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FOREWORD

THe QUARTERLY REvVIEW FOrR THE WiInND ENERGY SysTEMs (WES) Pro-
GRAM IS A VISUAL PRESENTATION PREPARED BY THE SOLAR ENERGY
RESeEARCH INsTITUTE (SERI) As AN OVERVIEW OF THE EFFORTS 1IN
THE PROGRAM. THIS QUARTERLY REVIEW IS DELIVERED TO FULFILL
SERI's AnnuaL OPERATING PrLAN (AOP) REPORTING REQUIREMENTS.
THE REVIEW PRESENTS THE OBJECTIVES, ACCOMPLISHMENTS, ACTIV-
ITIES, AND OUTPUTS OF EACH OF THE TASKS IN THE WES PROGRAM.

DISTRIBUTION OF THIS REPORT IS LIMITED TO THOSE DIRECTLY
INVOLVED IN THIS PROJECT As DEFINED By DOE. THE REVIEW 1Is
PREPARED FOR DOE BY THE STAFF OF THE SOLAR ENERGY RESEARCH
INsTITUTE, A DivisioN oF THE MIDWEST RESEARCH INSTITUTE
(MRI) unper ConTrRACT No. EG-77-C-01-4042.
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PROGRAM OVERVIEW

IRWIN E. VAS

A TOTAL OF SEVEN TASKS ARE CURRENTLY
ENERGY SYSTEM PROGRAM AREA 3

IDENTIFIED

IN THE WIND

TWo ADDITIONAL WIND ENERGY RELATED TASKS ARE CARRIED OUT IN

OTHER PROGRAM AREAS



WIND ENERGY RELATED TASKS
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Wind Energy
Systems
Oversight
Council
-
| I | | T F—' ]
] ] l | |
Wind Energy l Cost Estimating | Utility Economics of |
Innovative I and l Analytical Small Systems
Systems Program Engineering | Modeling Tied to Utilities |
| Analysis | |
Vas | McConnell | Percival Edesess :
I I
| | |
Liability Environmental Wind1 Technica12 Planning
Associated with Analysis of Resource Information
Small Systems Small Systems Analysis Dissemination
Odland Lawrence Hulstrom Weis Woodley

1Basic and Applied Research - (Program Area 14)

Commercialization Activities - (Program Area 18)
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June 4, 1979

WIND ENERGY INNOVATIVE SYSTEMS

OBJECTIVE

DETERMINE TECHNICAL AND ECONOMIC FEASIBILITY OF INNOVATIVE WIND ENERGY SYSTEMS

ACCOMPLISHMENTS

RELeasep RFP RH-9-8005 ENTITLED “ADVANCED AND INNOVATIVE WIND ENERGY CONCEPT
DEVELOPMENT” AND RECEIVED 37 RESPONSES

AWARDED SIX CONTRACTS IN RESPONSE To RFP RH-9-8003 ENTITLED "GENERIC STUDIES OF
WinD ENERGY SYsSTEMS”

AWARDED A CONTRACT To UNIVERSITY OF DAYTON RESEARCH INSTITUTE ON "ELECTROFLUID
Dynamic WIND GENERATOR STuDY” FORrR $117K

RECEIVED MANAGEMENT RESPONSIBILITIES FOR THE RENEWAL CONTRACT WITH SoutH DAKOTA
ScHooL oF MINES AND TEcHNoLoGY ENTITLED "ENERGY FROM HuMmIiD AIR" FoOr $69K



PR-291
June 4, 1979

PLANNED ACTIVITIES

COMPLETE CONTRACT NEGOTIATIONS FOR THE "DAWT”, AND "AeErosoL GENERATOR”

COMPLETE EVALUATION FOR THE RFP on “ADpvaANceD AND INNoOvATIVE WIND ENERGY CONCEPT
DEVELOPMENT"

ConpucTt WEIS CONFERENCE

REVIEW DRAFT FINAL REPORTS

QuTtpPut

DEVELOPMENT OF ADVANCED WIND SYSTEMS THAT HAVE THE POTENTIAL OF BEING COST
COMPETITIVE WITH CONVENTIONAL SYSTEMS

TECHNICAL REPORTS ON THE INNOVATIVE R&D sTuDIES

TECHNICAL AND PROGRAMMATIC SUPPORT OF THE FEDERAL WIND ENERGY PROGRAM
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COST ESTIMATING AND ENGINEERING ANALYSIS OF INNOVATIVE WECS

JBJECTIVE

ESTIMATE THE COST OF ENERGY PRODUCED BY INNOVATIVE WECS

AcCOMPLISHMENTS

REQUESTED PROPOSALS FOR A LOW BUDGET ($10K) sHORT TERM (6 WEEKS) DEVELOPMENT OF
A METHODOLOGY FOR ESTIMATING COST OF ENERGY FOR INNOVATIVE SYSTEMS IN THEIR
CONCEPT STAGE

CONTRACT GIVEN TO SCIENCE APPLICATIONS, INC. FOR DEVELOPMENT OF A SCREENING
MeTHopoLoGY FOR InNNovAaTIVE WECS AND APPLICATION OF THE METHODOLOGY TO THE
GrRuMMAN DAWT

COMPLETED DRAFT REPORT ENTITLED “A GENERAL RELIABILITY AND SAFETY METHODOLOGY
AND ITS APPLICATION To WIND ENERGY CONVERSION SYSTEMS”



PR-
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PLANNED ACTIVITIES

REVIEW AND REQUEST REVIEWS OF SCREENING METHoDOLOGY FOR INNovATIVE WECS
REQUEST REVIEWS OF RELIABILITY AND SAFETY METHODOLOGY REPORT
BEGIN EXPLORATORY SUBCONTRACT ON DETAILS OF COSTS OF DEVELOPMENT PHASE IN WEIS
LiFe CvcLE
QutPut

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR EVALUATING AN INNOVATIVE WEC's
RELIABILITY AND SAFETY AND ITS ASSOCIATED OPERATION AND MAINTENANCE COSTS

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR ESTIMATING THE COST OF ENERGY OF
INNOVATIVE WECS IN THEIR CONCEPT PHASE

TECHNICAL REPORT ESTIMATING THE IMPACT OF DEVELOPMENT COSTS ON THE LIFE CYCLE
cosTs oF INNoVATIVE WECS



UTILITY ANALYTICAL MODELING

OBJECTIVE
ESTABLISH THE CAPABILITY TO REPRESENT WIND-DERIVED GENERATION IN ELECTRIC

UTILITY GENERATION PLANNING MODELS SO THAT THE ECONOMIC VALUE OF THE WECS oPTION
MAY BE EXAMINED

APPROACH

PROCURE ESTABLISHED UTILITY GENERATION PLANNING MODELS

DeEveLor METHODOLOGY FOR WECS REPRESENTATION AND INTEGRATE IT INTO THE UTILITY
MODELS



ACCOMPLISHMENTS

UticiTty MoODELS:

VERIFIED THAT SELECTED PROGRAM PROMOD m™MAY BE USED
DETERMINATION

PurRcHASE REQUEST FOR PROMOD 1ssuep fForR use oN TYMSHARE

DRAFT REPORT "“PropucTioN CosT MobDeEL EVALUATION” COMPLETED

REVIEWED INFORMATION ON UTILITY EXPANSION PLANNING MODELS

WECS REPRESENTATIONS:

AVATLABLE WRITTEN DOCUMENTATION REVIEWED

COMPUTER TAPES WITH JBF MODELS RECEIVED AND VERIFICATION OF
BEGUN

TapPEs oF STONE & WEBSTER AND G.E./EPRI PROGRAMS REQUESTED

IN WECS vaALuE

INCLUDED CASES



PLANNED ACTIVITIES

JUNE 4,

FINALIZE REPORT ON UTILITY PRODUCTION COST MODEL EVALUATIONS

BecIN TRAINING oN PROMOD

COMPLETE INSTALLATION AND BEGIN TESTING ofF JBF,

SToNE & WEBSTER AND GENERAL

ELecTric WinD MoDELS. ALSO BEGIN TESTING OF BoeEinGg’s SIMWEST

REQUEST A UTILITY EXPANSION PLANNING TOOL

10



QuTPuT
REPORT ON UTILITY PRODUCTION COST MODEL EVALUATIONS
REPORT ON METHODOLOGY AND USERS MANUAL FOR THE WECS REPRESENTATION

UTILITY PLANNING MODELS INCORPORATING WECS sucH THAT DOE/SERI sTuDIES MAY BE
PERFORMED
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ECONOMICS OF SWECS TIED TO THE UTILITY GRID

OBJECTIVE

PERFORM ANALYSES IN CERTAIN UNRESOLVED PROBLEM AREAS PERTAINING TO THE
INTERCONNECTION OF SWECS WITH THE UTILITY GRID

INVESTIGATIONS ARE TO COMPLEMENT AND BE CO-ORDINATED WITH "WECS rFor RECS” TAsk
BEING PERFORMED BY RSSG, Inc.

THIS REPRESENTS A CHANGE IN DIRECTION FOR THIS TASK AS COMPARED WITH STATUS AT
LAST QUARTERLY REPORT.

ACCOMPLISHMENTS

DiscussioNs, RESEARCH OF PRIOR STUDIES, AND REVIEW oOF WECS rFor RECS PrRoOPOSAL
PROMPTED REDIRECTION OF TASK EFFORT INTO THE FOLLOWING AREAS:

ASSESSMENT OF VALUE OF ELECTRICITY SUPPLIED FROM GRID T0 SWECS useErR As BACK-
UP, VERSUS VALUE OF ELECTRICITY SUPPLIED FROM SWECS To GRID AS OVERFLOW

STUDY OF SENSITIVITY OF DEMAND AND ENERGY COSTS TO WIND-LOAD CORRELATION



PLANNED ACTIVITIES

RESEARCH AND IF NECESSARY DERIVE NEW METHODS FOR ASSESSING THE VALUE OF "BuUuY-
BACK" vs. "“BACK-UP" ELECTRICITY

TEST ANALYTICALLY AND, TO THE EXTENT POSSIBLE, EMPIRICALLY, THE SENSITIVITY OF
DEMAND AND ENERGY COSTS TO DEGREES OF CORRELATION BETWEEN WIND ANL LOAD

QuTtpuTt

REPORT OR REPORTS DESCRIBING METHODS USED AND SAMPLE RESULTS



LIABILITY ISSUES ASSOCIATED WITH SMALL SYSTEMS

BJECTIVE

PROVIDE POLICY OPTIONS TO ASSURE THAT LIABILITY ISSUES ASSOCIATED WITH SMALL
WIND SYSTEMS DO NOT IMPEDE THE INCREASED USE OF SUCH SYSTEMS

ACCOMPLISHMENTS

INITIATED LITERATURE SEARCH OF MATERIAL RELATING TO LEGAL AND SAFETY ISSUES AND
LEGAL RESEARCH ON LIABILITY ISSUES

COMPLETED INITIAL RESEARCH ON LEGAL ISSUES OF SMALL WIND SYSTEMS
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PLANNED ACTIVITIES

