milestones as deemed appropriate)

e periodic status reporting (written and/or
verbal)

e final report and recommendations (both
written report and oral presentation to
plant management and technical staff).

7.4.2 The Conceptual-Design Phase

1f an outside engineering firm has been used
during the preconceptual-design phase, it
may be advisable to incorporate this phase's
activity into the initial contract, if the
previous effort has been accepted and if
continued system development is feasible,
The statement of work for this effort,

al though similar to that described above,
should specify the following:

e the technical option to be further devel-
oped and optimized into a conceptual
design

® responsibilities and interface require-
ments for developing environmental
assessments, preparing an impact state-
ment, and obtaining regqulatory and
institutional liaison and approvals

® required deliverables such as
- system schematics
- heat-balance calculations

- outline specifications



- construction schedule and funding
estimates

- types of detailed economic analyses
required

- progress and final reports
- oral presentations

® schedules for work completion (including
interim milestones).

7.4,3 The Final Design and Construction
Phase

For this discussion, the outside engineer is
assumed to be responsible for both the
detailed design of the final system and for
the coordination, technical supervision, and
approval of the technical efforts related to
the facility construction. In this case,
several contractual arrangements will be
required:

® between owner and engineer to define
responsibilities for system design,
construction supervision, and system
check-out

® between owner and equipment suppliers to
include the engineer's responsibilities
and authority to approve equipment
changes, substitutions, and products

® between owner and contractor{s) to include
the engineer's responsibilities and
authority to supervise construction,
approve work validation of work for
progress payments, and approve changes
and/or modifications of work.

Each of these contract arrangements is dis-
cussed in more detail below.

The Owner-Engineer Contract - This contract
should address the Tollowing issues:

? system design
- develop design drawings

- develop system, equipment, facility-
construction and equipment-installation
specifications

- develop and interface requirements for
equipment-procurement packages,
facility-construction contract
documents, and equipment-installation
contract documents

@ advertising, bidding, proposal evaluation,
contract award
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- specify responsibilities and authority
and interface requirements among owner,
engineer, lawyers (others as
appropriate)

® responsibility and authority of engineer
to supervise construction and installa-
tion, and equipment acceptance

® system check-out

- develop check-out procedures and
specifications

- supervise system check-out
- train plant personnel

e uytility interface responsibilities and
authority for system interconnection.

The Owner-Equipment Supplier Contracts -

Principal issues to be addressed in these

contracts (purchase orders) include the

following:

® equipment specifications

® delivery schedules

e completeness of systems (e.g., what is
“standard” and what are the "add-on"
components required for complete
installation

® costs and payment conditions

® system-acceptance conditions

® authority and responsibilities of engineer
as owner's “"agent"

® late-delivery penalties (as appropriate)

® installation responsibilities (as
appropriate)

® technical assistance

® publications, spare parts, special tools,
etc.

The Owner-Contractor Contract(s) - Issues to
De addressed in these contracts include the
following:

e contractual documents (e.g., drawings,
specifications, special contract clauses)

e construction schedules
® quality of workmanship/materials

® responsibilities of contractor, engineer,
and others (as appropriate)

® resolution of disputes



inspection of work, approval of changes,
substitutions, etc.

inspection of materials, shop drawings,
and critical phases of work (e.g., author-
ity to proceed to next phase, such as
forms, concrete pouring, etc.)

interfacing responsibilities among
multiple contractors (if applicable)

payment schedules and conditions of
payment

bonding requirements, responsibilities for
permits and insurance

compliance with local ordinances, safety
Taws, labor laws, etc.

rasponsibility for work space, utilities,
and telephones

construction of temporary access roads (if
required), material storage sites, and
responsibility for removal at end of job
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e final acceptance of work
® penalty conditions

® routing and plant access for construction

equipment, materials delivery, and
construction personnel.
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8.0 THREE-PHASE WORK STATEMENTS

Assessing the potential for cogeneration,
selecting an optimal system configuration,
and subsequently designing, acquiring, and
installing the system will, in most cases,
involve many participants performing various
tasks over an extended period of time.
whether in-plant personnel or outside spe-
cialists perform the tasks, data must be
collected and analyzed, designs created,
specifications prepared, components and
materials purchased, and the system con-
structed and tested. Also, extensive co-
ordination with reguliatory agencies and the
utility company will be required throughout
the project, The success of the project
will largely depend on assignments of
actions and responsibilities through clear-
cut directives, work statements, and con-
tractual documents.

To provide a basis for developing these
directives, work statements, and contractual
documents, this chapter addresses the typi-
cal events and schedules for designing and
installing a cogeneration system and identi-
ying principal components of various cogen-
eration configurations. To further help
project planning and specification prepara-
tion, a comprehensive project checklist and
a summary of principal codes and standards
for mechanics, structural, and electrical
design are included. Interconnection of the
cogeneration system into the utility's power
grid system and other general contractual
guidelines were discussed in Chapter 7.0.

8.1 COGENERATION SYSTEM DEVELOPMENT

The various activities beginning with the
initial data collection and analysis to
determine the potential for cogeneration and
ending with the final check-out of a com-
pleted system can be grouped into the fol-
lowing three phases:

2 Preconceptual Design
> Conceptual Design
> Detailed Design and Construction.

The major activities in each of the phases
and the interrelationships among these
events are depicted on flow charts in this
chapter, while more detailed activities
related to these events are outlined in
appendices. Not all phases, events, or
activities will be applicable in all real-
life situations, nor are all activities
distinctly unique. Some steps may be elim-
inated, while others may merge or overlap.
The intent here is to provide a model that
depicts the basic thought processes and the
planning sequences involved. The energy
manager is encouraged to delete, modify, or
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substitute details to fit his own individual
requirements.

8.1.1 The Preconceptual-Oesign Phase

The preconceptual-design phase can be
broadly defined as the period during which
1) data are collected, analyzed, and evaly-
ated to decide whether cogeneration repre-
sents a feasible and practical option, and
2) if the decision is in the affirmative,
which system configuration and "modus
operandi” should be further developed for
subsequent implementation. Generally, the
activities associated with this phase can be
grouped into four categories:

3 Project Plan Development
® Load Analysis
? Options Analysis

¢ Trade-0ff Analysis, Option Selection, and
Final Economic Evaluation.

The significant activities associated with

the preconceptual-design phase are shown in
Figure 8.1. Activities associated with the
numbered events are outlined in more detail
in Appendix J. Each of the four categories
in this phase is described below.

Project Plan Development

As previously indicated, developing a cogen-
eration system is a lengthy and complex
process., Therefore, developing a compre-
hensive project plan is a necessary first
step to help administer efforts to tightly
control costs, scheduling, and gquality. The
plan should 1) define the overall scope of
work, 2) identify the specific tasks to be
accomplished, 3) establish schedules for
task completions, and 4) specify the meth-
odologies to be used. Also, the plan should
indicate what in-house and/or cutside re-
sources will be made available. Lastly,
(and perhaps most importantly), the plan
should describe the organizational structure
that will be used to accomplish the required
work, and clearly define the duties and
responsibilities of the various project par-
ticipants. In summary, the plan defines
what is to be done, how it is to be d?n?, by
whom, and when it is to be completed.'?

(a) If the proposed project will involve up-
grading and/or modifying an existing
operational plant, the plan should
include provisions for minimizing the
impact on on-going production operations
throughout all design phases and during
cogeneration plant construction,



. s
aseyd ubysag-yenydasuodasd °1°g 3UN914
(44
sSISSY
TYININ
“HOWANY
s Ve
1my RYCT.5] JULL]
Riiii14 S48y
19vuiSn0Y 1y ELINDGD
W0y 1321204 11,43
SISVYHG
ININDTISINS Tty HOHNOYHL INWAND) D)
NOH YHOYODD TN ¥ SHOSSEN T AT IIN
SON

L Aa"]
DIOW
013A30
wnod
" 0c . or
il vy Swouso o) 1% 1310
L s io 240 VL Terevyy ™03
P vnedaonay . v vorvm
tuz.ﬂ: oNvy mOu M onv
nnsis [—— tyre FEL N
os

Ovearys
¥ OwOOd
Trmmndp)
LTI

8.2



The plan is a working document to be used
throughout all phases of the project. It
should be expanded, updated, or revised as
situations dictate. A well-developed plan
that all participants understand will mini-
mize costly oversight or redundancy of ef-
forts and serve as a baseline for evaluating
progress.

Load Analzsis

Load-analysis activities involve determining
existing and projected energy requirements.
Metered or recorded information on fuel,
steam, and electrical consumption and their
costs should be collected for several years
of prior operation. Based on these data,
daily, seasonal, and annual load-duration
curves should be developed to determine
peaks and minimums in energy consumption
that can then be used in sizing the cogen-
eration system, The loads that will or will
not be served by the proposed cogeneration
system should be identified also. When de-
veloping the future thermal and electrical
load estimates, the potential impact of
planned energy-conservation measures (ECMs)
and/or plant expansions must also be
considered.

Although not technically a load-analysis
activity, the existing thermal and electri-
cal systems should be inspected while data
are being collected. This inspection will
identify components that will need to be
upgraded or replaced when the cogeneration
system is installed. Identifying these
components will help make total-system cost
estimates more realistic during later stages
of the evaluation process.

Options Analysis

As indicated in Figure 8.1, events and ac-
tivities assocfated with the analysis of
possible cogeneration options can be grouped
into four general categories:

. Constraint Assessment

e Development of Candidate Cogeneration
Configurations

. Financial Data Collection
e QOptions Analysis and System Ranking.

Constraint assessment involves 1) identify-
ing broad institutional, regulatory, and
environmental issues that could present
barriers to successfully implementating a
cogeneration project, 2) identifying actions
that could eliminate expected barriers, and
3) to the extent possible, developing rough
(order-of-magnitude) cost estimates for
overcoming the various constraints.

Developing candidate cogeneration config-
urations involves several parallel and
sequential activitiaes: 1) assessing exist-
ing technologies to identify available tech-
niques, types of equipment available, and
their performance capabilities, 2) selecting
potential fuels or combinations of fuels
that would be compatible with plant opera-
tional requirements, and 3) identifying and
evaluating potential sites for placing a
cogeneration system. As this information is
assembled and synthesized, various cogenera-
tion configurations can be developed, and
major components can be selected and sized
to accommodate the projected loads. Final-
ly, those confiqgurations that appear techni-
cally feasible in terms of fuel use, site
compatibility, and optimal sizing of compo-
nents to satisfy projected loads can be
identified for further evaluation.

Financial data collection activities include
1) developing cost estimates for each of the
technically feasible cogeneration configura-
tions, 2) developing costs for facility mod-
ifications and existing-systems upgrading to
accommodate each cogeneration option, 3) es-
timating fuel and operating costs, 4) iden-
tifying "barrier*-related costs, and

5) identifying costs of the various forms of
system acq?i§1tion, ownership, and
operation,\3

Once the technically feasibie configuration
options have been determined, the appropri-
ate cost data for each option collected, and
the constraints identified, the various
optfons can be ranked in terms of cost and
suitability of performance.

Trade-0ff Analysis, Option Selection,
and rinal Economic tvaluation

The trade-off analysis involves evaluating
the pros and cons of the ranked systems.
Hardware costs may outweigh the desired
energy-output level or vice versa. Environ-
mental or institutional factors may be
significant considerations under certain
circumstances. In essence, the trade-off
analysis leads to selecting a cogeneration
configuration that will provide an accept-~
able energy supply at an acceptable invest-
ment and operational cost, while satisfying
various regulatory restrictions. Once a co-
generation configuration has been selected,
a final economic evaluation can be made,
which takes into account such factors as
ownership possibilities, methods of financ-
ing, return-on-investment considerations,

(a) Factors associated with ownership
options are considered later in the
final economic analysis.



1ife-cycle costs, tax implications, etc.
This final economic evaluation is geared to
management's viewpoint on how to obtain and
operate a system that has been deemed tech-
nically acceptable for the job at hand.

8.1.2 The Conceptual-Design Phase

Assuming that the results of the preconcep-
tual-design phase are positive, the selected
cogeneration option is further developed
during the conceptual -design phase to the
level of detail required for subseq?egt
final engineering and construction.'d
Principal activities during this phase
include the following:

e Subsystem Optimization
e Site and System Layouts

e Preparation of Preliminary (Qutline)
Specifica;ions

e Refinement of Cost Estimates

e Development of Construction and Funding
Scheduies

o Requlatory and Environmental Compliances
e Refined Life-Cycle-Cost Analysis.

The significant activities in the
conceptual-design phase are depicted in
Fiqure 8.2. Activities associated with the
numbered events are outlined in more detail
in Appendix K. Each of the activities in
this phase is described below.

Subsystem Optimization

Subsystem-optimization activities include
developing detailed system schematics and
calculating energy balances. All required
components are identified and optimized for
size, operating pressures, and temperatures.

Site and System Layouts

The selected site is further analyzed to
determine suitable locations for the cogen-
eration system and support facilities (fuel
storage and handling, waste disposal, trans-
portation routes, etc.). Site layouts are
prepared reflecting the proposed system con-
fiquration and location of major system
components.

(a) Unless expertise is available within the
company, the first step in accomplishing
this phase's work must be to select an
engineering consulting firm,

Preparation of Preliminary (Qutline)
Specitications

After the conceptual design has been stabi-
lized, outline specifications are prepared
for all major components and subsystems,
indicating performance characteristics,
type, and general features.

Refinement of Cost Estimates

Refining cost estimates includes 1) pricing
major components based on vendor estimates,
2) developing detailed cost estimates for
final engineering design, 3) estimating con-
struction and equipment installation costs
based on established engineering data and
regional labor and material rates, and

4) refining 0&M cost estimates based on the
more definitive system design.

Estimation of Construction and Funding
Schedules

Based on the conceptual design, vendor in-
formation on delivery lead times for system
components, and expert engineering knowledge
of construction practices, the engineer will
develop construction time estimates and
schedules for accomplishing the required
work. Based on these schedules, a funding
schedule will be developed to depict the
required financial outlays throughout the
project. As appropriate, these estimates
will usually account for anticipated
escalation and all costs of grid
interconnection,

Requliatory and Environmental Compliances

During this period, activities include

1) detailed assessment of regulatory,
institutional, and environmental requla-
tions, 2) liaison with appropriate govern-
ment agencies, and 3) preparation of forms
leading to the issuance of required certi-
fications, permits, and/or licenses. If
required, an Environmental Impact Statement
is also prepared at this time.

Refined Life-Cycle-Cost Analysis

Using the refined cost estimates developed
during the conceptual-design phase, a more
detailed economic analysis is performed.
assessment is made of the effects on the
system life-cycle costs to provide manage-
ment with the necessary assurances for con-
tinuing the project.

An
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8.1.3 The Detailed Design and Construction
Phase

The principal events in this phase include
the following:

® [Detailed Design of the Cogeneration
System

® Preparation of Detailed Specifications
@ Preparation of Contractual Documents

? Advertising, Bidding, Proposal Evalua-
tion, and Construction Contract Award

@ Facility Construction, System Installa-
tion, and Utility Interconnection

¢ Initial Qperation and System Check-Qut.

The activities associated with this project
phase are shown in Figure 8.3. Activities
associated with the numbered events are out-
lined in more detail in Appendix L. Each of
the activities in this phase is described
below.

Conceptual-Design Phase

Detailed Design of the Cogeneration

sttem

' Based on the conceptual design, the detailed

8.5

design is started. All essential features
of the project must be determined, designed,
dimensioned, and developed in enough detail
for potential contractors to prepare their
cost estimates. Engineering drawings devel-
oped during this period become the "contract
drawings" u?on which the final system will
be based.(d Long-lead-time tems (such as
turbines generators, boilers, etc.), which
must be ordered before the design is com-
pleted and before the construction contract
is awarded, must also be identified during
this period.

Preparation of Detailed Specifications

Initial emphasis is on developing detailed
equipment specifications to facilitate pilac-
ing orders for long-lead-time items. GOnce

{a) After contract award, the contractor
most likely will prepare more detailed
“shop” or "working" drawings.
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detailed design drawings have been developed
in enough detail, drafting of the remaining
specifications for the balance of plant
equipment and plant construction begins.
Specifications for initial operation and
system check-out should also be developed at
this time.

Preparation of Contractual QJocuments

This activity encompasses 1) compiling all
necessary design drawings and specifica-
tions, 2) drafting special provisions that
delineate and describe the work to be per-
formed, qualities of materials, quality of
workmanship conditions, and schedules for
payments, and 3) considering other various
conditions governing operations and the
results to be obtained. Also, the engineer,
together with the owner, will dft?rmine the
type of contract to be awarded.'? '

Advertising, Bidding, Proposal
tvaluation, and Contract Award

The decision must be made as to whether bids
will be openly solicited or confined to one
or more specialized or prequalified firms,
Other activities include developing and pub-
lishing bidding requirements, fees (if any),
proposal formats, proposal-evaluation stan-
dards, and conditions and timing of contract
award. Stipulations may also be included
for rejecting all bids {particularly if sub-
mitted bids exceed the planned financial
threshold for the project).

Facility Construction, System Installa-
tion, and Utiiity [nterconnection

Although the activities during this phase
are basically defined in the various con-
tractual documents, provisions msst be made
for engineer oversight, coordination, tech-
nical arbitration, periodic inspection,
verification of work progress, and approval
of changes (if required). -

(a) Although this discussion is primarily
oriented toward the "construction® con-
tract, similar actions may be required if
separate contracts are awarded for
equipment installation, etc. Addition-
ally, if such is the case, the inter-
facing activities among myltiple con-
tractors on the job site must be clearly
defined in all contractual documents.
Contractual documents should also indi-
cate the responsibilities and relation-
ships of equipment suppliers, etc. during
the all-important system check-out
period.

8.7

Initial Operation and System Check-Out

Once construction of the cogeneration system
is completed, a period of time should be al-
Tocated for initial operation of the system
before formally placing the system on-line,
This period will provide for system check-
out, de-bugging, accumulating performance
data, testing operaFg?nal procedures, and
training personnel. Final inspections of
interconnection and safety equipment will be
made by the utility to insure that the sys-
tem is fully acceptable for two-way power
transmission,

8.2 TYPICAL SYSTEM DEVELOPMENT AND
TONSTRUCTION SCHEBUCE

Developing and constructing a cogeneration
system ysually takes about three years. In
general, the preconceptional data collec-
tion, analysis, option selection, and sub-
sequent conceptual-design optimization can
be accomplished within a year. The remain-
ing time is required for the detailed de-
sign, preparation of specifications, order-
ing of the long-lead-time equipment, and the
subsequent construction contracting, con-
struction, and check-out. Figure 8.4 shows
a typical development and construction
schedule. The events depicted correspond to
the principal events shown in Figures 8.1
through 8.3.

8.3 TYPICAL MAJOR SYSTEM COMPONENTS

To facilitate the selection of components
when preparing estimates for various poten-
tial cogeneration configurations, Fig-

ures 8.5 through 8.9 have been prepared in a
top-down breakout format depicting the
following configurations:

® steam turbine
- coal-fired
- 0il- or gas-fired
¢ gas turbine
e combined cycle
® diesel.

8.4 USE OF STANDARD SPECIFICATIONS

The proper writing of specifications re-
quires comprehensive knowledge of the par-
ticular items to be specified, plus an

{b) As indicated previously, it is highly
recommended that during this period
equipment vendors participate in accor-
dance with specified conditions in the
equipment-acquisition contracts.
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ability to express one's ideas adequately in
written form. Because specifications for
many items will be required, it is helpful
to refer to "standard specifications” when-
ever appropriate. These specifications are
the result of intensive study by experts in
each field and are generally accepted as
authoritative. A list of the more common
"standards" appliicable to mechanical, struc-
tural, and electrical-design considerations
has been compiled in Appendix M. The list
is not comprehensive, but represents an
initial list for considering and identifying
the professional organizations responsible
for developing and publishing "standards"
and codes within specific subject areas.

8.5 PROJECT CHECKLIST

Developing a project plan, compiling lists
of subsystem components, identifying items
requiring the citation of specifications,
and/or developing work-breakdown structures
to identify tasks and subtasks can be frus-
trating. One is consistently plagued with
the nagging thought"...what have I left
out?" Appendix N contains a project check-
list for determining items to be addressed.
Not all listed items are applicable in all
cases, nor is the list intended to be a com-
plete listing of activities and components
for a cogeneration system. Rather, it is
provided as an initial "shopping 1ist" for
getting started.

