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SECTION I.O

INTRODUCTION

I. I OBJECTIVES

This report describes Ehe Solar Commercial Readiness Assessnent (CRA)

nethodology designed, Ceveloped, and implemented by SERI rs Planning
Applicarions and InpacEs Division (PAID) for Ehe U.S. Department of Energy.

The objective of the mechodology is to assess nurnerically and qualitatively
the relative degree of conmercial readiness of solar technologies in specific
applicaE ions.

The quantitative measure of solar conmercial readiness resultlng from applying
the methodology is the Comrnercial Readlness Index (CRI). CRI is a relative
neasure, on an lnterval scale 0-100, of the progress belng made ln commercial-
izing a solar technology ln a specific application in competltion with one or
rnore conventional alternatives. For example:

o Solar technology: central wind systems
o Application: generaEion of elect,ricity by large utilities
o Conventional competition: gas turbine generators.

CRI, somewhat analogous to Ehe Consumer Price Index (CPI) produced monE.hly by

the U.S. Bureau of Labor Statistics, has che followlng characteristies:

o provides an overall numerical measure of Ehe staEus of Ehe commercial
readiness of a solar technology/applicaEion

o Nunerically shows the sLalus of each of Ehe individual facEors conEri-
buting to the overall rating, thereby idenEifying problem areas

o Provides periodic (1.e., annual) assessmencs/snapshoEs of Ehe progress
being made toward commercialization.

CRI is designed to be a useful tool for program planners in:

r DOE

o SERI
o The four regional solar energy centers

Northeast Solar EnergY CenEer
- Southeast, Solar EnergY CenLer
- Mid-Anerica Solar EnergY Center
- Western SUN

o Energy planning offices in sEaLe governments
o United States Congress and its energy-cognizanE committees.

Since this report is designed to be a User's Guide, an example is
provide4--applieation of the nethodology to central wind systems/large
u t.ilities.
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A conplementary report, SERI Eechnical rePort TR-431-368 [ I ], provides a

summary description of Ehe roethodology and a comprehensive descriPtion of its
application to four wind Eechnology markets.

1.2 BACKGROUND

The commercialization of a solar technology to the point where iE achleves
rnarket. acceptance is typlcally proCracted. During thiS process, products
wanted by end users evolve and initial market uncertainties abouE such pro-
ducts (e.g., economics and perforrnance) are resolved. 0n the basis of studies
by Mansfield [2], Blackman [3], Fisher-Pry [4], and others regarding Ehe pro-
cess whereby a new technology competes wiEh and gradually replaces an old one,
solar market peneEraC.ion is expected to exhlbit an S-shaped pattern. Such

classical oarket penetration studies have focused almostly exclusively on

economics, showlng penetrat,ion as a funcEion of economics and Eime.

Before the narket penetration curve can progress from the "product introduc-
t.ion" phase to E,he "growth" phase, the cornplex array of f acLors and

i-ssues--economlc and noneconomic--that determine or faciliEate market
accept,ance'either has to be:

o In place; or
o In the process of being resolved.

That is, Lhe product, must progress t,hrough a commercial readiness process.

For SERI purposes, solar commercial readiness process is:

r That process--Ehat proceeds concurrently with the commerclalization
process--in which all of the factors, issues, and requirements that
figure in commercialization of a solar technology/applicat.ion evolve to
the point at which the markec caEches on and begins Eo grow at an in-
creasing rate.

This process addresses a1l of the najor issues and players relating to trans-
lation of a solar Eechnology into rnarketable products. Speeifically, conlner-
cial readiness is a function of:

o Technical, cost, and performance characterisEics of the solar system

o Technical, cost, and econond.c performance characteristics of the
cornpetlng conventional systern( s )

o End user requlrements--economic and noneconomic

o Producer requirements and activities
o Government programs, policies, and actions

o Market issues

o Market infrastructure developnent

o Institutional, legal, and environmental issues'

?5il'(.I)l
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Figure 1-1 shows Lhe tine and scale relationships between the market peneEra-
Eion (the ultimate measure of cornmerclalization) and commercial readiness:

o Commercial readiness begins prior to int,roduction of the product lnto
the markecplace.

r The comuercial readlness process begins to unfold signlficantly in the
"development" phase of commercialization.

o During the "introduction" phase, rapid progress is rnade in attaining
commercial readiness. Commercial readiness is expected to increase at
an increasing rate.

o tr{hen the market penet.ration curve begins Eo lncrease at an lncreasing
raEe, all faccors determining or facilitating markeE acceptance are in
place or close to being in p1ace. I{ence, the commercial readiness
curve continues to increaser but at a decreasing rate.

Due to the problems of dat,a availabili.ty and lnterpretation, the possibllity
exists t,hat CRI ratings will have some degree of imprecision in them. One

neans for deallng with irnprecision ls to strat,lfy the CRI seale 0-100 lnto
classes and focus on classes lnstead of speclfic numeric values. As Figure
l-l shows the CRI scale has been structured into five stages

(l) SEage I (O < CRI < l5): Litrle or no progress towards cornmercial
readiness

(2) Stage II (15 < CRI < 35): Initial slow, steady Progress
(3) Stage III (35 < CRI < 50): Initial accelerated progress

(4) SEage IV (50 < CRI < 80): Adv ced accelerated program

(5) Stage V (80 < cRI < 100): Commercially ready

Consequently, it is posslble to staEe, for example, either of the following:

o CRI rating, as of Ehe end of FY80, for cenlral wind/large utiliEies was

43; or

o CRI rating for this application as of the end of FY80 fel1 in Stage III
of the CRI scale: "Initial Accelerated Progression toward Commercial
Readiness. "
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SECTION 2.0

SOLAR COMMERCIAL READINESS ASSESS}'IENT METHODOLOGY

2.T METI{ODOLOGY RATIONALE

One objective of the nationr s evolving Natlonal Energy Policy is Eo lessen de-
pendenee on foreign-produced oil by stinulating usage of solar energy--espe-
cially for:

r Water heating and space conditioning in buildings
o Generating electricity
o Industrlal Processes
r Agriculture.

- As part of this pollcy, the Federal Government ls attenptlng to accelerate the
commmercializatlon of the solar technologies.

However, national (and regional) planning to effecL the accelerated
commercializaElon of the various solar technologies in specific applicatlons
must address four najor issues:

o Specification of the multidimensional array of things to be done and/or
condiEions that must hold ln order Eo aEEain rnarkeE acceptance--things
Lo be done bY

- The Federal Governmen!

- State and local governmenEs

- IndustrY

- Others (e.g.' R&D performers, financial community, etc')'

Examples of things Eo be done include:

- Problem resoluEion - technical

- Problern resolutlon - economic

- Barrler rernoval

- Enactment of incentives prograns by the Federal Government

Getting strategic players involved (e. g., financiers, producers,
etc. ).

o Specification of "good" solutions for each thing to be done:

For each Ehing to be done, an objeetive/goal rnust be established which,
if attained, facilitates commercialization'

r Ranklng and sequencing of the thlngs to be done given the seE of Ehings
to be done, effective cornnercialization planning requires an under-
standing of:
- ltre relative lmportance of each thlng to be done

Order in which they should be addressed'
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. Assessment of progress being made in attaining the goal/objective

est.ablished for each indicacor.
For each thing t,o be done, given i.ts goal/objective, the final issue is
Eo determine progress towards the goal.

C1early, Ehe four issues are interrelated. The SERI Commercial Readiness As-
sessment (CM) Methodology ls a syst,en procedure for addressing all four is-
sues, but focusing on the last--assessment of the relaEive degree of progress
being made in preparing the solar technology/application for the market-
place. l"lore specifically, iE is a scraEegy for:

(a) Obtaining a "consensus" regarding what, needs to be done to commercial-
ize a solar technology/apPlication

(b) Obtaining a "consensus" regarding E,he relative importance of the
things to be done

(c) Esrablishlng a goal/objectlve for each Ehing Eo be done

(d) Qualitatively and numerically assesslng progress towards commercial
readLness

Items (a), (b) and (c) above are achieved via the following:

Field surveys of represengative actual (or potential) end users and

their associations
Field surveys of represenEat.ive actual (or potential) producers and

their associat,ions

o Analysis of the literature
r Discussions with the cognizant DOE prograrn office(s)

r Discussj-ons with the regional solar energy centers

r Discussions wiEh the cognizant SERI elements.

i,lurnerical commercial readiness assessments are generated using the Commercial
Readiness .Assessment algorithm.

Figure 2-1 graphically depicts the structure of-the rlethodology.

2.2 METHODOLOGY LOGIC: MACRO DESCRIPTION

The SERI CRA nethodology is a generalized struct.ured procedure for measuring
aad assessing the progress being made in commercializing a solar technology in
a specific applicaElon. Like many other operat.ions research tools--linear
progranming, for example--the SERI methodology eonsists of a structured frarne-
work and a computacional algorit,hro. An analyst adapts che meEhodology to Ehe

general and unique features--with respecE to commercialization--of the
t.echnology/application under invesEigation.
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The methodolog,v can be used to assess the commercial readiness of any solar
cechnology/applicarion for which the following conditions hold:

r The Federal Government is aEtempting to acceleraE.e the commerciaLiza-
Eion of the t,echnology/application: efforts are being made to speedup
Ehe process whereby a new Eechnology competes with and replaces an ex-
isting one.

o For the subject Eechnology/application, Ehe Federal Governrnent, is not
the principal end user.

o A proven, well-developed conventlonal alternative exists, as well as an

industry and infrasEructure.
o Potential end users are reluctant Lo accept the new technology; Ehey

prefer Ehe conventional alternative. Their reluctance is due primarily
to the following reasons:

- Uncertalnties regarding t,he rnechanlcal performance and reliabillty
of the solar technologY

- Uncertainties regarding economic perfornance

- Iligh lnitial cost of Ehe solar technology.

o The overwhelming majority of Ehe funds needed to develop and commer-
cialize Ehe new technology came from the Federal Government.

o Commercial readiness indicaEors (i.e., things E,o be done) can be spec-
ified for whlch

Goals at comrnercial readiness--quantitatively sEated--can be

speeified
- Dat,a are available for deEermi.ning the current sEatus of each indi-

cator relative E,o its goal.

The CRA methodology can be used co:

o Track and measure the progress being made towards comrnercialization of
t.he subject solar Eechnology/application from year-to-year' using a

conmon frame of reference

o Identify information gaPs

o Identify problern areas--jusE as the Consurner Price Index identifies
problem areas (i.e., areas where prlces are rising fastest)--ttre CRA

rnethodology identifies commercialization problem areas

o Facilitate commercialization and RD&D progran planning and Cet.ermina-
tion of fundlng Priorities

o Show ghe overall progress being made in commercializing a solar tech-
nology across all applicacions; for example:

- I^/ind technology applications
1. CenEral wind/large utilities
2. Central wind/snall utilities
3. Distributive wind/residences

4. Distributive wind/agrtculture
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- Overall wind

whe re

ct = the qth application
(Uf)o = relative rnarket potential (percentage) of application a

(CRf)o = commercial readiness index for application .r.

o Cornpare, quantitatively, the relative progress being made in commer-
cializing differenc solar technologies for the sane applicaEion (for
example, OTEC versus central wind for generation of electricicy by
large utilities).

Figure 2-2 depicts, macroscopically, Ehe steps in the rnethodology. Explana-
tions are provided in following sections.

-A, large-sca1e computer is not necessary. Ilowever, if used, the optirnum roles
for a computer are:

o Data base storage and naintenance
o Computation of the figure of merit
o Sensitivity analyses.

2.3 COIOIERCIAL READINESS INDEX EQUATION

The SERI quantiLaEive measure of solar commercial readiness is the Commercial
Readiness Index (CRI). CRI is a relative measure, on an interval scale 0-100,
of progress Eo\^rards commercial readiness.

In forrnulating the CRI equaEion, the following assurnpEions were utilized:

r For any solar cechnology/applicaEion, the governing market peneEration
qurve, as a funcEion of tine, follows an S-shaped pattern

o Commercial readiness--as measured by the CRI equation--begins to unfold
in the "development" stage of lhe commercialization process (see
Fig. l-t)

o Commercial readinessl as a process, proceeds as follows:

- Initially, slow growth

- After slow growth, growth aE an increasing raEe, especially when Ehe

technology/application becomes available commercially

- When Ehe governing market penetration curve enters Ehe growth stage'
commercial readiness stops increasing at an increasing rate. It
continues t,o increase, but aE a declining rate.
l{ence, commercial readiness follows an S-shaped curve.

o Most solar technologies/applications are considered Eo have reached
"full commercj-al readiness" when they atEain a CRI rating of 80-90. A

CRI racing of 100 is probably unobcainable. The case of the automobile
clarifies this assurnption, It is generally agreed that private

,i.o

+
rechnology CRI = ), (HP)^ (CRl)-cg

cl= l-
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For the Solar Technology under Investigation
- Specify the Applications/Markets to be Assessed

For Each Application/Markel Assessed

pute
Factor Readiness
Ratings from the

Numerical
Indicator Ratings

Figure 2-2. Flow Diagram: Solar Technology Commercial Readiness
Assessment MethodologY

Specify the
Weights for the

Seven Readiness
Factors

For Each Indicator
Translate the

Current Status
into a Numerical
Indicator Rating

For Each
Factor, Determine
the Commercial

Readiness Indicators

Specify the
Within-Factor

Weight for
Each Indicator

Compute Commercial
Readiness lndex (CRl)
Figure of MeritSpecify the

Goal/Obiective
of Each Indicator

at Commercial Readiness
Specify Values
of Constants

in the CRI
EquationDetermine the

Current Status of
Each Indicator

Relative to
Goal/Obtective Compute

Commercial
Readiness
Index (CRl)

10
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autonobiles atLained commercial readiness/markeE acceptance in the mid-
to late 1920s. If the SERI rnethodology had been available in the 1920s
Eo track autornobile commercial readiness, one of the facEors going into
Ehe CRI figure of nerit would have been "human safety." Although auto-
mobiles would have attained a CRI rating of 80-90 by 1929, the rating
probably has not improved stuch as of the end of L978, because of "human
safety." The fact that tunericans ki1l each other at the rate of 501000
per year and injure each other at the rate of 5.575 nillion per
year--resulting in economic losses of $47.7 billion per year [5]--keeps
the CRI rating from approaching 100.