COMPLETE ISSUE PAPER ON THE LIABILITY ISSUES

INITIATE THE DEVELOPMENT AND ANALYSIS OF POLICY ALTERNATIVES

Qurput
WORKING PAPER ON POLICY ALTERNATIVES
REPORT SUMMARIZING LEGAL [SSUES, POSSIBLE ALTERNATIVES FOR ADDRESSING THESE

ISSUES AND AN INTEGRATED SET OF POLICY ALTERNATIVES. T[THE POLICY ALTERNATIVES
WiLL BE USEFUL To DOE, WIND SYSTEMS INDUSTRY AND OTHERS INVOLVED IN WIND ENERGY

15
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ENVIRONMENTAL IMPACT ASSESSMENT FOR SMALL SYSTEMS
OBJECTIVE
IDENTIFY AND ANALYZE THE LIFE-CYCLE ENVIRONMENTAL IMPACTS ASSOCIATED WITH

DEPLOYING SMALL (LEss THAN 100 kW) UTILITY CONNECTED AND NON-UTILITY CONNECTED
WECS, WITH AND WITHOUT ENERGY STORAGE SUBSYSTEMS

ACCcOMPLISHMENTS

REVISED TASK PLAN To INCORPORATE DOE COMMENTS EXPRESSED AT THE PREVIOUS
QUARTERLY REVIEW

PERFORMED TWO COMPUTER LITERATURE SEARCHS ON ENVIRONMENTAL EFFECTS OF WIND
SYSTEMS AND INITIATED TABULATION OF POTENTIAL HEALTH AND ECOLOGICAL EFFECTS DATA

INITIATED DEFINITION OF SWECS DESIGNS AND DEPLOYMENT OPTIONS TO BE ASSESSED

[SSUED SUBCONTRACT TO THE UNIVERSITY OF MicHIGAN RADIATION LABORATORY FOR

PREPARATION OF COLOR VIDEOCASSETTE ON POTENTIAL INTERFERENCE BY THE BLock IsLAND
WTG
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PLANNED ACTIVITIES

CONTACT CONTRACTORS WITH SMALL MACHINE EXPERIENCE TO DETERMINE ENVIRONMENTAL
PROBLEMS

DEFINE WIND SYSTEMS FOR DETAILED STUDY AND APPROPRIATE STORAGE SUBSYSTEMS; MAKE
FINAL SELECTION OF DEPLOYMENT OPTIONS

MAKE sSeELECTED WECS ON-SITE VISITS TO COLLECT MOST RECENT ECOLOGICAL AND HEALTH
RISK INFORMATION

COLLECT AND SYNTHESIZE ENVIRONMENTAL IMPACT DATA FOR SELECTED WIND SYSTEMS AND
ENERGY STORAGE SUBSYSTEMS

17



JUNE 4,

QutPut

A 15 MINUTE COLOR VIDEOCASSETTE WHICH PRESENTS POTENTIAL TV INTERFERENCE BY THE
BLock Iscanp WTG

INTERIM REPORT SUMMARIZING THE POTENTIAL HEALTH RISKS OF THE SWECS AND STORAGE
SYSTEMS SELECTED

FINAL REPORT WHICH PRESENTS AN ANALYSIS OF THE POTENTIAL HEALTH AND ECOLOGICAL
EFFECTS OF SWECS FOR EACH LIFE-CYCLE PHASE (SYSTEM FABRICATION THROUGH
DECOMMISSION)

AN EVALUATION OF THE CURRENT STATUS OF ENVIRONMENTAL EFFECTS RESEARCH AND
RECOMMENDATION OF ADDITIONAL RESEARCH NEEDS



PLANNING

OBJECTIVES

DEVELOP PLANS AND COORDINATE THE EFFORTS OF SERI WiInND ENErRGY SYSTEMS PROGRAM

ProviDE SERI supporRT oF THE FEDERAL WIND ENERGY PROGRAM

ACCOMPLISHMENTS

COMPLETED DRAFT TASK DESCRIPTIONS FOR RESEARCH AND ANALYSIS ELEMENT OF FEDERAL
WiND ENERGY PROGRAM

SuPPORTED WIND SYSTEMS BRANCH IN PLANNING AND BUDGET EXERCISES

19



PLANNED ACTIVITIES

CompLETE SERI INsTITUTIONAL PLAN FOR WIND ACTIVITIES
CompLETE SERI AnNuaL OperAaTING PrLan (AOP) For FYS80

DEvELoP TAsSk PLANS FoR FY80 anp FY81 For WSB

20



Milestones
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| ] | ] ¥
Fiscal Year 1979

e

10.
. Model operational
12,
13.
14.
15.
16.
17.
18.
19.

Preliminary aerodynamic, mechanical, electrical studies completed

Survey completed

ifcthodology defined

Final report completed

Critical issues defined

Analysis of alternatives completed

Complete definition of WIECS

Environmental impact data collected and compiled
Completion of interim report

Draft program Development Plan completed

Tasks (o) D FIMIA M J J A S
2, I3 3 6al 4
. . A
Wind Energy Innovative Systems S.le oY B
Cost Estimating and Engineering Analysis 7.AB
of Innovative WECS 0
Utility Analytical Modeling O
Economics of Small Systems Tied to
Utilities Q
Liability Associated with Small Systems
Environmental Analysis of SWECS FOE I
Planning — 19¢
1. Award of generic study contracts Legend:
2. K¥P released on R & D studies
3. Contract renewal effort completed ~ Dayton EFD OStart Or_Scheduled
4, Award of new R & D studies Intermediate Event
5. WEIS Conference :
6. Completion of generic studies ‘EompletEd Intermediate
7. Survey completed of cost studies ven
8. Draft report of reliability study completed AScheduled Milestone

A Completed Milestone

71




WiND ENERGY SysTEMs (WES) PRoGRAM FUNDING

LEAD
Task BRANCH
WIND ENERGY INNOVATIVE SPECIAL
SysTeEMs PROGRAM PROGRAMS
CosT ESTIMATING & SYSTEMS
ENGINEERING ANALYSIS ANALYSIS
UTILITY ANALYTICAL SYSTEMS
MODELING ANALYSIS
EcoNnoMics OF SMALL SYSTEMS SYSTEMS
Tiep 1o UTILITIES ANALYSIS

INSTITUTIONAL &
ENVIRONMENTAL ASSESS-.

LIABILITY ASSOCIATED WITH
SMALL SYSTEMS

INSTITUTIONAL &
ENVIRONMENTAL ASSESS.

ENVIRONMENTAL ANALYSIS OF
SMALL SYsSTEMS

PLANNING & ADMINISTRATION SYSTEMS
ANALYSIS

WiND RESOURCES ANALYSISA ENERGY
RESOURCE

TECHNICAL INFORMATIONB

DISSEMINATION COMMUNICATIONS

A Basic AnND AppLIED ReEseARcCH(PrRoGrRAM AREA 14)
B COMMERCIALIZATION AcTiviTiES(PROGRAM AREA 18)

22

SUBCON-

TRACTS

631

45

50

186

ToTAL
744

124

145

195

67

143



Thousands of U.S. Dollars

WIND ENERGY SYSTEMS

Planned Obligation rate

Planned Expenditure to Date - U.S. Dollars

Actual Expenditure to Date - U.S. Dollars
—~ —..~= Fipancial Plan
= =— ==... Budget Authority

2000
1600(___,,._‘_--..._—_.---—-——I- Ll B o e —— g sm—— _b—
1200 l —
5 IR B
800 1=
]
| i L

400

M//
0

0 N D J F M A M J A S

Analysis of Variance as of 3/31/79
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WIND ENERGY INNOVATIVE SYSTEMS

IrRwIN E. VAs
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OBJECTIVE

DETERMINE TECHNICAL AND ECONOMIC FEASIBILITY OF INNOVATIVE WIND
ENERGY SYSTEMS

APPROACH
MONITOR, REVIEW, AND ASSESS ON-GOING R&D PROJECTS

CoONDUCT SITE VISITS AND PROJECT REVIEWS
SUPPORT GENERIC STUDIES BY SUBCONTRACTS
CONDUCT A PROGRAMMATIC WORKSHOP

REVIEW AND ASSESS UNSOLICITED PROPOSALS

SuPPORT SPECIFIC R&D SOLICITED INNOVATIVE STUDIES

26



PRINCIPAL SUBCONTRACTORS FOR FY79 R&D PROJECTS

ProJeEcCT TITLE

SUBCONTRACTOR

PrRouECT -

CoDE

CoNTRACT No.

PRINCIPAL
INVESTIGATOR

Di1FFUSER AUGMENTED WIND

TurBINES (DAWT)

TorNADO-TYPE WIND ENERGY
l SysTems PHase Il (TornADO)

TEsTs AND DeEvices For WIND/
. ELecTtrIic Power C
Aerosor GENERATORS (EFD)

LECTROFLUID Dynamic W
GENERATOR ProGrRAM (E

NERGY FRoOM HumiD AIR

(Humip AIR)

THE MADARAS Rotor POWER
PLanT PHase [ (MaDpARrAs)

VOoRTEX AUGMENTORS FOR
' WiIND ENERGY CONVERSION

(VORTEX)

INNovaTIVE WIND TURBINE

WEST VIRGINIA UNIVERSITY

GRUMMAN AEROSPACE

GRUMMAN AEROSPACE

MARKS POLARIZED

UNIVERSITY oF DayToNn
SouTtH DAakoTA ScHooL oOF
MINEs AND TECHNOLOGY

UNIVERSITY OF DAYTON
RESEARCH INSTITUTE

POLYTECHNIC INSTITUTE
oF New YoRk

WVU
6-D

6-T

MP

UDE

SD

UbM

PINY

EY-76-C-05-5135

EY-76-C-02-2616
A001
EX-76-C-01-2555

EG-77-C-01-2774

XH-9-8074-1

DE-AC01-79ET23052

EX-76-5-01-2554

E(49-18)2358

RicHARD E. WALTERS

KEN FOREMAN

James T. YEN

ALvin M. Marks

JoHN E. MINARDI

THoMmAs K. OLIVER

DaLe H. WHITFORD

PasQuALE M. SFoRzA
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INNOVATIVE WIND TURBINES
WEST VIRGINIA UNIVERSITY

EY-76-C-05-5153
(RicHarDp E. WaALTERS, P.I.)

OBJECTIVE

INVESTIGATE THE TECHNICAL AND ECONOMIC FEASIBILITY OF A VERTICAL AXIS WIND TURBINE HAVING
STRAIGHT BLADES CONSTRUCTED WITH CIRCULATION CONTROL AIRFOIL SECTIONS.