8.8
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® Gerlaugh, H. E., et al. September 1979. Cogeneration Technology Alternatives Study
(CTAS) - General Electric Final Report. OO0t/NASA/Q0031-80/1, General tlectric Company,
Schenectady, New York.

Industry can realize large savings by cogenerating electric power and process heat in
single energy-conversion systems rather than separately in utility plants and process
boilers. This study examines the use of various advanced energy-conversion systems and com-
pares them with each other and with current-technology systems for their savings in fuel,
energy, costs, and emissions in individual plants and on a national level,

About 50 industrial processes from the largest energy-consuming sectors were used as a
basis for matching a similar number of energy-conversion systems that are considered as
candidates that can be made available by the 1985-t0-2000 period. The sectors considered
included food, textiles, lumber, paper, chemicals, petroleum, glass, and primary metals. The
energy-conversion systems included steam and gas turbines, diesels, thermionics, stirling,
closed-cycle and steam-injected gas turbines, and fuel cells. Fuels considered were coal,
both coal and petroleum-based residual and distillate liquid fuels, and low-Btu gas obtained
through the onsite gasification of coal. An attempt was made to use consistent assumptions
and a consistent set of groundrules specified by the National Aeronautic Space Administration
for determining performance and cost.

Atmospheric and pressurized fluidized-bed steam-turbine systems are the most attractive
of the direct coal-fired systems. Open-cycle gas turbines with heat-recovery steam genera-
tors and combined-cycles with NO_ emission reduction and moderately increased firing tempera-
tures are the most attractive of the coal-derived liquid-fired systems.

e Jack Faucett Associates. May 1980. Industrial Cogeneration Case Study 45, California
and Hawaiian Sugar Refinery, Crockett], California. ANL/CNSV-1M-03. Prepared for
Argonne National Laboratory, Argonne, {ll1inois.

Argonne National Laboratory, under the sponsorship of the Department of Energy, Office
of [ndustrial Programs, conducted case studies of cogeneration at five industrial establish-
ments. Six reports, one on each of the five case studies and a summary synthesis report,
document the total project. This report covers the case study of the cogeneration operation
at the C and H Sugar Company refinery at Crockett, California. This report describes the
objective of the project, the general methodology of site selection (the C and H refinery, in
particular), a brief discussion of the case study methodology used and the report organiz-
ation used for documenting the results.

e Montgomery, H. December 1982. Energy Issues of the California Food Processin
Industry. Report to the Legislature on SR/24=AR/ 2T, California Energy Commission,

=001, Sacramento, California.

The California fruit and vegetable processing industry, a major component of the state's
economy, is experiencing strains because of rapidly increasing energy costs. In recognition
of this the Legislature has directed the California Energy Commission, Public Utilities
Commission, and Air Resources Board to study the energy constraints and opportunities of the
industry. This final report of that study concludes that cogeneration and biomass fuels are
applicable in only a minority of food processing plants. This is due mostly to the diffi-
culty of recovering capital in such a highly seasonal industry. Most energy requirements
must continue to be met by oil, natural gas, and electricity. Though natural gas is in
adequate supply to dependably meet the industry's need for boiler fuel, a least-cost fuel
policy may well require the capability to use residual fuel o0il also. Air quality regqula-
tions may pose a barrier to economic implementation of this dual-fuel capability. Changes in
other state requlatory policies, particularly natural gas rate and priority policies, do not
appear to offer much promise of relieving the energy strains experienced by the food proces-
sing industry. Reform of federal natural gas requlatory practices could, however, assure
that natural gas is not only available, but also less expensive than residual fuel 0il, which
would alleviate the need for dual-fuel capability.
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¢ Norona, R., and C. R, Havighorst. March 1982. "New Cannery is Amazingly Innovative",
In Food Engineering, 54(3),

S&W Fine Foods brand, solidly entrenched in the nation's elite group of high-quality
food producers, is assured of becoming even more important in the canned food market. [ts
new parent, Tri/Vailey Growers (TVG), San Francisco, has constructed a 240,000 sq. ft. can-
nery and distribution center in Modesto, California, for this recent acquisition, and has
plotted a solid growth program for its future. The new S&W plant (TVG's Plant 9) is said to
be the most modern bean-canning plant in the world. Of particular interest is the cogen-
eration system, fueled with biomass materials -- said to be the first installation of its
kind in the canning industry.

~e Noyes, Robert, Editor., 1978, Cogeneration of Steam and Electric Power. Noyes Data
Corporation, Park Ridge, New Jersey.

This book has been prepared by compiling four different source reports: (1) the Dow
Chemical Company Study, (2) the Thermo Electron Corporation Study, (3} the Resource Planning
Associates Study (The Potential for Cogeneration Development), and (4) the Resource Planning
Associates Study (A Technical Qverview of Cogeneration). This book discusses ail aspects of
cogeneration including its history, technologies, economics, barriers to implementation, and
impact of potential government incentives. Cogeneration in the major industries (chemical,
petroleum refining, paper and pulp, textiles, and food) is addressed.

e Teixerira, A. H. January 1980. "Cogeneration of Electricity in Food Processing
Plants.” In Agricultural Engineering. Vol., 6l.

This article discusses how cogeneration saves enerqy in general and describes three com-
mon cogeneration systems (steam turbines, gas turbines, and diesel engines). Cogeneration in
the food industry has generally been confined to the processing of bulk commodities where
highly energy-intensive operations are required, such as in beet sugar processing, corn and
wet milling, and cane sugar processing and refining. The opportunities for cogeneration can
be evaluated bv examining three basic criteria: appropriate balance between demand profiles
for steam and electricity, economic justification based on price for purchased electricity
and capital investment required, and procurement of a satisfactory standby agreement with the
local utility.

e Teixerira, A. H. June 1980, "Economic Analysis of Industrial Cogeneration for a
Soybean 0il Mill and Mait Beverage Brewery". Presented at the 1980 Summer Meeting,
American Society of Agricultural Engineers, Paper No. 80-6027.

This paper presents economic analyses of cogeneration for a soybean 0il mill and malt
beverage brewery, along with guideiines for similar analyses of other site-specific situa-
tions. Although only marginal for these two plants, results show that cogeneration can be
economic when fuel costs and capital investments are low compared to electric energy prices.

e TRW Energy Engineering Division. October 1981. Handbook of Industrial Cogeneration.
DOE/TIC-11605., MclLean, Virginia.

The objective of this handbook is to provide potential cogenerators with enough informa-
tion to permit a preliminary, yet weil-considered, decision on whether cogeneration is
aconomically feasible in their particuiar circumstances. This involves many interrelated
considerations: technological, economic, environmental, and legal. Qther factors to be
considered are economic uncertainty, changes in plant products and process technologies,
availability and future cost of fuels, and changing environmental and energy legislation.

Any one of these factors could profoundly influence the outcome of a decision on
cogeneration.

This handbook is designed to cover the analyzable issues, although some of the uncer-
tainties are also addressed. The intended audience is not the expert consulting engineer,
but the industrial plant manager or company energy coordinator who wishes to make a prelimi-
nary assessment of the opportunities for cogeneration at a particular plant before making
recommendations to management on whether to proceed with a detailed study. Consequently, the
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material is presented in as generalized and usable a form as possible, concentrating on those
technical details that are of economic significance.

Examples of cogeneration applications, drawn from five actual industrial plants, are
used throughout the text to show the implications of technical, economic, legal, and environ-
mental considerations for specific sites. The cogeneration technologies considered in the
handbook are limited to those options that have near-term feasibility and those which could
be actually implemented on a large scale by 1985,

e United Technologies Corporation. January 1980. Cogeneration Technology Alternatives
Study (CTAS) - United Technologies Corparation Finai Report. DUE?NK§K;%U3U-§U72, South

Windsor, Connecticut.

This study evaluated advanced energy-conversion technologies in industrial cogeneration
applications. Information and data were developed for (1) industrial processes in energy-
intensive industries; {2) both current and future energy-conversion characteristics; (3) heat
sources as required by the conversion systems; (4) supporting technologies; (5) balance of
plant; and (6) study ground rules and assumptions. These data were analyzed and conser-
vation, economic, and environmental impacts of advanced energy-conversion technologies in
cogeneration applications were evaluated at the plant level and extrapolated to the potential
national level,

To provide a valid framework for evaluating advanced conversion cogeneration systems,
representative industrial processes were selected from energy-intensive industries. The
selected processes were expected to be significant energy consumers in the 1985 and 2000 time
period. They reflect a variety of fuel and electrical power reguirements and they currently
consume substantial amounts of oil and gas. Therefore, they are candidate applications for
conversion to coal or alternate fuels.

e \Westinghouse Electric Corporation and Gibbs & Hill, Inc. Industrial Cogeneration
Optimization Program 0OE/CS/05310-01, Washington, D.C.

Cogeneration is an efficient way of generating useful forms of energqy. However,
technological, institutional, and economic barriers currently hinder the market penetration
of industrial cogeneration., Effectively applied, federal activity will lower those barriers
and stimulate acceptance. This program was conceived to better understand the economics of
cogeneration and barriers to its more general applications.

The purpose and scope of this program was as follows:

e identify up to 10 good near-term opportunities for cogeneration in 5 major energy-
consuming industrial sectors: Food and Kindred Products (SIC 20), Textile Mill Products
(SIC 22), Paper and Allied Products (SIC 26), Chemical and Allied Products (SIC 28), and
Petroleum Refining and Related Industries (SIC 29)

e select, characterize, and optimize cogeneration systems for these identified opportuni-
ties to achieve maximum energy savings for given minimum values of return on investment
or return on equity. Components of cogeneration systems chosen in this study are cur-
rentily available. The optimization was done by considering pollution control standards
and by using prices for energy forms likely to be used in the industrial sectors of
interest in the time period of 1980 to 2000

e help identify technical, institutional and regulatory obstacles hindering application of
industrial cogeneration systems.
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GLOSSARY

ACRS - Accelerated Cost Recovery System

A&E - Architectural and Engineering Firm

Back-Pressure Steam Turbine - Steam, generated in a boiler, is used in a turbine/generator to
produce electricity. Steam is discharged from the last stage of the turbine at pressures
needed ‘for industrial process use.

RACT - Rest Available Control Technology

Baseload - The minimum amount of electric power that is generated or supplied continuously.

Bottoming Cycle - The use of low-temperature waste heat from an industrial process to
generate electricity. Steam or an organic fluid can be used as the working fluid.

Capacity Factor - The ratio of the average locad on a machine or piece of equipment for a
given period of time to the maximum capacity of the machine or equipment.

Capital Cost - [nstalled cost of additions, improvements, and replacements or expenditures
for the acquisition of existing facilities.

Central Power Generation - A utility generates electricity at a large plant, the primary
purpose of which is to generate electricity.

CFR - Code of Federal Requlations, published by the Office of the Federal Register, available
from U.S. Government Printing Office. References to CFR cited by volume and part; e.g.,
10 CFR 500.2 is Volume 10 of the Regulations, beginning with part 500.2.

Cogeneration - The sequential production of electricity, or shaft power, and useful thermal
energy from the same fuel source.

Combined Cycle - Waste heat from a gas-turbine topping cycle is used to produce steam in a
waste-heat boiler, The steam is used to generate electricity in a steam turbine/generator.

Condensing Steam Turbine - Steam, generated in a boiler, is used in a turbine/generator to
produce electricity. Steam exhausted from the last stage of the turbine is condensed and
racycled to the boiler.

DCF - Discounted Cash Flow

00B - Double-declining balance depreciation

Demand Charges - Part of the utility service charge determined on the basis of possible
maximum demand as distinguished from actual enerqy consumption,

DOE - Department of Energy

Enthalpy - Heat content ‘

EPA - Environmental Protection Agency

ERTA - Economic Recovery Tax Act of 1981

ESP - Electrostatic precipitator

ETA - Energy Tax Act of 1978

Extraction Steam Turbine - Steam, generated in a boiler, is used in a turbine/generator to
produce electricity. Steam is extracted at different pressures from intermediate stages of
the turbine for use in industrial processes. The steam from the final stage is condensed and

returned to the boiler.

FERC - Federal Energy Regulatory Commission
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FGD - Flue-Gas Desulfurization

FR - Federal Register; references to the Federal Register cited by volume, page number, and
date; e.g., 44 F1 28950 (6 June 1980), etc.

FUA - Powerplant and Industrial Fuel Use Act of 1978,

Gas Turbine - A prime mover that converts the energy of a fuel into work by using compressed,
hot gas as the working medium,

Grid - A utility's power generation, transmission, and distribution system, including
transmission lines, transformer stations, etc.

HC - Hydrocarbon - Usually used in reference to air pollutant emissions.

Heat Flow - The amount of heat transferred in a unit of time,

Heat Rate - A measure of generating station thermal efficiency, generally expressed in Btu
ger net kilowatt-hour. It is computed by dividing the total Btu content of the fuel burned

for electric generation by the resulting kilowatt-hour generation.

[HR - Incremental Heat Rate - The ratio of fuel consumed minus heat supplied to the net power
output of the prime mover.

[nterruptible Power - Power made available under agreements that permit curtailment or
cessation of delivery by the supplier. Advance notice of 1 to 1-1/2 hours is usually given
prior to the interruption.

[nvestment Tax Credit - A specified percentage of the dollar amount of new investment in each
of certain categories of assets that a firm can deduct as a credit against its income tax.

[RR - Internal Rate of Return - The discount rate that equates the present value of expected
future receipts to the cost of the investment outlay.

LAER - Lowest Achievable Emission Rates
LEA - Low Excess Air

Load - The amount of energy delivered or required at any specified point or points on a
system.

Load Duration Curve - Energy use as a function of time.

NAAQS - National Ambient Air Quality Standards

NEA - National Energy Act of 1978

NGPA - Natural Gas Policy Act of 1978

NOPR - Notice of Proposed Rulemaking

NOx - Nitrogen Oxides - A series of air pollutants formed during combustion.

NPV - Net Present Value - A capital-budgeting method that accounts for the time value of
money through discounted-cash-flow analysis. The method determines the present value of the
expected net revenue from an investment minus the cost outlay, discounted at the cost of
capital.

NSPS - New Source Performance Standards

0&M - Operation and Maintenance

ORA - Omnibus Reconciliation Act of 1981

ORC - Organic Rankine Cycle - Rankine cycle using an organic compound as the working fluid.
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Parallel Generation - I[ndustrial power generation facilities whose AC frequencies are exactly
equal to and are synchronized with the utility service grid.

Payback Period - The number of years required for a firm to recover its original investment
from net cash inflows,

Peak Load - The maximum load demand occurring during a specified period of time,.
Peak-Load Management - An attempt to reduce the system peak load by leveling the load curve.

Power Factor - The ratio of real power to apparent power for any given load and time.
Generally, it is expressed as a ratio.

Prime Mover - Equipment that transforms pressure or thermal energy to useful mechanical
energy.

Process Heat - Heat used for an industrial process in a plant, and not for space heating.

Process Steam Load - Number of pounds of steam per hour required for a specified industrial
process.

PSD - Prevention of Significant Deterioration
PRPA - Public Utility Regqulatory Policies Act of 1978

PV - Present Value - The amount of money, which, if invested today at a certain rate of
return, would be eguivalent to a fixed amount to be received at a specified future time.

Rankine Cycle - A reversible thermodynamic cycle that describes the heat-to-work conversion
process in a steam power plant,

Rate Base - The value of assets, established by a regulatory authority, on which a utility is
permitted to earn a specified rate of return. Generally, this represents the amount of
oroperty used in public service.

RCRA - Resource Conservation and Recovery Act

ROl - Return on Investment

SCF - Standard cubic feet of gas at a temperature of 60°F and atmospheric pressure.

Shaft Power - Mechanical energy in the form of a rotating shaft.

Significant Emission Level - An emission rate (tons/year) for a specific number of pollutants
above which the pollution level is considered significant for regulatory purposes.

SL - Straight-line depreciation
SO2 - Sulfur Dioxide - A major pollutant formed by combustion of oil or coal.

Spinning Reserve - Generating capacity that is on-line and ready to take load, but in excess
of the current load on the system,

Standby Service - Also Standby Power or Standby Reserve - Service that is not normally used
but that is available through a permanent connection in lieu of, or as a supplement to, the
usual source of supply.

Steam Turbine - A prime mover that converts the heat enerqy of steam, generated in a boiler,
to mechanical energy.

Sunk Costs - Costs that have already been committed and, thus, are irrelevant to future
investment decisions.

Surplus Electricity - Electricity generated beyond the immediate needs of the producing
system, frequently obtained from spinning reserve and sold on an interruptible basis.

SYD - Sum-of-the-years'-digits depreciation
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Payback Period - The number of years required for a firm to recover its original investment
from net cash inflows,

Jgak Load - The maximum load demand occurring during a specified period of time.
Peak-L0oad Management - An attempt to reduce the system peak load by leveling the load curve.

Power Factor - The ratio of real power to apparent power for any given load and time.
Generally, it is expressed as a ratio.

Prime Mover - Equipment that transforms pressure or thermal energy to useful mechanical
anergy.,

Process Heat - Heat used for an industrial process in a plant, and not for space heating,

Process Steam Load - Number of pounds of steam per hour required for a specified industrial
process.

PSD - Prevention of Significant Deterioration
PURPA - Public Utility Regulatory Policies Act of 1978

PV - Present Yalue - The amount of money, which, if invested today at a certain rate of
return, would be equivalent to a fixed amount to be received at a specified future time.

Rankine Cycle - A reversible thermodynamic cycle that describes the heat-to-work conversion
process in a steam power plant,

Rate Base - The value of assets, established by a regulatory authority, on which a utility is
permitted to earn a specified rate of return. Generally, this represents the amount of
property used in public service.

RCRA - Resource Conservation and Recovery Act

ROI - Return on [nvestment

SCF - Standard cubic feet of gas at a temperature of 60°F and atmospheric pressure.

Shaft Power - Mechanical energy in the form of a rotating shaft.

Significant Emission Level - An emission rate (tons/year) for a specific number of pollutants
above which the pollution level is considered significant for regulatory purposes.

SL - Straight-line depreciation
SOZ - Sulfur Dioxide - A major pollutant formed by combustion of oil or coal.

Spinning Reserve - Generating capacity that is on-line and ready to take load, but in excess
of the current load on the system.

Standby Service - Also Standby Power or Standby Reserve - Service that is not normally used
but that is available through a permanent connection in lieu of, or as a supplement to, the
usual source of supply.

Steam Turbine - A prime mover that converts the heat energy of steam, generated in a boiler,
to mechanical energy.

Sunk Costs - Costs that have already been committed and, thus, are irrelevant to future
investment decisions.

Surplus Electricity - Electricity generated beyond the immediate needs of the producing
system, frequently obtained from spinning reserve and sold on an interruptible basis,

SYD - Sum-of-the-years'-digits depreciation
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Topping Cycle - Energy is first used to generate electricity then used in an industrial
process.

Total Energy System - Onsite generation of electricity with beneficial use of waste heat.
Turbine - An enclosed rotary type of prime mover in which the heat energy in steam or gas is
converted into mechanical enerqgy by the force of a high-velocity flow directed against
successive rows of radial blades fastened to a central shaft.

Utility Cogeneration - Use of waste heat from a central power generation plant for space or
process heat. )

Waste Heat - Unused thermal energy that is exhausted to the environment from an electric
generation system or an industrial process.

daste-Heat Boiler - Hot exhaust gases from turbines, incinerators, furnace exhausts, and so
on are used to generate steam.

Wheeling - The use of the transmission facilities of one system to transmit power to another
system.
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APPENDIX A

FOOD INDUSTRY PROFILE

The Food and Kindred Products industrial group encompasses more than 35,000 manufacturing
plants or food processing establishments representing approximately 22,000 individual companies
or firms. Although much of the industry is non-energy-intensive, its size makes it the sixth
largest energy-consuming industrial group. The total energy used in food processing is about 7%
of the total energy consumed by U.S. industries. The Standard industrial Classification system
subdivides the Food and Kindred Products industry (SIC 20) into 9 three-digit industrial groups
containing 47 four-digit sub-groups.