The CRI equation is given by

cRr(rrJrKrtrFOM) =

J=

K=

Eo=

R=

(=j) ('-

#) ('c (FOM) exp

solar technology

conventional comrreEition

application

tirne at which

time at which

scale factor

Eime constant

(FOM) ex
#)

100
I

FOM

where

Ehe assessmenE is being made (e.g., 1978)

CRI eqtrals some reference value CRI'

FOM = CRI figure of merit

FOM = _ I{r *i (IRi)
rt_

f = factor number (f = l, 2, ., 7)

i = commercial readiness indicator (i = 1, 2, . . ., Ir)

w.r

wi

rRi

relative weight attached to factor f

relative weight attached to indicator i

current status of indicator i relaEive to its goal at commerclal
readiness

11
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The CRI equation is characterized as follows:

o CRI (I,J,K,trFOl4) = Commercial readiness of solar technology "I" con-
peting against conventional alternative "J' in application "K" during
y".r "Lr; given Ehat its readiness figure of neriE is "FOM."

o CRI is a nondecreasing functlon of tfune.

. CRIMirri*.'o = Q (Cnf = Q denot,es no progress towards commercial
readines s )

o cRl".*imum = lOO (CRI = 100 denotes cornplete commercial readiness)

o CRI stops growing at. an increasing rat,e when market penetration reaches
5-207", depending uPon the solar technology/aPplication'

o CRI figure of merit is a funcElon of seven factors'

2.4 COMMERCIAL READINESS FACTORS AND INDICATORS

2.4,L Comnercial Readiness Factors

For t.l're solar technology/applicatlon being assessed, the figure of merit in
the CRI equation (see Section 2.3) is a function of seven commercial readiness
f act,ors:

o End-user requirements (noneconorni.c)
o Producer requlrements
o Costs and economics
o Technology requiremenEs
o Government iniciatives
o LegaI/institutional/environmental issues
o Market develoPment.

Table 2-l describes and deEails Ehe Eypes of commercializaEion issues covered '

under each factor.

Each facLor is assigned a weight, Wf, reflecting it,s relative importance in
Ehe E,echnology/application under investigation.

The analysc ls responsible for assigning factor weights' They can be derived
via Ehe following:

o Surveys of cognizartt federal solar Progran planners

r Analysis of the literature relating Eo Lhe subject solar technology/
application

o Surveys of manufacturers

o Delphi (or equivalent) conferences consisting of respected' knowledge-
able individuals.

L2
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Table 2-1. COMMERCIAL READINESS FACTORS

Commercial Readiness Factors Types of Commerciallzatlon Issues
Covered

End-User Requirenents

(Noneconomic)

Producer RecuiremenEs

Cost and Economics

Technology Requiremencs

Goverunent IniEiatives

Legal/InstiEutlonal/
Environnental Issues

Concerns of and issues expressed by
actual or Dotentlal end users that are

Noneconomic
- Not, covered under other
EXAMPLES:

Long-term reliability
system

- l,Iarranties

factors

of Lhe solar

Concerns of issues expressed by pro-
ducers of t.he technolory Ehat relate
dlreetly to producers
Problems Ehat rmrst, be resolved or condi-
tions that mrst hold in order for pro-
ducers to tnvest in the solar technology
EXAMPLES:

Return on investment
Availability and cost of capital

Cost and economic performance criterla
demanded by end users
E)GMPLES:
- System payback period
- Systern installed cost
Technical and engineering performance
criteria demanded by end users and the
Federal Government
EXAMPLES:

Expected useful life requiremenE
- Systen rnainEainability requlrements

Activities and Programs or
governments--Federal, St,ate, and local
Programs and actlons demanded of govern-
nents by producers and end users
EXAMPLES:
- Federal procurement program
- Tax credits for end users

Legal lssues
Inst,lEuttonal issues
Environmental issues
EXAMPLES:
- Utility rate structures favorable to

solar energy
Solar access

Activlties in the subject solar industry
and lts infrastructure
End-user awareness
EXAMPLES:
- Number of solar system flnanciers

Number of producers

o
o
o
o

o
o

Market Development

t3
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2.4.2 Comnercial Readiness Indicators

Each factor consists of one or more commercial readiness indicators. Indica-
tors are (or relate to):

o Things Eo be done to effecc commercial readiness
e Specific conditions that must hold
o Problems and i.ssues Eo be resolved
o States of nature Ehat, must exisE.

Collectively, the indicaEors embrace all issues, problems, and requirements
relating Eo commercializing a solar technology/application.

For example, in assesslng the commercial readiness of central wind systems/

large utiliEies, the followlng indicators are included under "End-User

Requiremencs (Noneconomic) " :

o AvailabilitY and cost of caPital
o AvailabilitY of insurance

o Wind system mechanical reliability
o Dispatch cechniques

e AvailabiliEy of wind resource data

r Availabilicy of responsive and reliable design, installation, and main-
tenance services.

These are important issues and concerns of poEential end users that affect
their propensitY to buY.

In applying Ehe methodology to various solar technologies/applicaEions, Ehe

same seven factors are always used. Ilowever, the indicaEors included under

each factor vary, depending upon the specific feat,ures of the technology/
application.

Just as a weight is assigned Eo each factor, a relative weight, -*fi' 1" as-

signed Eo each indicaEor withln Ehat factor--providing a measure of rhe inpor-
tance of the indicator relative to the others. Hence, the rnethodology in-
volves a dual weighting scheme:

o Factor weights Wr: where Wf = 1.0

o Indicator weights wgr--within each factor the indicator weights sun Lo

100: I wfl = 100 for factor f'

The analyst assigns indicator weights. Resources Eo be used in formulating
the weights include:

r Representative Producers
o Representative end users
r Persons of recognized standing in

- Universities

l.+
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- Regional solar energy cenEers
- DOE RD&D contractors
- SERI

o Current literat,ure relaEing to rhe subject solar technology/applicacion
e DOE program planners.

The CRA rnethodology cenLers around che indicators. The Ewo most crucial tasks
in using it are:

SpecificaEion of Ehe indicators associated wich each of the seven fac-
tors. The CRI figure of nerit and, ultinnately, the CRI rating, is a

function of the seE of indicators.
Specification of Che goal/objective--Preferably, quantiEatively--of
each indicaEor at commercial readiness.

In the Cp11 methodology, the subject solar technology/application is deemed to
have atgained full comnercial readiness at that point in time when each indi-
caEormeeEsorex@object'ive.Forexamp1e,if50indica.
tors are utilized, full commercial readiness is noL aEEained until the goal-
objective specified for each is met or exceeded.

Since the meEhodology centers around t.he indicaEors, iE is imperative Ehat
analysEs using iE:

o SelecL one or more indicators for each facEor Ehat figures heavily in
getting the subject, solar technology/application commercialized

o Select indicators for which well-defined quantiE,ative (or qualitative)
goals/objectives can be established and measured

r Specify a goaT/objective for each indicator for which data are avail-
able (or can be obtained) to assess lhe current status of Che indicator
relative to ics goa1.

As an example of Ehe care that must be exercised in selecting indicators and

specifying Lheir goals/objectives, consider a problem encountered by SERI in
assessing the commercial readiness of solar waEer heaEing for new single fan-
ily homes (tract construcEion). "Number of solar system producers" \{as in-
cluded as an indicaEor for the fact.or "Market Development. " Lists of "solar
nnanufacturers" are available from many sources. However, no data were avail-
able which carefully delineaEed manufacEurers that had production facilities
and r:aarketable solar sysEems f rom manufacturers that:

o ilad plans, buE no narkeEable products
r llad patenEs, buL no production facilities or products
r llad products, but no sales since inception
o 1l,anufactured solar components, but did noE produce solar systems
e Existed solely because of governnenE RD&D prograns'

Hence, the following goal/objective was established for the indicator:

o Ent,ry of at least 5OZ of the l0 largest producers of conventional gas

and electric residential water heaEers into the producEion and rnarket-
ing of solar water heaLers.

''.(E
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Dat.a were readily available for assessing the current status of this indicator
relative Eo t.he goa1.

As \^ras rnentioned earlier, the methodology is narket-oriented and focuses on

three key part,icipants: end users, producers, and the Federal Governrnent.
Therefore, in selecEing indicat,ors and establishlng their goals/objecElves at
cornmercial readiness, the user should:

o Ensure that he or she -understands how the application under investiga-
tion functions:
- I^Iho are the equipmenE declsion makers

- Their decision-tnaking criteria
- Who i-nfluences Ehe declsion makers

r Query represenLative end-user associations (Electric Power Research In-
stitute, in the case of electric utilities, for example) regarding corn
nercialization issues

. Query representatlve end users that are percei-ved as Erendsetters by
L,he wider end-user communlty regarding end-user needs

o Query representative producers regarding their needs and the functlon-
ing of the market.

Table 2-2 lists Ehe complete set of factors and indicators used in Ehe central
wind systems/large uEllities assessment. For the fact,or "End-User Require-
aents (Noneconomlc)," Table 2-3 shows the associated indicators and their
goa1s.

Given Ehe indicators and lheir goa1s, the quantitative assessnenE is performed
by:

r Det,ermining the current, status of each indicator
o Comparing the currenc sEatus of each indic+Eor with the goal/objective

o Quantifying the difference between t,he curren! staEus and the goal-
objective.

Figure 2-3 surumarizes Ehis discussion of factors and indicators.

2.5 COMPUTATION OF INDICATOR READINESS MTINGS AND FACTOR READINESS RATINCS

Once Ehe besE seE of indicators associated ttith each of the seven fact,ors is
selected and their goals/objectives established, t,he next, najor tasks in ap-
plying the CRA methodology are Eo:

o Conpute Ehe indicator readiness ratings
o Compute the factor readiness ratings.

Since the commercial readiness of the solar technology/application is assessed
as of a specific tine (for example, as of the end of calendar year 1978), it

T6
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Table 2'2. COMI'IERCIAL READINESS FACTORS AND INDICATORS

Solar Technology/ Application : Central Wind Systems/Large Utllities

Commercial Readiness Factors
Associated Indlcacors

Factor
Weight

(Sca1e: 0-1)

Indicator
Weight

(Scale: 0-100)

End-User Requirements
(Noneconornic):

o Availability of Financing
o Availabillty of Insurance
o WECS Mechanical Reliabllity
o Dispatch Techniques
o Availabillty of Wind Resource

Data
o Availabtlity of Responslve and

Reliable WECS-Specific Deslgn'
Installatlon, Spares, and
Maintenance Servlces

Producer Requlrements :

e Availability and Cos! of Capital
o ReEurn on Inves t,menE.

o Availabllity of Product Liability
Insurance

o Utility Rate Structures

Cost and Economics:

r System Installed Cost

Technology Requirement s

o Rotor Assembly
r Drive Train
o Yaw
o Tower Assembly
o Ot.her WECS Subsystens and

InstallaEion
o 0peraEion and ltlaintenance
o System Performance
r Transients

0. r0

0.08

0.24

0.20

100

l5
50
10

25
T6-0'

100
r0d-

20
l2
l0
l0
t2

6

20
10

T06'

15
10
40
10
10

15

L7
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TAbIE 2-2. COM'IERCIAL READINESS FACTORS AND INDICATORS (CONCIUdEd)

Solar Technology/Application : Central Wind Systems/Large Utilities

Commercial Readiness Factors
Associated Indicators

Factor
Weighc

(Scale: 0-l )

Indicator
WeighE

(Sca1e: 0-100)

Government Initiat,lves
o Federal Procuremenc Program
o Federal Wind Progran RD&D

Funding Distribution (Annual)
o Federal Funding Plans
o Federal Special Financial

Incentives for Producers
o State Special Financlal

Incentives for Producers
o Federal Special Financial

Incentives for Utilities
r StaLe Special Flnancial

Incentives for Utilities

Lega 1/ Ins E i tut iona 1 /Envi ronmental
Issues

r Television Signal Interference
r AestheElcs
o Noise/Infrasound
r 't'lind Rights
o Safety/LiabilitY Issues
o Land Use
o Utility Interconneclion Issues

Market Developnent

o ExtenE of Curnulative
i.{arket PeneEratlon

o Extent and QualitY of
Published Market
Development / lda rke t ing
Research Information

o Number of Central WECS

l,lanuf acturers
o Consensus Standards
o Industry, Professlonal,

and Trade Journals
r Strong, Respected, and Active

Trade Association
r End-User Awareness

U. I4

0.10

0. l4

3s
20

I5
7

3

t2

R

m'

5

5

30
l0
l0
25

T6T-

50

5

5

15

15m
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Determine the
Relative Weights
for Each of the
Seven Factors

For Each Factor,
Determine the

Best Set of
Commercial Readiness

Indicators

o For Each Application of lhe Solar Technology under Assessment:

Figure 2-3. Steps Involved in Specifying and Establishing Goals/Objectives
lor Commercial Readiness Indicators

Specify the
Within-Factor

Relative Weight
for Each
lnd icator

Specify a
Quantif iable

Goal/Objective
for Each
Indicator

ldentify Sources
of Information

for Assessing Each
Indicator Relative

to lts Goal/Obiective
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is viEal in perforrning the above-mentioned computat.ions Lo identify expllcitly
Ehe assessment time frame.

2.5.I Indicator Readiness (fnt; Rati4Sq

For each indicator, given iEs goal/objective, the lndicator readiness ratlng
is obtained by:

o Comparing the status of the indicator--as of the assessment time
frame--to its goal at commercial readlness

o Translating the difference between Ehe current staEus and the goal into
a numerical rating.

Hence, the indicator readiness rating (IRi) for indicator i is the quantita-
tive measure of how that indicator f?res--as of Che assessment tlne
frame--relative to 1Es goal/objectlve. Indicator readiness raElng has the
following properties:

o Scale: 0<IRi<l
o IR, = 0: no real progress has been made in attaining the goal-

objective escabllshed for indicat.or i-, as of the assessment tine frame.

r IR* = 1: the goal/objective esEablished for indicator i has been met

or-exceeded.

I 0 ( IR, ( t: some progress has been made in meeting the goal/objecEive
defined for indicator i.

r If 0 < IRi < I, then (1.0 - IR1) _represents the progress that, nust be

achieved in order to reach the goal.