APPROACH

DESIGN AND CONSTRUCT A REVISED VAWT TEST MODEL AND ASSOCIATED INSTRUMENTATION

CONDUCT INDOOR TEST TO ASSESS LIFT, DRAG, AND MOMENT CHARACTERISTICS

PREDICT PERFORMANCE OF CIRCULATION CONTROLLED VAWT IN A WIND SITUATION

ESTIMATE ECONOMIC VIABILITY OF SYSTEM AS COMPARED TO CONVENTIONAL SYSTEMS

28



CIRCULATION CONTROL BLADE THEORY WITH VISCOUS EFFECTS
TARE AIRFOIL COMPUTER CODES
CIRCULATION CONTROL BLADE AND FLIP TESTS

DESIGN STUDY, SENSOR LOCATION STUDY, AND HARDWARE
PREPARATION '

LARGE BLADE TESTS

SysTeM/cosT sTuDY (ALLEGHANY BALLIsTIcs LAB)

BLADE AND INSTRUMENT DESIGN

BLADE AND INSTRUMENTATION PROCUREMENT AND FABRICATION

INDOOR TESTS

29

TAsk NUMBER

1.1
1.2
1.3

1.4
1.5
1.6
1.7
1.8
1.9
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AccoMP] ISHMENTS

DESIGN COMPLETED ON THE FOLLOWING COMPONENTS

CIRCULATION CONTROLLED BLADE
INSTRUMENTATION REQUIRED FOR TESTS

FABRICATION INITIATED/COMPLETED ON THE FOLLOWING
COMPONENTS

MAIN SHAFT

HuB

SUPPORT STAND ASSEMBLY

SLIP RING ASSEMBLY
CIRCULATION CONTROLLED BLADES

CALIBRATION COMPLETED ON THE FOLLOWING COMPONENTS

SHAFT TORQUE CELL

RPM TACHOMETER GENERATOR

LOAD CELLS

ANALOG DIGITAL CONVERSION BOARD
BLADE SUPPORT BALANCE

BLADE SUPPORT ARM DEFLECTION

INDOOR TESTING WAS INITIATED

PRESENTED A TECHNICAL PAPER AT THE AIAA MEETING,
JANUARY 1979

50



PLANNED ACTIVITIES
COMPLETE FABRICATION OF EXPERIMENTAL SYSTEM
COMPLETE INDOOR TESTS

COMPLETE FINAL DRAFT REPORT FOR TAsks 1.1 10 1.6

ASSESSMENT
NO PROBLEMS ON CURRENT WORK ARE FORESEEN AT THIS TIME
PROJECT SHOULD BE COMPLETED ON SCHEDULE, Aucust 15, 1979

DRAFT FINAL REPORT TO BE DELIVERED IN AucusT 1979
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June 4, 1

DiFFuserR AUGMENTED WIND TURBINE

GRUMMAN AEROSPACE CORPORATION
EY-76-C-02-2616.A001
(KEN Foreman, P.I.)

OBJECTIVE

ESTABLISH THE PERFORMANCE AND ENGINEERING DESIGN OF A DIFFUSER AUGMENTED WIND
TURBINE AND DETERMINE ITS POTENTIAL FOR COMMERCIAL SIZED MACHINES

APPROACH

PERFORM WIND TUNNEL TESTS; DEVELOP ENGINEERING DESIGN AIMED AT INCREASING THE
POWER COEFFICIENT OF THE DAWT; AND COMPLETE PRODUCIBILITY ANALYSIS

DETERMINE APPROXIMATE COST FOR FIELD DEMONSTRATION AND COMMERCIALIZATION

32



WiND TunNNEL AND SMALL ScALE TEsSTS

F1eLp TEsT PLAN

WiINDSTREAM 18 DIFFUSER, TURNTABLE, INSTRUMENT DESIGN
PERFORMANCE CALCULATION

Economic ANALYSIS

33
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TAsk NUMBERS
2.1
2.2
2.3
2.4
2.5



PLANNED ACTIVITIES

COMPLETE THE REVIEW OF THE DRAFT FINAL REPORT (SERI)
gEE%?TE THE CONTRACT NEGOTIATIONS FOR THE RENEWAL PROPOSAL

ASSESSMENT
THE CURRENT EFFORT HAS BEEN COMPLETED AND A DRAFT FINAL
REPORT HAS BEEN SUBMITTED FOR REVIEW
A RENEWAL PROPOSAL SUBMITTED BY GRUMMAN HAS BEEN REVIEWED

AND RECOMMENDED FOR FUNDING. THE PROPOSAL IS FOR A PERIOD
OF 12 MONTHS AND AN ESTIMATED cosT ofF $90,440

34
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TorNADO TyrPe WIND ENERGY SYSTEMS

GRUMMAN AEROSPACE CORPORATION
EX-76-C0-01-2555
(James T. Yen, P.I1.)
QOBJECTIVE

DETERMINE TECHNICAL AND ECONOMIC FEASIBILITY OF THE TORNADO
TYPE MACHINE

APPROACH _
COMPLETE THEORETICAL ANALYSES UTILIZING MODELS TO PREDICT
OPTIMUM CONFIGURATIONS AND PERFORMANCE OF FULL~SCALE SYSTEMS

CONDUCT WIND TUNNEL TESTS OF SMALL MODELS AND COMPARE THE
PERFORMANCE CHARACTERISTICS WITH PREDICTED VALUES

ESTIMATE THE AUGMENTATION FACTOR FOR THE SYSTEM USING
MEASURED RESULTS

DESIGN, CONSTRUCT, AND TEST MID-SCALE SPIRAL AND VANED TYPE
MODELS

35
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Tasks

FLOW FIELD ANALYSIS OF VORTEX SYSTEMS

THREE FOOT MODEL TEST

TEN-FOOT
ONE-FoOOT
TEN-FOOT

TESTS OF

SPIRAL DESIGN AND FABRICATION
TURBINE DESIGN AND FABRICATION
DIAMETER VANED MODEL, DESIGN, AND FABRICATION

SPIRAL AND VANED MODELS

STRUCTURAL AND COST ANALYSIS

56

Task NUMBERS

3.1
3.2
3.3
3.4
3.5
3.6
3.7



AcCCOMPL ISHMENTS

COMPLETED DATA TAKING AND DETERMINED THE POWER COEFFICIENT
FOR ?IFFERENT CONFIGURATIONS (BEST TOTAL CP ~ 0.11 At 18
MPH «

COMPLETED DATA FOR DIFFERENT CONFIGURATIONS OF OUTWARD
FACING VANES AND INWARD FACING FLAPS-. (THE BEST RESULTS
WERE FOR THE VANES AT ANGLES LARGER THAN TANGENTIAL. THE
OPPOSITE WAS TRUE FOR THE FLAPS.)

DESIGNED AND CONSTRUCTED 18 FT HIGH WIND TUNNEL MODEL WITH
30 IN. DIAMETER TURBINE

COMPLETED A COST ANALYSIS FOR A COMPARABLE CAPACITY TORNADO-
TYPE SYSTEM AND COMPARED IT To MOD @A, 1, AND 2 WIND
TURBINES. (3¢/kWH 1S ESTIMATED BY GRUMMAN FOR A MATURE
PRODUCTION UNIT)

37



PLANNED ACTIVITIES

COMPLETE SOME ALTERATIONS TO THE TURBINE

AsseMBLE MID-SCALE (18 FT HiGH) MODEL AND TEST

ASSESSMENT

THE CURRENT EFFORT IS PROCEEDING AS SCHEDULED

GRUMMAN HAS SUGGESTED AN EXPANDED TEST PROGRAM TO INCLUDE
WIND TUNNEL TESTING REQUIRING ADDITIONAL FUNDING

PR-291
June 4, 19/9
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TeEst AND DEvices ForR WIND/ELECTRIC POWER
CHARGED AEROSOL GENERATOR

MArRks PoraArizep Co RATION

RPO

EG-77-C-01-2774

(ALvin M. Marks, P.I.)
OBJECTIVE

EXPERIMENTALLY EVALUATE FOUR METHODS OF PRODUCING CHARGED
DROPLETS AND COMPARE THE EXPERIMENTAL RESULTS WITH AVAILABLE
PREDICTIONS

ApPROACH

QEVELOP AyALYTICAL METHODS TO DETERMINE THE PERFORMANCE OF
CHARGING METHODS

DESIGN, CONSTRUCT, AND TEST THE CHARGING METHODS OVER A
RANGE OF CONDITIONS

EVALUATE THE CHARGING METHODS AND COMPARE THE EXPERIMENTAL
RESULTS WITH THE ANALYTICAL PREDICTIONS
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TEST
TEST
TEST
TesT

TesT

OF

OF

OF

OF

OF

Tasks

ARRAY 1

WATER JET/METAL CHARGING METHOD
ELECTROJET CHARGING METHOD
STEAM/METAL CHARGING METHOD

STEAM MICROJET CONDENSATION METHOD

40

Task NUMBERS

4.1
4.2
4.3
4.4
4.5
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PR-
JUNE 4, 1

WOWN
NWw

PLANNED ACTIVITIES

gOTPLET& éND SUBMIT FOR REVIEW A DRAFT FINAL REPORT ON TASKS
- TO L]

ASSESSMENT
THE CURRENT EFFORTS HAVE NOT ALL BEEN COMPLETED AS PLANNED

A RENEWAL PROPOSAL HAS BEEN SUBMITTED BY MARKS POLARIZED
CORPORATION AT A FUNDING LEVEL OF $65K
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ELecTrROFLUID DynaMic WIND DRIVEN GENERATOR

UNIVERSITY OF DAYTON RESEARCH INSTITUTE
XH-9-8074-1
(Joun E. MiNarDI, P.1.)