Ouring 1980, the Food and Kindred Products 1n?§stry consumed nearly a quad of energy (10ls
8tu). Of the estimated 948 trillion Btu (948 x 10*¢ Btu) purchased, approximately 48% was
natural gas; 30% was electricity; 17% was coke, coal, and related materials; and 5% was distil-
late oils.

Although the food industry is quite diversified in terms of the products produced, a number
of similarities exist with respect to the use of energy. Four main process operations consume
most of the energy in the food industry: '

e evaporation and drying,

e refrigeration and freezing,

e sterilization and heating, and
e machinery operations.

Refrigeration and freezing processes consume most of the purchased electricity, while the
gas, oil and solid fuels are used primarily to generate process steam in boilers. A small
portion of the gas is used directly in processes such as drying. Unlike some of the other
industrial groups, the process steam used throughout the food industry is of relatively low
temperature and pressure (usually about 250°F and 15 psig).

Table A.l presents a rank-ordered list of the top 10 energy-consuming industrial sub-groups
within the food industry. These 10 industries consumed about 517 trillion Btus of purchased
fuels and electric energy in 1980 or about 55% of all the energy consumed in the Food and Kin-
dred Products industry. The largest energy consumer was Wet Corn Milling (SIC 2046), which used
92.1 trillion Btu or about 10 percent of the total energy consumed by the industry. Also
depicted in Table A.l1 are typical operating characteristics for these 10 industries. The load
condition ranges from near steady-state year-round conditions to high-intensity short-term

TABLE A.l. Energy Use Operating Characteristics of Top Ten Energy
Consuming Food Processing Industries

Purchased Fuels and

Electric . (perational Profile. :
Rank  SIC MNo. Industry frergy (Trillion Btu) Type (berations”  hifts/Cay Hours/Year
1 2046 Wet Cormn Milling 92.1  Year-round 3 6600
2 2063 Beet Sugr .7  Seasonal 3 2800
(4-1/2 m) (@)
3 2011 Maat Packing Plants 69.6  Semi seasonal 1 2100
1 2082 Mait Beverages 523  Year-round 3 6600
5 2075 Soyoean Oil Mills '48.0 ‘Year-round 1 2100
6 2033 Canned Fruits and ‘egetables 44,7  \Very seasonal 2-1/2 1600
(2-1/2 mo)
7 2051 Bread, Cake, Related Products 410 Year-ound 2 4000
8 2026 Fluid Milk 329  Year-round 1 2100
9 2062 Gane Sugr Refining 322  Year-round 3 6600
10 2037 Frozen Fruits and Vegatables 32.0  Very seasonal 2-1/2 1600

5170 (2-1/2 mo)
TOTAL SIC20  948.0

(a) Refining comonent is year-round (6600 hr),
(b) Full production during fall and winter, reduced production reminder of year.

A.l



conditions. Based on these load conditions (hours/year), the factors pertinent to cogeneration
{average electrical demand, average steam demand, power-to-heat ratio, etc.) are shown in
Table A.2.

Because of the large number, diversity, and generally small nature (in terms of energy
demand) of industries in Food Processing, this discussion focuses on five representative pro-
cesses. Initial selection was based on the highest annual energy consumption. The remaining
industries were then compared to those selected as potential substitutes. Cane Sugar (SIC 2062)
was eliminated because of its similarity to beet sugar (SIC 2063). Canned Fruits and Vegetables
(SIC 2033) and Frozen Fruits and Vegetables (SIC 2073) were eliminated because of their very
seasonal nature. Although Bread and Cakes (SIC 2051) has a potentially favorable operational
profile, the industry trend is towards smaller individual plants, so it was eliminated.

Finally, Fluid Milk (SIC 2026) was selected to replace Soybean 0f1 Mills (SIC 2075) to provide a
broader range of processes and because production rates tend to be more stable on a year-round
basis.

For each of the five selected industry sub-groups, "typical" plants in terms of size,
production rate, and process flow were selected. Typical plant sizes were chosen to reflect
the size category representing the most significant energy-consuming size class and the size
expected for new plants. These “typical” plants are larger than the average size plant for each
industry. Each of these typical plants represents a different mix of power and heat require-
ments and load durations. The process requirements of these typical plants are shown in
Table A.3.

TABLE A.2. Summary of Factors Related to Cogeneration for Food Processing (SIC 20)

Typical Power
to Process Terperature
Average Average Xean  Heat Ratio Tpical of
Plant Electrical Oemand (kWh/1000 1b Process
Industry SiC Code Requirarent (MW) (1,000 1b/hr) Seam) Myjor Fuels Tean/ater
wet Corn 2046 9 200 a5 Natural Gas, Coal 360°F except for
Milling small amount @
6Q00PF for starch
drying
Beet Sugar 2063 S 250 20 Natural Gas, (Goal 280°F
Meat Packing 2011 6 7.5 80 Natural Gas V3@ 37C°F,
Plants 2/3 0 140°F
Malt Beverages 2082 2.6 20 85 Natural Gas, Re-  212°F
sidial Fuel Of1
Camned Fruits 2033 0.9 0 30 Natural Gas, Fuel  18C0°PF-250°F
and Vegetables ’ Gil
Soybean Qi 2075 5.5 100 55 Nitural Gas, Fuel 70% @ 4SC°F,
Mills 0i1 remainder @
250°F
Bread, Cake, 2051 0.16 1 160 Nrtural Gs 212°F
Related
Prodcts
Fluid Milk 2026 0.7 3.3 210 Natural Gas 162°F-17CPF
Frozen Fruits 2037 4.5 70 65 Ntural Gs, Fuel 200°F
and Vegetables 0il
fane Sugar 2062 1.8 90 20 Natural Gas, Pe- 77% @ 185°F-
Refining sidual Fuel Qi1 195°F, remainder
@ 265°F
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TABLE A.3. Process Energy Requirements of “Typical” Food Industry Plants

Procass Electricity Progess Steam Power/Heat
SIC Industry MWe 10° Btu/hr 10Y Btu/hr Ratio Fuel
2011 Meat Packing 1.940 6.621 27.9 237 Gas
2026 Fluid Milk 1,310 4.471 12.8 .350 Gas
2046 Wet Corn 28.500 97.271 767.1 .127 Gas
Milling
2063 Beet Sugar Ref. 4,700 16.041 336.4 .043 Gas
2082 Malt Beverages 6.040 20.614 100.1 ’ .205 Gas

MEAT PACKING PLANTS - SIC 2011

This industry encompasses establishments primarily engaged in the slaughtering, for their
own account, or on a contract basis for the trade, of cattle, hog, sheep, lambs, and calves for
meat to be sold or to be used on the same premises in canning and curing, and/or in making
sausages, lard, and their products.

The average total energy (electricity and fuels) consumed by this industry is 2600 Btu/1b
of product., The primary fuel for this industry is natural gas, representing approximately 64%
of the fossil fuels used throughout the industry. Although some fuel is used for direct heat
(hog hair singeing) the principal use (90%) is as a boiler fuel for generating process steam,
Thus all fossil fuels become candidates for optional use as boiler heat sources.

Hot water from the steam cycle is utilized for washing carcasses and for the constant
cleaning operations throughout the plant. Because of the need to reduce animal body heat
quickly, there has been a recent trend toward air-conditioning slaughter house floors. Require-
ments for sterilization and cleanliness have added to the already high consumption of energy for
cooling and refrigeration purposes.

Figqure A.1 depicts a simplified typical process flow diagram for an integrated meat packing
plant. Slaughtering operations are usually conducted during a single shift; however, carcasses
are usually chilled overnight. The refrigeration load is 24 hours/day. The industry is semi-
seasonal, operating at full capacity during fall and winter months, followed by reduced opera-
tions during spring and summer (usually only several days per week).

Although the majority of plants are in the fewer-than-100-employee category, plants in the
100-500 employee range account for almost 34% of the total energy consumed within this industry
classification. Table A.4 provides a summary of plant capacity and operating characteristics
associated with this "typical” plant,

FLUID MILK - SIC 2026

The fluid milk industry group is defined as establishments primarily engaged in the pro-
cessing and distributing of fluid milk, c¢ream, and related products, including cottage cheese.
The processing of milk involves 5 major steps: clarification, homogenization, pasteurization,
fortification, and packaging (Figure A.2).

The industry is characterized by a large number of relatively small plants (fewer than 100
employees) whose locations were originally dictated by the sources of raw milk and product
distribution capabilities. With improvements in packaging, transportation, refrigeration, and
preservation technologies, the trend is now toward fewer but larger plants located in low-land-
cost areas.

Trends in the industry have been toward the closing of smaller local plants and upgrading
of the remaining larger plants. New plant construction has been oriented toward specialty items
{cheese, etc.) as opposed to fluid milk processing. [n terms of operations, the use of non-
returnable containers for finished products has resulted in significant energy savings in pro-
cesses previously involving milk bottle and milk can clean-up and sterilization. Current pro-
cessas are expected to remain unchanged for some time, except as may be required to support naw
milk products.
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TABLE A.4. Meat Packing Plant Material and Energy Data
PLANT SIZE: 100-500 employees
PLANT CAPACITY:

Meat Products - 48 x 106 1b/yre
Lard and Tallow - 1.3 x 10° ib/yr
Hides - 1.8 x 10° 1b/yr

OPERATING HOURS: 2100 hours/year (semi-seasonal)

ENERGY FLOW:

Refrigeration
Process Equipment

Electricity t Space Conditioning
Lighting

Low-Pressure Steam Process Heat
t Hot Water Generation (clean-up)
Clean-up

ELECTRICITY REQUIREMENTS:

1940 kW Normal
2330 kW Peak (20%)

STEAM REQUIREMENTS: 24 x 103 1b/hr @ 15 psig

NOTE: Approx. 25% of steam returned as condensate
Approx. 40% of steam used to generate hot water @ 140.to 180°F

DIRECT HEAT:

Approx. 2 MBtu/hr (singeing, smoking, cooking, and curing)
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FIGURE A.2. Fluid Milk Process Flow Diagram (SIC 2026)

The specific enerqy consumption is about 570 Btu per pound of finished product., Natural
gas is the principal fuel used within this industry group (approximately 42%), follawed by fuel
nil. Ninety-two percent of the fuel is used for the generation of process steam and hot water,
The principal thermal requirements are associated with pasteurization and the skim milk cooker,
Refrigeration is the principal mechanical process, although considerable electrical energy is
also used in the packaging operations. The industry is characterized as being a year-round,
one-shift operation with a fairly constant production rate.

Although the predominant plants within the fluid milk industry have fewer than 100 employ-
ees, plants in the 50-250-employee range account for nearly 63% of the energy used within SIC
2026, Table A.5 provides a summary of plant capacity and operation characteristics associated
with this “typical” plant.

BEET SUGAR PROCESSING-- SIC 2063

This industry is defined as establishments engaged in the manufacturing of sugar from sugar
beets. Typical products include dried beet pulp, liquid sugar or syrup, refined sugar, and
molasses.

There are currently around 60 plants engaged in the manufacture of sugar from beets, with
more than 40 of these plants in the 100-250-employee range and approximately 10 plants in the
250-500-employee range. It is estimated that the number of plants within the industry will
remain stable through the 1985-2000 time frame.
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TABLE A.5. Typical Fluid Milk Processing Plant Characteristics
PLANT SIZE: 50-250 employees
PLANT CAPACITY:

Fluid Milk 35 x 102 o/yr
Cottage Cheese 13 x 10~ 1b/yr

Total Produced 48 x 105 1b/yr

QPERATING PROFILE: 2100 hr/yr (l-shift basis, 5 days/week)

ENERGY FLOW:

Electricity ~—= Space Conditioning
—e=Refrigeration

= Process Equipment
—e Lighting

Low-Pressure Steam Process Heat
Hot Water Generation (clean-up)
Space Heating

ELECTRICITY REQUIREMENTS:

Average: 1310 kW (Approx. 50 kW Refrigeration load on continuous 24-hour basis and 1260 kW
load for process equipment on 8-hour basis, 5 days/week)

Peak: 1570 kW

STEAM REQUIREMENTS:

11 x 605 1b/hr (250°F @ 15 psig)(a) at fairly constant rate over 8 hour period
DIRECT HEAT:

Approximately 0.29 MBtu/hr for whey drier

(a) Estimate 50% of steam returned as condensate approximately 50% of thermal requirement is for
hot water generation.

The typical plant for this time frame is expected to be representative of current plants
ranging in the 100-500-emp10yee61evel. Typical annual production rates for this plant size
range are estimated at 200 x 10° 1b of beet sugar/sugar products per year. Industry operation
is seasonal. Plants operate five to five and one-half months per year, starting in late summer
and going on into the winter. During the production season, operation is 24 hours per day, five
to six days per week. It is estimated that the typical plant operates for approximately 2800
hours during the seasonal production period.

The process is displayed in Fiqure A.3. Beets enter the process, are washed and siiced,
and the juice and pulp separated. The juice is subjected to a series of processing steps,
including liming, carbonation, sulfonation, evaporation, centrifuging, drying, and packaging.
The end products from this process are beet sugar and molasses. The previously-separated pulp
is dried and packaged for use as feed.
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FIGURE A.3. Beet Sugar Process Flow Diagram (SIC 2063)

The largest energy-consuming mechanical process is centrifuging, followed by slicing and
screening, Aside from the boiler (for hot water and steam), large direct fuel requirements are
associated with the 1ime kiln and the kiln drier. The heaters are the largest steam users.
Approximately 55% of the electricity used by the industry is internally generated.

The specific energy consumption is about 12,000 Btu per pound of product. Natural gas is
the principal fuel used within the industry and accounts for nearly 42% of the total fuel used.
It is used primarily for the kiln drier and also as a boiler fuels. Coke is the primary fuel
for the 1ime kiin. Coal and other fossil fuels are also used as boiler fuels. Direct fuel uses

account for 30% of the fuel used, wnile the production of process steam accounts for the other
70%.
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The typical plant for this industry group is in the 100-500-employee range and has an esti-
mated 200 million pounds/year production capacity of processed sugar beet products. As indi-
cated previously, plant operations are seasonal, but three-shift operations are utilized during
the season, Table A.6 provides a summary of plant capacity and operating characteristics
associated with this typical plant.

WET CORN MILLING - SIC 2046

This industry group is defined as establishments primarily engaged in milling corn or
sorghum grain (milo) by the wet process and producing starch, syrup, oil, sugar and by-products
such as gluten feed and meal. Establishments primarily engaged in manufacturing starch from
other vegetable sources, such as potatoes and wheat, are also included.

There are approximately 38 plants currently classified within the Wet Corn Milling category
(SIC 2046): 13 plants employ fewer than 20 people; 15 plants are in the 20-250-employee range;
one plant is within the 250-500-employee range; six plants employ between 500 and 1000 persons;
and the remaining three plants fall within the more~than-1000-employee range. The typical plant

for the 1985-2000 time frame is projectsd to employ over 500 people and have an annual produc-
tion capacity of approximately 1.4 x 10 pounds.

TABLE A.6. Typical Beet Sugar Processing Plant
PLANT SIZE: 100-500 employees

PLANT CAPACITY: 200 x 10% 1n/yr

QOPERATING PROFILE: 2800 hr/yr (24 hr/day, 5-6 days/week, 4-5 mo/yr)

ENERGY FLOW:

Electricity (@)
On-site Generated (70%)(b) Space Conditioning
j.__E Process Equipment
Purchased Electricity (30%) Lighting, etc.
Low-Precsure Steam Process Heat
= Clean-up
e Space Heat
High-Pressure Steam On-site Elect. Generation

STEAM REQUIREMENTS:

Low Pressure (250°F, 15 psig)

Process Steam 26 x 10: 1b/hr

Clean-up 2.9 x 104 I1b/hr

Space heating 1.2 x 107 1b/hr
High Pressure (470°F, 500 psig)

On-site Electricity Generation 2.2 x 10% Tb/hr

DIRECT HEAT REQUIREMENTS:

Kiln Dryer 122 MBtu/hr
Lime Kiln 22 MBtu/hr

(a) Electric load fairly constant over 24 hour period.
(b) Assumes steam generated.
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The corn milling process is depicted in Figure A.4. The shelled corn enters the process
where it is separated, ground, washed, and passed through centrifugal separators to produce a
starch, which is then processed to produce such products as corn syrup, dextrose sugar, dry
starches, and dextrins, If corn oil is to be produced the steeped corn is taken out of the
process prior to grinding and processed separately, as indicated in Figure A.4.

Although the trend in the industry is to construct large plants, these new plants are
somewhat smaller than the existing large plants. Current large-plant processing capacities are
in the 85,000 bushel/day range, while the new "large” plants will be in the 35,000 bushel/day
range. In addition, all of the new plants have a corn syrup manufacturing capability, which is
lacking in many of the older plants. There is also a trend toward upgrading older plants with a
corn syrup processing capability. Growth of the industry is expected to be approximately two-
thirds of the GNP increase.

The wet corn milling process consumes 5800 Btu per pound of product. The primary fuel used
in the induystry is natural gas (approximately 57%), which is used for direct heat and also as a
boiler fuel. Other fossil fuels are also used within the industry as boiler fuels. B8oiler fuels
account for 84% of the fuel consumed, while direct uses account for 16%. Principal direct-heat
requirements are for drying and roasting operations. Other thermal requirements relate to pro-
cess steam, plant clean-up, and heating. There is a significant use of cogeneration within the
industry, with an estimated 57% of the internal electrical requirements generated onsite. The
electrical requirements are primarily for the operation of large motors to drive machinery, such
as centrifugal separators and grinders.
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FIGURE A.4. Wet Corn Milling Process Flow Diagram (SIC 2046)
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As indicated previously, the typical plant is visualized as employing over 500 persons,
with a projected annual production capacity of 1.4 x 107 1b/yr of processed corn products such
as corn oil, corn 0il meal, and corn syrup.

Plant operations are characterized as being 24 hours per day, five to six days per week.
It is estimated that the plant operates approximately 6600 hours/year. Table A.7 provides a
summary of plant capacity and operating characteristics associated with this typical plant.

MALT BEVERAGES - SIC 2082

The malt beverage industry is defined as those establishments primarily engaged in manu-
facturing all kinds of malt beverages such as ale, beer, malt liquors, malt extract, porter,
stout, liquors, and syrups.

TABLE A.7. Typical Wet Corn Milling Plant Characteristics
PLANT SIZE: Over 500 employees

PLANT CAPACITY: 1.4 x 109 1b/yr processed corn products, such as corn oil, corn 0il meal, and
corn syrup

OPERATING PROFILE: 6600 hr/yr (3-shift basis, 5-6 days per week)

ENERGY FLOW:
Electricity

(57%) Self Generated r—- Space Conditioning
{43%) Purchased J, Process Equipment

l - Lighting, etc.

Low=Pressure Steam Process Heat
Clean-up
Space Heat
High-Pressure Steam On-site Elect. Generation
ELECTRICITY REQUIREMENTS:
Average = 28,5 MN(a)
Peak = 35.6 MW
STEAM REQUIREMENTS: (P)
Low Pressure (250°F, 15 psig)(c)
Process Heat 419 x 103 1b/nr
Clean-up 202 x 102 1b/hr
Space Heating 38 x 103 1b/hr
High Pressure (470°F, 500 psig)(c)
On-site electricity generation 105 «x 103 Ib/hre

DIRECT HEAT REQUIREMENTS:

Feed Dryer: 105 MBtu/hr
Dextrin Roaster: 29 MBtu/hr

(a) Electrical load fairly constant aver 24 hour period.
b) Steam load fairly constant over 24 hour period.
c) Approximately 47% of steam condensate returned.



Although there is a wide range of plant sizes varying from plants employing fewer than 20
people to plants employing more than 1000 people, the largest number of plants employ fewer than
500 people. However, plants in the more-than-500-employee range (approximately 20) account for
approximately 56% of the energy consumed by this sector. Over the past 15 years, there has been
a general trend toward a decline in the number of smaller plants, resulting in a concentration
of manufacturing capacity in larger, more efficient plants.