The preclsion with which the indicaEor readiness ratings can be deEermined, as

well as the ease or difficulty ln performlng the compuEations' are directly
related Eo the ulanner in which Ehe goals/objectives are specified. Speciflca-
tion of a nunerical goal--where possible--for an indicator facllitates compu-

taEion of IR1 and increases its preclsion. For exanple:

o Indicator: number of central WECS rnanufacturers

o Goal specified for Ehe indicator at, commercial readiness: enEry of at
least, 507. of. the 10 largest producers of conventional generating equip-
nen! into the ruanufacLure and sale of wind systems

r Current status as of Ehe end of 1978: 2 of Ehe 10 largesE producers
manufacture and market wind systems for utility application

o Indicat,or readiness rating: since Ewo of five producers satisfy the
conditions stated in the goal, IR = 0.4

o progress yet to be aEtained: encourage at leasE three more conven-
tional equipment producers Eo begin wind rnanufacturing and narkeEing
ventures.

22
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Indicators for which qualitative goals/objectives have been establj"shed are
Che mosE troublesorae Eo assess precisely. By definition, if a goal is ex-
pressed qualitatively, it is eiEher meE or not met--hence, the indicator has a

readiness raging of 1.0 or 0.0. This problen is aroeliorated, however, if for
such indicators the readiness rating is used Eo express:

o Relative progress Lowards Ehe goal/objective' or
o The "qualit.y" of Ehe progress.

A hypotheEical example clarifies Ehis issue:

o Fact.or: Government iniEiatives
o Indicator: Federal Lax crediE Program for utilities
o Goal established for the indicator at commercial readiness: Establish-

meng of a nultiyear federal tax credit prograa providing at leas t a L07"

investmenE, Eax credit for uEillEies acquiring wind systens

o Indicator current status as of the end of 1978: No federal tax credit
program was ln effect. However, a tax credit bill--providing a L2% Ln-
vestment tax credit for utilities acquiring wind syst.ems between L978
and 1985--was approved by the llouse Energy Committee. The full House
is expected to consider the bill in late L979.

r Indicator readiness rating: IRi - 0.2

o Rationale for the indicator readi.ness rating: Although no legislation
was in effect, progress had been made in 1978 towards enacEment of such
legislation. Hence, the readiness rating provides a numerical measure
of progression towards the goa1.

In Ehe above exanple, different analysts rnight assign differenC readiness rat-
ings Eo ghe indicator because Ehe goal is qualiLatively expressed. I{owever,
the exact value is not particularly important. The irnportant issue is thaE
E.he goal has not been met. During the current fiscal year, efforts must be

devoted to aE,taining it. A1so, if the exaeE value of the rating were irnpor-
tanE, its impact on the CRI figure of merit could be easily assessed via a

sensiEivity analysis.

Table 3-3 (of Section 3.3) shows examples of indicator readiness rat.ings.

2.5.2 Factor Readiness (FRi ) Rat,ings

For factor f, the factor readiness rating FRf (f = L,2, . ' 7) is the nu-
roerical measure of factor progress. It is c6mputed by summing Lhe producEs of
the indicator ratings and indicator weights:

L.r
FR-= f w. IR.t/11

.f '.

where
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FRt- --r 

= factor readiness rating for faccor f
i = ith indicator lncluded under factor f

wi = relative weight of che iEh i"dicator

' IRi = indicator readiness rating for indicator i

Lf = number of lndicators included under factor f'

The factor readiness racing has the following proPert,les:

o Scale: 0<FRf<100
o FR6 = 0: no progress Eowards commercial readiness has been made in any

of the indicators lncluded under factor f

o FRl = 100: all indicators associated with factor f neeE or exceed
Eheir goals/ob jectives.

If FRr < 100. there are indicators assoclated with factor f for which

IR{ # i.O. Hence, efforrs should be devoted to achleve the goals established
foi such indicators.

2,6 COMPUTATION OF TIIE CRI FIGURE OF MERIT

The figure of merig (FOM) entered into the CRI equation is derived from the
seven facEor readiness ratings as described ln Section 2.5:

7

CRI figure of meriE = t t.If FRf
l-

where

f = factor number

IJf = relative weight assigned to the fth factor

FRt = factor readiness rating for the fth factor'

The cRI figure of meric has the following characterisEics:

o IL represents an overall neasure of commercial readiness that embraces

all players and issues that determine or faciliEate commercialization

o Scale: 0-100
o CRI figure of merit = Q if and only if each of the seven commercj-al

readiness factors have zero readiness ratings

r CRI figure of nerit = 100 only if Ehe readiness rating for each factor
is I0o, implylng thaE the goal/object,ive esEablished for every
indlcator has been met or exceeded'

z.+
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2.7 CRr RATTNG AND CRr EQUATTON

For any solar technology/application, the CRI rating is a function of:

r CRI figure of merit
o Tlme.

cRr(rrJrKrtrFoM) =

where

TR-520

r00

solar technology (e.g., central wtnd)

conventional competition (e.g. r gas turbine generat,or)

applicaEion (e.g., generaEion of electric power)

time at which commercial readiness is being assessed (e.9.,
r978)

= CRI figure of merit

= Eime at which CRI equals some reference value CRI'

= scale factor

= Eime constanL.

and characteristics of the CRI ratlng and CRI equation are des-
Section 2.3.

I

J

1'
N

t

FOM

l--o

d

B

Properties
cribed in

2.8 CRA }{ETHODOLOGY: SUMMARY

As nentioned earlier, the SERI (T.A methodology consists of a structured frame-
work and a computational algorithrn. The major steps involved in applying it
$rere presented in Sections 2.3 through 2.7, Ttre following is a summary of the
methodology.

For a given solar technology, utilization of the methodology requires:

r Specification of all appllcations/markets of interest--CRl ratings are
generated for applications/markets, and not for a solar Eechnology

(F0M). ex

+ c . (FOM)
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o Specification of t.he time snapshot (e.g., end of calendar year l97B)
covered by the readiness assessment.

For each application, t,he principal steps involved in generating the CRI rat-
ing are as follows:

l. Speclfy welghts for Uhe seven commercial readiness factors:

- End-user requiremenEs

- Producer requirements

- Costs and economlcs

- TechnologY requlremenEs

- Government initiatives
' LegaL/instituEional/environmental issues

- Markec develoPnent.

2. For each factor, speclfy and asslgn weights to all applicable conmer-
cial readiness tndicators.

3. For each indicator identified in sLep 2, specify a goal/objective
(preferably numerical) at commercial readiness.

4. For Ehe Ei1ne period covered by the assessment, determi.ne--qualitatively
and quantitatively--the current status of each indicat,or relative to
its goal/objective.

5. For each indicator, EranslaEe the current status findings of step 4 in-
to a numerical lndlcaEor readLness rating IR1 where:

- 0<rRi<1
- IR; = Q indicaEes thaE no significant progress has been made in

acfrieving che goal/objective esEablished for indicator i

- IR, = 1 indicates Chat the goal/objecEive specified for indicator i
has been met or exceeded.

6. Using the indicator readiness ratlngs developed in step 5, compute the
facEor readiness ratings:

trFRf = lw-IR-
I

where

FRf = readiness rating for Ehe fth factor

f = fact,or number (f = LrZ, . , 7)

i = indicator ntrmber

wa = relative weight of Ehe iEh indicator associated with the fEh
factor.

=EI'O
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7. From the factor readLness ratlngs generated in step 6, compute the CRI
flgure of merit (fOM)

r
FOM - | r^lgFR1

f

where

wf - relative welght of the fth factor
FRf ' readl.ness rating for the fth factor.

8. Specify values for the con8tants appearing ln the CRI equatlon.

9. Compure the CRI ratlng for the subJect solar technology/appllcatLon by
enterlng the CRI figure of merit developed ln step 7 lnto the CRI
equatl.on.

27
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SECTION 3.0

EXAMPLE OF APPLICATION OF THE CRA METHODOLOGY:

CENTRAL WIND SYSTEI4S/LARGE UTILITIES

This sect,ion provides an example of utilizatlon of the CRA methodology: as-
sessmenC of the commercial readiness of wind machines for generating electric-
iEy by large uriliries. See SERI report TR-43I-368 tIl for a complete
assessmenC.

3. I CENTRAL I^IIND SYSTEMS/LARGE UTILITY I{ARKET: I.{ACRO DESCRIPTION

o Large utiliEies: public, inveslor-owned, and eooperat.ive elecEric com-
panies havlng a peak demand greater than 10 l'fl'I

. Competiglon for wind systems: lntermediat,e and peak load conventtonal
generatlng equlPment:

Dtesel

Gas turbine
0il

o Assessroent time Perlod: as of the end of calendar Year L978.

For large ur,ilities, the DOE/NASA MOD-2 wind machine was selected as the ref-
erence system. Prime conLracEor for Ehis rnachine is Boeing Engineering and

Construction Company. Major M0D-2 characteristics are as follows:

o Rated power: 2500 kl^/ aE a wind speed of 27.7 nph

o Axis: horizontal
o Propeller type: cwo-bladed

o Rotor diameter: 300 ft
o Cut-in wind speed: 14 rnPh

o Cut-out wind speed: 45 urPh

o Tower height: 200 ft at Ehe hub

r Torver construction: 150 ft long, lO-ft diameEer cylindrical sEeel
tube, flaring out co 2l ft at Ehe base.

For Ehe one hundredth machine, the DOE/NASA goal is generat.ion of electricity
at a cost of less than $0.04/kWh.

Utilities are expected to enploy wind roachines in farms consisting of at least
five rnachlnes. SERI exanined commercial readiness on the basis of wind farms
of. 25 MOD-2 nachines. Figure 3-1 deplcts the wind farm configuration. The 25

machines are organized into five-machine clusters. The spacing between ma-

chines is at least 10 rotor diameters. Each machine incorporates a steP-uP
transformer that increases the output voltage to 13.8 kV for t.ransmission to a

cluster substation.
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Wind farm cost elements include:

r t'lind machines
o TransportaEion of machines to siEe
o Land acquisitlon
o Land preparation
o l,Iind machine installation
o Transformers
o Substatlons
o Safety sysLems and equipment
o Power condlEioning equipment.

3.2 COMMERCIAL READINESS FACTORS AND INDICATORS: RELATIVE WEIGHTS

Table 3-1 shows each of the seven factors and thelr associaEed Lndicators.
Factor and indicator welghts are also shown. The bases for the weights are as
follows:

o Factor and indicator analyses by the SERI project staff
o Factor and lndicator revi.ews by:

- Other SERI branches
- Representative producers
- Representative rrtilit.ies.

3.3 CoMMERCIAL READINESS IMICAToRS: GOALS/OBJECTIVES AND MTIoNALES

For each of the seven factors, Tables 3-2 through 3-8 show:

o Associated indicators
r Goal/objective established for each indicaLor at co{umercial readiness
o Rationale(s) behind the goals/objectives.

For the cenEral wind/large utility appllcation, commercial readiness is a

funcEion of 41 indicators. Appendix A shows the current sEatus of each indi-
cator relative to iEs goal, as of the end of 1978.

ralhen the sec of indicators was inittally developed some indicators were in-
cluded several tlmes, appearing under more Ehan one factor. For exanple, in
addition Eo the four indieators llsted in Table 3-1 under "Producer Require-
mentsr" other issues of extreme importance Eo producers were:

o Federal financial incenti-ves for end users
o State financial lncent.ives for end users
o Federal financial lncentives for producers
o State financlal incentlves for producer's
o UEility interconnection tssues
o Federal procurement Program.

Producers recommended, for example, that Congress authotLze and fund a federal
cengral wind procuremenE program. For such a program, the Federal Government
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Table 3-1. COMMERCIAL READINESS FACTORS AND INDICATORS: RELATIVE
WEIGHTS

Solar Technology/Application : Central Wind Systerns/Large Utilities

Comrnercial Readiness Factors
AssociaEed Indicators

Factor
'vleight

(Scale: 0-i)

Indicator
Weigh e

(Scale: 0-100)

End-User Requirements
(Nonecononic):

o Availability of Flnancing
o Availabllicy of Insurance
o WECS Mechanlcal ReliabilitY
o Dispatch Techniques
o Availability of l^Ilnd Resource

Data
r Avallability of Responsive and

Reliable tr^IECS-Specif ic Design'
InsEallation, Spares, and
.r4aintenance Servi ces

0.10

0.08

15
10
40
10
l0

15

Tob-

25
Lt-

Producer Requlreroent s :

o Availability and Cost of
. Return on Investmen!
o Avallability of Product

Insurance
o Uttlity Rate Structures

CosE and Economics:

o Systern Installed Cost

Capital

Liabilicy

l5
50
t-u

Technology Requirements z 0.20

o Rotor Assembly
r Drtve Train
o Yaw
r Tower ^Assenbly
o Other WECS SubsysEerns and

Installatlon
o Operation and Maintenance
o System Performance
o Transients

100
t0T'

20
I2
l0
10
L2

6
20
l0

T6-d
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Table 3-1. COMI'{ERCIAL READINESS FACTORS AND INDICATORS: RELATIVE
WEIGIITS (concluded)

Solar Technology /Appli cat ion : Central Wind Syscems/Large Utilitles

Cornmercial Readiness Factors
Assoclat,ed Indicators

Factor
Weight

(Scale: 0-1 )

Indlcator
WeighE

(Sca1e: 0-100)

Government InitiatLves :

o Federal Procurement Program
o Federal Wind Progran RD&D

Funding Distribution (Annual)
o Federal Funding Plans
o Federal Speclal Financial
o IncenElves for Producers
o State Speeial Financial

Incentlves for Producers
o Federal Speclal Flnancial

Incentives for Utllities
o Scate Special Financial

Incentives for UtiliEles

Lega 1/ Ins t i tut ional/Envi ronmental
Issues:
Television Signal Interference
Aesthetics
Noise/Infrasound
Wind Rights
Safety/Liability Issues
Land Use
Utility InEerconnect.ion Issues

Markec Development: 0. f4

o ExtenL of Cumulative
i'Iarket Penet,ratlon

o Extent and QualiEy of
Published i,larket
Development/l,ta rke t ing
Research InformaEion

o Number of Central WECS

idanuf acturers
r Consensus SEandards
r Industry, Professional,

and Trade Journals
r Strong, Respeeted, and Active

Trade .Associatlon
o End-User Awareness

a
o
a
a

o
o

a

0. I4

n 1n

35
20

I5

7

3

L2

8

ToT-

15
5

5

30
i0
10
25

ffi-

qn

5

i5

5

l5
T6n-
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would commiE. to acquiring a specified quanEity of wind machines for integra-
Eion into federal or quasi-federal elecLric systems.