OBJECTIVE
PROVIDE A SUFFICIENT DENSITY OF CHARGED WATER DROPLETS OF
LOW-MOBILITY TO EXPERIMENTALLY EVALUATE EFD GENERATOR
GEOMETRIES
DEVELOP TECHNIQUES FOR PROVIDING LOW-MOBILITY CHARGED WATER
DROPLETS FOR WIND ENERGY APPLICATIONS IN A COST EFFECTIVE
MANNER

APPROACH

DEVELOP THEORETICAL MODELS TO PROVIDE LIMITING CONDITIONS
FOR DROPLET AND GENERATOR PERFORMANCE

CONDUCT WIND  TUNNEL STUDIES, DEVELOP CHARGE DROPLET
PRODUCTION METHODS, AND COMPARE RESULTS WITH ANALYSES

42

PR-
June 4, 1
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LABORATORY CoLLOID GENERATING EXPERIMENT
EXPERIMENTAL CONFIGURATION

CoLLOID GENERATION EXPERIMENTS

EFD GENERATOR PERFORMANCE

CriTicAaL PRoOBLEM AREAS

43

TAsk NUMBERS
5.1
5.2
5.3
5.4
5.5

PR-291
June 4, 1979



AccoMpl ISHMENTS

DRAFT FINAL REPORT FOR THIS PROJECT WAS REVIEWED AND
COMMENTS RETURNED

A RENEWAL CONTRACT HAS BEEN AWARDED AT A FUNDING LEVEL OF
$117,523 FOrR 12 MONTHS

4y
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June 4, 1979



PLANNED ACTIVITIES
CONTINUE THEORETICAL STUDIES TO DEVELOP METHODS OF PRODUCING
CHARGED WATER PARTICLES ECONOMICALLY

CONDUCT TESTS ON AND OPTIMIZE THE BI-POLAR METHOD OF
PRODUCING LOW MOBILITY CHARGE DROPLETS

DEVELOP AND TEST OPTIMUM SHAPED ATTRACTOR AND COLLECTOR
ELECTRODE GEOMETRIES

PROVIDE A PLAN FOR IMPLEMENTATION OF AN EFD WIND POWERED
GENERATOR

ASSESSMENT

THE CURRENT EFFORTS HAVE BEEN SATISFACTORILY COMPLETED

H5
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ENERGY FrROM HuMIiD AIR

SouTH DAkoTA ScHooL oF MINEsS AND TECHNOLOGY
DE-ACO01-79ET23052
(THoMAas K. OLIVER)

OBJECTIVE

DETERMINE A COST EFFECTIVE METHOD OF CONVERTING THE LATENT
HEAT OF WATER VAPOR IN HUMID AIR INTO MECHANICAL WORK

APPROACH

DETERMINE THE POTENTIAL OF THE EXPANSION"COMPRESSION
TECHNIQUE FOR REMOVING ENERGY FROM HUMID AIR
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DEVELOP METHODS TO EVALUATE TOWER FLOW, LOSSES,
CONDENSATION, AND COMPRESSION

INVESTIGATE COOLING METHODS BASED ON AVAILABLE
METEOROLOGICAL DATA

PERFORM PARAMETRIC STUDIES FOR TASK 6.1
DEVELOP ECONOMIC ANALYSIS

COMPUTER MODELING OF THE FLOW

STuUDY OF LOSSES

CONDENSATION & COOLING DYNAMICS

SYSTEM PERFORMANCE

STRUCTURAL DESIGN

EconoMmic ESTIMATES

47

Task NUMBERS

6.1

6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
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JUNE 4,
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PR-291
June 4, 1979

AccomMpL I SHMENTS

Tasks 6.1 TO 6.4 HAVE BEEN COMPLETED AND A DRAFT FINAL
REPORT SUBMITTED FOR REVIEW

A RENEWAL CONTRACT HAS BEEN AWARDED AT A FUNDING LEVEL OF
$68,975 For 12 MONTHS

PLANNED ACTIVITIES

REVISE THE DRAFT FINAL REPORT AND RESUBMIT FOR REVIEW

WORK ON THE RENEWAL CONTRACT WILL NOT BEGIN UNTIL June 1979
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AN ANALYSIS OF THE MADARAS RoToR POWER PLANT

UNIVERSITY OF DAYTON RESEARCH INSTITUTE
EX-76-S-01-2554
(DALE H. WHITFORD, P.I.)
OBJECTIVES

DETERMINE THE COST EFFECTIVENESS OF THE MADARAS RoTorR POWER
PLanNT IN THE 100 MW 1o 200 MW RANGE

APPROACH

CoNDUCT THEORETICAL AND EXPERIMENTAL STUDIES OF ROTATING
CYLINDERS

EVALUATE THE STRUCTURAL, ELECTRIC, AND MECHANICAL COMPONENTS
OF THE SYSTEMS UTILIZING MODERN TECHNOLOGY

PERFORM AN ECONOMIC EVALUATION AND PERFORMANCE SIMULATION OF
THE SYSTEM FOR VARIOUS PLANT SIZES

49
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VORTEX ANALYSIs oF MADARAs RoToR
MopeL DesiGN, FABRICATION, AND TESTS
DATA EvALUATION
ELecTRIcAL/MECHANICAL STUDIES
PERFORMANCE ANALYSIS

ConpucT Economic STuDIES

50

Task NUMBERS

7.1
7.2
/.3
7.4
7.5
7.6

PR-291
June 4, 1979



AccoMPLISHMENTS

THE DRAFT FINAL REPORT HAS BEEN REVIEWED AND COMMENTS
PRESENTED TO THE PRINCIPAL INVESTIGATOR

PLANNED ACTIVITIES

FINAL REPORT IS To BE SUBMITTED BY THE PRINICIPAL
INVESTIGATOR

No ADDITIONAL STUDIES CURRENTLY CONSIDERED IN THIS AREA
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VORTEX AUGMENTORS FOR WIND ENERGY CONVERSION

PoLYTECHNIC INSTITUTE OF NEW YORK
ET-77-C-01-2358
(PasQuaLe M. SFoRrza)
UBJECTIVE
DETERMINE THE TECHNICAL FEASIBILITY, PERFORMANCE, AND

ECONOMIC POTENTIAL OF THE DeLTA WiNe TyPE VORTEX AUGMENTOR
CONCEPT

APPROACH

ADEQUATELY INSTRUMENT THE PROTOTYPE DeLTA WIND VORTEX
AUGMENTOR

DETERMINE STABILITY AND CONTROL SAFETY ASPECTS OF THE SYSTEM
UNDER OPERATING CONDITIONS

DEVELOP PERFORMANCE CHARACTERISTICS OF THE PROTOTYPE SYSTEM

52
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FieLp TEST PROGRAM
TEST AND ANALYSIS
WiND TunNNEL TESTS

Economic STuDIES

53

JTask NUMBERS
8.1
8.2
8.3
8.4

JUNE 4,



ACCOMPLISHMENTS
CONDUCTED TESTS OF FLAPPED VERSION OF PROTOTYPE IN THE
EnviIRONMENTAL WIND TUNNEL

PERFORMED MEASUREMENTS OF THE FIELD TEST BLADES IN THE RoToOR
TEST FACILITY TO EVALUATE BLADE CHARACTERISTICS

COMPLETED THE SYSTEM DEFINITION FOR THE ECONOMIC ANALYSIS.
THIS IS TOo BE USED AS INPUT INTO THE ECONOMIC STUDY

INITIATED FIELD TESTS

A TECHNICAL PAPER WAS PRESENTED AT THE ASME MEETING IN SAN
FRANCISCO

54
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PLANNED ACTIVITIES

PERFORM FIELD TESTS AND EVALUATE THE VORTEX AUGMENTOR
ConcerT (VAC) PROTOTYPE

PERFORM FIELD TESTS AND EVALUATE THE VAC WITH FLAP ADDITION
ASSESS AND OPTIMIZE FLAP POSITION USING WIND TUNNEL TESTS

DEVELOP THE ECONOMIC MODEL FOR THE VAC

ASSESSMENT

THE PROJECT 1S PLANNED FOR COMPLETION DURING JuNE 1979

55
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PRINcIPAL SuBCONTRACTS FOR FY/9 GENERIC STUDIES

DEFINITIVE GENERIC STUDY
oF AUGMENTED HORIZONTAL
Axis WES (HAWT)

DEFINITIVE GENERIC STUDY
ofF HieH LiFT Device WES
(HieH LieHT)

DeEFINITIVE GENERIC STUDY
oF AUGMENTED HORIZONTAL
Axis WES (HAWT)

DEFINITIVE GENERIC STUDY
ofF AucMENTED VERTICAL AXIS
WES (VAWT)

DEFINITIVE GENERIC STUDY
ofF Sa1L Wine WES (SarL
Wing)

DEFINITIVE GENERIC STUDY
oF VorTeEXx ExTRACTION WES
(VORTEX)

AEROVIRONMENT, INcC-. AH
AEROVIRONMENT, INC. AHL
TeTrAa-TEcH, IncC. 1T
NEw YORK UNIVERSITY NYU

WASHINGTON UNIVERSITY WU
TECHNICAL ASSOCIATES

JBF ScienTiFic Corp. JBF

AH-9-8005-1

AH-9-8005-2

AH-9-8003-3

AH-9-8003-4

AH-9-8003-5

AH-9-8004-6
KORNREICH

PETER LISSAMAN

PETER LISSAMAN

Mark HARPER

MARTIN HOFFERT

K. H. HOHENEMSER

THEODORE R.
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“A DEFINITIVE GENERIC STUDY OF AueMEN;ED
HorR1ZONTAL-AXIS WIND ENERGY SYSTEMS

AEROVIRONMENT, INC.
(AH-9-8003-1)

PETER LISSAMAN

BJECTIVE

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL COST-
EFFECTIVENESS OF AUGMENTED HoRizoNTAL-Axis WIND ENERGY

SYSTEMS

APPROACH

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH WIND
ENERGY SYSTEM:

CoST-EFFECTIVENESS ($/KWH)

ADVANTAGES AND DISADVANTAGES OF CONCEPT

CAPACITY FACTORS

POTENTIAL AREAS FOR IMPROVEMENT

DIRECTION FOR FUTURE EFFORTS, IF ANY

BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED
AS A GUIDE. DOCUMENTATION OF ADDITIONAL CRITICAL FACETS
FOR THE STUDY MAY BE INCLUDED

57
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PERFORM A CRITICAL TECHNICAL REVIEW
OF THE GENERIC GROUP AUGMENTED
Hor1zoNTAL AXxis WIND ENERGY SYSTEMS

COMPARE THE VARIOUS TYPES OF AUGMENTED
HorIZoNTAL-AXIS WIND ENERGY SYSTEMS
WITH UNAUGMENTED CONVENTIONAL WIND
ENERGY SYSTEMS

58

TAask NUMBERS

9.1

9.2



ACCOMPLISHMENTS

COMPLETED REVIEW OF LITERATURE AND CURRENT RESEARCH

COMPLETED THE SYSTEM ANALYSIS OF THE PERFORMANCE OF THE
DUCTED ROTOR AND DYNAMIC INDUCER

INITIATED THE SYSTEM ANALYSIS OF THE PERFORMANCE OF THE
DELTA WING AND COST ANALYSIS OF THE AUGMENTED HORIZONTAL-

Axis SYSTEMS

59



PLANNED ACTIVITIES

A PAPER IS TO BE GIVEN AT THE WEIS cONFERENCE IN COLORADO
SpriNGs, May 23-25, 1979

THE DRAFT FINAL REPORT

IS TO0 BE cOoMPLETED May 1979

ASSESSMENT

THE CURRENT EFFORT IS PROCEEDING AS SCHEDULED

60

PR-291
June 4, 1979



“A DEFINITIVE GENERIC OF HIGHILIFT Device
WiND ENERGY SysTEMS”

AEROVIRONMEN
(AH-9-8003-2

PETER LISSAMAN

ENT
-2)

OBJECTIVE

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL COST-
EFFECTIVENESS OF HieH LIFT Device WiIND ENEGY SYSTEMS