The malt beverage process is illustrated in Figure A.5 with barley malt entering the pro-
cess stream, then being cooked, filtered and screened. The resulting ligquid brew is fermented,
aged, filtered, bottled (or canned), and pasteurized. Spent grains removed from the beer-making
process are dried and sold as feedstuff. In most breweries, beer is produced on a 24-hour-per-
day basis, and packaging is generally accomplished using three shifts, five days/week. The
fermentation and aging process is continuous and is performed under constant refrigeration.
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FIGURE A.5. Malt Beverages Process Flow Diagram (SIC 2082)
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Refrigeration, grinding, and compression for packaging (bottling, etc.) represent the lar-
gest mechanical energy loads, while the largest thermal enerqy loads are associated with cock-
ing, drying, and pasteurizing. Specific energy consumption is about 15,900 Btu per gallon of
product. Natural gas is the primary fuel consumed in this industry, representing approximately
53% of the fossil fuels used. The principal use of the natural gas is for fueling the drying
operations (spent grain) and the boiler. Ninety-one percent of the fuel is used in the boiler
to produce steam, while the remaining 9% is used for direct heat.

The typicaé plant is described as employing more thag 500 people and producing approxi-
mately 800 x 10% 1b/yr of beer and approximately 3.2 x 10° 1b/yr of dry feedstuff. Plant opera-
tions are characterized by year-round operation on a three-shift basis for the production of
Jeer, with three-shift, five day/week operation for packaging and bottling. Current filling
machinery has a capacity of approximately 1000 bottlies or cans per minute. Table A.8 provides a
summary of plant capacity and operating characteristics associated with this typical plant,

TABLE A.8. Typical Malt Beverage Plant
PLANT SIZE: Over 500 employees

PLANT CAPACITY:

Beer 800 x 105 1b/yr ;
Ory Feedstuff 3.2 x 10° 1b/yr

OPERATING PROFILE: 6600 hr/year (Brew House Operation - 3 shifts/day
Bottling - 3 shifts/day, 5 days/week)

ENERGY FLOW:

Purchased Electricity Space Conditioning & Refrigeration
|=—=Process Equipment
b Lighting & Other

Low-Pressure Steam Process Heat
pe Space Heating
e Hot Water

STEAM REQUIREMENTS: 60 psig, saturated

Process Steam 3.44 x 10% 1b/nr
Hot Water 5.16 x 10% 1b/hr
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APPENDIX B8

TYPICAL HEATING VALUES OF COMMONLY-USED FUELS

FUEL OIL
Grade
No. 1
No. 2
No. 4

No. §
{1ight)

No. 5
(heavy)

No. 6

GASES
Natural Gas
Mixed Refinery Gas
0i1 Gas
Coal Gas

Coke-Oven Gas

r.0AL
Class Group
Anthracitic Meta-anthracite
Anthracite
. Semianthracite
Bituminous Low-volatile bituminous

Medium-volatile hituminous

High-volatile A bituminous

B.1

Btu/Gallon

137,000-132,900
141,800-137,000
148,100-143,100

150,000-146,800

152,000-149,400
155,900-151,300

Btu/ft3

1047-1210

1380-1828
540-700
540-700
550-650

Btu/Tb_
11,500
14,300
15,000

15,200
15,200
14,800



APPENDIX B8 (Continued)

Class

Bituminous

Subbituminous

Lignitic

WASTE

Group

High-volatile B bituminous

High-volatile C bituminous

Subbituminous A
Subbituminous 8

Subbituminous C

Lignite A

Lignite B

Type of Waste

Paper

Wood

Rags

Garbage

Coated Fabric - Rubber
Coated Felt - Vinyl
Coated Fabric - Vinyl
Polvethylene Film
Foam - Scrap

Tape - Resin-Covered Glass
Fabric - Nylon

Vinyl Scrap

Btu/Tb

13,100
12,000

11,000
10,000
9,200

7,400
7,4n0

Btu/lb
7,572
8,f13
7,652
8,484

10,996

11,054
8,899

19,161

12,283
7,907

13,202

11,428



APPENDIX C

STEAM PROPERTIES







APPENDIX C

STEAM PROPERTIES

Note: The fallowing steam tables and Fig. 1 have been abstracted trom Thermodynamic and Transport
Properties ot Steam (Copyrignt. 1967, by The American Society of Mechanical Engineers.)

Tabie 1
Properties of saturated steam and saturated water (temperature)
Volume, ft’/1b ' Enthalpy, Btu/ib Entropy, Btu/!b x F
T
T"F“ Pl;:is:. Water Evap Steam Water Evap Steam Water Evap Steam "F"p
v¢ Yig e h, h,' hl Sy S,‘ sl

32 0.08859 0.01602 3305 3305 ~0.02 1075.5 1075.5 0.0000 2.1873 2.1873 32

35 0.09991 0.01602 2948 2948 3.00 10738 1076.8 0.0061 2.1706  2.1767 35

a0 0.12163 0.01602 2446 2448 8.03 1071.0 1079.0 0.0162 2.1432 2.1594 40

a5 0.14744 | 0.01602 2037.7 20378 13.04 1068.1 1081.2 0.0262 2.1164 2.1326 45

50 0.17796 0.01602 17048 17048 18.05 1065.3 1083.4 0.0361 2.0901 2.1262 50

60 0.2561 0.01603 1207.6 1207.6 28.06 1059.7 1087.7 0.0555 2.0391 2.0946 60

70 0.3629 0.01605 868.3 ' 868.4 38.05 1054.0 1092.1 0.0745 1.9900 2.0645 70

80 0.5068 0.01607 633.3 633.3 48.04 1048.4 1096.4 0.0932 1.9426 2.0359 80

90 0.6981 0.01610 468.1 468.1 58.02 1042.7 1100.8 0.1115 1.8870 2.0086 90
100 0.9492 0.01613 350.4 350.4 68.00 1037.1 1105.1 0.1295 1.8530 1.9825 | 100
110 1.2750 0.01617 265.4 265.4 77.98 1031.4 1109.3 0.1472 1.8105 1.9577 | 110
120 1.6927 0.01620 203.25 203.26 87.97 1025.6 1113.6 0.1646 1.7693 1.9339 | 120
130 2.2230 0.01625 157.32 157.33 97.96 1019.8 11178 0.1817 1.7295 19112 | 130
140 2.8892 0.01629 122.98 123.00 107.95 1014.0 1122.0 0.1985 1.6910 1.8895 | 140
150 3.718 0.01634 97.05 97.07 11795 1008.2 1126.1 0.2150 1.6536 1.8686 | 150
160 4741 0.01640 77.27 77.29 127.96 1002.2 1130.2 0.2313 1.6174 1.3487 | 160
170 5.993 0.01645 62.04 62.06 13797 996.2 11342 0.2473 1.5822 1.8295 | 170
180 7.511 0.01651 50.21 £0.22 148.00 990.2 1138.2 0.2631 1.5480 1.8111| 180
190 9.340 0.01657 40.94 40.96 158.04 984.1 1142.1 0.2787 1.5148 1.7934 | 190
200 11.526 0.01664 33.62 33.64 168.09 9779 1146.0 0.2940 1.4824 1.7764 | 200
210 14,123 0.01671 27.80 27.82 178.15 971.6 1149.7 0.3091 1.4509 1.7600 | 210
212 14.696 0.01672 26.78 26.80 180.17 970.3 1150.5 03121 1.4447 1.7568 | 212
220 17.186 0.01678 23.13 23.15 188.23 965.2 1153.4 0.3241 1.4201 1.7432 | 220
230 20.779 0.01685 19.364 19.381 198.33 958.7 1157.1 0.3388 1.3902 1.7290 ( 230
240 24968 + 0.01693 16.304 16.321 208.45 952.1 1160.6 0.3533 1.3609 1.7142 | 240
250 29.825 0.01701 13.802 13.819 218.59 945.4 1164.0 0.3677 1.3323 1.7000 | 250
260 35.427 0.01709 11.745 11.762 228.76 938.6 1167.4 0.3819 1.3043 1.6862 | 260
270 41.856 0.01718 10.042 10.060 238.95 931.7 1170.6 0.3960 1.2769 1.6729 | 270
280 49.200 0.01726 8.627 8.644 24%8.17 924.6 11738 0.4Q98 1.2501 1.6599 | 280
290 57.550 0.01736 7.443 7.460 259.4 917.4 1176.8 0.4236 1.2238 1.6473 1 290
300 67.005 0.01745 6.448 6.466 269.7 910.0 1179.7 0.4372 1.1979 1.6351 | 300
310 77.67 0.017S5 5.609 5.626 280.0 902.5 1182.5 0.4506 1.1726 1.6232 | 310
320 89.64 0.01766 4.896 4914 290.4 894.8 1185.2 0.4640 1.1477 1.6116 | 320
340 117.99 0.01787 3.770 3.788 311.3 878.8 1190.1 0.4902 1.0990 1.5892 ¢ 340
360 1583.01 0.01811 2939 2.957 3323 862.1 11844 0.5161 1.0517 1.5678 | 360
380 195.73 0.01836 2.317 2.335 353.6 844.5 1198.0 0.5416 1.0057 1.5473 | 380
400 247.26 0.01864 1.8444 1.8630 375.1 825.9 1201.0 0.5667 0.9607 1.5274 ( 400
420 308.78 0.01894 1.4808 1.4997 396.9 806.2 1203.1 0.5915 0.3465 1.5080 | 420
440 381.54 0.01926 1.1976 1.2169 419.0 785.4 1204.4 0.6161 0.8729 1.4830 | 440
460 166.9 0.0196 0.9746 0.9942 a41.% 763.2 12048 0.6405 0.8299 1.4704 | 480
480 566.2 Q.0200 0.7972 0.8172 464.5 739.6 1204.1 0.6648 0.7871 1.4518 | 480
500 680.9 0.0204 0.6545 0.6749 4879 714.3 1202.2 0.6890 0.7443 1.4333 | 500
520 812.5 0.0209 0.5386 0.5596 512.0 687.0 1199.0 0.7133 0.7013 1.4146 | 520
540 962.8 0.0215 0.4437 0.4651 536.8 657.5 1194.3 0.7378 0.6577 1.3954 | sS40
560 1133.4 0.0221 0.3651 0.3871 562.4 625.3 1187.7 0.7625 0.6132 1.3757 | se0
580 1326.2 0.0228 0.2994 0.3222 589.1 589.9 1179.0 0.7876  0.5673 1.3550 | 580
600 1543.2 0.0236 0.2438 0.2675 617.1 550.6 1167.7 0.8134 0.5196 1.3330 | s00
620 1786.9 0.0247 0.1962 0.2208 646.9 506.3 1153.2 0.8403 0.4689 1.3092 | 620
840 2059.9 0.0260 0.1543 0.1802 679.1 454.6 1133.7 0.8686 0.4134 1.2821 | 840
660 2365.7 0.0277 0.1166 0.1443 7149 392.1 1107.0 0.899S 0.3502 1.2498 | 660
680 2708.6 0.0304 0.0808 0.1112 758.5 310.1 1068.5 0.9365 0.2720 1.2086 | 680
700 30943 0.0366 0.0386 0.0752 822.4 172.7 995.2 0.9901 0.1490 1.13%0| 700
705.5 |3208.2 0.0508 0 0.0508 906.0 o} 906.0 1.0612 [} 1.0612 | 705.5

Source : Babcock & Wilcox. 1972, Steam / Its Generation and Use.
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Table 2
Properties of saturated steam and saturated water (pressure)

Volume, ft3/1b Enthaipy, Btu/ib Entropy, Btu/lb x F Energy, Btu/id
Press. Temp | water Evap Steam Water Evap  Steam | Water Evap  Steam | Water Steam | To3%
psia F psia
v, Yie e h, hig he s, Srq 5 Uy ug
0.0886 | 32.0l8 ( 0.01602 33024 3302.4 0.00 1075 1075.5 0 2.1872 21872 0 1021.3 | 0.0886
0.10 35.023 | 0.01602 2945.5 2945.5 3.03 10738 1076.8 | 0.0061 2.1705 2.1766 3.03 10223 0.10
0.15 45453 | 001602 2004.7 2004.7 13.50 10679 1081.4 | 0.0271 2.1140 2.1411 13.50 1025.7 0.15
0.20 53.160 | 0.01603 1526.3 1526.3 21.22 10635 1084.7 | 0.0422 2.0738 2.1160| 21.22 10283 0.20
0.30 64 484 | 0.01604 1039.7 1039.7 32.54 1057.1 1089.7 | 0.0641 2.0168 2.0809 32.54 1032.0 0.30
0.40 72369 1 0.01606 292.0 792.1 40.92 1052.4 1093.3 | 0.0799 19762 2.0562 40.92 10347 0.40
0.5 79.586 | 0.01607 641.5 641.5 4762 1048.6 10963 | 0.0925 1.9446 2.0370 47.62 10369 0.5
0.6 35.218 | 0.01609 540.0 540.1 53.25 1045.5 1098.7 | 0.1028 1.9186 2.021S 53.24 1038.7 0.6
0.7 90.09 | 0.01610 466.93 466.94 58.10 1042.7 11008 0.3 1.8966 2.0083 58.10 10403 0.7
0.8 9438 | 001611 4ll.67 411.69 62.39 10403 1102.6 | 0.1117 1.8775 1.9970 62.39 10417 0.8
0.9 98.24 | 0.01612 368.41 368.43 66.24 1038.1 1104.3 | 0.1264 1.8606 19870 66.24 10425 0.9
1.0 101.74 | 0.0l614 333.59 33360 69.73 1036.1 1105.8 | 0.1326 1.8455 1.9781 69.73 1044.1 1.0
2.0 126.07 | 0.01623 173.74 173.76 94.03 1022.1 1116.2 | 0.1750 1.7450 1.9200 94.03 10518 2.0
3.0 141.47 0.01630 118.71 118.73 109.42 1013.2 1122.6! 0.2009 1.6854 1.8864 | 109.41 1056.7 3.0
4.0 152.96 0.01636 90.63 90.64 120.92 1006.4 11273 | 0.2199 1.6428 1.8626 | 120.90 1060.2 4.0
5.0 162.24 | 0.01641 73.515 73.53 130.20 1000.9 1131.1 | 0.2349 1.6094 1.8443( 130.18 1063.1 5.0
6.0 170.08 0.01645 61.967 61.98 138.03 996.2 11342 | 0.2474 15820 1.8294 | 138.01 1065.4 6.0
7.0 176.84 | 0.01649 53.634 53.65 14483 992.1 1136.9 | 0.2581 1.5587 1.8168 | 144.81 1067.4 7.0
8.0 182.86 } 0.01653 47.328 47.35 150.87 9885 1139.3 | 0.2676 1.5384 1.8060 | 150.84 1069.2 8.0
9.0 188.27 0.01656 42.385 42.40 15630 985.1 1141.4 | 0.2760 1.5204 1.7964 | 156.28 1070.8 9.0
10 193.21 0.01659 38.404 38.42 161.26 9821 11433 0.2836 1.5043 1.7879 | 161.23 10723 10
14.696 21200 | 0.01672 26.782 26.80 180.17 9703 1150.5 | 0.3121 1.4447 1.7568 | 180.12 1077.6 {14.696
15 213.03 | 0.01673 26.274 26.29 181.21 969.7 11509 | 0.3137 1.4415 1.7552 | 181.16 10779 15
20 227.96 ; 0.01€83 20.070 20.087 196.27 960.1 11563 [ 0.3358 1.3962 1.7320 | 196.21 1082.0 20
30 250.34 | 0.01701 13.7266 13.744 | 2189 945.2 1164.1 | 0.3682 1.3313 1.6995 | 218.8 10879 3Q
40 267.25 Q.01715 10.4794 10.497 236.1 933.6 1169.8 | 0.3921 1.2844 1.6765 | 236.0 1092.1 a0
50 281.02 | 0.01727 8.4967 8.514 | 250.2 9239 1174.1 | 0.4112 1.2474 1.6586 | 250.1 1095.3 50
60 292.71 0.01738 7.1562 7.174 262.2 9154 1177.6 | 0.4273 1.2167 1.6440 | 262.0 1098.0 60
70 302.93 | 001748 6.1875 6.205 272.7 9078 1180.6 ; 0.4411 1.1905 1.6316 | 272.5 1100.2 70
30 312,04 | 0.01757 5.4536 €.471 282.1 9009 1183.1 | 0.4534 1.1675 1.6208 | 281.3 1102.1 80
20 320.28 | 0.01766 48777 4.895 290.7 8946 11853  0.4643 1.1470 16113 [ 290.4 1103.7 90
pd 32782 |{0.01774 44133 4431 298.5 888.6 1187.2 | 04743 1.1284 16027 | 298.2 1105.2 100
120 341.27 | 001789 3.7097 3.728 3126 877.8 11904 | 0.4919 1.0960 1.5879 | 312.2 11076 120
140 353.04 | 0.01803 3.2010 3219 325.0 868.0 1193.0 | 0.5071 1.0881 1.5752 | 324.5 1109.6 140
160 363.55 | 0.01815 28153 2334 336.1 859.0 1195.1 | 0.5206 1.0435 1.5641 | 335.5 1111.2 1
180 373.08 ; 0.01827 25129 2.531 346.2 850.7 1196.9 | 0.5328 1.0215 1.5543 | 345.6 11125 180
200 381.30 | 0.01839 2.2689 2.287 355.5 8428 1198.3 | 0.5438 1.0016 1.5454 | 354.8 1113.7 200
250 400.97 | 0.01865 1.8245 1.8432 | 376.1 825.0 1201.1 | 0.5679 0.9585 1.5264 {3753 11158 250
300 ~417.35 0.01889 1.5238 1.5427 | 394.0 808.9 1202.9 | 0.5882 0.9223 1.5105 | 3929 1117.2 300
350 431.73 0.01913 1.3064 1.32%55 | 409.8 7942 1204.0 | 0.6059 0.8909 1.4968 | 408.6 1118.1 350
400 444 60 0.0193 1.14162 1.1610 | 424.2 780.4 1204.6 | 0.6217 0.8630 1.4847 | 422.7 1118.7 400
450 456.28 | 0.0195 1.01224 1.0318 | 437.3 767.5 12048 | 0.6360 0.8378 1.4738 | 435.7, 11189 450
500 467.91 0.0198 ' 0.90787 0.9276 | 449.5 755.1 1204.7 | 0.6490 0.8148 1.4639 | 447.7 11188 500
550 476.94 0.0199 0.82183 0.8418 | 460.9 743.3 12043 | 06611 0.7936 1.4547 | 4589 1118.6 S50
600 486.20 0.0201 0.74962 0.7698 ;| 471.7 732.0 1203.7 | 0.6723 0.7738 1.4461 | 4695 1118.2 600
700 503.08 ' 0.0205 0.63505 0.6556 | 491.6 7102 1201.8 | 0.6928 0.7377 1.4304 | 4889 11169 700
800 518.21 0.0209 0.54809 0.5690 | 509.8 689.6 1199.4 | 0.7111 0.7051 1.4163 | 506.7 1115.2 800
900 531.95 0.0212 0.47968 0.5009 | 526.7 669.7 1196.4 | 0.7279 0.6753 1.4032 | 523.2 11130 900
1000 544 .58 0.0216 0.42436 0.4460 | 542.6 650.4 11929 | 0.7434 0.6476 1.3910 | 538.6 11104 ;1000
1100 256.28 0.0220 0.37863 0.4006 | 557.5 631.5 1189.1 | 0.7578 0.6216 1.3794 | 553.1 11075 [1100
1200 567.19 0.0223 0.34013 0.3625 | 571.9 613.0 11848 | 0.7714 0.5969 1.3683 | 566.9 1104.3 ;1200
1300 577.42 | 0.0227 0.30722 0.3299 | 585.6 594.6 1180.2 | 0.7843 0.5733 1.3577 | 580.1 11009 1300
1400 587.07 0.0231 0.27871 C.3018 | 598.8 576.5 11753 | 0.7966 0.5507 1.3474 |592.9 1097.1 1400
1500 596.20 | 0.023% 0.25372 0.2772 | 611.7 558.4 1170.1 [ 08085 0.5288 1.3373 | 505.2 1093.1 } 1500
2000 63580 | 0.0257 0.16266 0.1883 | 672.1 466.2 11383 | 0.8625 0.4256 1.2881 | 662.6 1068.6 | 2000
2500 668.11 0.0286 0.10209 0.1307 | 731.7 361.6 1093.3 | 09139 0.3206 1.2345 | 7185 10329 | 2500
3000 695.33 | 0.0343 0.05073 0.0850 | 801.8 218.4 10203 | 0.9728 0.1891 1.1619 | 7828 973.1 | 3000
3208.2 (70547 | 0.0508 0 0.0508 | 906.0 0 906.0 | 1.0612 o} 1.0612 | 875.9 875.9 |3208.2

c.2




Properties of superheated steam and

Table 3
compressad water (temperature and pressure)