However, the above indicators are not unique Eo producers--Ehey relate also Eo

end-user requirernents and federal initiatives. Ilence, Ehey are not included
under "Producer Requirernents." The raEionale behind chis approach is to mini-
mize duplication of indicators. This principal was applied to all facEors.
I{ence, it was possible to reduce the total number of indicators from 53 to 41.

3.4 RANK ORDERING OF THE COMMERCIAI READINESS INDICATORS

Table 3-l shows Ehe relative weights assigned Eo Ehe factors and Ehe wiEhin-
factor relaEive weights assigned to che 4l indicators. I^lich overall relative
weighc as the measure of importance, Ehe 10 nost important indicators are
shown in Table 3-9. For each indicaEor, the overall relative weighE was com-
puted by multiplying the indicator welght by the factor weight.

Co11ective1y, these l0 indicators relaEe to end-user and producer require-
nents, as well as actlons Ehat should be taken by the Federal Government.
Consequently, if the government desires to accelerate central wind commercial
readiness/comnercialization, it should sponsor prograns directed at meeting
Ehe goals/objectives esEablished for the l0 best indicators.

3.5 FACTOR AND INDICATOR INTERR.ELATIONSHIPS

The seven commercial readiness factors are inEerdependent. For exanple, "So-
lar Energy Costs and Economics" is a function of "Technology Requirenents. "

Qther things being equal, the best way Eo improve a system's economics is Eo

irnprove iLs Eechnical performance. Similarlyr "Covernment Initiatives" func-
tion Eo rneec "Producer Requireraents r " "End-User Requi.rements (Noneconornic) , "

and "Economic Requirernents. "

Commercial readiness indicators also exhibit inE.erCependencies. For example,
many dependencies exist beEween the l0 most important indicators shor,rn in
La Dl.e J-v.

Among chese inEerrelationships are:

r "system installed cost"--the single aosE import,ant indicator--is a

function of "system performancer" "rotor assemblyr" and "WECS mechan-
ical re1iabi1ity." I{owever, if the sysEems economics is atcraccive buE
"wind rights" issues are unresolved, utilities will not buy it.

r "Cunaulative market penetration" goal is attained only if the "system
installed cost" goal is atEained. Initially, one ineehod for stimu-
lating curnulaEive markeE peneEraEion is a "federal procurement
Program. "

o "Return on investment," a crucial issue for producers, is interrelated
with "cumulative market penetration" and "federal procurement Program. "
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TAbIE 3'9. R]\NK ORDERING OF TT{E COI'fi"IERCIAL READINESS INDICATORS:
IO MOST IMPORTANT

So lar Technology/Application : Central Wind Systerns/Large Utilities

Commercial Readiness
Indicator

Factor With Wttlch
Associated

IndicaCor
Overall
Weight

System Installed Cost
Cumulative Market PeneEraEion
Federal ProcuremenE Program
Systen Performance
Rotor Assembly
Ret,urn on Inves Ement
Wind System Mechanlcal

Reliability
Wind Rights

Federal Wind Program
RD&D Funding Distribution

Utllity Interconnection Issues

CosEs and Econonics
i.{arket Development
Governnent InitiaEives
Technology Requiremencs
Technology Requirements
Producer Requirements
End-User Requirements
Nonecononic)
Legal/ Ins tiEutional/
Environmental Issues
Government Initiat ives

Legal/Ins titutional/
Environmental Issues

a
o
o
o
o
o
o

24.0
5.3
4.9
4.0
4.U
4.0
4.0

3.0

2.8

2.5
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Figure 3-2 graphically depicts
indicat ors.

several interrelationships among the

Factor and indicaLor inEerdependencies have ramificaEions with resPecE Lo fed-
eral programs sponsored to accelerate cent.ral WECS commercial readiness. It
is more cost effective for DOE if it formulaces and implements commerciaLLza-
tion programs designed to achleve the goals defined for inportant commercial
readiness indicators having a large aultiplier effect (i.e., a large number of
int.erdependencies). For example, Fig. 3-2 shows that a conrprehenslve, care-
fully planned roultiyear federal procuremenE program will facilitate attainment
of the goal defined for Ehe following indicaEors:

o CumulaEive rnarket penetration
o Return on invesE.menE
o System performance
o System installed cost.

3.6 FACTOR AND INDICATOR COMMERCIAL READINESS: QUANTITATIVE ASSESSMENT

For each commercial readiness factor, Tables 3-10 chrough 3-16 show quantita-
t.ively Ehe current stalus--as of the end of 1978--of each constituent indica-
Eor relaEive t.o its goal/objecEive.

Analysis of the cables show EhaL no progress had been made in attaining the
goals seE for the following nine indicators:

o Utility raEe structures
o Federal financial incentives for producers
r Federal financial incentives for utilities
o State financial incentives for producers
r Television signal interference
o l^Iind rights
. UtiliEy interconnecEion issues
o Cumulative market Peoetration
o Consensus standards.

Of Ehese 9, 3 are among the l0 mosE inportanE as described in Section 4.3:

o Cumulative rnarket PeneEraEion
o I,lind rights
r UEility interconnecEion issues.

For Ehis applicacion there are no indicaEors for which the goal has been corn-

pletely met or exceeded.

Table 3-17 shows t.he readiness ratings for each of the seven factors and the
overall commercial readiness figure of rneriE. for the central l^tECS/large util-
ity applicaLion:

5l
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o Commercial Readiness Figure of irlerit = e D f FRgtrll

f = fEh Commercial Readiness Factor (f = l, 2, ', 7)

FRf = Factor readiness for the fth factor

W; = Relative weighE of the fth factor'

Table 3-17 shows that,:

o 0vera11, the commercial readiness figure of merit for
WECS/laige utilities appllcatl'n is approximately 34. I
possible 100.

I "Solar Energy CosEs and Economics"--the facLor having Ehe greatesE re1-
at,ive weighi--ts the fact.or ln which Ehe great,est progress towards com-

rnercial readiness has been made'

r '.Legal/Institutional/Environmedtal Issues" has atLained Lhe least prog-
ress. In terms of relative importance, it ranks next to last. This
result is not surprising slnce, traditionally, legal and instiEutional
issues do not arise until significant market penetration develops.

3.7 CRI MTINGS FOR TITE CENTRAL WECS APPLICATION

For the subject central WECS applicaEion the CRI enrration i5 g'irren by:

cRr(r,FOM) = 100

where

is expecE.ed tot^ = 2000 (i.e., the year in which rnarkec penetration
" take off)

c = I.1 (scale factor)

B = 5.25 (time cooscant)

FOM = Commercial Readiness Figure of i{erit

t = 1978 (i.e. 
' assessmenE Year)

the central
out of a

int,o the aboveInserting the CRI figure of merit developed
equation, the following result is obtained:

o For large utilities, GI (1978,34'1) =

in Section 3.6

4J.+

I + (1.1) . FOM' exp

L
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Code:
+ Posillve Change/lncreace
- Negallve (but Desirable) Change/Decrease

Rotor
Assembly

WECS
Hardware
Reliability

Figure 3-2. Examples ol Inter-Relationships
lndicators and the Nature of the

Between Commercial Readiness
lnter-Relations
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Table 3-10. FACTOR

So lar Technology/AppIicat ion :

Factor: End-User Requirements

READINESS RATING COMPUTATION

Central Wind Systerus/Large Utilicies

(Noneconomie)

Indicators
Indicator

Weight

Indicator Current
Status Rating Weighted

Relative to Goal Indicator
(Scale: 0-I ) Rating

AvailabitiEy and Cost of
Capital

Availabllity of Insurance
taIECS Mechanical Reliability
Dispatch Techniques
Availability of Wind

Resource Data
Availabllity of ResPonsive

and Reliable Central
WECS Specific Deslgn'
Installation, Spares, and
Maintenance Services

15

10
40
10
10

l5

0.8

0.2
0.3
0.1
0.1

0.5

rt n

rt n

1.0
1.0

7.5

FR = L (r.rleighted Indicator Raeings)1 = 35'5 out of 100'
i -lI-I

Table 3-1 f. FACTOR READINESS MTING COMPUTATION

Solar Technology/Application: Central Wind Systems/Large Utilities

Factor: Producer Requirements

Indicators
IndicaEor

WeighE

Indicator Current
Status Rat.ing

Relative Eo Goal
(Sca1e: 0-l)

Weighted
Indi cat or

Rating

Availability and Cosc of
Capital

ReEurn on Investment
Availabllity of Product

Liabiltty Insurance
Utility Rate St.ructures

l5

50
10

25

nt

u.l
0.7

0.0

10.5

7.0

0.0

FR = I (Weighted IndicaEor Ratlngs)i = 22.5 out of 100'
:. -1r-t

)4
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Table 3-12. FACTOR READIi'IESS RATING COMPUTATION

Solar Technology/Application: Central Wind Systens/Large
Utillties

Factor: Solar Energy CosEs and Econonics

Indicators
Indicator

Weight

Indicator CurrenE
Status Rating Weighted

Relacive to Goal Indicator
(Scale: 0-l) Rating

Svstem Inscalled Cost 100 0.6 60.0

FR=I
i=1

(Weigtrted Indicator Ratings)r = 60.0 out of 100.

Table 3-13. FACTOR

Solar Technology/Application:

Factor: Technology Requirements

READINESS RATING COMPUTATION

Central Wind Systems/Large Utilitles

Indicators
Indicator

Weight

Indicator Current
Status Rating

Relative to Goal
( Scale: 0-l )

Weighted
Indicator

Ratlng

Rotor Assembly
Drive Train
Nacelle
Tower Assembly
Other tnIECS Subsystems and

Installations
0&M
System Performance
Trans i.ent s

20
L2
l0
ln
T2

6

20
l0

0.3
0.5
0.6
0.9
0.5

nt
U.J
0.r

6.0
5.0
6.0
9.0
6.0

1.2
6.0
1.0

FR = I (weigtrted rndicator Racings)1 = 41.2 out of tOO.
i=1
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Table 3-14. FACTOR

So lar Technology/ -{pPlicat ion:

Factor: Government Initiatives

READINESS MTING COMPUTATION

Central l^Iind Systerns/Large Utilities

Indicators
IndicaLor

Weight

Indicator Current
Scatus Rating Weighted

Relative to Goal Indicator
(Scale: 0-I ) Rating

Federal ProcuremenE
Program

Federal tlind Program R&D

Funding Distributive
( Annual)

Federal Funding Plans
Federal Financial

Incentives for Producers
St.ate Financial Incentives

for Producers
Federal Financial Incentives

for Utilitles
State Financial Incentives

for Utilities

35

20

nl

0.1

3.5

2.0

9.0
0.0

0.0

0.0

0.8

t5
1

3

L2

R

0.6
0.0

0.0

0.0

0.1

FR = I (IJeighted rndlcator Ratings)i = l5'3 out of 100'
i=l

Table 3-15. FACTOR READINESS RATING COI"IPUTATION

Solar Technqlogy/Application: Central Wind Systems/Large Utilities

Factor: Legal/Institutional/Environmental Issues

I ndicat ors

Indicator Current
Status Racing

Indicator
Weight

WeighLed
Relative to Goal

(Scale: 0-I)
Indicator

Rating

Television Signal
Interference

Aesthetics
Nois e / Inf rasound
l.lind Rights
Saf ety/Liability Issues
Land AvailabilitY and Use
UtiliEy Interconnection

Issues

l5

5

5

30
10
10
25

u.u

0.2
0.2
0.0
nt
nt

0.0

0.0

1.0
1.0
nn
tn
1.0
0.0

FR= L
r-t

(weighted Indicator Ratings)i = 5'0 out of I00'

)o
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Table 3-16. FACTOR READINESS RATING COI'IPUTATION

Solar Technology/Applicatlon: Central l^lind Systeros/Large Utilities

Factor: Markec Development

TR-520

Indicators

Indicat.or Current
Status Rating Weighted

Indicator Relative to Goal Indlcator
WelghE (Scale: 0-l) Rating

Cumulative Markec
PeneErat.ion

ExtenE and Quallty of
Published Market
Development/Re search

Number of Manufacturers
Consensus Standards
Industry, Professlonal,

and Trade Journals
SErong, Respected, and

Active Trade Association
End-User Consciousness Level l5

50 0.0

0.1

0.5
0.0
0.8

0.8

0.6

0.0

0.5

t.)
0.0

4.0

9.0

5

r5
5
5

5

FR = I (weighted Indicator Ratings)1 = 25.0 out of 100.
i=l

Table 3-17. C0!1PUT.A,TI0N oF CRI FIGURE 0F UERIT

Solar Technology/Application: Central Wind Systens/Large
Ut ilities

Y"*r 1978

Factor hleighted
Commercial Factor Readiness Factor

Readiness Factors Weight (Scale: 0-1) Readiness

End-User Requirenents 0. I0
(Noneconouric)

Producer Requirements 0.08
Solar Energy Costs and 0.24

Economlcs
Technology Requirements 0.20
Government Initiatives 0. 14

0.10

U. I+

35. 5

22.5
60.0

4t.2
r5.3
5.0

25.0

3.6

1.8
t4.4

8.2
2.1
0.5

3.5

Legal/InstlEutional/
Environmental Issues

l{arket Development

r
CRI FOM = L (Weighted Faetor Ratings)s = 34.1 out of 100.

t- l
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3.8 EXAMPLES OF SENSITIVITY ANALYSES

3.8. t CRI Sensitivit,y to Commercial Readiness Figure of Merit

For rhe central WECS/large utilitles application, the Commercial Readiness
Figure of l{erlt was deternined to be 34.l--giving a 1978 CRI rat,ing of.43.4.

In Section 3.4 it was shown that,, on the basls of overall relative weightings,
the 10 most irnportant indicators are:

c System lnsta11ed cosc
o Curnulative markeE penetration
o Federal procurenenL prograrn
o System perforruance
o Rotor assenbly
o Return on investmenE
o WECS mechanical reliability
o \^Iind rights
r Federal wind program RD&D funding distributlon
o Utility interconnection issues.