APPROACH

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH WIND
ENERGY SYSTEM:

CoST-EFFECTIVENESS ($/kWH)

ADVANTAGES AND DISADVANTAGES OF CONCEPT

CAPACITY FACTORS

POTENTIAL AREAS FOR IMPROVEMENT

DIRECTION FOR FUTURE EFFORTS, IF ANY

BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED
AS A GUIDE. DOCUMENTATION OF ADDITIONAL CRITICAL
FACETS FOR THE STUDY MAY BE INCLUDED

b1

JUNE 4,



TAasks

PERFORM A CRITICAL TECHINICAL REVIEW
OF THE GENERIC GROUP HieH LIFT WIND
ENERGY SYSTEMS

COMPARE THE VARIOUS TYPES OF HieH LIFT

WiND ENERGY SYSTEMS WITH UNAUGMENTED
CONVENTIONAL WIND ENERGY SYSTEMS

62

PR-29
97

1
June 4, 1979

Tasks NUMBERS

10.1

10.2



ACCOMPL I SHME

INITIATED SYSTEM DESIGN CONFIGURATION REVIEWS
DEVELOPED ANALYTICAL MODELS TO ASSESS HIGH LIFT EFFECTS

DEVELOPED COMPUTER PROGRAMS TO DETERMINE PERFORMANCE CHARAC-
TERISTICS

63

JUNE 4,



PLANNED AcTIVIT
A PAPER IS TO BE GIVEN AT THE WEIS coONFERENCE IN COLORADO
SprINGS, May 23-25, 1979

THE FINAL DRAFT REPORT IS TO BE COMPLETED May 1979

SESSMENT

THE CURRENT EFFORT IS PROCEEDING AS SCHEDULED

b4



“A DEFINITIVE GENERIC STUDY OF AUGMENIED
HorR1ZONTAL-AXIS WIND ENERGY SYSTEMS

TeETrRA-TECH, INC-.
(AH-9-8003-3)

MArRK HARPER

OBJECTIVES

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL COST-
EFFECTIVENESS OF AUGMENTED HoRrRI1zZONTAL-Axis WIND ENERGY
SYSTEMS

APPROACH

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH WIND
ENERGY SYSTEM:

CoST-EFFECTIVENESS ($/kWH)

ADVANTAGES AND DISADVANTAGES OF CONCEPT

CAPACITY FACTORS

POTENTIAL AREAS FOR IMPROVEMENT

DIRECTION FOR FUTURE EFFORTS, IF ANY

BIBLIOGRAPHY=--THE LISTING PROVIDED ABOVE IS TO BE USED
AS A GUIDE. DOCUMENTATION OF ADDITIONAL CRITICAL
FACETS FOR THE STUDY MAY BE INCLUDED
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Tasks

PERFORM A CRITICAL TECHNICAL REVIEW OF
THE GENERIC GROUP AUGMENTED HORIZON-
TAL-AxIs WIND ENERGY SYSTEMS

COMPARE THE VARIOUS TYPES OF AUGMENTED
Hor1ZONTAL-AXIs WIND ENERGY SYSTEMS
WITH UNAUGMENTED CONVENTIONAL WIND
ENERGY SYSTEMS

66
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Task NUMBERS

11.1

11.2



ACCOMPL ISHMENTS

INITIATED THE ACQUISITION OF PUBLISHED INFORMATION AND DATA

67
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PLANNED ACTIVITIES

A PAPER IS T0 BE GIVEN AT THE WEIS conFerRenNce IN CoLORADO
SpriINGS, May 23-25, 1979

THE DRAFT FINAL REPORT IS TO BE COMPLETED May 1979

ASSESSMENT
THE CURRENT EFFORT IS PROCEEDING AS SCHEDULED
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“A DEFINITIVE GENERIC STUDY OF AUGME”TED
VERTICAL-AxIs WIND ENERGY SYSTEMS

MARTIN I. HOFFERT

OBJECTIVE

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL COST-
EFFECTIVENESS OF AUGMENTED VERTICAL-AxIs WIND ENERGY SyYSTEMS

APPROACH

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH WIND
ENERGY SYSTEM:

COST-EFFECTIVENESS ($/KWH)

ADVANTAGES AND DISADVANTAGES OF CONCEPT

CAPACITY FACTORS

POTENTIAL AREAS FOR IMPROVEMENT

DIRECTION FOR FUTURE EFFORTS, IF ANY

BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED
AS A GUIDE. DOCUMENTATION OF ADDITIONAL CRITICAL
FACETS FOR THE STUDY MAY BE INCLUDED
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PERFORM A CRITICAL TECHNICAL REVIEW
OF THE GENERIC GROUP AUGMENTED
VERTICAL-AXxIs WIND ENERGY SYSTEMS

COMPARE THE VARIOUS TYPES OF AUGMENTED
VERTICAL-AxIs WIND ENERGY SYSTEMS
WITH UNAUGMENTED CONVENTIONAL WIND
ENERGY SYSTEMS

79

TAask NUMBERS

12.1

12.2
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AccOMPI ISHMENTS

TECHNICAL STATUS REPORTS HAVE NOT BEEN RECEIVED ON THIS PROJECT

/1

PR-291
JunNeE 4, 1979



PLANNE VITIES
A PAPER IS To BE GIVEN AT THE WEIS conNFeErRence IN COLORADO
SprINGS, May 23-25, 1979
THE DRAFT FINAL REPORT IS TO BE COMPLETED May 1979

ASSESSMENT

THE CURRENT EFFORT IS PROCEEDING AS SCHEDULED

/2

JUNE 4,



“A DEFINITIVE GENERIC STUDY OF SaiL Wine
WiND ENERGY SYSTEMS

WAasHINGTON UNIVERSITY TECHNICAL Assoc., INc.
(AH-9-8003-5)

Dr. K. H. HOHENEMSER

OBJECTIVE

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL COST-
EFFECTIVENESS OF SAIL Wine WIND ENERGY SYSTEMS

APPROACH

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH WIND
ENERGY SYSTEM:

CoST-EFFECTIVENESS ($/kWH)

ADVANTAGES AND DISADVANTAGES OF CONCEPT

CAPACITY FACTORS

POTENTIAL AREAS FOR IMPROVEMENT

DIRECTION FOR FUTURE EFFORTS, IF ANY

BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED
AS A GUIDE. DOCUMENTATION OF ADDITIONAL CRITICAL
FACETS FOR THE STUDY MAY BE INCLUDED

/3



PERFORM A CRITICAL TECHNICAL REVIEW
OF THE GENERIC GROUP SAIL WING
WiND ENERGY SYSTEMS

COMPARE THE VARIOUS TYPES OF SAIL
Wine WiIND ENERGY SYSTEMS WITH
UNAUGMENTED CONVENTIONAL WIND
ENERGY SYSTEMS

/4

Task NUMBERS

13.1

13.2

JUNE 4,



CCOMPLISHMENT

INITIATED THE ACQUISITION OF PUBLISHED INFORMATION AND DATA
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PLANNED ACTIVITIES

A PAPER IS To BE GIVEN AT THE WEIS CoNFeERencé IN COLORADO
SpriNGs, May 23-25, 1979

THE DRAFT FINAL REPORT IS TO BE COMPLETED May 1979

ASSESSMENT

THE CURRENT EFFORT IS PROCEEDING AS SCHEDULED

/6
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“A DEFINITIVE GENERIC STUDY OF Vogrex
ExTRACTION WIND ENERGY SYSTEMS

JBF ScienTifFic, Inc.
(AH-9-8003-6)

THEODORE R. KORNREICH

OBJECTIVE

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL COST-
EFFECTIVENESS OF VORTEX EXTRACTION WiInND ENERGY SYSTEMS

APPROACH

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH WIND
ENERGY SYSTEM:

COST-EFFECTIVENESS ($/KWH)

ADVANTAGES AND DISADVANTAGES OF CONCEPT

CAPACITY FACTORS

POTENTIAL AREAS FOR IMPROVEMENT

DIRECTION FOR FUTURE EFFORTS, IF ANY

BIBLIOGRAPHY-~THE LISTING PROVIDED ABOVE IS TO BE USED
AS A GUIDE. DOCUMENTATION OF ADDITIONAL CRITICAL
FACETS FOR THE STUDY MAY BE INCLUDED
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PERFORM A CRITICAL TECHNICAL REVIEW
OF THE GENERIC GROUP VORTEX EXTRAC-
TION WIND ENERGY SYSTEMS

COMPARE THE VARIOUS TYPES OF VORTEX
ExTrRACTION WIND ENERGY SYSTEMS WITH
UNAUGMENTED CONVENTIONAL WIND ENERGY
SYSTEMS

/8

PR-291
June 4, 1979

Task NUMBERS

14.1

14.2



ACCOMPLISHMENTS

THE PROJECT HAS JUST BEEN

/9

INITIATED



PLANNED ACTIVITIES
A PAPER IS TO BE GIVEN AT THE WEIS conNFeERenNcE IN COLORADO
SpriNGs, May 23-25, 1979

THE DRAFT FINAL REPORT IS TO BE COMPLETED JUNE 1979

ASSESSMENT

THE CURRENT EFFORT IS PROCEEDING AS SCHEDULE

30
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PRoGRAM MANAGEMENT

ACCOMPLISHMENTS

REVIEWED CURRENT R&D PROJECTS ON A CONTINUING BASIS——-DETAILS
PROVIDED PREVIOUSLY

AWARDED SIX CONTRACTS FOR GENERIC WES sTuDIES

I[ssueD AN RFP ENTITLED “ADVANCED AND INNOVATIVE WIND ENERGY
CoNcepT DEVELOPMENT” T0 250 SOURCES. A TOTAL OF
PROPOSALS WERE SUBMITTED IN RESPONSE TO THE RFP. TECHNICAL
EVALUATION AND RANK ORDERING IS BEING PERFORMED BY A SERI
PANEL AND MEMBERS OF THE ADVISORY CoMMITTEE (OR THEIR
REPRESENTATIVES)

COMPLETED AN AGENDA AND IDENTIFIED SPEAKERS FOR THE WEIS
CONFERENCE TO BE HELD May 23-25 AT COLORADO SPRINGS,
CoLORADO- THIS EFFORT IS BEING COORDINATED WITH Rick
KotTLER, JBF, AND THE SERI CONFERENCE GROUP
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R&D SuBcoNTRACTED PRrRoJECTS, FY/8 anD 79

PR-291
JuNE 4, 1979

TERMINATION DATE

FunNDING STATUS

PROPOSED TERMINATION ADDITIONAL FUNDING PROJECTED
TITLE/SUBCONTRACTOR DATE) Funpine FY78 ReEQuEsTED FY79 Funpine FY80
INN. - W. VA. Univ. Auecust 15, 1979 99,888 N/A 100,000
DAWT - GRUMMAN DecemBer 31, 19/8 201,964 90,440 102,000
(MarcH 31, 1980)
ToRNADO - GRUMMAN June 30, 1979 236,115 N/A 200,000
EFD - MaRrks SEPTEMBER 27, 1978 99, 448 65,000 N/A
(MarcH 31, 1980)
EFD - U. DAyTON MarcH 31, 1980 102,264 117,523 110,000
Hum. AIrR - S. DAkoTA MarcH 12, 1980 99,547 68,975 N/A
Maparas - U. DayToN DecemBer 31, 1978 $143,171 N/A N/A
VORTEX - PINY May 31, 1979 43,924 N/A N/A
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GENERIC SUBCONTRACTED ProJECTS FY/9

TITLE/SUBCONTRACTOR

TERMINATION DATE

FunDING STATUS

Funbpine FY79

HAWT - AEROVIRONMENT

HiegH LIFT - AEROVIRONMENT
HAWT - TETRA-TECH

VAWT - N.Y.U.