Abs press. Temperature, F
lb/sq in.
(sat temp) | 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
v|0.0l61 | 3925 4523 5119 5715 6311 6907
1 n| 68.00|1150.2 1195.7 12418 12886 1336.1 13845
(101.74) s | 0.1295 | 2.0509 2.1152 2.1722 22237 22708 23144
v (001611 78.14 90.24 102.24 11421 126.15 138.08 150.01 16194 173.86 185.78 19770 209.62 221.53 233.45
L] Al 68.01 11486 11948 12413 12882 13359 13843 14336 14837 15347 1586.7 1639.6 1693.3 1748.0 1803.5
(162.24) s [ 0.1295 | 1.8716 1.9369 1.9943 20460 2.0932 2.1369 2.1776 22159 2.252]1 22866 23194 2.3509 2.3811 24101
v | 00181 3884 4498 5103 57.04 6303 69.00 7498 8094 8691 9287 9884 10480 110.76 116.72
10 »| 6802|1146.6 1193.7 12406 1287.8 13355 1384.0 1433.4 14835 15346 1586.6 1639.5 16933 17479 18034
(193.21) 5 | 0.129511.7928 1.8593 19173 1.9692 20166 2.0603 21011 2.1394 21757 22101 22430 22744 23046 23337
v | 0.0161 0.0166129.899 33963 37985 41986 45978 49964 53946 57926 61.905 65.882 69.858 73.833 77.807
15 h| 68.04 168.09| 11925 12399 12873 13352 13838 1433.2 14834 15345 15865 16394 16932 17478 18034
(213.03) s | 0.1295 0.2940| 1.8134 1.8720 19242 1.9717 20155 20563 2.0946 2.1309 2.1553 2.1982 22297 2.2599 2.289C
v | 0.0161 0.0166 | 22.356 25.428 28.457 31.466 34.465 37.458 40.447 43.435 46.420 49.405 52.388 55.370 $8.352
20 h| 6805 168.11(1191.4 1239.2 1286.9 13349 13835 14329 1483.2 15343 1586.3 16393 1693.1 17478 1803.3
(22796) s | 0.1295 02940 1.7805 1.8397 1.8921 1.9397 19836 2.0244 2.0628 2.0991 2.1336 2.1665 2.1979 22282 22572
v [0.0161 0.0166|11.036 12.624 14.165 15.685 17.195 18.699 20.199 21.697 23194 24689 26.183 27.67€ 29.168
40 n| 68.10 168.15|1186.6 12364 12850 13336 13825 14321 14825 1533.7 15858 16388 1992.7 17475 1803.0
(267.25) 3 | 0.1295 0.2940 | 1.6992 1.7608 1.8143 18624 1.9065 1.9476 1.9860 20224 2.0569 2.0899 2.1224 2.1516 2.1807
v |0.0161 0.0166] 7.257 8.354 9400 10.425 11.438 12.446 13.450 14.452 15452 16450 17.443 18.445 19.44]
60 h} 68.15 168.20]1181.6 12335 1283.2 13323 1381.5 14313 14818 1533.2 15853 1638.4 1692.4 1747.1 18028
(292.71) 5 [ 0.1295 0.293911.6492 1.7134 1.7681 1.8168 1.8612 1.9024 19410 1.9774 2.0120 2.0450 2.0765 2.1068 2.1359
v |0.0161 0.0166 0.0175| 6.218 7018 7.794¢ 8560 9.319 10.07S 10.829 11581 12.331 13.081 13.829 14577
80 h| 6821 168.24 269.74 | 1230.5 12813 13309 1380.5 1430.5 1481.1 1532.6 15849 1638.0 1692.0 1746.8 18025
(312.04) 5 | 0.1295 0.2939 0.4371 | 1.6790 1.7349 1.7842 1.8289 1.8702 1.3089 1.9454 1.3800 2.0131 2.0446 20750 2.1041
v 00161 0.0166 00175} 4935 5588 6.216 6833 7443 8050 8.655 9258 9860 10460 11.060 11.659
100 »n|. 68.26 168.29 269.7711227.4 1279.3 1329.6 13795 1429.7 1480.4 1532.0 15844 1637.6 1691.6 1746.5 1802.2
(327.82) 5 10,1295 0.2939 0.4371 | 1.6516 1.7088 1.7586 1.8036 1.8451 1.8839 1.9205 1.9552 19883 20199 2.0502 2.0794
v | 0.0161 0.0166 0.0175|4.0786 4.6341 5.1637 5.6831 6.1928 6.7006 7.2060 7.7096 B8.2119 B8.7130 9.2134 9.7130
120 »| 6831 168.33 269.81 | 1224.1 1277.4 1328.1 1378.4 14288 1479.8 1531.4 15839 1637.1 1691.3 17462 18020
(341.27) 5 | 0.1295 0.2939 0.4371 | 1.6286 1.6872 1.7376 1.7829 1.8246 1.8635 1.9001 19349 1.9680 1.9996 2.0300 2.0592
v [0.0161 0.0166 0.0175|3.4661 3.9%26 44119 48585 52995 S5.7364 6.1709 66036 7.0349 74652 7.8946 9.3233
140 n | 6837 168.38 269.85|1220.8 1275.3 13268 13774 1428.0 1479.1 1530.8 1583.4 1636.7 1690.9 17459 180l.7
(353.04) 5 {0.1295 0.2939 0.4370 | 1.6085 1.6686 1.7196 1.7652 1.8071 1.8461 1.8828 19176 19508 1.9825 20129 2.0421
v | 0.0161 0.0166 0.0175|3.0060 3.4413 3.8480 42420 46295 5.0132 523945 5.7741 6.1522 6.5293 6.9055 7.2811
160 n| 63.42 16842 269.89 (12174 1273.3 13254 1376.4 14272 1478.4 15303 15829 16363 16390.5 17456 1801.4
(363.55) 1 | 0.1294 0.2938 0.4370 | 1.5906 1.6522 1.7039 1.7499 1.7919 1.8310 1.8678 1.9027 1.9359 1.9676 1.9980 2.0273
v {00161 00166 0.0174 | 2.6474 30433 34093 3.7621 4.1084 4.4505 4.7907 5.1289 5.4657 3.8014 6.1363 54704
180 » | 6847 16847 26992 |1213.8 1271.2 13240 13753 1426.3 1477.7 1529.7 1582.4 16359 1690.2 17453 1801.2
(373.08) s | 0.1294 02938 0.4370 | 1.5743 1.6376 1.6900 1.7362 1.7734 1.8176 1.8545 1.8894 1.9227 1.9545 1.9849 20142
v [0.0161 0.0166 0.0174 | 23598 27247 30583 3.3783 3.6915 4.0008 4.3077 4.6128 4.9165 5.2191 55209 5.8219
200 A | 6852 168.51 269.96 |1210.1 12690 13226 13743 14255 1477.0 1529.1 1581.9 16354 16898 17450 18009
(381.80) 1 | 0.1294 0.2938 0.4369 {1.5593 1.6242 1.6776 1.7239 1.7663 1.8057 1.8426 1.8776 1.9109 1.9427 1.9732 2.0025
v [0.0161 0.0166 0.0174 0.0186 2.1504 24662 2.6872 2.9410 3.1909 3.4382 3.6837 39278 4.1709 44131 46546
250 »a | 68.66 168.63 270.0% 375.10( 1263.5 1319.0 1371.6 14234 14753 1527.6 1580.6 16344 16889 17442 1800.2
(400.97) + {0.1294 0.2937 0.4368 0.5667| 1.5951 16502 1.6976 1.740% 1.7801 1.8173 1.8%24 18858 19177 1.9482 19776
v |0.0161 0.0166 0.0174 0.0186| 1.7665 2.0044 2.2263 2.4407 2.6509 2.8585 3.0643 3.2688 3.4721 3.6746 3.8764
300 AN | 68.79 168.74 270.14 375.15| 1257.7 13152 13689 14213 1473.6 15262 1579.4 1633.3 16880 17434 17996
(417.35) 5 [0.1294 0.2937 0.4307 0.5665| 1.5703 1.6274 1.6758 1.7192 1.7591 1.7964 1.8317 1.8652 1.8972 1.9278 1.9572
v |0.0161 00166 0.0174 0.0186( 1.4913 1.7028 1.8970 20832 22652 2.4445 26219 2.7980 29730 3.1471 3.3205
350 n | 6892 16885 27024 37521 12515 1311.4 1366.2 1419.2 14718 1524.7 1578.2 16323 1687.1 17426 17989
(431.73) s |0.1293 0.2936 0.4367 0.5664 | 1.5483 1.6077 1.6571 1.7009 1.7411 1.7787 1.8141 1.8477 18798 1.9105 1.9400
v |0.0161 0.0166 0.0174 0.0162| 1.2841 1.4763 1.6499 1.8151 1.9759 21339 2.2901 2.4450 2.5987 2.7515 2.9037
400 A | 69.05 168.97 270.33 1375.27|1245.1 1307.4 13634 1417.0 1470.1 1523.3 15769 1631.2 16862 17419 1798.2
(444.60) £ |0.1293 0.2935 0.4366 0.5663| 1.5282 1.5901 1.6406 1.6850 1.7255 1.7632 1.7988 1.8325 1.8647 1.8955 1.9250
v [0.0161 0.0166 0.0174 0.0186{0.9919 1.1584 1.3037 1.4397 1.5708 1.6992 1.8256 1.9507 20746 2.1977 2.3200
500 A | 69.32 169.19 270.51 375.38| 1231.2 1299.1 13%7.7 1412.7 1466.6 1520.3 15744 1629.1 16844 17403 17569
(467.01) s | 0.1292 0.2934 0.4364 0.56601 1.4921 1.5595 1.6123 1.6578 1.6990 1.7371 1.7730 1.8069 1.8393 1.8702 1.8998
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Properties of superheated steam and

Table 3

compressed water (temperature and pressure)

Abs press,
ib/sq i,
(sat. temp)

100

200

300

400

500

600

Temperature, ¥

700 800 300

1000

1100

1200

1300

1400

1500

600
(486.20) s

700 h
(503.08) s

800
(518.21) s

300 A
(531.99) s

1000 »
(544 58)

1100 »
(536.28) s

1200 &
(567 19) s

1400 &
(587.07) s

1600 &
(604.37) s

1800
(621.02) s

2000 &
(635.30) »

2500 &
(668.11) s

3000 »
(695.33)

v
3200 »
(705.08) 3

v
31500 »

S000 &

7000 »

Q.01s6l
69.58
0.1292

Q.0161
69.84
0.1291

0.0161
70.11
0.1290

0.0161
70.37
0.12%0

0.0161
70.63
0.1289
0.0161
70.90
n.1289
0.0161
71.16
0.1288
0.0161
0.1287
0.0161
72.21
0.:286
00160
72.73
0.1284
0.0160
73.26
0.1283
0.0160
7457
0.1280
0.0160
75.88
Q1277
0.0160
0.1276
0.0160
0.1278
0.0159
78.5
0.1271
0.0159
0.1265
LIE)
0.1258
00158

86.2
0.1252

Q0166
169.42
0.2933

0.0166
169.65
0.2932

0.0166
169 88
0.2930

0.0166
170.10
0.2929

0.0166
170.33
3.2928

3.0166
170.56
0.2927

0.0166
170.78
0.2926

0.0166
171.24
0.2923

0.0166
171.69
0.2921

0.0165
172.15
0.2918

2.016%
172.60
0.2916

0.0165
173.74
0.2910

0.0165
17488
0.2904

0.0165
175.3
0.2902

0.0l64
176.0
0.2899

0.0164
177.2
0.2893

0.0164
1795
0.2881

G¢.21a3
i81.7
0.2870

0.0163
184 4
0.28%9

0.0174
270.70
0.4362

0.0174
270.89
0.4360

0.0174
271.07
0.4358

0.0174
271.26
0.4357

0.0174
271.44
0.4355

0.0174
271.63
0.2353

0.0174
27182
0.4351

00174
272.19
0.4348

0.0173
272.57
0.4344

0.0173
272.95
0.4341

0.0173
273.32
0.4337

0.0173
274.27
0.4329

0.0172
275.22
Q0.4320

0.0172
275.6
0.4317

0.0172
276.2
0.4312

0.0172
277.1
0.4304

0.0171
279.1
0.4287

2.0170
22190
0.4271

0.0170
283.0
0.4256

0.0186
375.49
0.5657

0.0186
375.61
0.9655

0.0186
375.73
0.5652

0.0186
375.84
0.5649

0.0186
375.96
0.5647

9.0185
376.08
0.5644

0.0185
376.20
0.5642

0.0185
376.44
0.5636

0.0135
37669
0.5631

0.0185
376.93
0.5826

0.0184
377.19
0.5621

0.0184
37782
0.5609

0.0183
378.47
Q.3397

0.0183
378.7
0.8592

0.0183
379.1
0.5585

0.0182
3798
0.5573

a.0181
381.2
0.855Q

c.018c
3827
0.5528

0.0180
842
0.5507

0.7944
12159
1.4590

0.0204
487.93
0.6889

0.0204
487 38
0.6885

0.0204
43783
0.6881

0.0204
487.79
0.6876

0.0203
487.7%
0.6872

0.0203
487.72
0.6868

0.0203
487.65
06859

0.0202
487.60
0.6851

0.0202
487 56
0.6843

0.0201
487.53
0.6834

0.0200
487.50
0.6815

0.0200
487.52
0.6796

0.0199
487.5
0.6788

0.0199
487.6
0.6777

0.0198
487.7
0.6760

0.0196
488.0
1.6726

0.019%
488.6
0.6693

00193
489.3
0.6663

0.9456
1290.3
1.5329

0.7928
1281.0
1.5090

0.6774
1271.1
1.4869

0.5869
1260.6
1.4659

0.5137
1249.3
1.4457

0.4531
12373
1.14259

0.4016
12242
1.3061

0.3176
11941
1.3652

0.0236
616.77
0.8129

0.0235
615.58
0.8109

0.0233
614.48
0.8091

0.0230
612.08
0.8048

0.0228
510.08
0.8009

0.0227
609.4
0.7994

0.0225
0.7973

0.0223
606.9
Q.7940

0.0219
604.6
0.7880

0.0216
§02.9
0.7826

0.0213
601.7
0.7777

1.0726 1.1892 1.3008
1351.8 1408.3 1463.0
1.5844 1.6351 1.6769

0.9072 1.0102 1.1078
13456 1403.7 14594
1.5673 1.6154 1.6580

0.7828 0.8759 0.9631
1339.2 1399.1 14558
1.5484 1.5980 1.6413

0.6858 0.7713 0.8504
1332.7 13944 14522
1.5311 1.5822 1.6263

0.6080 0.6875 0.7603
13259 13896 14485
1.5149 1.5677 1.6126

0.5440 0.6188 0.6865
13188 13847 l4a4a7
1.4996 1.5542 1.6000

0.4905 0.5615 0.6250
1311.5 1379.7 14409
1.4851 1.5415 1.5883

0.4059 0.4712 0.5282
1296.1 1369.3 1433.2
1.4575 15182 1.3870

0.3415 0.4032 0.4555
1279.4 13585 14252
1.4312 1.4968 1.5473

0.2906 0.3500 0.3988
1261.1 1347.2 14171
1.4054 1.4768 1.5302

0.2488 0.3072 0.3534
1240.9 1353.4 1408.7
1.3794 14578 15138

0.1681 0.2293 0.2712
1176.7 1303.4 1386.7
1.3076 1.4129 14766

0.0982 0.1759 0.2161
1060.5 1267.0 1363.2
1.1966 1.3692 1.4429

0.0335 | 0.1588 0.1987
800.8 | 1250.9 1353.4
0.9708 11.3515 1.4300

0.0307 0.1364 0.1764
779.4 12245 1338.2
0.9508 1.3242 1.4112

0.0287 0.1052 0.1483
763.0 11743 13116
0.9343 1.2754 1.3807

0.0268 0.0591 0.1038:
746.0 10429 12529
0.9153 1.1593 1.3207

0.0256 0.0397 0.07%7
736.1 345.1 11888
0.9026 1.0176 1.2615

0.0248 0.0334 0.0573
7293 90L8 11249
0.8926 1.0350 1.208S

1.4093
1517.4
1.7155

1.2023
15144
1.6970

1.0470
1511.4
1.6807

0.9262
1508.5
1.6662

0.8295
1504.4
1.6530

0.7508
1502.4
1.6410

0.6845
1499.4
1.6298

0.5809
1493.2
1.6096

0.5031
1486.9
1.5916

0.4426
1480.6
1.5753

0.3942
14741
1.5603

0.3068
1457.%
1.5269

0.2484
1440.2
1.4976

0.2301
1433.1
1.4866

0.2066
1422.2
1.4709

0.1752
1403.6
1.4461

0.1312
1264.6
1.4001

0.1020
1323.6
1.3574

0.0816
i281.7
1.3171

1.5160
1571.9
1.7517

1.2948
1569.4
1.7335

1.1289
1566.9
1.717s

0.9998
1564.4
1.7033

0.8966
1561.9
1.6905

08121
1559.4
1.6787

0.7418
1556.9
1.6679

0.6311
1551.8
1.6484

0.5482
1546.6
1.6312

0.4836
1841.1
1.6156

0.4320
1536.2
1.6014

0.3390
1522.9
1.5703

0.2770
1509.4
1.9434

0.2576
1503.8
1.533%

0.2326
14955
1.5194

0.1994
14813
1.4976

Q0.1529
1452.1
1.4582

0.1221
14223
1.4229

0.1004
1392.2
1.3904

1.6211
1627.0
1.7859

1.3858
16248
1.7679

1.2093
1622.7
1.7522

1.0720
1620.6
1.7382

0.9622
1618.4
1.7256

0.8723
l616.3
1.7141

0.7974
1614.2
1.7035

0.6798
1609.9
1.6845

0.9915
1605.6
1.6678

0.5229
1601.2
1.6528

0.4680
1596.9
1.6391

0.3692
1585.9
1.6094

0.3033
15748
1.5841

0.2827
1570.3
1.5748

0.2563
1563.3
1.5618

0.2210
1552.2
1.5417

0.1718
1529.1
1.3G61

0.1321
1505.9
1.4748

0.1160
14826
1.4466

1.7252
1682.6
13184

1.4757
1680.7
1.8006

1.2885
16789
1.7851

1.1430
1677.1
1.7713

1.0266
1675.3
1.7589

09313
1673.5
1.7475

08s19
1671.6
1.7371

0.7272
1668.0
1.718%

0.6336
1664.3
1.7022

0.5609
1660.7
1.6876

0.5027
1657.0
1.6743

0.3980
16473
1.6456

0.3232
1633.5
1.6214

0.3065
16343
1.6126

02784
1629.2
1.6002

0.2411
16198
1.3812

1.8284
1738.8
1.8494

1.3647
1737.2
1.8318

1.3669
1735.0
1.8164

1.2131
1734.1
1.3028

1.0901
17325
1.7905

0.9894
17310
1.7793

0.9055
1729.4
1.7691

0.7737
1726.3
1.7508

0.6748
1723.2
1.7344

0.5980
1720.1
1.7204

Q.5365
1717.0
1.7075

0.4259
1709.2
1.6796

0.3522
1701.4
1.6561

0.3291
1698.3
1.6477

0.2995
1693.6
1.6358

0.2601
1685.7
1.6177

0.2050
1670.0
1.3883

1.9309
1795.6
1.8792

1.56530
17943
1.8617

1.4446
17929
1.8464

1.2825
1791.6
1.8329

1.1529
1790.3
1.3207

1.0463
1789.0
1.8097

0.9584
1737.6
1.7996

0.8195
1785.0
1.7815

0.7153
1782.3
1.7657

0.6343
1779.7
1.7516

0.5695
17771
1.7389

0.4529
17704
1.7116

Q0.3753
1761.8
1.2888

0.3510
1761.2
1.6806

0.3198
17372
1.6691

0.2783
1750.6
15518

0.2203
1737.4
1.6216

9.1817
17242
1.2962

0.1342
1711.1
13735

|
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APPENDIX D

ASSUMPTIONS USED TO DERIVE PERFORMANCE CURVES

FOR ALL CONFIGURATIONS

e Power conversion efficiency, n.= .85
(this allows for generation and transmission losses, as well as the
operation of auxiliaries)

o Condensate return conditions, T, = 170°F
hy = 138 Btu/Th

o Deaerator at 5 psig (h3 = 196 Btu/7b)
STEAM TURBINE

e Boiler efficiency, ny = .85

e Turbine inlet conditions: T, = 9509F
Py * 900 psig
ho = 1478 Btu/Tb
GAS TURBINE
e Pinch-point temperature, Tg' - Ty = 60°F

o Turbine exit temperature, T = 950°F

¢ Heat exchanger effectiveness, n, = .95

e Heat capacity of turbine exhaust, Cp = 0.27 Btu/1b%F

e Conditions at state point 4: saturated at the steam sendout pressure Py
COMBINED CYCLE

e Gas turbine exit temperature, Tg = 9500F

e Heat exchanger effectiveness, = 95

Ne
o Heat capacity of turbine exhaust, C, = 0.27 Btu/16OF

e Steam turbine inlet conditions: p, = 900 psig
0 890°F

hg = 1446 Btu/1b

o Gas temperature at pinch point, Tg' = 594F
o Water enthalpy at pinch point, hy = 529 Btu/1b
- DIESEL

e Pinch-point temperature, T ' - T4 = 60°F

g9

o Heat exchanger effaectiveness, = .95

e
o Heat capacitv of exhaust, Cj = 0.27 Btu/1b0F -
e Exhaust temperature, Tq = 8559F

e Air to fuel ratio, a/f = 0.58 x stoichiometric
Stoichiometric air to fuel ratio = 0.0670

o Lower heating value heavy diesel fuel, HVY = 17790 Btu/1b

n.1



BOTTOMING CYCLE

e Heat exchanger effectiveness, . = .95

e Heat capacity of exhaust qgas, Cp = 0.27 Btu/1b9F
¢ Gas temperature at pinch point, Tg'= 5940F

e Water enthalpy at pinch point, hy = 529 Btu/1b

e Steam temperature at turbine inlet, T, = T, - 600F

n.2
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APPENDIX E

BASIC ECONOMIC CONCEPTS AND TERMINOLOGY

This section describes a few basic concepts, such as the time value of money, discount
rate, current and constant dollars, nominal and real interest rates, and tax credits. Proper
understanding of these concepts is essential in reaching a correct investment decision,

TIME VALUE OF MONEY

Basic¢ to the understanding of economic analysis is the relationship between time and money.
An immediately available sum is more valuable than the identical sum in the future. Money
decreases in value with time.