Suppose that in 1978, the goals established for the l0 ruost inportant lndica-
tors had been met, or exceeded--each Eherefore having a readiness rating of
1.0. If a1l other indicators retained their 1978 readiness raE,ings, the over-
all Commercial Readiness Figure of MeriL would be 70.9, as shown in
Table 3-18. Using thls value in the CRI equation leads to a commercial
readiness rating of 50.6. Consequently, attainment of t.he goals defined for
the l0 most inporEant indicators:

o Increases the Commercial Readlness Figure of Merit from 34. I to 70.9
(an increase of l08Z)

r Increases the CRI fron 43.4 to 58.4 (an increase ot 35%).

3,8.2 CRI Sensi

cRI.".ilfuncEionofEheCommercia1ReadinessFigureof|,1eritandthe
time at whlch Ehe assessment is performed. The CRI equation ls calibrated to
ghe governing rnarkeE, penetration curve--markeE penetrat,ion being a funct.ion of
t,ime. I{ence, for a given Commercial Readiness Figure of l'leriE, the CRI rating
increases as the Eime is approached at which Ehe rnarket is expected Eo Eake

off.

Examples of the sensitiviEy of Ehe CRI rating for the central I^IECS/large util-
ities application to Eine are as follows:

e In L978, the Commercial Readiness Figure of l{erit of 34.1 led Eo a CRI

raring of 43.4. If the assessment had been performed in 1985, the CRI

raEing would have been 58' l '

r Assuming the goals established for che i0 most importaai indicaEors
rirere met, the 1978 Cornnercial Readiness Figure of Merit of 70.9 would
give a CRI racing of. 7 7.8 in 1985.
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Table 3-18. COMI'IERCIAL READINESS FIGURE OF MERIT/SENSITIVITY
ANALYSIS

Solar Technology/Application: Central l,Iind Systeurs /Latge
Utllltles

Y".rt 1978

Conmercial
Readiness Fact.ors

Factor
Weight

Fact,or
Readlness

(Scale: 0-l )

Weighted
Facto r

Readiness

End-User Requirements
(Noneconomic)

Producer Requi.rements
Solar Energy Costs and

Economlcs
Technology Requirements
Government Initiatives
Legal/ Insti tutional/

Envlronmental Issues
Market Development

0. r0

0.08
0.24

0.20
0.14
0.10

0.14

66.5

67.5
100.0

54.0
60. 3
60.3

68.5

6.65

5. 40
24.00

10.80
8.44
6. 00

9.59

cRr Fot{ = f
f=1

(weighted Factor Ratings)6 = 70.9 out of 100.
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APPENDIX A

CENTRAI WIND SYSTEI4S/LARGE UTILITIES

COMI{ERCIAL READINESS ASSESSMENT :

QUALITATIVE ANALYSIS
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SECTION 1.0

INTRODUCTION

Two of the central tasks in applying the SERI commercial readlness assessment
rnethodology are Eo:

o Deterrnine qualitatively and quantitatively the current status of each
indicator relative to 1ts goal/objective

o Translate the assessments above for each indicator into an indicaEor
readiness rating IR1 (i = I, 2r. . . , I)

This appendix provides the qualitative assessments--as of the end of calendar
year 1978--assessing the commercial readiness of central wlnd systems for gen-
erat,ing electrlcity by large utilitles.

SECTION 2.0

QUAL ITATIVE ASSE S S},IENTS

For eaeh of the subject indicators, Tables A-1 through A-41 show:

o FacEor wlth which Ehe indlcat,or is associated

o Goal/objective established for Ehe indicator aE commercial readiness

r Qualitative assessment of t,he currenE status of the indicat.or relative
to iEs goal/objective.

A-1
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TAbIE A-I. SOLAR TECI{NOLOGY COMMRCIAL READINESS ASSESSI"IENT

Solar Technology/Application: Central tlind Systerns/Large Utilities

Factor: End-User RequirenenEs (Noneconomic)

Indicator: WECS Mechanical Reliability

Indicator Goal/0b jective :

o WECS mechanical reliability ar least equal to thaE for a conventional coal-
or oil-fired plant.
- WECS availability of at leas t 901l

Current SE,atus of Indicator:
As of 1978, no statlstically validated data base existed regarding the long
term reliability of central wEcs having Por^ter ratings in the range 200-
2500 kW. The only published data regarding the reliabl1lty of large wlnd
nachines relates to the DOE/NASA MOD-0A machine (200 kt{) at Clayton, N. Mex.

According to Glasgow and Robbins, between l4arch 1978 and January L979 the
Clayton MQD-OA sustained three extensive shutdowns tocalllng 50 days out of
an operating period of 301 days. Problems included blade weakness and gen-
eragor bearing failure. The blade was removed and returned Lo the factory
for strengthening, and remounted.

Excluding the blade change, during its first 10 rnonths of operation, the
availablliEy of the Clayton I'iOD-OA increased from 70% initially to 90%. If
Ehe Eime for the blade change is included in the availabllity calculations,
average avallabilicy for Ehe machine during the l0-rnonEh period was about
ov/" .

Since the MOD-OA is an experimental machine-having been in oPeration only
for the last l0 rnonths of 1978--rnuch uncertainty exists regarding the long
terrn mechanical reliability of irrECS used t,o generate Power cornmercially.
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Table A-2. SOLAR TECHNOL0GY COI&IERCIAL READINESS ASSESSIGNT

Solar Technology/ApplicaEion: Central Wind Systems/Large Utilicies

Factor: End-User Requirernenrs (Noneconomic)

IndicaEor: Availabilitv of Capital

Indicator Goal/Ob jective :

I Capital available t,o utilities
at rates approximately equal Co

equipnnent

from tradicional sources (or mechanisms) and
those for acquiring conventional generating

Current SE.atus of Indicat.or:
o Analysis of electric utility capital acquisition and formaEion showed the

utilities
- Generate 407" of t.heir capital needs internally
- Acquire 60% of such needs externally (e.9., capital stock, bonds, commer-

cial banks).

o SERI survey of representative investxcent banking firrns (Merrill Lynch; Smith
Barney llarris Upham and Cornpany, and SEif el Nicolaus and Cornpany) showed
that the availability and rates on utility bond and s Eock issues depend
largely on Ehe financial health of Ehe firm. A typical triECS project would
have liEtle overall impact on Ehe perceived financial strength of a utility.

r The Rural Electrification Administration and che Cooperat.ive Finance Corpor-
ation, which provide financing and loan guarantees for cooperaEive ucili-
Lies, have no sEat.uEory restrictions against Ehe financing of wind sys-
tens. Loan approvals or guaranEees for such projects would Cepend largely
upon satisfaction of the usual technical and economic criEeria.

o According to representative public and privaEe utiliLies and cognizanE. con-
sulcing firrns approached by SERI, the availability of municipal bond funds
is no problem; however, the bond rat.e cannoE be predicted easily.

r Consequently, for large and srnall utilities, financing would be readily
available through conventional mechanisrns. As of L978, no uEility had fi-
nanced a wind project. I{owever, the availability of nondiscriminatory
financing is uncerEain.
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Table A-3. SOLAR TECHNOLOGY COI'O{ERCIAL READINESS ASSESSMENT

Solar Technology/Applieation: Central Wind Systems/Large Utilities

Factor: End-User Requirements (Noneconomic)

Indicator: Availability of Property and Liability Insurance

Indicator Goal/Objectlve :

o I^IECS property and liability insurance available to utilities fron
tradirlonal insurers and at, rates comparable to t.hose for conventional
generating equiPmenE

Current SEatus of Indicator:
r As of 1978, utllity insurers had no systematic casualty and liabiliEy exPe-

rlence wiLh central wind systems.

o SERI analysis of property and liability insurance patterns in the electric
utillty industry showed Ehat many large companies self-insure Ehemselves
against property daroage. For such utilities the availability of property
insurance is academic.

. Utilities acquiring experimental and demonstraEion wind rnachines have been
able to obt,ain property and liabiliEy coverage on thern under exist.ing insur-
ance policies. Examples of such utiliries include:

- Clayton l{unicipal ElecEric SysEem

- Pennsylvania Pcr,rer and Light
o Of t5 large insurance companies responding co a survey of the lndustry

regarding properEy and liability coverage for utiliEies thaE acquire wind
rnachines conducced by C. S. Draper Labs in 1978, only one--Aetna Life and
Casualty-lndicaced that it was willing to provide coverage. However' rates
were not addressed.
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TAbIE A-4. SOLAR TECI1NOLOGY COMMERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central Wind Systems/Large Utilities

Factor: End-User Requirements

Indicator: Availability of a Responsive, Reliab1e, and Experienced I'IEC-

Spec-rc Design Installation, Parts, and Maintenance Services

Indicator Goal/0bjective:
o Entry of 502 of the largest producers of conventional generating equiprnenE

into the producEion of central wind systems

o Entry of. 50% of the 10 largest utility A&E firms into central WECS design

CurrenE SE,atus of Indicator:
o According to EPRI, the following firms produce 907. of t,he conventional

generating equipment, purchased by utilities
- General Electric - J.R. McDermott (Babcock &

Wilcox)

- Westinghouse - Allis Chalmers

- CombusEioo Engineering - FosEer and Wheeler

r Of the six firms, only General Electric and Westinghouse have wind ven-
tures. I{owever, failure of more of the above firms Eo invest in central
WECS technology is somewhat compensated for by Ehe entry of other firros;
€.g.1 Kaman Aerospace, Loekheed California, Boeing, United Technologies' WTG

Energy Systems, and Bendix.

r Both General Electric and West.i-nghouse plan to use their existing field
service networks to support their I.IECS customers.

o As of L978, none of the 10 largest A&E firms catering to Ehe utillcy indus-
Ery were involved in wind farm design or consErucEion activicies.

o According to a General Electric representaEive, GErs Installation and Ser-
vices Division will serve as a companyrs WECS A&E elernent.

r In summary, although no \^IECS design, installation, and construcEion acEivi-
ties are in progress, mosE of the mechanisms needed already exist. As Ehe

need arises, t,hey can be geared up to service the I'IECS industry.
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TAbIE A-5. SOLAR TECHNOLOGY COI'fi'IERCIAL READIMSS ASSESSMENT

Solar Technology/Application: Central Wind Systems/Large UEilities

Factor: End-User RequiremenEs (Noneconondc)

Indicator: Dispatch Techniques

Indicator Goal/Ob jective:

r Validated techni.ques and algorithms for the disPatch of I'IECS-produced elec-
tricity

o Utiliry planning models Ehat permit analysis of wind systems in the util-
ityfs mlx of generating equiPment

Current SEatus of Indlcator:
o As of 1978, no valldated operational teehniques and/or algorithms existed

for the economic dlspatch of electricity generaEed by wind machines.

o One limlted effort was in progress in 1978:

- Researchers ag |dchigan State Universlty rnodified Lhe Pennsylvania, New

Jersey, Maryland (PJl4) Pool dispatch simulation model to show the effects
of wind machines on the pool.

o Utility planning models t,hat permit analysis of wind systems in a utilityrs
mix of generating equipmenE do not exist.. Such models are expected to be

developed when operational dispatch Lechniques are developed.

o Lirnited efforts completed or in progress during 1978 relating E.o planning
rnodels :

- Argonne National LaboraEory examined the effect of inclusion of wind
nachines on a utiliEy's mix of generating equiprnenE and the impact of wind
sysEems on overall rellability and reserve requiremenEs.

- General Electric, in a study funded by EPRI, examined Ehe effects of wind
sysEems on loss-of-1oad probability for specific uEilities.

A-6



TR-520
5=?l ,O

Table A-6. SOLAR TECIINOLOGY COMMERCIAL READINESS ASSESSMENT

Solar Technology/Application: CenEral Wind Systerns/Large UtiliEies

Factor: End-User RequiremenEs (Noneconoruic)

Indicator: Availabilitv of Wind Resource Data

Indicator Goal/Objective :

r SystemaEic collection and cataloging of wind resource data, suit.able for
central WECS site identification, at the subcounty 1eve1 for the l0 sEates
having the greaEest central WECS narket potencial

Current Status of IndicaEor:
o As of 1978, wind resource data at the subcounty level and suitable for WECS

siting were not available nationally.
o The best available comprehensive national wind resource asses$trents are

those by:

- Sandi-a

- General Electric
- Lockheed.

Ilowever, f or rmny areas of Ehe nation, their results do not agree. One
reason for the discrepencies is Ehe current sEatus of the state of the art.

o Wind resource and prospectlng projects for Ehe purpose of identifying good
wind sites were underway in:
- Washington

- Oregon

- California
- Idaho

- Wyoming.
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TAbIC A-7. SOLAR TECHNOLOGY COMMERCIAL READINESS ASSESSMENT

solar Technology/Application: central systems /Large Utilities

Factor: Producer RequiremenEs

Indlcaton Availabillty and Cost of Capital

Indicator G oaV0 bjective:

r Capit.al available Eo central I^IECS producers from traditional sources (or via
tradiEional mechanisns) and at custoaary rates and terns

Current SEaEus of Indicator:

r Companies already involved in produelng ceotral trlECS and companies proposi'ng
to invest in central I,IECS technology fa1l inEo three major categorles:

- Well-capitalized, traditlonal producers of conventlonal electric gener-
ating equiprnent (e.g., Westinghouse, General Electric).

- I^Iell-capitalized aerospace and naterials firms that Percelve central WECS

teehnology as a new business venture (e.g., Boeing, ALCOA, Rockwell Inter-
national) .

- Recently founded firms having innovative cenEral WECS engineering concePts
and/or patents but extremely limited capital and plant and no field ser-
vice networks (e.g., WTG, Wind Power Systenns).

o Analysis of the financial health of the actual and poEential central WECS

prodrrcers falling in Ehe first E,wo categories showed that t.hese firms eiEher
h..r" capiEal or can acquire it from traditional external sources and at
customary raEes

- llowever, although Ehese firms have capital, analysis of their capltal
allocation procedures showed capital might not be available for central
I.JECS proposals . Central I,IECS venEures mus t compete with o Eher proposed

underLakings for available capital.
o Firms in Ehe last. category face problems in acquiring capital at reasonable

rates.
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Table A-8. SOLAR TECHNOLOGY COMMERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central Systems/Large UtlliEies

FacEor: Producer Requirements

Indicator: ReEurn on Investment

Indicator Goal/Ob jective :

o Annual return on investment (ROI) at least equal to the traditional average
annual ROI attained by producers of convent.ional generating equipment.