SAIL Wine - W.U.T.A.

VorTEX - JBF ScIENTIFIC

May 31, 1979
May 31, 1979
May 31, 1979
May 31, 1979
May 31, 1979
June 31, 1979

21,827
22,772
24,677
24,951
22,500
24,950

34



PR-2
June 4, 19
WEIS PROGRAM MANAGEMENT CHART
Program 1
Management Vas (SA)
Mitchell (SPO)
|
__________________ - _ -
| | | i 1
1 I I | |
Contracts Finance Support Consultants Advisory
Technical Committee
Management
Hahn (C) Power(AFB) Christmas (EMA) Moretti Aspliden
Spaulding Perkins (SA) Thresher Healy
McConnell (SA) Wendell
Edesess (SA) Thomas
Lavender (SA) Kadlec
Weis (CB) Parthe

1Office/Branch abbreviations are defined below:

SPQ Special Programs Office

Contracts

C

AFB Accounting, Finance and Budget
EMA Economics and Market Analysis
ERA Energy Resource Assessment

SA Systems Analysis
CB Communiations Branch
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PLANNED ACTIVITIES

CONTINUE AND COMPLETE ACTIVITIES RELATING TO CURRENT R&D
STUDIES AS INDICATED PREVIOUSLY

INITIATE REVIEW OF THE R&D PROPOSALS RECEIVED AND MAKE
MULTIPLE AWARDS

Hotp THE WEIS coNFERENCE oN May 23-25 1IN CoLORODO SPRINGS,
CoLORADO

SUPPORT THE PLANNING oF THE SERI WiND ENERGY SYsTEMS PROGRAM

Qutput

DEVELOP AND CONFIRM BY ADEQUATE TESTS SPECIFIC INNOVATIVE
CONCEPTS THAT HAVE THE POTENTIAL OF BEING COST EFFECTIVE AS
COMPARED TO CONVENTIONAL SYSTEMS

DEVELOP A PROGRAM PLAN FOR FY80 INCORPORATING INPUT PROVIDED
AT THE WEIS CONFERENCE AND SUPPLEMENTED BY RECOMMENDATIONS
OF THE ADVISORY COMMITTEE

PrRoviDE supPPORT TO WSB IN THE PROGRAMMATIC ACTIVITIES

36
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COST ESTIMATING AND ENGINEERING ANALYSIS

OF INNOVATIVE WECS

RoBERT McCoONNELL

37/

JUNE 4,
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JUNE 4,

COST ESTIMATING AND ENGINEERING ANALYSIS OF INNOVATIVE WECS

OBJECTIVE

ESTIMATE THE COST OF ENERGY PRODUCED BY INNOVATIVE WECS

ACCOMPLISHMENTS

REQUESTED PROPOSALS FOR A LOW BUDGET ($10K) SHORT TERM (b WEEKS) DEVELOPMENT OF
A METHODOLOGY FOR ESTIMATING COST OF ENERGY FOR INNOVATIVE SYSTEMS IN THEIR
CONCEPT STAGE

CONTRACT GIVEN TO SCIENCE APPLICATIONS, INC. FOR DEVELOPMENT OF A SCREENING
MeTHopoLOGY FOR INNovAaTIVE WECS AND APPLICATION oF THE METHODOLOGY TO THE
GrRuMMAN DAWT

COMPLETED DRAFT REPORT ENTITLED "A GENERAL RELIABILITY AND SAFETY METHODOLOGY
AND ITS APPLICATION To WIND ENERGY CONVERSION SYSTEMS”

WON
~NIO
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PLANNED ACTIVITIES

REVIEW AND REQUEST REVIEWS OF SCREENING MeTHoDoLoGY FOR INNOVATIVE WECS
Request REVIEWS oF ReLiaBiLITY AND SAFETY METHODOLOGY REPORT
BEGIN EXPLORATORY SUBCONTRACT ON DETAILS OF COSTS OF DEVELOPMENT PHASE IN WEIS
LiFre CycLE
QurpuTt

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR EVALUATING AN INNOVATIVE WEC's
RELIABILITY AND SAFETY AND ITS ASSOCIATED OPERATION AND MAINTENANCE COSTS

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR ESTIMATING THE COST OF ENERGY OF
INNOVATIVE WECS IN THEIR CONCEPT PHASE

TECHNICAL REPORT ESTIMATING THE IMPACT OF DEVELOPMENT COSTS ON THE LIFE CYCLE
cosTs oF INNOVATIVE WECS
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MAJOR MILESTONES FY79 FY80

Oct |Nov |Dec}Jan|Feb|Mar]ApriMay|JuniJul JAug |Sep|Oct|Nov|Dec|Jan|Feb|{Mar

. Assess Previous Studies Y

. Quarterly Review - WSB
. Reliability & Safety u] [ ]

. Screening Metholodogy o [ |
(Phase I)

. Costing Metholodogy a o [
(Phase II)

. Development costs A

. Production Costs Methololgy
data collection)

. Cost Analysis and Modeling
Production

A Begin Miléstone o Draft Final Report
v Milestone Complete B Final Report

€ \Workshop or Special Meeting
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How We Do It

PARAMETRIC COST ESTIMATING APPROACH (STATISTICAL,
TOP-DOWN)

DEVELOP cOST ESTIMATING RELATIONSHIPS (CER's)
DEVELOP SYSTEM LIFE CYCLE COST MODELS

SPECIFIC DESIGN OF CRITICAL COMPONENTS (DETAIL,
BOTTOM UP)
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ParAaMETRIC CosT ESTIMATING

AN ESTIMATE BASED ON THE PARAMETERS OF THE SYSTEM
BEING COSTED — -

PHYs1cAL AND PERFORMANCE CHARACTERISTICS
WEIGHT SPEED

MATERIAL FORCE
VoLUuME POWER
0 0
0 0
0 0

CosT EsTimATING RELATIONSHIPS (CER's)
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DEsiGN PARAMETERS

SCHEDULE VARIABLES

WinD ENERGY CONVERSION SYSTEM

Brape MATERIAL

WeiGHT, DIAMETER, AND LENGTH
RATED WIND VELOCITY

Dynamic LoADING

RATED POWER

SOLIDITY

SYsTEM EFFECTIVENESS CRITERIA
RELIABILITY MAINTAINABILITY
DesioN CONFIGURATION

SYSTEM SAFETY

Maximum WIND SURVIVAL

SEIsMICc LoADING

LENGTH oF DEVELOPMENT PROGRAM
DOE MILESTONES

MATURE PRODUCTION REQUIREMENT
YEARs ofF 0&M

PRODUCTION RATE
Duration oF T&E
CLUSTER S1zE

93
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WiIND ENERGY CONVERSION SYSTEM

No. oF UNiTs DEPLOYED

~_—No. oF MAINTENANCE FACILITIES REQUIRED
No. oF 0&M PeErsoNNEL REQUIRED

No. oF Un1Ts TESTED

No. oF PRoTOTYPES DEVELOPED

No. oF T&E SuppPorRT PERSONNEL REQUIRED
PAy AND ALLOWANCE RATES

MANUFACTURING LEARNING CURVES

PROGRAM VARIABLES

TECHNICAL
SCHEDULE
MANUFACTURING

Ri1sk PARAMETERS EconomIc
ADVANCED TECHNOLOGY
OTHER TEcHNoOLOGY TIMING
PossI1BLE ENVIRONMENTAL
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CosT FEsTiMATING RELATIONSHIP (CER)

AN ANALYTIC EQUATION USED TO COMPUTE THE COST OF A PARTICULAR ELEMENT OF A SYSTEM, OR THE
TOTAL SYSTEM, BASED ON SYSTEM CHARACTERISTICS.

COST = A W
COST=AP +BW
cosT = A T®

A, B, = CONSTANTS TO BE DETERMINED

P,'w, T = SYSTEM PARAMETERS SUCH AS POWER, WEIGHT, ETC.
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LIFE CYCLE COSTS OF A SYSTEM

Life Cycle Cost -

-¢ Program Acquisition Cost : :
!; Investment Cost —
:: Operating and Support Cost o
Procurement Cost
/
> Research and Development Cost > /
«¢———Program Peculiar Add Costs —p
/ Hardware
/_ ,I Cost Also
=~ Design to Cost\
o Validation ls / (Per Contract \ \\
- ~ Phase \ / / Appraach) \ \ \
/ l lv N 'y Y .‘/ / N \ 5
In i | Full Scal !
_Pl:nn(i)z;e) «¢———————Conceptual Phase ;l Developmen Production and Deployment Phase-————-)l
I Phase
¢ Operating and Support Phase o
Research Exploratory: Advanced I 5 Engineering h P 9 PP
~ Program™ Development Development ] ~ Development "l I(__________Full Scale Produlction-—-—-——-—yl
{
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WELS
Concept

VEIS CONCEPT SCREENING METHODOLOGY

Is WEIS Con-

sistent with
Is WEIS Basic Pnysics?
Is WElS  [fes Ve
b Innovative? | ] Adequately '-a-Conservation
Defined? of Energy
-Structurally
Reasonable
0 No
Request |_|
R Synthesize Update
Hieeded
Data
Request
Mcre

Information

PR-291
June 4, 1979

Modify
Cost
ROT
Is WEIS d s wers Is WELS
s Ye ( Cost Data
M cost Data =% Cost Data fe3 . Costs _
Credible? Credible
Consistent? Complete? (ROT Test)
‘1?0 NG No
Adjust to " : Identify Cbtain -
consistent ol | yileing Doca ¥ | Source |af  Expert |l Costs we
Assumptions of Failure Cost redible
Opinion
Reyuest Ccst
Update
Modify
Performance
ROT
—
Is WEIS 1 WEIS
ly} Pertormance !Qﬁ Ferformarce Performance
Data Data Credible? 4 Ccrediple
Consistent? (ROT Test)
No No
p y
Adjust to ldentify Obtain
Consistent Problem Expert Performance
Assumptions Technical Not Credible
Opinion
Request Performance
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Cost/Performance Evaluation Sheet