The term "discounted cash flow" describes the time value of money. The discount rate
establishes the relationship between the value of money in one period and another, such that,

8
(1+1)

A=

t

where

value in the reference period

value in another period

discount rate expressed as a fraction per period

number of periods between A and B. (t is positive when B is in the future
and negative when B is in the past.)

ot = X >
Honon

Usually t is in years and i is the interest rate per year.

Present worth refers to the value in the current year of a cash flow stream. In the pre-
ceding equation, A is the present worth when the reference period is the current year. Some-
times present worth is used more loosely and refers to the first year of the project life. At
other times present worth may be used to refer to the first year of plant operation when reve-
nues are first generated. The present worth factor is [1/{1+i)]% for year t.

Future value refers to the value in a future period of a single payment today or of a
stream of payments over a pgriod of years. The future worth factor is the reciprocal of the
present worth factor, (1l+i)".

NOMINAL VERSUS REAL RATES

Discount rates, interest rates, and escalation rates are specified as either nominal or
real rates. Nominal rates are generally quoted and are used most often. Real rates are merely
nominal rates that have been adjusted for inflation.

To convert a nominal rate into a real rate, the nominal rate is discounted by the inflation

rate, That is,
1+i) -
%’i—r (1+r)

where

i
P
r

nominal rate (discount rate, interest rate, or escalation rate)
inflation rate
real rate.

[nvestment analysis can be performed using either nominal or real rates. However, two
important rules to remember are as follows:

E.l



1. If real rates are chosen, all interest rates used throughout the analysis must be
specified in real terms. If nominal rates are chosen, all interest rates through-

out the analysis must be specified in nominal terms.
2. If real rates are used, all other monetary inputs (expenses, revenues, escalation

rates, etc.) must be adjusted for inflation. The procedure for converting other
monetary inputs into inflation-adjusted units is discussed in the next section.

CURRENT AND CONSTANT DOLLARS

Current and constant dollars are analogous to nominal and real interest or escalation
rates; constant dollars are current dollars that have been adjusted for inflation. Current-
dollar values are the actual amounts of money that will be spent or received in a given
year. The conversion from current to constant dollars is achieved by dividing the current-
dollar amount (1 + the inflation rate), or

Current Dollars
(1+p)

Constant Dollars =

where

inflation rate per period
number of periods.

p
t

[ 1}

Either constant or current dollars can be used when evaluating alternative invest-
ments. Again, the rule to remember is that constant dollars are used with real interest
rates and that current dollars are used with nominal interest rates.

£.2
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APPENDIX F

COGENERATION SYSTEM COST ESTIMATES

1.900
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1.500
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FIGURE F.l. Estimated Steam Turbine Co-

generation System Installed Costs With Dif-

ferent Heat Sources
Source: O0Office of Technology Assessment.
February 1983. Industrial and Commercial

Cogeneration., Congress of the United
States. Washington, D.C.

F.l
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FIGURE F.2. Combustion Turbine Cogenerator
ost tstimates for the Prime Mover and Total
Installed System

Source: 0Office of Technolagy Assessment.
February 1983. I[ndustrial and Commercial

Cogeneration. Congress of tne United
tates. ashington, D.C.
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COST (5/kW)
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FIGURE F.3. Total Installed Costs for

Combined-Cycle Cogenerator Systems
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FIGURE F.5. Estimated Installed Costs for
Condensing and Noncondensing Steam Rankine
Bottoming Systems

F.2
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FIGURE F.6. Estimated Installed Costs for
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APPENDIX G

COGENERATION SYSTEM 0&M COST ESTIMATES
(1980 Dollars)

Annual Annual
Fixed Costs Variable Costs
(§/%W Installed) (Mi11s/kWh)
STEAM TURBINES 1.6 - 11.5 3.0 - 8.8
o Residual Oil-Fired 4.0
o Coal-Fired:
-With Flue Gas Desulfurization 6.0
-Without Flue Gas Desulfuriza-
tion 4.2
-With Atmospheric Fluidized B8ed 5.2
-With Pressurized Fluidized Bed 8.8
OPEN-CYCLE COMBUSTION TURBINE
e Simple 0.29 2.5
e Regenerative 0.34
CLOSED~CYCLE COMBUSTION TURBINE (5% of Installed Cost)
comeIneD cycLes(?) 5.0 - 5.5 3.0 - 5.1
NIESELS 6.0 - 8.0 5.0 - 10.1
e Large, Low-Speed 1.5
e Small, High-Speed 16.0

(a) Lowest 0&M Costs are associated with natural gas, and highest with fue!
0il

Source: Office of Technology Assessment. February 1983. Industrial and
Commercial Cogeneration. Congress of the Unitad States.
WAashington, 0.C.

G.1
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[X H

U.S. ENVIRONMENTAL PROTECTION AGENCY REGIONAL OFFICES

EPA Regional Office, Air Programs

Branch

States Included in Region

10.

Source:

Room 2303
Boston, MA 02203
(617) 223-6883

Federal Office Building
26 Federal Plaza

New York, NY 10007
(212) 264-2517

Curtis Building

Sixth and Walnut Streets
Philadelphia, PA 19106
(215) 597-817%

345 Courtland, NE,
Atlanta, GA 30308
(404) 881-3043

230 South Dearborn
Chicago, IL 60604
(312) 353-2208

First [nternational Building
1201 ETm Street

Dallas, TX 75270

(214) 767-2745

324 E. Eleventh Street
Kansas City, MO 64106
(816) 374-5971

1860 Lincoln Street
Denver, CO 80295
(303) 837-3471

215 Fremont Street
San francisco, CA 94105
(415) 556-4708 ; '

1200 Sixth Avenue
Seattle, WA 98101
(206) 442-1230

TRW, 1981.

. John F, Kennedy Federal Building

H.1

Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island, Vermont

New Jersey, New York, Puerto Rico,
Virgin Islands

Delaware, District of Columbia,
Marvland, Pennsylvania, Virginia,
West Virginia

Alabama, Florida, Georgia,
Mississippi, Kentucky, North Carolina,
South Carolina, Tennessee

I[11inois, Minnesota, Michigan, Ohio,
Indiana, Wisconsin

Arkansas, Louisiana, New Mexico,
Ok Tahoma, Texas

Iowa, Kansas, Missouri, Nebraska

Colorado, Montana, North Dakota, South
Dakota, Utah, Wyoming

Arizona, California, Hawaii, Nevada,
Guam, American Samoa

Washington, Oregon, Idaho, Alaska
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APPENDIX 1

STATES' COGENERATION RATE-SETTING UNDER PURPA

!

1

STATE L N STATUS _ . _ _ RATES ___CONTACY
ALABAMA Rates adopted for facilities producing 100 kW ALABAMA POMER CO.: For producers of 100 kW or less: MWallace Tidinore, PSC,
Public Service Com- or less. Larger facilities negotiate with Standard rate is 2.46 cents/kWh through October, and (205) 832-3421.
nission utilities. 2.42 cents/kWh November through May. Time-of-day

\ rate Is 2.96 cents/kWh peak and 2.46 cents/kWh off-
peak June through October, and 2.68 cents/kWh peak
and 2.42 cents/kWh off-peak November through May.
ALASKA Final rules issued. Utilities have begun fil- (for non-firm producers of less than 100 kW) Judy White, PUC, (907)
Public Utilities ing proposed rates. Some rates have been ap- ARCTIC UTILITIES (approved): 11.40 cents/kWh. 276-6222.
Conmission proved; remainder should be approved this sum- KODIAK ELECTRIC ASSOCIATION (approved): 7.591
wer. cents/khh.
CHUGACH ELECTRIC ASSOCIATION INC. (proposed):
0.685 cents/kWh
ARIZONA Final rules issued. Rates in effect but sub- ARIZONA PUBLIC SERVICE CO.: Sumner: 4.255 cents/ Jim Apperson, ACC, (6N2)

Corporation Com-
mission

ARKANSAS
Public Service Com-
mission

BONNEVILLE POWER
ADMINISTRATION
(serves several
states)

CALIFORNIA
Public Utilities
Conmission

COLORADO
Public Utilities
Conmission

CONNECT I cut
Department of
Public Utility
Commission

Source:

t
[

Ject to ACC investigation.

Final rules issued. Arkansas Power & Light
asked PSC to seek walver of FERC rules re-
quiring full avoided-cost payments, and has
interim rates in effect not based on avoided
costs.

EPA 1ssued draft policy statement on “billing
credits. Policy expected to encourage co-
generators to sell to local utilities. Utili-
ties would then receive billing credits from
BPA. Revised draft may be issued for commnent.

Final rules issued. Workshops to consider
standard long-term contract offers are ex-
pected to be held in July. Rates reviewed
quarterly.

Final rules issued. Utilities have filed
proposed rates; PUC has begun proceeding to
determine whether rates comply with rules.

Final rules issued.

Energy User News, May 21, 1983.

kWh Peak, 1,986 cents/kWh off-peak. Winter: 3.414
cents/khWh peak, 2.028 cents/kWh off-peak. Firm
power suppliers receive an additional 10 percent.

ARKANSAS POWER & LIGHT CO.: Sumner: 3.531 cents/
kWh peak, 3.080 cents/kWh off-peak. Winter:
cents/kWh peak, 2.953 cents/kkh off-peak.

See listings for individual states and utilities.

Rates are reviewed quarterly. Capacity credits
listed are for 20-year contracts. PACIFIC GAS
8 ELECTRIC: 4.40 cents/kwWh, capacity $110/kW/
year. SOUTHERN CALIFORNIA EDISON: 4.02 cents/
kikh, capacity $114/kW/year. SAN DIEGO GAS &
ELECTRIC: 6.45 cents/kWh, capacity $93/kW/year.

PUBLIC SERVICE CO. OF COLORADO (proposed): 1.77
cents/kWh. Capacity, $15.33/kW/month.

CONNECTICUT LIGHT & POWER CO.: Forwula applies
nultipliers to utility's monthly average fossil
fuel costs. Payments currently about 5 cents/
kWh. Firm power: 117 percent peak, 92 percent
off-peak. Non-firm power: 114 percent peak, 89
percent off-peak.

322

255-425)

Dana Nixon, PSC, (501)
371-1792.

BPA, (206) 442-1518.

John Quinley, PUC, (415}
5§57-1159.

Michael Homyak, PUC,
{303) 866-4300.

DPUC Research Division,
(203) 827-1553.
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__STATE

DELAWARE
Public Service Com-
mission

DISTRICT OF COL-
UMBIA

Public Service Com-
mission

FLORIDA
Public Service Com-
mission

GEORGIA
Public Service Com-
mission

HAWAILL
Public Service Com-
wission

1DAIIO
Public uULilities
Commission

1LLINOIS
Commerce Conmission

INDIARA
Public Service Cow-
mission

APPENDIX 1

-1 7.1 1 S

Final rules issued.

final rules issued. Rates proposed.

Rules issued, but new rules expected to be
adopted by August, after PSC considers ca-
pacity paynents. Recent Florida court
order overturning PSC rules has been ap-
pealed; rules remain in effect pendin
outcone of appeal. :

Final rules issued.

Final rules issued.

Final rules and rates adopted. Idaho Power has
asked PUC to lower payments, and has filed law-
suit challenging PUC*'s authority to require and
approve long-term contracts.

Final rules issued.
vised by June 30.

Rates expected to be re-

Rules and rates approved, but may change after
hearings in late May.

(contd)

. RAlES

DELMARVA POWER & LIGHT CO.: Summer 6.37 centsikhh
peak, 3.16 cents/kih off-peak. Winter: 6.25 cents/
ktth peak, 3.73 cents/kWh of f-peak.

POTOMAC ELECTRIC POWER CO.: Utility price offers
range from 2.39 to 5.59 cents/kWh.

for facilities producing over 100 kW: FLORIDA POWER
CORP.: 6.296 cents/kWh peak, 4.665 cents/kwh off-
peak. FLORIDA POWER & LIGHT CO.: 5.029 cents/kWh
peak, 4.260 cents/kWh off-peak. GULF POWER CO.:
3.523 cents/kWh peak, 2.166 cents/kWh off-peak.
TAMPA ELECTRIC CO.: 4.201 cents/kWh peak, 3.722
cents/kWh off-peak. In addition, capacity payments
may be negotiated 1f facility has annual availa-
bility of 70 percent or more.

SAVANNAH ELECTRIC POWER CO.: Sumier:
kWh peak, 2.969 cents/kWh off-peak.
cents/kiWh, all periods.

4.082 cents/
Winter: 2.683

HAWALTAN ELECTRIC CO.: 6 to 6.60 cénts/kWh.

Power is sold under contract, with price updated
annually to reflect coal prices. Capacity paywents
vary with length of contract; rates listed are for
20-year contracts. IDAMO POWER CO.: 1.639 cents/
kWh; capacity, $232/kW/year. WASHINGTON WATER POWER

CO.: 1.600 cents/kWh; capacity, $202/kW/year. UTAH
POWER & LIGHT CO.: 1.200 cents/kwh; capacity, $188/
kW/year.

COMMONWEALTH EDISON: Summer: 5.31 cents/kWh peak,
2.90 cents/kWh off-peak. Winter: 5.17 cents/kWh
peak, 3.37 cents/kWh off-peak. IOWA-ILLINOIS GAS

8 ELECTRIC: Summer: 2.30 cents/kWh peak, }.19
cents/kWh off-peak. Winter: 2.38 cents/kWh peak,
1.28 cents/kWh of f-peak. SOUTH BELOIT WATER, GAS &
ELECTRIC CO.: 2.65 cents/kWh peak, 1.93 cents/kWh
off-peak.

NORTUERN INDIANA PUBLIC SERVICE CO. (NIPSCO): Rates
range from 2.46 cents/kWh winter off-peak to 3.33
cents/kWh sunmer peak. PUBLIC SERVICE CO. OF
INDIANA: 1.330 cents/kkh.

o _.CONTACT

Leon Ryan, PSC, (302)

736-3233.

PSC, (202) 727-3062.

Bonnie Davis, PSC,
(904) 487-2740.

Sam Weaver, PSC, (404)
656-4141.

Leroy Yuen, PSC, (808)
548-3990.

William Drummond, PUC,
(208) 334-3456.

Joseph Gillan, ICC, (217)
185-0326.

William Boyd, PSC, (317)
232-21N1.
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STATE
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STATUS

(contd)

___RATES CONTACT

10HA
State Coumerce
Conmission

KANSAS
Corporation Com-
mission

KENTUCKY
Utility Regulatory
Conmission

LOUTS1ANA
Public Service Com-
mission

MAINE
Public Utilities
Conmission

HARYLAND
Public Service Com-
mission

MASSACHUSETTS
Depariment of
Public utilities

MILCHIGAN
Public Service Com-
mission

Final rules issued; rates now beinyg investiga-

ted.

KCC issued final rules requiring utilities to
file rates. Kansas City Power and Light Co.

lawsuit challenging KCC's authority to require
" long-term contracts expected to be heard by

State Supreme Court.
Final rules issued. Rates proposed.

Final rules issued. Utilities must file
standard tariff rates and avoided costs by
late May.

Final rules issued.

Final rules issued. Filings approved for
most utilities; further hearings to be held
to consider capacity payments.

Final rules issued.

Rates proposed.

Final rules issued.

T10WA PUBLIC SERVICE CO.: Option A: 1.82 cents/kWh.
Option B: 2.03 cents/kWh peak, V.64 cents/kWh off-
peak. TOWA-ILLINOIS GAS & ELECTRIC: Option A:

1.88 cents/kWh sumaer, 1.63 cents/kWh winter. Op-
tion B: Rates range from 1.29 cents/kWh winter off-
peak to 2.55 cents/kWh summer peak. Capacity pay-
ment deteruwined by formula involving kWh delivered
during peak, and utility's cost to borrow power from
power pool,

Robert Latham, 1SSC,
(515) 281-5701.

KANSAS GAS 8 ELECTRIC CO.: Rates equal to utility's Eva Powers, KCC, (913)
total cost of fuel and purchased power as determined 296-5468.

by monthly energy adjustaent clause. Average rates

currently 2 to 2.5 cents/kWh. Capacity payments de-

termined by formula.

KENTUCKY UTILIVIES CO.: 1.5 cents/kWh. LOUISVILLE
GAS & ELECTRIC: 1.7 cents/kWh.

Richard Heman, KURC,
(502) 564-3940.

Arnold Chauviere, PSC,
(504) 342-1403.

Not available.

Revised periodically in fuel adjustment proceedings. PUC, (207) 289-383).
Rates listed are for June. CENTRAL MAINE POWER CO.:

4.6 cents/kWh peak, 3.7 cents/kWh off-peak. BANGOR

HYDROELECTRIC €O. lfor producers of 1,000 kW or less):

4.0 cents/kWh peak, 3.3 cents/kkh off-peak.

POTOMAC ELECTRIC POMER CG. (PEPCO): Rates range
from 2.64) cents/kWh for winter off-peak to

5.276 cents/kWh for summer peak. POTOMAC EDISON CO.:
1.57 cents/kWh. DELMARVA POWER & LIGHT CO.: Rates
range from 2.52 cents/kilh winter off-peak to 4.22
cents/kiih sunmer peak. BALTIMIRE GAS & ELECTRIC CO.:
Rates range from 1.98 cents/kWh winter off-peak to
5.97 cents/kWh sunmer peak.