Current SEatus of Indicator:
r Average annual ROI attained by producers of convent,ional electric generat,lng

equl prnent: L4 .37"

o ROI Range: ll.8-I8.32
o As of 1978, large central I.IECS sales in the Unit,ed States were extremely

linited
- Cumulative installed unlts: six uniEs

- A11 sales have been for deroonstracions and feasibiliLy studles rather than
the comnercial product.ion of electric power.

o Producers were not willing Eo reveal to SERI either their ROI objectives or
Ehe degree to which they are aEtaining thern. Ilowever, since utilities have
not yeE begun to acquire wind machlnes for producing eleetricity commer-
cially, iE is possible Eo infer that producers are not aEtaining their ROI
objectives.
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Table A-9. SOLAR TECHNOLOGY COIOIERCIAL READINESS ASSESSMENT:

WIND EMRGY CONVERSION SYSTEMS

So1ar Technology/Application: Central Syscems/Large Utillties

Factor: Producer RequiremenEs

Indicator: Availability of Product Liability Insurance

Indicator Goal/Objective:
o ProducE liability insurance available t,o central I,IECS producers for t,radi-

tional insurers at rates and Lerms comparable to those for conventional
generatlng equipment producers or

o Multiyear federal product liability insurance progran

Current Status of Indicator:
o A SERI survey of representative product liability insurers showed that

product 1iabi1lty insurance is available to central ITECS producers via
traditional insurers.

r Since the insurance industry has no long-term product liabiliEy experience
with central wind rnachines, most insurers are writing policies providing for
retrospecEive rates.

o Product liability insurance with retrospeccive rates have Ehe followlng
characteristics:
- Initially, rates are either negotiated or established arbitrarily

- During che life of rhe policy, rates can be adjusLed up or down, depending
upon liability experience.

r Consequently, product liability insurance is available; rates are uncertain.
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TAbIE A-IO. SOLAR TECHNOLOGY COMMERCIAL READINESS ASSESSMENT:

I.IIND ENERGY CONVERSION SYSTE}'IS

solar Technology/Application: cenEral Systens/Large Utilities

Factor: Producer Requirements

IndicaEor: Utility Rate SErucEures

Indicator Goal/0b jective:
o FormulaEion and implenentaEion of utility rate structures favorable to

central wind systentsi in the 10 staEes having the greaEest cent.ral t'iECS

potential--raEes cognizant of:

- Fuel savtngs

- Wind capaciEy credit

Current St,atus of Indicator:
o lO states having Ehe greaEest central WECS narket PoEential (criteria: wind

resource, projeeted demand for eleetricity, availabllity of federal 1ands,
and cost of electricity):
- California - New }lexico - Utah

- I{awaii - New York - New HacPshire

- l.lassachuseE,ts - Oklahoma - Colorado

- Nevada

o As of ghe end of 1978, no state had formulated and implemented a utility
,raEe structure explicitly favorable to wind energy sysEems.
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Table A-11. SOLAR TECHNOLOGY CO|O'{ERCIAL READIMSS ASSESSMENT:

WIND ENERGY CONVERSION SYSTEMS

Solar Technology/Application: Central Wind Sysrems/Large Utilities

Factor: Costs and Economics

IndicaEor: Svstem Installed Cost

Indicator Goal/0b jective :

r System installed cost of $800/kW (1978 $) assurning:

- Irlind noachine utilization factor of. 44%

- Wind machine used prirnarily to rneeE intermediate and

- Costs are computed using Eraditional utillty costing

peak loads

procedures

Current Status of Indicator:
o On the basis of Boeing and NASA/Lewis engineering cost estirnates for the

second MOD-2, a wind farm of 25 rnachines has an expected normalized in-
stalled cosE of S1439/kW.

o Using the Eraditional revenue requirements utility planning model' this
normalized cost translates lnto a cost of electricity of $0.076/kWh assur
ing :

- Site having an average wind speed of 14 mph

- Machine eapacity facEor of 447"

- Fixed charge rate of I7i/..

o Since aL commercial readiness the goal for the subject indicator is $800/kW,
as of Ehe end of 1978, progress in attaining the goal is 56%.
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Table A-12. SOLAR TECHNOLOGY COMMERCIAL REA-DINESS ASSESSMENT

Solar Technology/Appllcation: Central Wind Syscems/Large UtillEies

TR-5 20

Factor: Technology RequiremenEs

Indicator: Rotor Assemblv

Indicator Goal/0b jective:
o Roror subsysLem cosr of $349,000 (1978 $) for the 1008h:'{0D-2

Current SEatus of IndicaEor:
o For the second !'t0D-2, Ehe roEor assembly cosE was $1,040,000 (1978 $).

llowever, to be consistent with the procedure used to deEermine Ehe cost of
the l00th MOD-2, additional cost of $168,000 must be included for testing
and factory checkout. I{ence, Ehe total rotor -assembly cost. for the second
U0D-2 is $1,208,000-, coopared to the goal of $349,000.

r As of the end of 1978, neither the first nor second MOD-2 was installed and
operating

o The MOD-2's rotor diameter is 300 ft. It will be the first U.S. machine
with an upwind rotor.

o 0n che basis of limiEed experience wich the I4OD-OA machines, facigue loads
on blades are expecEed Eo be severe. For example, the MOD-OA at Clayton,
N.Mex. susEained three 1- to 2-in cracks on the leading edges of its L25-Et
diarneter blades af t.er 1000 hours of operation.

r The second i{0D-2 has.steel blades. The 100t.h unit rnight have blades fabri-
cated from other materials (e.g., composites, wood).

o CurrenE rnachines (l,tOo-OA, I,ITG Energy Systems, MOD-I , eLc. ) ernploy rigid
hubs; the llOD-2 uses a teetered hub.
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TAbIE A'I3. SOLAR TECHNOLOGY COMMERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central Wind Systerns/Large Utllilies

FacEor: TechnologY Requlrements

Indicator: Drive Train (gearbox, generator, shafts' rotor brake)

Indicator Goal/Ob jective :

o Drive train subsystem cost of $402,000 (1978 $) for the 100th l"l0D-2

CurrenE, SEatus of IndicaEor:

o Exls ting DOE cent ral I.IECS (i. e . , MOD-O , l,lOD-OA, and MOD-I ) use conventional
transmissi-ons. The llOD-2 employs a corupact planeEary gear uni.t, giving lt a

gear raEio twice ehat of the l{OD-l.

o The MOD-2's generator is synchronous AC.

o For the second MOD-2, the drive Erain subsystem cost ls $6301000 (1978 $).
However, 1n order t,o be conslstent with the procedure used by NASA Eo com-

pute drive traln cbsEs for the lOoth MOD-2, addit,ional anaounts are needed:

$25,000 for electronics and $106,000 for factory checkout and testing.
Hence, tot.al drive t.rain cost f or Ehe second llOD-2 is $762,000, compared to
the goal of $402,000.

TAbIE A-I4. SOLAR TECHNOLOGY COIO'{ERCIAL READINESS ASSESSMENT

Solar Technology/Application: CenEral l{ind Systerns /Large Utilities

Factor: Technology RequiremenEs

Indicator: Nacelle (structure, shroud, hydraulic and yaw systems)

Indicator Goal/Objective:

I Nacelle cost of $195,000 (i978 $) for Ehe l00th MoD-2

Current StaEus of Indicator:
o For the second MOD-2, the nacelle subsystem cost is estimated Eo cosE

$190,000. I{owever for consistency with t0Oth unit cost goa1s, addieional
amounts of $90,000 for electronics and 945,000 for fact,ory checkout and

testing rnusE be added f or a t,otal cost of $325,000.
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Table A-15. SOLAR TECHNOLOGY COI'IMERCIAL READINESS ASSESST{ENT

Solar Technology/Application: Cencral Wind Systems/Large Utilities

Factor: Technology Requirenent.s

Indicator: Tower Assernbl-v

Indicator Goal/Ob jective :

o Tower cost of 1287,000 (1978 $) for Ehe 100th !10D-2

Current SEat,us of Indica tor:
o For t.he second i'{0D-2, the cost of Ehe Eower is estimaEed Eo be $200,000

(1978 $), according Eo NASA. However in order to be consistent with the
procedure used to cost the l00th i"10D-2, additional cos ss of $84,000 f or
electronics and $96,000 for factory checkout and cesting rnust be added to
the installation cost. I{ence, the total t6rer cost for E.he second M0D-2 is
$330,00O--compared to the goal of $287,000.

o Current central WECS--}'1OD-0 , l{0D-0A, l'{OD-l , and I,ITG Energy Systems
machines--use lattice towers. The M0D-2 will be the firsE large machi.ne to
use a steel she1l Eor^Ier.

o Although Ehe i'1OD-2 tower is larger Ehan E,haE for Ehe l10D-l (200 ft versus
140 ft hub height), it will weigh less: 255,000 versus 320,000 lb.

Table A-16. SOLAR TECHNOLOGY COI{MERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central l^lind Systems/Large Utilities

Factor: Technology Requiremencs

Indicator: OEher Subsystems and Installaeion

Indicator Goal/Ob jective :

r 0ther subsystems and installation cost of $422,000 (1978 $) for the 100th
I10D-2

Current SEatus of Indicat,or:
o For the second uniE MOD-2, the other subsystems and installation cosE is

estimated by NASA Eo be $7901000. Ilowever, for consistency with l00th unit
cost goa1s, an addicional $125r000 for testing quality conErol and reporting
must be added for a total cost of $915,000.
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Table A-17. SOLAR TECI{NOLOGY COMMERCIAL READIMSS ASSESSi'{ENT

Solar Technology/Application: Central Wind Systerns/Large Utilities

Factor: Technology RequiremenEs

Indicat.or: 0&M

Indicaror Goal/Ob ject ive :

o Annual O&M cost of $16,000 (1978 $) for the l00th M0D-2

Current SEaEus of Indicator:
o Since no MOD-2s are installed and operating, no daEa are available regarding

annual 0&11 cost,s.

Table A-18. SOLAR TECHNOLOGY COMMERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central l,Iind Systerns/Large UEilities

Factor: Technology Requirement,s

Indicat,or: Svstenrs Performance

Indicator Goal/0bjective :

o Rated power output of 2500 kl.i at a rated wind speed of.27.5 mph at the hub

r ."laxinum rotor power coef f icient of 0.417

o Annual energy output of aE least 9,7501000 ktalh at a site having an average
wind speed of 14 mph aE a height of 30 ft

r i'{achine capable of safe, unattended, reliable operation

Current St.atus of Indicator:
o Since neither the first nor second M0D-2 has been installed, no experimental

daEa are available regarding system performance. Long-Eerm operational
experience is needed to evaluate performance and reliability.

r Limited inferences can be drawn regarding M0D-2 perforrnance on the basis of
experience with the Clayton, N. Mex.' I'{OD-OA.

- According to NASA, the Clayton l'10D-0A has been dellvering 50-607. of the
predicted energy out.puc.

- According Eo a University of Tennessee study che observed plant factor is
20"1, signifieantly below the goal of. 357".

- Machine availability can be reduced because of icing. Icing causes
machine shutdown, since flying pieces of ice consEitute a safety hazard.
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Table A-19. SOLAR TECHNOLOGY COMMERCIAL RE^A,DINESS ASSESSIGNT

Solar Technology/Application: Central Wind Systens/Large UEilities

FacEor: Technology RequiremenEs

Indicator: Transients

Indicator Goal/0b jective :

o Conopat.ibility of i,lECS output wich the utility network

CurrenE StaLus of Indicator:
o As of Ehe end of 1978, no systematic daEa base was available regarding WECS-

utility network inEeractions.
r According to EPRI the issue of oscillatory interactions arnong wind turbine

generators and between Ehe wind turbine generators and the utility network
will not be seEEled unEil experience is obtained involving nultiple wind
machines.

Table A-20. SOLAR TECHNOLOGY CO}II'IERCIAL READINESS ASSESSI4ENT

Solar Technology/-{pplicaEion: Central Wind Systems/Large Utilities

FacEor: Government Initiatives

Indicator: Federal ProcuremenE Program

Indicator Goal/0b jective :

o ilultiyear federal program Eo purchase
and near cosE-effective gsnglsl WECS

federal electric sysEems

a specified quanc,ity
for integracion intc

of cost-effective
f ederal and quasi--

Current SEaEus of Indicator:
o As of the end of 1978, the Federal Wind Energy Prograrn did not expliciEly

provide for a federal program to acquire product.ion-rnodel rvind machines for
integration into any of Ehe eighE feder_al and quasi-federal electric sysEerns
(e.g., TVA, tsonneviile, etc.). 0'

o PresenE DOE planning calls f or the purchase of central i,lECS for Eest.ing and
demonstraEion purposes. As part of this purchase Program, DOE will give the
producers a liroited, guaranteed market.

o The F\77 and FYTB appropriaE.ions for the Bureau of Reclamation provided
funds go perform feasibiliry studies for a wind energy farm aL lledicine Bow,

wyo.
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TAbIE A'2I. SOLAR TECIINOLOGY COM}'IERCIAL READINESS ASSESSI'IENT

Solar Technology/Application: Central trlind Syscerns/Large Utilities

Factor: Government IniLiatives

Indicator: Federal Wind Program RD&D Funding Distribution (Annual)

Indica Eor Goal/0b jective :

r Allocation of at least 50% of t,he Large l,lind Energy Prograrn RD&D budgec Eo

commercialization activitles and demonstration projecEs

Current SEatus of Indicator:
o For FY78, the budget for the Federal Large Wlnd Energy Systerns Progran was

approximately $30,5001000, distributed as follows:

- Program development and technology: $6.0 nillion
- Int,ermediate syst,ems developraent: $3.5 rnillion

- Large systerns developmenE: $30.0 nillion
- Large syst.ems demonstrations: $0.0

o Of Ehe Fy78 budgee, approximaEely $357r000 was allocaterl to commerciaLiza'
tion markeE development and demonsEraEion projects:

- l{ission Analysis: $297,500

- Applications Studies: $12'500

- Legal.lSocial/Environmenlal Issues: $47,500

- DemonsErations: S0.0.

o Approximacely L% of E.he FY78 funding was allocaEed for commercialization,
dernonstration, and market developmenE issues.

r For large wind Syslems, the Federal i^iind Program focusec on lechnology
develooment.

c
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Table L-22. SOLAR TECIINOLOGY COlt.lERCIAL READINESS ASSESSI{ENT

Solar Technology/Application: Central l^Iind Systems/Large Utilities

FacEor: Government Initiatives

Indicat.or: Federal Funding Plans

Indicator Goal/Ob jective :

o Existence of a fonnally instituted and approved long-range (e.g., 5-year)
central wind systems progran plan articulating activiEies, schedules, nile-
stones, decision points, and funding

Current Status of Indicator:
o Budget authority plans for Ehe Federal l^Iind Energy Prograrn are decalled

through FY85 in DOE draft report Wind Energy l,tulttyear Prograrn P1an.