System Name: Modular Factors :Jt.gg(?txh DatPeR 297
Rated kw's: @ _imph Mills/kwhr June U4 '1979' l-
] 1]
y| Reported | Normalized | Adjusted Z Mfg'd % Mfg'd ||
‘I Cost Cost Cost Equip Weight Bquip | :$/1b ROT Ratios
“ear and 1979 1979 ! |-1-1
“uantity 100th Unit | 100th Unit ' WIG | Tower | M&E | By
‘anufactured _ _ $/Swept:_
~quinment. ' Area '
- Wind ' $/Rat:ed
Generator -~ Power
Avg
‘Rotor $/Power
Drive’ ° Watts/# | - l
Electrical Kwhr/{
Controls it/Area '_
Enclosure X Mattsnpes
“JAnnual_Eier
Tower
Other .. . i‘
Materials' . '
Labor Direct Physical Description/Dimensions: l
Tileld '
Installation
(mathours) = l
Site Prep
Total Direct '
Field Cost l_
Indirect (OH) . Swept Area Eff, Hub Height
. ¥ : '
Interest Vi- VR_ V= V= I
Spares ° 8
Contingency Average Output Comments ._
Fer (87) Reported. | Adiusted Reference '
"ot~ Capital CF
Zpccation & K ! .
Maintenance v ave
Car~ying
Cha~res Kw hrs l

A r Y Anmaan hJ
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CosT CONSIDERATIONS FOR INSTALLED WIND SYSTEMS
ITEM DEFINITION
TurRBINE & SITE
MANUFACTURED EQUIPMENT ToTAL OF WIND SYSTEM COMPONENTS
WIND GENERATOR ROTOR AND DRIVE
RoToRr SPEED INCREASER, SHAFTS
DRIVE BLADES, HUB, PITCH AND YAW SYSTEM
ELECTRICAL GENERATOR, POWER CONDITIONING
CONTROLS RPM CONTROL SYSTEM, SAFETY SYSTEMS
ENCLOSURE E.G., FAIRINGS
TOWER SUPPORT STRUCTURE, TIE DOWNS, ETC.
SiTe Speicric CosTs LAND, TRANSMISSION LINES, ACCESS ROADS
FOUNDATION CONCRETE, ANCHORS
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CosT CONSIDERATIONS FOR INSTALLED WIND SYSTEMS (CONTINUED)

[TEM DEFINITION

INSTALLATION

MATERIALS TRANSPORT, FENCING, LIGHTS, CONDUIT, WIRE, SITE PREPARATION

INSTALLATION ALL LABOR COSTS TO SITE, ASSEMBLE, ERECT
AND CHECK OUT THE SYSTEM

MaNHOURS LABOR HOURS FOR INSTALLATION

S1TE PREPARATION EXCAVATION, CLEANING, DEWATERING, FILL

TotaL DirecT FIELD SUM OF ALL DIRECT COSTS, WHICH IS EVERYTHING LISTED
PREVIOUSLY

INDIRECT FIELD INDIRECT FIELD AND OFFICE COSTS

ACCRUED DURING INSTALLATION; E-G-, TEMPORARY
CONSTRUCTION FACILITIES, CRAFT BENEFITS, PAYROLL
BURDENS, CONSTRUCTION EQUIPMENT
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CosT CONSIDERATIONS FOR INSTALLED WIND SysTeEMs (CONTINUED)

[TEM DEFINITION
CAaPITAL
INTEREST CoST OF CAPITAL DURING INSTALLATION
SPARES INITIAL REPLACEMENT PARTS
CONTINGENCY RESERVE FUND
FEE FEE FOR INSTALLATION FIRM

ToraL CaPITAL
OPERATIONS AND MAINTENANCE (0&M)

LEveL1zeDp 08&M
CARRYING CHARGES
ToTAL ANNUAL

TOTAL OF ALL OF COSTS
NORMAL AND UNSCHEDULED MAINTENANCE
PLUS NORMAL OPERATING COSTS
AnnuiTIZED O&M cosTs, 30 YEAR LIFE
ANNUAL FINANCIAL CHARGES ON TOTAL CAPITAL
TOTAL OF CARRYING CHARGES AND 0&M
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CosT ESTIMATIONS
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June 4, 1979

[TEM ESTIMATES
RoToR $5 10 $37/K6 $2.50 10 $1//POUND
DRIVE $3 10 $11/K6G $1.50 10 $5/POUND
ELECTRICAL $5 10 $22/K6 $2.25 10 $10/POUND
CoNTROLS $24 10 $79/KeG $11 10 $36/POUND
ENCLOSURE $1 1o $13/ke6 $0.5 10 $6/POUND
TOWER $1 10 $U4/KeG $0.5 10 $2/POUND
FounDAT1ONS $300/1° $230/cuBIC YARD
102
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CosT EsTimMATIONS (CONTINUED)

[TEM

ESTIMATES

ToraL DirecT FIELD

INDIRECT FIELD
INTEREST
SPARES
CONTINGENCY

FEe
CosT

ToTaL CAPITAL
INTEREST

AnnNuaL Og&M
LeveL1zep 0&M
CARRYING CHARGES

TotaL ANNUAL

WinD GENErRATOR CosT X 2.5
MANUFACTURED EQuipPMENT X 1.2

LARGER OF
167 oF TotarL Direct FIELD
2% ofF TotaL DirecTt AND INDIRECT FIELD
5% oF WIND GENERATOR CosT
10%Z ofF ToraL DIRECT FIELD

102 of TotaL DIRecT FIELD AND SPARES

ToTAL oOF DiRrecT FIELD, INDIRECT,

SgAREs, CONTINGENCY AND FEE
2% OF TotraL DIRECT FIELD

2 X Annuar 0g&M
0.18 X ToraL CaPITAL

0&M PLUS CARRYING CHARGES
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ANNUAL WIND ENERGY ESTIMATES

WIND SYSTEM SWEET ARea WiIND SHEAR PEAK POWER RATED WIND ANNUAL ELECTRICAL
(mé) EXPONENT (kW) Speep (M/s) ENERGY
(CENTER LINE HEIGHT) (M)

SANDIA DARRIEUS

(A)* 84 0.17 30 13.4 60
GIROMILL 226 0.14 40 8.9 190
Sanp1a Darrieus(K)* 279 0.17 120 15.0 221
MAGDALEN ISLANDS

DARRIEUS 595 0.13 224 15.0 387
HuTTER 915 0.13 90 9.0 365
Mop OA 1,140 0.13 200 9.5 892
Mop X 1,140 200 9.5 950

* (A) DENOTES A POINT DESIGN COMPLETED BY ALCOA LABORATORIES FOR SANDIA LABORATORIES WHILE (K)

REFERS TO A POINT DESIGN COMPLETED BY A. T. KEARNEY.
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Mass AND WIND ENERGY RATIOS

PR-291

June 4, 1979

‘ PEAK

WIND SYSTEM Mass  WEIGHT ENERGY/MASS MASS/%WEPT AREA ENERGY/YR/POWER POWEE/MZ
(Mg) (LB) (WH/G) (K6 /M%) (KWH/YR/KW) (W/m%)

SAnNDIA DARRIEUS

(A) 5.82 ( 8,417) 15.7 45.7 2,000 357

GIROMILL 9.07 (20,000) 20.9 40.1 4,750 177

SANDIA

DarriEUS(K) 11.51 (25,383) 19.2 4i.3 1,842 430

MAGDALEN

[SLANDS

DARRIEUS 22.00 (48,500) 17.6 37.0 1,728 576

HUTTER 13.15 (29,000) 27.8 14.4 4,056 98.4

Mop OA 40.37 (89,000) 22.1 55.4 4,460 175

Mop X 33.08 (72,920) 28.7 29.0 4,750 175
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UTILITY ANALYTICAL MODELING

DaviD PERCIVAL

107
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OBJECTIVE
ESTABLISH THE CAPABILITY TO REPRESENT WIND-DERIVED GENERATION IN ELECTRIC

UTILITY GENERATION PLANNING MODELS SO THAT THE ECONOMIC VALUE OF THE WECS oPTION
MAY BE EXAMINED

APPROACH
PROCURE ESTABLISHED UTILITY GENERATION PLANNING MODELS

DEvELoP METHODOLOGY FOR WECS REPRESENTATION AND INTEGRATE IT INTO THE UTILITY
MODELS

108



ACCOMPL ISHMENTS

UTiLiTy MoDELS:

VERIFIED THAT SELECTED PROGRAM PROMOD wmAy BE usebp IN WECS vaLuEe
DETERMINATION

PurcHASE REQUEST FOR PROMOD 1ssuebp For use on TYMSHARE

DRAFT REPORT “PrRopucTioN CosT MobEL EVALUATIONS” COMPLETED

REVIEWED INFORMATION ON UTILITY EXPANSION PLANNING MODELS
WECS REPRESENTATIONS:

AVAILABLE WRITTEN DOCUMENTATION REVIEWED

CoMPUTER TAPES WITH JBF MODELS RECEIVED AND VERIFICATION OF INCLUDED CASES
BEGUN

TareEs ofF STtoNE & WEBSTER AND G.E./EPRI PROGRAMS REQUESTED

109



QutPuT

REPORT ON UTILITY PRODUCTION COST MODEL EVALUATIONS
REPORT ON METHODOLOGY AND USERS MANUAL FOR THE WECS REPRESENTATION

UTILITY PLANNING MODEL INCORPORATING WECS sucH THAT DOE/SERI
PERFORMED

PLANNED CoMPLETION - - FEBRuUARY 1980

110

STUDIES
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JunNE 4, 1979

MAY BE



PR-291
June 4, 1979
TWELVE UTILITY MODELS WERE IDENTIFIED
COMMERCIAL STATUS
ORGANIZATION CoDE NAME FREE Buy oRrR LEASE PROPRIETARY
A& AEROSPACE - -
A ARGONNE NATL. LaB. (ANL) SYSREL
* ENnercY MANAGEMENT Assoc. (EMA) PromobD No LEASE YEs
A*GeNERAL ELecTrIC Co. (GE) No Buy Yes
*J B F ProcosT YES - - No
* Mass. InNsTIT. OoF TECH. (MIT) SYSGEN YES - - No
PHILADELPHIA ELEcTRIC Co. - -
* Power TecHnoroey, Inc. (PTI) - - No Buy ~YEes
Sanp1A Livermore (SLL) - -
* System ConTrOL, INc. (SCI) Procos No Buy YES
* TENN. VALLEY AuTtH. (TVA) PowErR Sym YES - - No
* WesTiNeHOUSE ELEc. Corp. - -  HNo Buy YEs

*SURVIVED INITIAL SCREENING PROCESS
ACONTAINS WIND-DERIVED GENERATION REPRESENTATION
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MosT WIDELY USED ~ 33

ALL GENERATOR TYPES

FUuLL DOCUMENTATION AND
MAINTENANCE

VALIDATED DATA FILE

SPECIAL FUEL HANDLING
PROCEDURES

June 4, 1

Wuy PROMOD?