Paul Daniel, PSC, (301)
659-6021.

WESTERN MASSACHUSETTS ELECTRIC: 5.06 cents/kWh peak Fuel Charge Division,
and 4.36 cents/kWh off-peak, or a flat 4.70 cents/kWh.DPU, (617) 727-9748.
MASSACHUSETTS ELECTRIC: 4.92 cents/kWh peak and 3.32

cents/kWh off-peak, or a flat 4.07 cents/kWh. BOSTON

EDISON CO.: 5.22 cents/kWh peak and 3.79 cents/kih

off-peak, or a flat 4.45 cents/kWh.

For non-firm power: 3.0 cents/kWh. For firm power:

Donald Johns, PSC, (517)
5 to 6 cents/kWh (including capacity payment).

373-8171.
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STATE T

MINHESOTA
Public Service Coin-
mission

MISSISSIPPE
Public Service Com-
mission

MISSOURI
Public Service Com-
wission

MONTANA
Public Service Com-
mission

NEBRASKA

NEVADA
Public Service Com-
mission

NEW HAMPSHIRE
Public Utility Com-
mission

NEW JERSEY
Board of Public
Utilities

APPENDIX 1

.. STAUS

Final rules issued. Utilities have until June

24 to file rates.

No rules issued or rates approved.

Final rules issued. Utilities filed rates
ranging from 1.5 to 5.0 cents/kWh, which have
been suspended pending an investigation. Only
Kansas Cily Power 8§ Light Co.'s rates have
been approved to date.

PSC issued final rules, but will review rules
and rate mcthodology in hearings beginning
June 21. Montana Power Co. filed motion to
dismiss new proceeding, saying PSC lacks
authority.

Nebraska has 166 municipal and 4 cooperative
utilities, which are not regulated by any
state body and set their own cogeneration
rates and rules.

Rules issued.

Rules and rates issued, but rate revision
hearings Lo be held this sumer.

Final rules issued.
held.

Further hearings may be

(contd)
_RAIES

NORTHERN STATES POWER (100 kW or less): Option A:
2.67 cents/kWh peak, 1.66 cents/kWh off-peak. Under
Option B, rates depend on length of contract signed,
and are adjusted each year. Option B rates for 1982
range from 2.28 cents/kWh for a 5-year contract to
3.40 cents/kWh for a 25-year contract.

Not available.

KANSAS CITY POMER & LIGHT €O. (for non-firm pro-
ducers of under 100 kW): 1.63 cents/kWh.

(Long-term rate requires 4-year contract). MONTANA
POMER CO.: 2.34 cents/kWh short-term power, 4.09
cents/kWh long-term power, 6.74 cents/kWh peak.
PACIFIC POWER & LIGHY CO.: 7.76 cents/kWh short-
term peak, 1.84 cents/kWh short term of f-peak, 6.05
cents/kWh long-term peak, 4.03 cents/kWh long-term
of f-peak. MONTANA-DAKOTA UTILITIES CO.: 2.16 cents
JkWh short-term, 5.58 cents/kWh long term, 5.53
cents/kWh peak.

OMAHA PUBLIC DISTRICT (for producers of 100 kW or
less): Sunmer: 1.60 cents/kWh peak and 1.00
cents/kWh off-peak, or flat 1.10 cents/kkh. Win-
ter: 1.20 cents/kWh peak and 1.00 cent/kWh off-
peak, or flat 1.10 cents/kWh.

NEVADA POWER CO.: Sumer: 3.8) cents/kWh peak,
2.33 cents/kWh off-peak. Winter: 2.99 cents/kWh
peak, 2.27 cents/kWh off-peak. Capacity payuents
available to reliable facilities that meet certain
conditions. Capacity paynent $7.65 per kW peak,
24 cents/kW off-peak.

7.7 cents/kWh. 8.2 cents/kWh for reliable facili-
ties.

Energy payments equal 110 percent of rate utilities
pay for power from Pennsylvania-New Jersey-Maryland
(PIM) power pool. Capacity payments also tied to
power pool rates. PUBLIC SERVICE ELECTRIC & GAS CO,
Rates range from 3.697 cents/kWh winter off-peak to
B.14 cents/kWh swimer peak. Capacity, $30.66/kW/yr.
ATLANTIC C1TY ELECTRIC €O.: 5.36 cents/kWh guaran-
teed minimum. Capacity, $30.66/kw/year.

- CONTACT

Stuart Mitchell, PSC,
(612) 296-8662.

Keith Howle, PSC, (601)

354-7265.

PSC, (314) 751-3234.

Ted Otis, PSC, (406)
449-2649

Individual Nebraska
utilities

PSC, (702) 885-3409.

Sarah Vaoll, PUC, (603)

271-24737.

Steve Gable, BPU, (201)

648-3448.
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APPENDIX [ (contd)
STAIE STATUS e RATES

CONTACT

NEW MEXICO Rules issued. (for producers of 100 kW or less) PUBLIC SERVICE CO Tom Halpin, PSC, (505)
Public Service Com- OF NEW MEXICO: Primary voltage (power bought at 827-3361.
mission 12.6 kv): Swmer: 4.89 cents/kWh peak and 2.99

cents/kWh of f-peak, or flat 3.47 cents/kWh. MWinter:

4.95 cents/kWh peak and 4.05 cents/kWh off-peak or

flat 3.83 cents/kWh. Secondary voltage (power

bought at less than 12.6 kv): Summer: 5.23 cents/

kWh peak and 3.23 cents/kWh off-peak, or flat 3.66

cents/kWh. MWinter: 5.24 cents/kWh peak and 4.33

cents/kWh off-peak, or flat 4.01 cents/kWh.

NEW YORK PSC issued final order in case of Consolidated State law sets minimum average of 6 cents/kWh. Craig Indyke, PSC, (518)
Public Service Com- Edison Co. of New York Inc. {Con Ed) and ap- Rates listed are proposed, except for Con Ed's, 474-6515.
mission proved Con Ed's rates. Other utilities filed which are approved. CONSOLIDATED EDISON (over
rates based on this order; other utilities’ 900 kW, low-tension service): Swmer: 12.37
rates expected to be approved by end of summer. cents/kWh peak, 4.77 cents/kWh of f-peak. Winter:
Con Ed is challenging PSC rules in state court. 6.57 cents/kWh peak, 4.37 cents/kWh off-peak.
NIAGARA MOHAWK POWER: 5.46 cents/kWh peak (in-
cludes capacity payment), 4.00 cents/kWh off-peak.
ORANGE & ROCKLAND UTILITIES: Summer: 6.733 cents/
kWh peak (includes capacity payment), 4.179 cents/
kWh off-peak. Winter: 5.408 cents/kWh peak,
4.836 cents/kWh off-peak. CENTRAL HUDSON GAS &
ELECTRIC (rates include capacity payments):
secondary voltage: 9.98 cents/kWh sumner peak,
7.57 cents/kWh winter peak, 5.84 cents/kWh spring/
fall peak, 4.29 cents/kWh off-peak. Primary volt-
age: 10.64 cents/kuWh summer peak, 8.10 cents/kWh
winter peak, 6.27 cents/kWh spring/fall peak,
4.58 cents/kWh off-peak. Transmission voltage:
10.12 cents/kWh summer peak, 7.68 cents/kWh win-
ter peak, 5.92 cents/kWh spring/fall peak, 4.45
conts/kiih off-peak.

NORTH CAROL INA Final rules issued. Proposed new rates now {proposed) CAROLINA POWER & LIGHT CO.: 4.25 cents/ Tim Carrere, UC, (919)
Utilities Com- being reviewed; approval expected in June. kih peak, 2.73 cents/kHh off-peak, 5-year contract; 733-2267.
wission 4.93 cents/kWh peak, 3.08 cents/kWh off-peak. 10-

year contract: 5.98 cents/kWh peak, 3.62 cents/

kWh of f-peak. 15-year contract: 7.68 cents/kWh

peak, 4.49 cents/kWh off-peak. Capacity payments

based on kWh supplied during peak hours. Capacity:

5-year or l0-year contract: 2.15 cents/kWh soumuer

peak, 1.86 cents/kWh non-sumner peak. 15-year con-

tract: 3.63 cents/kWh summer peak, 3.14 cents/kWh

non-suuer peak. ODUKE POWER CO.: 3.03 cents/kWh

peak, 2.13 cents/kWh off-peak. 5-year contract:

3.27 cents/kuWh peak, 2.25 cents/kWh off-peak. 10-

year contract: 4.08 cents/kWh peak, 2.63 cents/kkh

off-peak. 15-year contract: 4.79 cents/kWh peak,

2.95 cents/kWh off-peak. Capacity payment: 1.27
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APPENDIX 1

_STATUS

NORTH CAROLINA
(Continued)

NORTH DAKOTA
Public Service Com-
mission

oHI0
Public Utilities
Coumission

OKLAIIOMA
Corporation Com-
mission

OREGON
Public Utility
Conmission

PENNSYLVANIA
Public uUtility
Conmission

Final rules issued.

Interim rules issued. Utilities have pro-
posed rates, which will be investigated by
PuC.

Final rules issued. Interim rates approved
for facilities producing under 100 kW: pro-
ceedings initiated to determine appropriate
avoided-cost methodoloay; heatings expected.

Final rules issued. Utilities filed rates,
but are required by July 1 to file rates
based on avoided costs.

Final rules issued. Utilities have proposed
rates. Four utilities have challenged PUC
rules in state court.

(contd)
. RAIES

cents/kWh summer peak, 0.77 cents/kWh non-sunuer
peak. b5-year or 10-year contract: 1.39 cents/kWh
sumer peak, 0.84 cents/kWh non-sunmer peak. Con-
tracts for 11 years or longer: 1.83 cents/kWh sum-
mer peak, 1.10 cents/kWh non-sumuer peak.-

For cogenerators producing over 500 kW: 1.6 to 3.0
cents/khh.

0HIO POWER CO.: 1.70 to 2.00 cents/kkh.

(interim rates for 100 percent reliable facilities)
PUBLIC SERVICE CO. OF OKLAHOMA: 4.054 cents/kWh
peak, 2.744 cents/kWh off-peak. OKLAHOMA GAS &
ELECTRIC: 3.308 cents/khh.

3.8 to 4.5 cents/kWh,

PCNNSYLVANIA POWER & LIGHT €O.: 6 cents/kWh to co-
generators who use only renewable resources.

. CONTACT

Steven Kahl, PSC, (701)
224-4078.

Alan Pound, PuC, (614)
466-7750.

Jim Winters, 0CC, (405)
521-2335.

Leon Hagen, PUC, (503)
378-7998.

Tom Clift, PUC, (717)
783-1373.
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APPENDIX 1

{contd)

RATES

RHODE [SLAND
Public Utility Com-
nission

SOUTH CAROLINA
Public Service Com-
mission

SOUTH DAKOTA
Public Utilities
Commission

TENNESSEE

Public Service
Conmission
{regulates one
electric utility
serving non-TYA
customers)

TENNESSEE VALLEY
AUTIIORITY (serves
several states)
TYA Board of Di-
rectors

TEXAS
Public utility Com-
mission

Final order issued.

Final rules issued. Rates approved.

Final rules issued. Rates approved for
facilities producing 100 kW or less.

ilearing held to consider rates filed by
utility. Final order not expected soon.

Experinental rates and interim rules ex-
tended to October. MNew rules issued for
purchase of power from cogeneration outside
TVA area.

Final rules issued. Utilities have filed
rates. Houston Lighting & Power Co. has
asked for decrease iIn rates.

NARRAGANSETT ELECTRIC CO.: 5.384 cents/kWh peak
and 4.038 cents/kWh off-peak, or flat 4.736 cents/
kWh. BLACKSTONE VALLEY ELECTRIC CO.: Primary volt-
age: 5.643 cents/kWh peak and 4.293 cents/kWh off-
peak, or flat 4.871 cents/kWh. Secondary voltage:
5.920 cents/kWh peak and 4.420 cents/kWh off-peak,
or flat 5.058 cents/kWh. NEWPORT ELECTRIC €O.:
4.54 cents/kWh peak and 4.14 cents/kWh off-peak, or
flat 4.38 cents/kWh. PASCOAG FIRE DISTRICT: 3.085
cents/kWh peak, 2.902 cents/kWh off-peak. BLOCK
ISLAND POMWER €O.: 14.465 cents/kkh.

SOUTH CAROLINA ELECTRIC & GAS CO.: 3.26 cents/kWh
peak, 2.275 cents/kWh off-peak. Capacity, $2.75/kW/
month, CAROLEINA POWER & LIGHT CO.: 2.80 cents/kWh
peak, 2.07 cents/kWh off-peak. Capacity, $3.89/kW/
month July through October, $3.35/kW/inonth November
through June. DUKE POWER CO.: 1.9 cents/kWh peak,
1.49 cents/kWh of f-peak. Capacity, $5.00/kW/month.

BLACK HILLS POWER & LIGHT CO.:
kWh.

1.30 to 3.50 cents/

(proposed) KINGSPORT POMER CO.: 1.36 cents/kWh
peak and 0.81 cents/kWh of f-peak, or flat 0.81
cents/kWh. Capacity, $3.00/kW/month if on time-of
day metering, otherwise $1.50/kW/month.

(fnterim) 4.64 cents/kWh peak and 2.92 cents/kWh
off-peak, or flat 3.44 cents/kWh.

HOUSTON LIGHTING & POWER CO.: Option A: Multipli-
ers applied to utility's average fuel cost, cur-
rently about 3.0 cents/kWh. For non-PURPA-qualify-
ing facilities, multipliers are 1.31 sumper peak,
1.01 summer off-peak, 1.13 winter. For qualifying
facilities, multipliers are 1.64 summer peak, 1.27
sumer off-peak. 1.42 winter. Option B (available
to qualifying facilities over 5000 kW): hourly pay-
nent based on avolded cost formula.

__CONTACT
Doug Hartley, PUC, (401)

2717-3500.

Randy Watts, PSC, (803)

758-5362.

Walter Washington, PUC,

(605) 773-3201.

PSC, (615) 741-2125.

Harold Usher.
151-0011.

TVA, (615)

Mike Williams, PUC, {512)

458-0202.
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STATUS

UTAH
Public Service Com-
mission

VERMONT
Public Service Com-
mission

VIRGINIA
State Corporation
Comuiission

WASHINGTON
Utilities and
Transportation Com-
mission

WEST VIRGINIA
Public Service Com-
mission

WISCONSIN
Public Service Com-
mission

WYOMING
Public Service Com-
mission

Final rules issued. Hearing to review policy
and revise rates scheduled for July 18.

Final rules issued. Hearings on revised rate
expected to be held in July.

Final rules issued. Rates approved.

Final rules issued. Rates approved.

Rules proposed. [Issuance of final rules had
been awaiting outcomwe of American Electric
Power lawsuit.

Rates in effect. Hearings continuing. Final
rules expected in June.

Final rules issued.

(contd)
e . RATES ... COHTACT
UTAH POWER & LIGHT €O. (for producers of 1,000 kW Douglas Kirk, PSC, (801)
or less): 2.2 cents/kWh non-firm, 2.6 cents/kWh 533-3247.
firm.

9 cents/kWh peak and 6.6 cents/kWh off-peak, or 7.8 Peter Zawore, PSB, (802)

cents/kkWh. 828-2880.
VIRGINIA ELECTRIC & POWER CO. (Vepco): 5.203 cents Bill Stephens, SCC, (804)
/kWh peak, 3.132 cents/kWh off-peak. Capacity: 786-4932.

0.803 cents/kWh for facilities operating less than
five years. APPALACHIAN POWER CO.: Rates range
from 1.36 cents/kWh winter off-peak to 1.7 cents/
kiWh sunmer peak. Capacity: $3.00/kW/month seasonal
peak, $1.50/kW/month of f-peak.

Dick Bostwick, UTC, (206)
753-1096.

PUGET SOUND POWER & LIGHT CO.: 2.07 cents/kWh.
Pacific Power & Light: 2.795 cents/kWh.

Rich Hitt, PSC, (304) 348-
2174,

{proposed) MONONGAHELA POWER CO.: 1.00 to 2.00

cents/kWh.

Jennifer Fagen, PSC, (608)
266-5620.

WISCONSIN POWER & LIGHT CO.: 4.8 cents/kWh peak,
1.75 cents/kWh off-peak. MADISON GAS & ELECTRIC
€0.: 2.75 cents/kWh suamer peak, 2.22 cents/kWh
winter peak, 1.50 cents/kWh off-peak. WISCONSIN
ELECTRIC POMER: 3.65 cents/kWh sumner peak, 3.45
cents/kiWh winter peak, 1.45 cents/kWh off-peak.
NORTHERN STATES POWER CO.: 1.60 cents/kWh peak,
1.14 cents/kwh off-peak. Capacity: $4.00/kW/nonth.
LAKE SUPERIOR DISTRICT POWER CO.: 1.90 cents/kWh.
Capacity: $6.02/kW/nonth. WISCONSIN PUBLIC SERVICE
CORP.: 1.85 cents/kWh peak, 1.32 cents/kWh off-peak.
Capacity payments determined by each facility's de-
gree of firmness.

Dave Walker, PSC, (307) 777-
7427,

CHEYENNE LIGNT, FUEL & POWER CO. (for non-firm pro-
ducers of 100 kW or less): 4.05 cents/kWh.
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APPENDIX J

OPERATING AND EFFICIENCY STANDARDS FOR QUALIFYING FACILITIES

To be a qualifying facility, all topping-cycle cogenerators must meet
FERC's operating standard. I[f oil or natural gas is used by new topping-cycle
cogenerators, an efficiency standard must be met as well, No operating
standards must be met by bottoming-cycle cogenerators; however, if oil or
natural gas is used for supplementary firing, an efficiency standard must be
met in order to be a qualifying facility. The operating and efficiency
standards applicable to topping and bottoming cycles are Tisted in Table J.l.
Information calculated in Table 3.1 can be used to determine whether the
topping cycle standards have been met.

TABLE J.1. Operating and Efficiency Standards for Qualifying Facilities
Topping-Cycle Cogenerators:
e OQOperating Standard. The useful thermal output of the facility must,

during any calendar year, be no less than 5 percent of the total energy
output, regardless of the fuel used or the date of installation.

e Efficiency Standard. If - any of the energy input is natural gas or oil
and installation of the cogeneration facility began on or after March 13,
1980, the useful power output of the facility plus one-half the useful
thermal output during any calendar year must:

- be no less than 42.5 percent of the total energy input of natural gas or
oil, or

- be no Tess than 45 percent of the total energy input of natural gas and
oil if the useful thermal energy output is less than 15 percent of the
total energy output of the facility.

Bottoming-Cycle Cogenerators:

e Operating Standard. None.

e Efficiency Standard. If any of the energy input as supplementary firing
is natural gas or o0il, and the installation of the facility began or after
March 13, 1980, the useful power output must, during any calendar year, be
no less than 45 percent of the energy input of the natural gas and oil use
for supplementary firing.

SQURCE : TRW Energy Engineering Division. October 1981. Handbook of
Industrial Cogeneration. DOE/TIC-11605. MclLean, Yirginia.

J.1
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APPENDIX K

PRECONCEPTUAL-DESIGN PHASE DESCRIPTION OF EVENTS

0.0 Start Preconceptual-Desiagn Phase

1.0 to 1.1

2.0 to 2.8
2.1 to 2.2

2.3 - 2.4

2.5

Development of Data-Collection-and-Analysis Plan

e Develop scope of work
- identify data elements required
- identify sources of data
- identify types of analyses to be performed (and
methodology)
- develop logical subtasks and seguences
e Develop task/subtask schedules
e Assign responsibilities and identify availahle resources
e Identify outside resources {if required)
e Coordinate plan with management as required.