I Wind Energy Multiyear Program Plan does not speeify funding plan detalls for
all program elemencs. Therefore, planned allocations for commerciallzation
activiEies and relative activity priorities cannot be determined.

- According Eo the above-mentioned document., allocations for lntermediate
and large wind systems development is projected to increase through FY82
and then decline. Allocations for large wind sysLem demonstration
projects will increase E,hrough FY85.
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Table A-23. SOLAR TECHNOLOGY COIftmRCIAL READIMSS ASSESSMENT

Solar Technology/Application: CenLral llind Systems/Large Utilities

Factor: GovernmenE InitiaEives

Indicator: Federal Special Flnancial Incentives for Producers

Indicator Goal/Ob jective :

o Multiyear array of special financial incent,ive programs for central WECS

producers

- 10-15 year long-Eerm/low-interesE loan program

- l0-15 year loan guarant,ee progran

- Enhanced investment tax credit progran

- Accel'eraLed deoreciation

Current Status of Indicator:
o As of the end of 1978, no special federal financial incentives programs for

IfECS producers were in effect. Producers nnay take advanEage of che National
Energy and Busj-ness investmenE Eax crediL only if they utilize their own

produc t.
e During L978, the Federal Central WECS Program concentrated on:

- Technology development

- Wind resource idenLification
- Demonstrations (ilOD-OA prograrn).
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Table A-24. SOLAR TECHNOLOGY COMMERCI.A'L READINESS ASSESSMENT

Solar Technology/Application: Central Wind Systems/Large UtiliEies

FacEor: GovernmenE Initlati.ves

Indicator: SEate Special Financial Incentives for Producers

Indicator Goal/0b jective :

o Multiyear array of sEate financial lncenti.ve programs for WECS producers in
at least 5 of che l0 sEates having the greaEest central WECS market poten-
Eial:
- Income Eax incentlves
- Property tax exemption

- Other tax incentives

Current Status of Indicator:
o As of the end of 1978, elght staEes (i.e., Californiax, Arizona, Colorado*,

Hawaii*, Kansas, llassachusetts*, Montana, and North Dakota) provide income
tax deductions or credits to corporatlons acquiring and using wind sys-
tems. WECS producers qualified for these deductlons or credits only if they
used wind sysEems.

r I'tre following sEaEes provide property tax exempElons for wind systems

- Arizona - Kansas - New Jersey - Tennessee

- ConnecEicut - MassachuseEts* - Oregon - Texas

- Hawaii* - tllchlgan - South Dakota - Vermont

- Illinois - New Hampshire*

IJECS producers in these states qualify for the property tax exempt.ions only
if Ehey are WECS end users.

I As of the end of 1978, only Texas had enacted a limited financial incentives
program specifically for WECS producers.

o Texas provides franchise t,ax exemptiolns for central WECS producers.

*StaEes ranking in the cop l0 i.n Eerms of central WECS narkeE.
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Table A-25, SOLAR TECHNOLOGY COMI'IERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central Wind Systems/Large Utilities

TR-5 20

FacEor: GovernnenE Initiatives

IndicaEor: Federal Special Financial Incentives for ULilitles

lndicator Goal/0b jective :

o Multiyear array of special federal financial incentive prograns for utili-
t ies:
- Planning grant program

- Enhanced inves tnent tax credit Progran

- Cost sharlng program

- Loan guarantee program

- Long-term/lor^r-inEerest loan Program

Current SEatus of Indicator:
o As of Ehe end of 1978, no special LIECS-related federal financial incentive

prograrns for utiliEies were in effec!.
o Utiliries did noE qualify for the supplernenEal business energy Eax credit

provided for as part of E,he National Energy Act of 1978.

o During 1978, federal cenEral WECS efforts focused on:

- Technology development

- lJind resource identificarion
- DemonsEraEions.
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Table A-26. SOLAR TECI{NOLOGY COM}4ERCIAI READINESS ASSESSMENT

Solar Technology/Application: Central l.Iind Systens/Large Utilities

Factor: Government Initlatives

Indicator: State Special Finaneial IncenEives for Utilitles

Indicator Goal/0bjective:

Multiyear array of state flnancial incentive programs for uEilities in aL
least 5 of the l0 states having the greacest central WECS market potential:

o For 'inves tor-or^med utl1ltles
- Income tax lncentlves/exeise tax exemptions

- Property tax exemptions

I For cooperative uEilities
- Property tax exemptions

- Excise tax exenptions

o For rnrnicipally-owned utilities.
- Excise tax exeupEions

o Utility regulaEory comrnission allowance of higher rates of reEurn on invest-
r0enEs in central WECS (for regulated utilities)

Current Status of Indicator:
r As of the end of 1978, none of the 50 staces or the District of Colunnbla had

enacted WECS-specific tax incentives programs for utilities.
o Californj-a and Kansas provide WECS financial incentives for electric compa-

nies via Eheir utility regulaEory processes:

- In 1976, California enacted legislation allowing the SLaEe Public Utili-
ries Cornmission (PUC) to auEhorize utilities an addicional ROI of 0.5 to
1.0% on investment. in nonconventional generating equipment.

- A I97B Kansas lar^r allows the state PUC to authorize utiliE,ies an addi-
Eional R0I of 0.5 to 2.07" on alternative energy invesEnenEs, including
central wind svstems.
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Table L'27. SOLAR TECHNOLOGY

Solar Technology/Application: Central

COI'fi'{ERCIAL RNADINESS ASSESSMENT

Wind Systems/Large ULiliEies

Factor: Legal,l InstituE.ional/EnvironmenEal Issues

Indicator: Television Signal Interference

Indica tor Goal/0b jecLive :

o Low-cost technical means t.o minimize cent.ral WECS-induced Eelevision signal
interference

Current SEatus of Indlcator:
o As of Ehe end of 1978, the ext,enE to which operation of central wind

machines or farms lnterferes with Celevision signal recePtion in homes rtas

undocumented.

As WECS rnarket penetraEion increases, there wt1l be fewer possibilities for
rninimizing television signal interference through remote siting.

The UniversiEy of llichigan Radiation LaboraEory in a study entitled "E1ec-

trogagnetic Ingerference by Wind Turbine Generators" developed a model to
quantify wind turbine-induced radio frequency interference. Enployment of
rhis model ar plum Brook, Ohio, (site of the IIASA/DOE MOD-O wind machine)
showed no Eelevision interference (TVI) problerns.

No comprehensive, systematic, long-Eerm measurenents of WECS induced TVI

have been nnade.

No scient,ific/engineering studies have been funded specifically to identify
low-cost Eechnical solutions to TVI.

SERI survey of represent.ative uEilities having trrIECS showed:

- No TVI problems have been reported due to the operation of WECS at
Clayton, N. Mex., CuEtyhunk Island, Yass., Hazleton' Penn., and l"liami'
I la.

- Blue Ridge Electrical Membership Corporation, site of che DOE/NASA l'lOD-i

has received two TVI comPlainEs.

- At Block Island, TVI effecEs are severe enough to require installaEion of
a costly cable TV sYst.em.
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Table A-29. SOLAR TECHIIOLOGY COMMERCIAL R-EADINESS ASSESSI'fiNT

Solar Technology/AppLication: Central t^Iind Systems/Large Urilities

Facto r : LegaL/ Ins t.i Eu t ional/ Envi ronmental Is sues

Indicator: Noise/Infrasound

Indicator Goal/0b ject ive :

o l^IECS noise oucput level iu compliance with EPA, 0SI1A, and state/ local noise
emissions standards

o Infrasound ouEput level of 100 dB-SPL (sound pressure level decibels) or
less (i.e., Ehe chreshold of human discomfort)

Current Status of Indicat.or:
. Utilities operating wind systems fall under Ehe cognizance of EPA and OSHA

noise emissions standards.

o As of the end of 1978 no scientific data base existed that documenEed:

- Noise emissions from large wind rnachines (".g., MOD-OA, MOD-I, etc.)
- Impact of WECS noise and infrasound emissions on human beings.

o Limited rneasurements of sound emissions from t.he Plun Brook, Ohio, l'10D-O

showed:

-.'.laximum noise output of.64 dB--against a background noise level of 52-dB

- At 800 fE from Ehe turbine, turbine noise could noE. be distinguished from
background noise

- Infrasound level of 78 dB-SPL--we11 below the 100 dB-SPL threshold of
human discomfort.

o SERI , in discussions wich utilities having I,IECS, found that:
- At Block Island, R.I., when more than 50 ft from Ehe MOD-OA, turbine noise

is not distinguishable from arnbient wind noise.

- AE Boone, N.C., noise from the MOD-I is not. percepEible over anbienL noise
at a Cistance of 600 ft from Ehe machine.

- No complaints have been received by Clayton llunicipal Electric System,
Pennsylvania Power and Light, and Gosnold Power and LighL (Cuttyhunk
Island, Mass.) regarding noise.
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Table A-30. SOLAR TECHNOLOGY COIC'{ERCIAL READINESS ASSESS}'IENT

Solar Technology/Application: CenEral Wind Systems/Large Utilities

Factor: Legal/Inst,iEutional/Environmental Issues

Indicator: Wind Rights

Indicator Goal/0b jective :

o Enacting of legislation protecEing access to wind flow for utilities oper-
ating cenEral w-ind sysEems in at least 5 of Ehe l0 states having the great-
est cent.ral IIECS market. potenEial

Current Status of IndicaEor:

r Ten states having the greatesE central I,IECS market. pot,ential (criteria:
wind resource, future dernand for electricity, avallability of federal lands
and cost of electricity):
- California - New Mexico - Utah

- Hawaii - New York - New HanPshire

- Itassachusetts - Oklahoma - Colorado

- i.levada

o Severity of the wind access problem increases wiEh wind farm size and Prox-
irnity to densely populated and built-up areas.

o As of Ehe end of 1978, no st,aEe had enacted legislaEion which would Protect
utility access to an obstruction-free air corridor for oPeration of wlnd
nachines.

o AE Ehe present time utilities must assume responsibility for insuring wind
f1orv. Methods for accomplishing this include:

- purchase of sufficient land around the i^iECS to insure wind flow

- Purchase of negative easemenEs on adjoining properties

- Remote siting.
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Table A-31. SOLAR TECHNOL0GY COMMERCIAL READINESS ASSESSMENT

Solar Technology/ Applica tlon : Central l^lind Systems/Large Utllities

Factor: Legal/Institutlonal/Environmental Issues

Indi-cator: Land Use

Indicator Goal/0bjective :

o Enacting of legislation rnandat.ing the incorporating
tions inEo state land-use planning procedures in at
having the greaEest cenEral hIECS markeE. potential

of wind usage
least 5 of the

considera-
l0 states

Current StaEus of Indicator:
o As of the end of 1978 no stat,e had enacted legislation mandating Ehe lncor-

poration of wind usage consideraEions lnto regional, sCate, county, or city
land-use pLannlng and zoning procedures. Ilowever, legislation enacted by
Callfornia, Connecticut, Mlnnesota, and Oregon covering the lncorporation of
solar access in land-use planning serves as models for legislation address-
ing wind access.

. Utilities desiring to acquire wind systems rnust adhere t,o t.he formal review
process required for conventional generating plant siting.

o In general, the utilicies thaE, have aequired IIECS have sited them either on
sites zoned for power planLs or public-ovmed land.

o Pennsylvania Power and Light, Blue Ridge Electric l,lernbership Corporati-on,
Clayton Municipal Electric System, Gosnold Power and Light, and Block Island
Power Company experienced no problems in the regulaEory approval process
associaEed with their acquisiEion of wind machines.
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Table A-32. SOLAR TECHNOLOGY COI0{ERCIAL READINESS ASSESSMENT

Solar Technology/Application: Central l^Iind Systems/Large Utilities

FacEor: LegaLl Institutional/Environmental Issues

Indicator: Safety/t,iaUitity Issues

Indicator Goal/Ob jective :

o ManufacEurer and utillty adherence to applicable safety sEandards and regu-
lations :

- OSHA, FAA, and state safety regulations

- MIL-STD'I47? military systems engineering deslgn criteria

- IEEE and ANSI electrical codes

- l,lECS-specific standards

Curreng SEaFus of Indicator:
o As of the end of 1978, no lndustry consensus standards covering WECS safety

were in existence. Lack of daEa from operatlonal machines has delayed the
developmenL of standards.

a -\utomatic disconnect devices are required to proLect utiliCy personnel froro
shock from grid-connected wind machines.

o Analysis of l"lOD-OA and MOD-2 design specifications showed rhat tr,lest,inghouse
and, Boeing, the respective builders, adhered to applicable safeEy cri-
teria. The MOD-OA turbine incorporates two independent overspeed protecLion
sysEems Eo prevent rotor failure, and modlfied tower designs Eo ensure tower
integrity. Boeing has utilized OStlA, military, and IEEE and ANSI standards
as general "design for safety" criteria and has incorporated several addi-
Lional features inEo a cornprehensive safety systern for Ehe i{0D-2. As yet,
no liability suits have arisen which involve large wind systems.

o UEllities surveyed by SERI indicate EhaE they are taking similar or bet,cer
worker and public safety precautions, for installation, operation, and
maintenance for 'TIECS as for convenEional po\^ter plants:

- Southern California Edison will determine OSHA and other requirements' and
inscall a fence Eo restricE access to the Eurbine.

- pennsylvania Power and Llght has sit,ed its WECS at an existing substation
and provided fencing and lighEning ProtecEion.

- safety precautions at the Block rsland, R'r', 
"^IECS 

site include regular
inspections, a visitor conErol p1an, an exclusion fence and utiliEy per-
sonnel Eraining. 0SHA regulations have been incorporated ln turbine
des ign.

- Clayton Municipal Electric Systeros has provided fencing and lightning
protection for it,s MOD-OA turbine. The rnachine will noE operate if
soneone is in the Eower. In addition, if the door of t.he cont,rol building
is opened without disarming the security system, Ehe nachine shuts down.
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Table A-33. SOLAR TECHNOLOGY CO}I}.{ERCIAL READINESS ASSESS},IENT

So lar Technology/Application: Central i'Iind Systerns/Large ULilities

Factor: LegaLllnst,itutional/Environmental Issues

Indicator: UEility Ineerconnection Issues

Indicator Goal/Objective:
o Federal legislation (or regulatory decree) mandating EhaE utilities with

wind systems can interconnect wiEh other utilifies and buy and sel1 power at
fair raEes

r St.ate PUC regulaEions in at least 5 of the l0 best central WECS states
assuring that utilit,ies operating wind systems can interconnect with oEher
ut.iliLies and buy from and sel1 oower to them at, fair rat,es.

Current Status of Indicator:
o As of the end of 1978, no federal legislaElon or Federal Energy Regulatory

Cornrnission (FERC) regulation was in effect mandating that uEilities that
operaEed wind systems could interconnect with other utilities and buy frorn
and se1l power Eo E.hero aE fair rates. The Public UEiliEies Regulatory
Policy Act (PURPA) under Ehe National Energy Act applies only to sma1l power
generators which are nonutiliEy or"rned.

. ConEracts bet.ween utilities wiEh WECS and their bulk suppliers are subject
to FERC approval. At this Ei-me, no utilities with I,IECS obtain power from
outside suppliers.

r SERI discussions with sEaEe utility comrnissions indicate that applications
for ut.ility interconnections have noE been made. The aEEitude of Ehe conr
rnissions lor.rard Ehis issue is neutral. RegulaLions assuning iaEerconnection
and sale and buyback of power between utiliE,ies where WECS are involved have
not been issued.
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Table A-34. SOLAR TECHNOLOGY COl'ft'lERCIAL READINESS ASSESSI{ENT

Solar Technology/Applicacion: Central l,Iind Systerns/Large Utillties

Faetor: MarkeE Development/Large Utillties

Indicator: End-User Awareness

Indicator Goal/0b jective :

o Large utiliEies

- At least 33% of the largest utilities (i.e., having generating capacities
of at least 500 MI.I) in Ehe l0 best central WECS states involved in wind
programs: engineering studies, econoroic analyses, wind resource studi-es,
demonsErations, etc.

Current Status of Indicator:
r Ten sEates havlng the greatest central WECS market potentlal (criteria:

wind resource, future demand for electriciEy, avallabillty of federal lands
and cost of electricity):
- California
- i{awaii

- itassachusetts

- Nevada

I Large Utilities

- New Mexico

- New York

- Oklahoma

- Utah

- New tlampshire

- Colorado

- Within Ehe l0 best states, EPRI lists 35 utiliEies with generating
capaciEies of at least 5O0 UW.

- Of these 35, seven were engaged in wind prograns during 1978:

Consolidated Edison Company

Hawaiian ElecEric Company

Niagara Mohawk Power Company

Paclfic Gas and Electric Company

Public Service Company of tlew Hampshire

Rochester Gas and Electric
Southern California Edison Company.

Consequently, abouE 207" of the large utilities in the 10 best staEes have wind
programs.

A-30



TR-520
s=?t o

Table A-35. SOLAR TECHNOLOGY COMMERCIAL READINESS ASSESSI.{ENT

Solar Technology/Application: Central I'Iind Systems/Large Utilitles

Factor: MarkeE, Development

Indicator: Nurnber of Central WECS ldanufacturers

Indicator Goal/Objective:
o Entry of at least 50% of the largest producers of convent,ional generating

equipnent into the production of central wlnd syst.ems

Current SEatus of Indicator:
r According to EPRI, the following firns produce 907. of the conventional

generating equiprnent procured by elecErlc utilities.
- General Electrlc - Foster and l,Iheeler - J.R. McDermott

- Westinghouse - Brown Bavari (Babcock & Wilcox)

- Combustion Engineering - Allis Chalmers

o As of the end of 1978, only General Electric and Westlnghouse had made
investments in central WECS technology.

o Although only two of the seven rnajor producers of conventional generating
equipment sponsored wind ventures, an array of other companies--having no
traditional utility rnarkets--have begun (or are considering) wind ventures:

- ALCOA - I,ilIG Energy Systems

- Boei.ng - Wind Power Services

- United Technolosies - Lockheed

- Koman
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TAbIE A-36. SOLAR TECI1NOLOGY COI,I'IERCIAL READINESS ASSESS}'IENT

S olar Technolo gy /Applicati on : Central trIind Systerns/Large UEilities

Factor: Market DeveloPment

Indicator: ExEent and quality of publlshed market, research/markeE development
615-Ition
Indicator Goal/0bjective :

o performance of systematic comprehensive central 
"^IECS 

raarkeEing research
studies for ag least 5 of the l0 sEates havlng the greaEest WECS rnarket
potential: studies addressing market size and distribution, technical
problems associated with rnarket penetraEion, and alEernaEive rnarket develop-
uent scenarios.

Current SEatus of Indicator:
r Perforrnance of studies exarnining forelgn market opportunities.

o The only published studies, Eo date, specif ically addressing central I,{ECS/

utllity applications are:

- Wlnd Engineering l{ission Analysis (General Electric)

- i,Iind Energy i'tission Analysis (Lockheed)

- ReauiremenEs Assessment of l^lind Power Plants in Eleccric Utilit s Eems

General Elec trlc/EPRI ).
o In the GE/EPRI study, markeE sat,uration quantity is first determined.

Assurning a time at which initial noarket peneLration beglns, an S-shaped
rnarkeE penetraEion curve is f ltted.

o The GE/EPRI and Lockheed sEudies segnented narket potential daEa down to the
level of electric utility regional reliability councils, but noE Eo ehe

staEe leve1. Market size and distribution data for Ehe 10 beEter central
WECS states are nctt available.

o The GE/EpRI study r^/as conducted chree years after the l{ission Analyses.
yore detailed lnformaEion on technical and economic issues are available.
For ins tance, af ter considering the Eechnical and economic limi ts on 'rlECS

rnarket penetration for a particular ufility, Ehe GE/EPRI study arrived at a

EoEal expected narkeE penetration by Ehe year 2000 equal Eo 2O7" of thaE

predicted in the G-E [ission Analysis study.

r None of the above sgudies are geared E,owards Ehe producer market development
programs.

o One published study was available regarding small utilitles: An 0verview
Assessment of Potential Sma11 Electric Utiliq lications ot w-Iffi

et Potential estlnates for the
small utility sector, rather it considers, over a national level, the cor-
relagion between wind regions and the locations of sruall utilities.
No comprehensive, systematic studies or project.ions are available regarding
foreign market oPPortunities.
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Table A-37. SOLAR TECHNOLOGY COMI'IERCIAL READINESS ASSESSMENT

Solar Technology/Application: Centrat Wind Systems/Large UEilities

FacEor: MarkeE Development

Indicator: Consensus SEandards

Indicator Goal/0b jective :

o DevelopmenL, dissemination, and accepEance of industry consensus sEandards-
in eonjunction with applicable federal elements (e.g., NBS, DOE, EPA) cover-
ing mechanical and struccural performance, safety, reliabllity, operation,
servi.ce, and a glossary of standardized terminology.

Current Status of Indicator:
o As of the end of 1978, no central WECS industry consensus sEandards existed.
o AIIEA had writ,ten a first draft of a "Glossary of Terminology for Wind Energy

Conversion Systens."

r AI,IEA had also written a drafE of a "Standardized Test, Data Reduction Proce-
dures" manual for the testing and generation of power curves.

I Federal efforts during 1978 focused on technology development. No signifi-
cant funding was allocated for standards programs.
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TAbIE A-38. SOLAR TECTINOLOGY COMI'IERCIAL R.EADINESS ASSESSi'lENT

Solar Technology/Application: Central I,Iind Systems/Large Utilities

Factor: MarkeE DeveloPrnenE

Indicator: Industry Professional and Trade Journals

Indlcator Goal/Ob jective :

o At least. six naEional wlnd-orient,ed professional and trade journals-each
published at least. quarterly--targeted at utilities, rnanufacturers, de-
signers, inst.allers, and other important rnarket parEicipants

Current. Status of Indicator:
o As of the end of t978, at least slx national professional and t.rade journals

catering Eo the inportant. central WECS market participanEs and published at
least quarterly were in existence.

- wind Engineering - wind Technology Journal

- Wind Energy Report - Solar Energy

- Wind Power Digest - Solar Age

InforrnaEion about E,hese journals is provided in Table A-39.

o The first four periodicals above are devoLed exclusively to wind tech-
nology. The last two periodicals address nearly all solar t.eehnologies'
including wind.

o.{nalysis of l,lECS producer market development activities showed thaE pro-
ducers do not appear Lo be exploiting professional and trade journals caEer-
ing to key utility equipmenE decision makers (e.g., execuEives, engineers,
etc. )--magazines such as Electrical Wor1d.
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Table A-39. EXAI'IPLE 0F NATIONAL
JOURNALS CATERING TO

PROFESSIONAI.
THE CENTRAL

AND TMDE
WECS INDUSTRY

National
Professional
and Trade Journals Publisher

Frequeney
of

irublication
Type of
Journal

Primary
Targe t
Audience

I^llnd Engineering

Ifind Energy Report .

Wind Power Digest

l.Iind Technology
Journal

Solar Energy

Solar Age

Ilulti-Science r Quarterly
Publishing Cornpany
London, England

Wind Publishing o l{onrhly
Corporatlon
New York, l{Y
American Wind o Quarterly
Energy
As sociatlon
Bristol, IN

Amerlcan Wind . Quarterly
Energy Associatlon
Marston Mills, MA

International o llonthly
Solar Energy Soc.
Permagon Press
Vic Loria,
Australla
American Section r l,Ionthly
of the
International
Solar Energy
Society

o Professlonal .
o
o

o Trade

r Trade

r Professional .
o
a

o Professlonal o
a
o

o Professional a
and Trade o

a

O

o

Sc ie ntis ts
Engineers
Designers

End Users
Producers

End Users
Producers
Des igners

Engineers
Scientists
Designers

Engineers
Sci ent is ts
Des i.gners

End Users
Producers
Designers

o
o
o
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Table A-40. SOLAR TECHNOLOGY COIfi"1ERCIAL READINESS ASSESSIIENT

Solar Technology/Applicaeion: CenEral Wind Systems/Large Utilities

Fac tor: llarket Developrnent

IndicaLor: SE,rong, RespecEed, and Act.ive Trade Association

Indicator Goal/0b jective :

o Evolution of aE. least one sErong, respected, and aggressive trade associa-
tion for cenEral WECS producers, end users, designers, etc.

Current Status of Indicator:
o Criteria for a "strong, respected, and active" t.rade associaEion

- Mernbership consists of at least 507" of. the producers

- l.{ember producers manufacture at leasL 501l of industry output (dollar
value)

- AssociaEion aggressively lobbies for uhe'vlECS cornmunity before Federal and

SEate governroents

- Association has Lhe support (or ear) of aE leasE one chairperson of at
least one energy-cognizanE, commitEee of Ehe U.S. Congress.

o The f ocal Erade association f or the U. S. CenLral 'v'IECS industry is the
American Wind Energy Association (AWEA), Washington, D.C., founded in 1974.

r AWEA rnernbership: 750 individuals and firms, including 35 large and small
corporat j-ons.

o AI{EA published Lhree journals

- \,lind Letter (BiweeklY)

- Wind Power Digesc (Quarterly)

- \rlind Technology Journal (Quarterly).

o AI,IEA conducEs a vigorous lobbying campaign before the Federal bureaucracy
and Congress, Eestifying before the House Cornruittee oo Science and Technol-
ogy and Ehe Senate Natural rlesources Cornmittee.

o Solar Energy Industries Association (SEIA) also has an int,erest in wind
technology buE is concentraEing on solar thermal technologies. AWEA and

SEIA have not undertaken any joint wind ventures.
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Table A-41. SOLAR TECIINOLOCY COIO'IERCIAL READINESS ASSESSMEIIT

Solar Technology/Application: Central Wind Systens/Large Utllities

Factor: Market, Development

IndicaEor: Extent. of Curaulative l'tarket Penetrat,i-on

Indicator Goal/0b jective :

o InstaLled central WECS capacity equal to the rnarket. Eake-off stage as Pre-
dicted in the General Electric/EPRI study market penetration curve--approxi-
mately 8.3 GW (equivalent Eo 4150 2-t4W wind machines)

Current StaEus of Indicator:
o Figure A-l shows the market penetratlon curve developed by General Electrlc

in the study "Requirement,s Assessment of Wind Power Plants in Electric
Utility Systems" sponsored by EPRI.

r As of the end of 1978, no U.S. electric utility had acquired any central
wind rnachines for producing electricity commercially.

o During 1978, no U.S. wind machine having a po\.ter rating of at least 500 kW

had been produced and demonstrated. AE Boeing, work progressed on the t10D-
2. General Electric was preparing to deliver the MOD-I machine for instal-
Iation at. Boone, N.C.

o A11 of the large WECS operated by utllities in 1978 were for demonstration
purposes or to study economic feasibility. Examples of utilities operating
wind systerns (or planning to acquire them) include:

- Southern California Edison Company - Puerto Rico WaEer Resources
Authority

- Block Island Power Company
- Ohio Edison Company

- Clayton }lunicipal Electric SysEem

- Blue Ridge Electrical l{embership CorporaEion

- Gosnold Power and Light
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FigureA-1. Market Penetration Curve for the Electric Utility Sector
Showing Region of-Commercial Readiness

Source: Requirements Assessments ol Wind Power Plants in lhe Electric Utility
Sector-General Eleclric/EPR I
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