Load-Analysis Phase

Determination of Existing Thermal and Electrical Loads

e Determine/analyze existing thermal loads

- jdentify process/non-process loads

- develop annual profiles of steam and chilled water (if
applicable) use

- develop 24-hour profiles of steam and chilled water use

* summer max. - weekday, weekend
* winter max. - weekday, weekend
* spring and fall - typical weekday, weekend

- develop 24-hour profiles of process and non-process hot
water requirements

o Determine/analyze existing electrical loads

- annual profile by month
- daily 24-hour profiles

* winter max. -~ weekday, weekend
* summer max. - weekday, weekend
* spring/fall - typical weekday, weekend

Determine Effects of Other Plans:

e Determine effects of any on-going or future energy
conservation measures on existing historical data

e Determine potential effects of any planned future expansion
plans on future electrical/thermal loads

Develop Net Future Electrical/Thermal Load Requirements

e Integrate existing historical data with projected changes to
develop projected load requirements

.1



2.6 - 2.7

2.8

3.0 - 3.5
J.1 - 3.2
3.3 - 3.4
4.0 - 4.7
4.1 - 4.2

Determine Condition of Existing Thermal/Electrical Equipment

and Associated Uistribution Systems

e Thermal:

- steam plant:

LR B BN N NN N N 4

energv consumption vs. steam output
type of fuels used

auxiliary loads

steam production capacity (hourly)
make-up water requirements

stack temperatures

excess air quantities

maintenance schedules

- thermal distribution system:

| 4

routing of lines

piping sizes, operating temperatures/pressures

condition of lines, valves, steam traps, cooling towers,
etc.

ability to handle potential cogeneration temperatures/
pressures

- plant ability to handle additiomal equipment
- water chillar plant (if applicable)

*
*

capacity/loads
condition

Complete Load-Analysis Phase

Perform Constraint Analysis

Preliminary Institutional Constraint Analysis

Examine potential constraints to cogeneration with respect to:

Regional master planning and zonirng
Citizens' groups (if applicablie)
Building codes

LegisTative restrictions

Requlatory implications

Electrical utility considerations

Preliminary Envirommental Assessment

Emissions

Odor

Groundwater

Waste disposal

Noise

Additional transportation impact
Fuels storage

Development of Cogeneration Confiquration Options

Technology Assessment

Determine existing technologies and possible mixes of
equipment

boiler types

steam turbines

gas turbines

diesels

generators

utility interconnection techniques

K.2



4.3 -4.4
4.5 - 4.6
4.7

4.8

4.9

5.0 - 5.7
5.1 - 5.2
5.3 -5.4
5.5 - 5.6
6.0 - 6.2

Primary and Alternative Fuels Considerations:

e Coal, solid waste, coal/ofl mix, RDF/coal mix, gas, biomass
e Fuel sources and impacts or any change from present fuells}
e Storage and handling considerations

Preliminary Site Analvsis

e Capability of existing site to handle cogeneration facility
e Possible alternative sites

o New facilities requirements (?)

e Potential impact on institutional factors (3.1)

Develop Tentative Cogeneration Configurations

Select and Size Major Components for Tentative Coageneration
Configurations
o Integrate load-analysis data

e Available technologies
o Envirommental requirements

Select Technically-Feasible Options of Cogeneration
Configurations

e Site capabilities
e Minimal distribution system impact

Develop Cost and Financial Data

Develop Cost Estimates for Various Cogeneration Options

Develop Cost Estimates for Facility and Distribution Systems
Upgrading as Required

Evaluate Various Ownership and Financing Technigues

o Self-owned

- self-gperated
- other-operated (utility or 3rd party)

e Utility-owned

- utility-operated
- self-operated

e 3rd-party-owned

- 3rd-party-operated
- self-operated
- utility-operated

e Financing techniques

- leasing
self-financed
borrowed funds
other

Initiate Utility Discussions

e Discuss technical options and potential impacts on inter-
connection

e Obtain utility comments/feedback as appropriate for
incorporation into system decision process

¢ Determine utility charges for standbvy capacity, eneray buy-
back, other costs (interconnection, design assistance,
additional equipment, etc.)

K.3



7.0 Perform System Ranking and Trade-0ff Analysis

Optimize equipment efficiencies
Optimize load requirements

Rank options by cost and performance
Examine pros and cons of each option
Evaluate trade-offs

- costs
- requlatory/envirommental
- operational availability/reliahility, etc.

8.0 Option Selection

e Determine go/no-go decision
e Select best all-around configuration for energy manager's
requirements (if “go" decision)

9.0 Economic Analysis of Cogeneration Options

e Conduct thorough economic analysis of each technically-
feasible option ’

- investment costs

- life-cycle costs

payback (ROI)

- effects of fuel-cost ascalation

- effects of electrical-cost escalation

10.0 Complete Preconceptual-Design Phase

K.4
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APPENDIX L

CONCEPTUAL-DESIGN PHASE DESCRIPTION OF EVENTS

0.0 Start Conceptual-Design Phase

1.0 - 1.1 Subsystem Optimization

Optimize following subsystems for size, efficiency, cost, and

reliability:

¢ Generator units

e Steam systems (main steam, turbine exhaust, process, and
HVAC).

¢ Boiler-feedwater system

e Condensate and condensate-makeup systems

¢ Continuous blowdown and heat-recovery system

e Fuel-unloading-and-storage system

e Daily fuel-transfer-and-storage system

e Secondary fuel-handling-and-storage system

¢ Residue-handling system

¢ Boiler draft and flue-gas system

¢ Auxiliary-electric system

e Thermal-distribution system

2.0 - 2.1 Plant Site Analysis

e Optimize plant site layout (plant site, fuel storage, etc.)
¢ Layout thermal-distribution system

e Determine interconnection routing

e Determine main electrical distribution routing

3.0 - 3.1 Develop Plant Confiquration

¢ Optimize layout of subsystems within plant

4.0 - 4.1 Develop Outline Specifications (2)

¢ ldentify major system components
¢ Indicate:

- performance characteristics-
- general features

5.0 - 5.1 Develop Construction Cost Estimate

¢ Develop cost estimate addressing:

- engineering (final design)

- construction supervision (A&E)

- construction (cogeneration plant and associated facilities,
revamp of other existing facilities/subsystems)

e Base costs on applicable equipment and labor escalation rates

(a) Refer to checklist (Appendix Q) to select items for initial identification.
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5.0 - 6.1 Develop Construction Schedule Estimate

e Estimate detailed-design period

e Identify long-lead-time (LLT) items and establish milestones
for ordering and receipt of LLT items

e Establish milestones for:

- bid-package availability

- proposal receipt and review

- construction contract neqotiation and award
- key construction phases

- construction completion and inspection

- system shakedown (initial operation)

- system on-line operation

7.0 -7.1 Final Life-Cycle-Cost Analysis

e londuct Tife-cycle-cost analvsis based on refined equipment
and projected construction costs

e Include sensitivity analysis to determine effects of
projected power, fuel, and labor costs

3.0 - 8.1 Develop Funding Schedule

Based on identification of long-lead-time items, proposed
design and construction schedules, and construction cost
estimates, determine time-phased requirements for funding and
cash disbursements

9.0 - 2,1 Liaison and Requlatory Approval

This phase encompasses all regquired actors concerning requirad
liaison and permit gathering, including:

[n-house management

Federal, state, and local requlatory agencies
Utilities

Public interest groups (as appropriate)

Equipment vendors

Financial institutions

Fuel suppliers

Transportation agencies (fuel and waste disposal)

NOTE: [tems 10.0 through 14,1 below lead to the development of an
Envirormental Impact Statement or Assessment, as may be required,
depending upon complexity and size of the proposed cogeneration
facility.

10.0 - 10.1 Land-Use Regulatory Analysis

Determine relationship of pronosed project to local land-use
plans (if aporopriate)

¢ Land area required
e Changes in terrain



11.0 - 1l.1

12.0 - 12.1

13.0 - 13.1

14.0 - 14.1

Community and Transportation Impact Analysis

e Community impacts:
- height of facilities (stacks, etc.)
- obhsarvahle activities
- noise and other asthetic considerations
e Transportation impacts
- access to facilities
- increased traffic (fuel deliverv, waste disposal,
construction activities, etc.)

Plant Siting Impact Analysis

Effects on such items as:

e Geology

¢ Hydrology

e Economic and social factors

e Air quality

e Aquatic ecosystems (if appropriate)

¢ Terrestrial environment

Identification of Unavoidable Adverse Effects

e During plant construction
e Ouring plant operation

Irreversibhle and Irretrievable Commitment of Resources

e Fuel and other energy
e Land

e Water

e Other

Complete Envirommental Impact Statement (Assessment)

Integrate information from items 10.0 through 14.1. Struycture
in format per local envirommental requlatory requirements.
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APPENDIX M

DETAILED-DESIGN-AND-CONSTRUCTION PHASE DESCRIPTION QOF EVENTS

0.0 Start Detailed-Design-and-Construction Phase

1.0 - 1.5 Detailed Design

Typical activities during this phase include:

¢ Award of the detailed-design engineering contract

e Finalization of all design calculations

e Identification of long-lead-time (LLT) items, develooment of
detailed procurement specifications for these items, and
placement of orders for these items. Typical items which may
fall into this category include:

- turbines

- boilers

- transformers

- fuel and waste-handling equipment
- air-quality-control equipment

¢ Development of detailed procurement and construction
specifications for balance of plant (refer to Appendix O for
selection of items to be addressed)

e Development of detailed design, construction, and

installation drawings

Development of system check-out procedures

e Preparation of bid packages for construction and installation
proposals

2.0 Issuance of Bid Packages and Evaluation of Proposals

Bidding instructions

Proposal submission date

Detailed specifications

Appropriate drawings

Other instructions as appropriate

Completion of detailed-design drawings (to include
architectural drawings as appropriate)

- site plans

- building plans and elevations (as appropriate)

- Ccross-sections

- equipment layouts

- structural drawings

- mechanical drawings (HVAC, piping diagrams, etc.)

- electrical drawinas (service, distribution,
interconnection, etc.)

e Preparation of contractual documents and bid solicitation
packages

- contract drawings
- detailed specifications
- contract clauses



2.0 - 2.2

3.0 to 3.5

4.0 - 4.1

5.0

- proposal formats

- submission instructions (date, time, olace, fees, deposits,
and bonding requirements)

- summary description of project

- acceptance/rejection stipulations

- type of proposed contract (e.g., Tump sum, unit price, cost
plus, etc.)

- project schedules

- contract award schedules

- contractor qualification criteria

- special conditions (labor, taxes, permits, liability
responsibilities, hazardous or other anticipated special
construction problems, etc.)

- conditions and schedules for payment

Advertising, Proposal Evaluation, and Construction Contract
Award

Decision on fully competitive or restricted bidding
Selection of advertising media and timinag of announcements
Onening of bids and announcement

Evaluation and determination of "lowest responsible” bidder
funless prequalification used)

- bid conformance to stated bid criteria
- satisfactory contractor resources, equipment, experience,
sureties, etc.
e Formal notification of bid acceptance/rejection
e Contract execution

Construction Phase

Issuance of subcontracts as appropriate

Contractor development of shop drawings as required

Approval of drawings by engineer as required

Ordering of contractor-furnished equipment (CFE) and

materials

Initiation of construction

Installation of CFE equipment as received

e Coordination for, or installation of, owner-furnished LLT
equipment as appropriate

o Compliance with specified milestones and inspection points

¢ Submission of invoices for approval and payment.’

Construction-and-Fquipment-Installation-Supervision Phase

This responsibility is usually assigned to the design
engineer, Activities include:

o Aporoval of contractor-developed “shop" drawings

e [nspection of work quality, materials, prongress, and approval
for certain work phases (e.q., inspection of reinforcing
steel placement prior to concrete pouring), other fiald
inspections to determine compliance with specifications and
drawings, etc.

e Verification of progress for payment purposes

e Nevelopment of supplemental drawings and revisions as
appropriate.

Utility Approval of Interconnection

If the cogeneration plant is to be interconnected with the
power grid, in all probability, the concerned utility company
will insist upon inspection and approval hy their personnel of
the interconnection equipment, wiring, controls, safety
devices, and their operation orior to start-up for compliance
with their previously-stipulated specifications and conditions.



6.0 - 6.1

Initial Nperation and Check-Out

This phase involves a specified period for system check-out (in
accordance with previously-developed procedures), system
balancing, initial "shakedown" operation and operating
procedure verification, personnel training, final inspections,
and final system acceptance.

System-on-Line

System placed on-line and fully operational.
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APPENDIX N

SUMMARY OF PRINCIPAL CODES AND STANDARDS

Mechanical Design

American National Standards Institute

ANST Bl1.1 Unified Screw Threads

ANST B2.1 Pipe Threads (except dryseal)

ANST B16.1 rfast-Iron-Pipe Flanges and Flanged Fittings
ANST B16.5 Steel-Pile Flanges and Flange Fittings

ANSI Bl6.9 Factory-Made Wrought-Seel Butt-Welding Fittings

ANST B16.10 Face-to-Face and End-to-End Dimension of Ferrous Valves
ANST B16.34 Steel Butt-Welding End Valves

ANST B16.11 Foraged Steel Fittings

ANST B16.25 Butt-Welding Ends

ANST BR31.1.0 Power Piping

ANST S1.2 Physical Measurement of Sound

ANST S1.13 Sound Pressure Levels

American Petroleum Institute
API-650 "Welded Steel Tanks"
Air Conditioning and Refrigeration Institute

ARI 410-72 Standard for Forced-Circulation Air Cooling and Air
Heating

American Society of Heating, Refrigeration, and Air-Conditioning Engineers

ASHRAE Guide and Data Book - Systems

ASHRAE Guide and Data Rook - Applications

ASHRAE Guide and Data Book - Fundamentals

ASHRAE Guide and Data Book - Equipment

ASHRAE Guide - USAEC Health and Safety Bulletin No, 212

American Society of Mechanical Engineers, Boiler and Pressure Vessel Code

Sect [ ASME B&PV Code, Power Boilers
Sect II, ASME B&PY Code, Material Specification,

Part A Ferrous
Sect II, ASME B&PV Code, Material Specification,

Part C Welding Rods, Electrodes and Filler Materials
Sect V ASME B&PV Code, Non-Destructive Examination
Sect VIII, ASME B&PV Code, Pressure Vessels

Div 1
Sect VIII, ASME B&PV Code, Pressure Vessels, Alternative

Div 2 Rules
Sect IX ASME B&PV Code, Welding Qualifications

American Society of Testing and Materials (ASTM)
Heat Exchange Institute
Standards for Closed Feedwater Heaters
Standards for Steam Surface Condensers
Standards for Deaerators
Standards for Steam Jet Ejectors
Standards for Tubular Exchangers Manufacturers Association (TEMA)

The Hydraulic Institute Standards
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Manufacturers Standardization Society

SP-6 Standard Finishes for fontact Faces of Pipe Flanges and
Connecting-End Flanges of Valves and Fittings
SP-61 Hydrostatic Testing Steel Valves

National Fire Protection Association
National Fire Codes (Latest Edition)
Occupational Safety and Health Standards (0SHA)
Pipe Fabrication Institute Standards
Sheet Metal and Air-Gonditioning Contractors National Association
Underwriters Lahoratories (UL) Requirements
Factory Mutual (FM) Requirement

Structural Design

A. General

Uniform Building Code and Uniform Building fode Standards, 1982
Edition (UBC).

Occupational Safety and Health Act, 1970 (0QSHA).
R, Concrete
Building Code Requirements for Reinforced Concrete - ACI 318-77.

. Structural and Miscellaneous Steal

AISC Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings, 8th Edition, 1980 (or latest issue).

AISC Specification for Structural Joints using ASTM A 325 or A 490
Bolts, April 1978,

0. Welding

American Welding Society Structural Welding Code AWS 01.1-79.
American Welding Society Reinforcing Steel Welding Code AWS 12.1-75.

Electrical Design

National Electric Code
Applicable State Building Standards

Requlations of the National Board of Underwriters for Electric Wiring and
Apparatus

National Electric Manufacturers Association (NEMA)
Safety and Occupational Health Administration (OSHA)
Institute of Electrical and Electronic Engineers (IEEE)
American National Standards Institute (ANSI)

Insulated Power Cables Engineers Association (IPCEA)

National Fire Protection Association



Other

Applicable state and local standards and codes related to the above and
environmental issues.
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APPENDIX O

PROJECT CHECK-LIST

1. Site Survey and Preparation

. Test borings

Clearing, grubbing, and disposal
Filling and grading

Drainage ditching

Temporary roads.

mo oo I

2. Subsurface Earth Stabilization and Reinforcement

A. Piers as reguired
B. Pilings as required,

3. Concrete Foudations and Structures

Plant building foundations

Turhine/generator foundations

Stack foundation

Flue-gas scrubber and baghouse-filter foundations
Primary fuel-handling structures and foundations
Secondary fuel-handling structures and foundations
Residue-handling structures and foundations
Auxiliary-equipment bases

Electrical manholes and ductbank

Drainage manholes.

Cre T HDMMON DI
. . - . .

4. Plant Budeing

Suspended slabs
Interior partition walls, doors, ceilings
[nterior floor coverinas and separate finishes

A,  Structural steel

B Grating and handrail
C Siding

D Roofing

£ Fenestration

F Elevator

G

H

[

5. Plant Service Systems

Roads and parking

Railroad

Storm drainage and sewers
Sanitary drains and sewers
Floor and roof drains
Fencing and gates

Service air

Potable water

Fire protection water
Lighting

Heating

Ventilation

Air conditioning

Central vacuum cleaning
Dust collecting

Telephone
Intercommunications

Office

Locker rooms (lockers, showers, toilets, Tavatories, wash basins, and
water heater)

NODO VOZIZIrXRXU—IOMMOOII
. . ) . .
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10.

Orinking fountains

. Machine shop

Storage room

Cranes and hoists
Fire protection
fathodic protection
Electrical grounding.

N> E S C A

External Utility Systems

Process steam

HVAC system

Condensate return

Potable and fire-protection water
Storm sewer

Sanitary sawer

13.8 kV electrical power supply
Telephone

LOMMOOD >

Enerqgy-Conversion Equipment

A. Steam generators
8. Turhine generators.

Energy-Conversion Process Suoport Systems

Plant auxiliary electrical service
Plant battery and charger

Fmergency AC suoply

[nstrument air

Demineralized water supply and storage
Auxiliary equipment cooling water.

MMOoO O X B
. P .

Enerqgy-Conversion Process Supervisory Systems

Control room

Combustion and feedwater control
Turbine generator supervisory

fenerator control

Turbine/qenerator relayina and metering
Auxiliary equipment motor control

Steam and water sampling and laboratory
Fuel sampling

Stack-gas effluent monitoring

.

— T DMMO WD
. s e e .

Roiler and Turbine/Generator Subsystems

Fans

Flue-gas-desulfurization scrubber

Baghouse filter

Stack

Soot blowers

Primary fuel-handling and storaae

Secondary fuel-handling, storage, and preparation
Residue-handling and storage ’
Deaerator

Feedwater heaters

Boiler feed pumps

Condensate pumps

Miscellaneous pumps

Chemical feed pumps and storage

Auxiliary equioment motors

Condensate storage

Blowdown tank and heat exchanger

Blowoff tank

Turbine/generator Tube o0il supply

« .

.
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11.

—
~N
.

13.

14,

15.

Turbine/generator Tube o0il storage
Turbine/generator lube 0il conditioning
Generator excitation

Generator neutral grounding

. Generator surge protection

xaEaE<co

Piping Systems

High-pressure, high-temperature steam
Turhine exhaust steam

Process and HVAC steam

Boiler feedwater

Condensate

Condensate return

Potable water

Demineralized water
Fire-protection water

Chemical feed

Instrument air

Service air

Auxiliary eguipment cooling water
Drainage

Atmospheric vents

Vacuum cleaning

Dust collecting

Pneumatic conveyor air

s e s e » ¢« s e e .

DO 9O IR R ITOWUMIOR >

Piping Materials

. Fabricated piping

Miscellaneous piping

. Piping supports

Valves

. Piping accessory equipment

Piping and equipment insulation and lagging

TIMOO @I
. .

Cable Systems

Generator voltage leads

Power and control cable

Lighting and control cable
Instrument wiring

Cable tray and conduit

Junction boxes

Starters and contactors

Pushbutton stations

Wiring and cable accessory equipment

S~ TOTMMOOm
« o o s s

.

Plant Clean-up and Preparation

A. Painting

8. Final grading
C. Landscaping
N. Seeding

F

. Miscellaneous
Vehicles

A. Plant vehicles
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