HOURLY MARGINAL COST REPORTING
OuTPUT FLEXIBILITY-DIAGNOSTICS

PROPER SPINNING RESERVE
TREATMENT

SCHEDULED MAINTENANCE

DOE pata Fi1LE FOrR ~ 200 UTILITIES

112



WHy PROMOD on TYMSHARE

FRONT END SAVINGS ($43K vs. $74K)

PRIME TIME POTENTIAL

Access To ALL OPTIONS EXCEPT MULTI AREA

115
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OPERATING TIME (FRACTION OF YEAR)

Screening Curve Approach to Determine Optimal Generation Mix

114
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EXPANSION PLANNING MODELS

ORGANIZATION CoDE NAME COMMERCIAL STATUS PROPRIETARY
SysTems ConTrRoL Inc.  PUPS Buy or LEASE YEs
TVA/ORNL WASP FREE No
STOoNE & WEBSTER OPTGEN Buy or LEASE YES
G-E. 0GP Buy or LEASE YEs
WESTINGHOUSE GENOP Buy orR LEASE YES
SAN AnTONIO == Buy YES
MIT GEM FREE No
WorLD Bank ELPS FREE No
115



JBF

G.E./EPRI

SToNE & WEBSTER
Boeine (SIMWEST)
AEROSPACE

ANL

MicH. STATE UNI1v.

WIND MODEL STATUS
Reviewep NEGEA VorLs. 1 & 2

REvieweDp User’'s GUIDE

REVIEWED USeErR’s GUIDE

MANUALS BEING REVIEWED

ONLY PROGRAM LISTINGS AVAILABLE
No DOCUMENTATION AVAILABLE

HART, MicH. STuDY LESS DETAILED
REPRESENTATION

116
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TapeEs IN HOUSE-
VERIFICATION BEGUN

TAPE REQUESTED
TAPE REQUESTED
STILL BEING CONSIDERED
NOT CONSIDERED FURTHER
NOT CONSIDERED FURTHER

NOT CONSIDERED FURTHER
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FUTUReE PLANS

COMPLETE REPORT ON UTILITY PRODUCTION COST MODEL EVALUATIONS
BeciN TRAINING oN PROMOD

COMPLETE INSTALLATION AND BEGIN TESTING oN JBF, StoneE &
WEBSTER AND GENERAL ELEcTRIC WIND MoODELS-. ALso BEGIN

TESTING oF SIMWEST

REQUEST A UTILITY EXPANSION PLANNING TOOL

117



THIS PAGE INTENTIONALLY LEFT BLANK

118



ECONOMICS OF SWECS TIED TO THE UTILITY GRID

MicHAEL EDESESS

(PRESENTED BY DAvVID PERCIVAL)

119
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OBJECTIVES

PERFORM ANALYSES IN PROBLEM AREAS PERTAINING TO THE INTERCONNECTION oF SWECS WITH THE
UTILITY GRID

INVESTIGATIONS ARE TO COMPLEMENT AND BE COORDINATED WITH "“WECS Frfor RECS” TASK BEING
PERFORMED BY RSSG, Inc.

THIS REPRESENTS A CHANGE IN DIRECTION FOR THIS TASK AS COMPARED WITH STATUS AT LAST
QUARTERLY REPORT

ACCOMPL ISHMENTS

DiscUSSIONS, RESEARCH OF PRIOR STUDIES, AND REVIEW OF WECS rfor RECS PROPUSAL PROMPTED
REDIRECTION OF TASK EFFORT INTO THE FOLLOWING AREAS:

ASSESSMENT OF VALUE OF ELECTRICITY SUPPLIED FROM GRID TO SWECS USER AS BACK-UP, VERSUS
VALUE OF ELECTRICITY SsuUPPLIED FRoM SWECS To GRID AS OVERFLOW

STupYy O# SENSITIVITY OF DEMAND AND ENERGY COSTS TO WIND-LOAD CORRELATION



PLANNED ACTIVITIES

RESEARCH AND IF NECESSARY DERIVE NEW METHODS FOR ASSESSING VALUE OF "“BUY-BACK” AND "BACK-
UP" ELECTRICITY

TEST ANALYTICALLY AND, TO THE EXTENT POSSIBLE, EMPIRICALLY, THE SENSITIVITY OF DEMAND AND
ENERGY COSTS TO DEGREES OF CORRELATION BETWEEN WIND AND LOAD

k-
JuTPuT

REPORT DESCRIBING METHODS AVAILABLE, RECOMMENDED METHODS AND SAMPLE RESULTS

i21
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Issues NEEDING ATTENTION

QUESTIONS FOR THE UTILITY:

WHAT WILL BE THE REDUCTION IN FUEL REQUIREMENTS AS A RESULT oF SWECS INTERCONNECTED
WITH THE GRID?

WHAT WILL BE THE REDUCTION IN PLANNED GENERATING CAPACITY?

WHAT, THEREFORE, WILL BE THE REDUCTION IN COST OF SERVICE?

WHAT WILL BE THE ADDITIONAL MEASURES, AND THEIR COSTS, REQUIRED TO INSTALL AND SERVICE
CUSTOMERS WHO ALSO HAVE SWECS?

WHAT POSSIBLE RATE STRUCTURES COULD APPORTION coSTS AMONG SWECS USERS AND NON-USERS?

WHAT SHouLD BUY-BACK RATES BE?

WHAT WILL BE THE EFFECT ON UTILITY FINANCES?

SHOULD THE UTILITY ITSELF BE A SWECS OwNER?

122



[ssues NEEDING ATTENTION

QUESTIONS FOR THE CUSTOMER:
WITH RESPECT TO POTENTIAL RATE STRUCTURES, AT WHAT COST

WHAT IS THE OPTIMAL SI1ZE ofF THE SWECS?

123

IS IT WORTH OWNING A SWECS?



lssues ADDRESSED

QUESTIONS FOR THE UTILITY-USER AGGREGATE:

Do SWECS INTERCONNECTED WITH THE UTILITY GRID RESULT
COMPARED WITH ALL-CONVENTIONAL GENERATION?

WHAT PENETRATION OF SWECS PROVIDES THE OPTIMAL SAVINGS?

124
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OVERALL COST OR SAVINGS AS



Fiscar YEAR ‘79 Task GoaL

ADDRESS A MANAGEABLE SUBSET OF THE ISSUES LISTED IN SUCH A WAY AS TO COMPLEMENT AND
INTERACT WITH THE sTuDY, “AN ANALYSIS oF THE Economics Impact ofF DisPERSED WIND TURBINE
GENERATORS ON THE OPERATION oF A RurAL ELecTrIc DistriBuTion CooPERATIVE” (”WECS FOR
RECS”), BEING PERFORMED BY REGIONAL SYsTEMs SERVICES GRour, INc.
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CHARACTERISTICS oF "WECS rFor RECS” TEcHNICAL APPROACH

SiMPLIFIED WIND AvAILABILITY MoDeEL (POWER DURATION CURVE) TO BE USED
REC cOST OF SERVICE ADJUSTMENTS FOR VARIous WECS PENETRATIONS TO BE DERIVED
WECS BREAKEVEN COST ESTIMATED, BASED ON REDUCTION IN COST OF SERVICE

CoST OF SERVICE TO BE ALLOCATED TO DEMAND, ENERGY AND CUSTOMER CATEGORIES AND TO EACH
CUSTOMER CLASS

LIKELY RATE STRUCTURES TO BE APPLIED TO WECS userR/cusToMER AND INDIVIDUAL WECS BREAKEVEN
COST INFERRED

COMPARE REQUIRED BREAKEVEN COSTS WITH ACTUAL WECS cosTS FOR ECONOMIC VIABILITY ASSESSMENT

[
by
(@]



Issue COMPLEMENTARY To THOSE AppresseD BY “WECS rFor RECS”

WHAT FIGURE OR FIGURES-OF-MIND BEST ASSESS THE VALUE OF WECS 710 THE USER?

THIS IS THE ISSUE TO BE ADDRESSED BY THE SERI Task

127
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LIABILITY ISSUES ASSOCIATED WITH SMALL WIND SYSTEMS

RoBERT (DLAND

129



OBJUECTIVE
Provipe PoLicy OPTIONS FOR
DEPARTMENT OF ENERGY
WinND ENERGY INDUSTRY
OTHERS
To ASSURE THAT LIABILITY ISSUES ASSOCIATED

WITH SMALL WIND SYSTEMS DO NOT IMPEDE THEIR
INCREASED USE



SUBTASK 1 - FORMULATE CRITICAL ISSUES

TEPS

HISTORICAL ANALYSIS OF WIND MACHINES

HISTORICAL ANALYSIS OF OTHER TECHNOLOGIES

ANALYSIS OF CONTEMPORARY LAW

STATUS

DRAFT COMPLETED

PropucTt

[SSUE PAPER TO BE CIRCULATED IN JUNE

151



PurpPOSE

PROVIDE BASIS FOR ANALYSIS OF POLICY ALTERNATIVES

QuAaLiTy CONTROL

INTERNAL SERI REVIEW

EXTERNAL REVIEW GROUP

152
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SUBTASK 2 - DEVELOPMENT & ANALYSIS OF POLICY ALTERNATIVES
ANALYZE
LEGAL PROBLEMS
EcoNoMIC IMPACTS
PROTECTION OF PUBLIC
PROTECTION OF PEOPLE WHO MAY BE LIABLE

EASE OF IMPLEMENTATION

STATUS

PRELIMINARY WORK HAS BEGUN

135
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PrRoDuUCT

[SSUE PAPER BY END OF JuLyY

PuRPOSE

PROVIDE ALTERNATIVES FOR DISCUSSION

QuarLity CoNTROL

INTERNAL SERI REVIEW

EXTERNAL REVIEW GROUP

WoRKSHOP

134
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SUBTASK 3 - REFINEMENT OF POLICIES

ACTIVITIES

CONSIDER COMMENTS

FURTHER ANALYSIS

RELATIONSHIP AMONG POLICIES

ST1ATUS

SCHEDULED To BEGIN JuLy 15; EXPECTED TO BE ON SCHEDULE

PropuCT

INTEGRATED SET OF ISSUES AND ALTERNATIVE SOLUTIONS BY END OF
SEPTEMBER

135
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PUrRPOSE

PROVIDE BASIS FOR FURTHER ACTION

QuaLITY CONTROL

INTERNAL SERI REVIEW

EXTERNAL REVIEW GROUP
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COMPARISON OF TWO STUDIES

SERI

IABILIT SSUES ASSOCIATED WI
SmaLtL WIND MACHINES

Propuct LIABILITY PrLus OwNER/
OPERATOR LIABILITY

Provibpe Poricy OPTIONS

ProviDE Basic LEGAL AND PoLicy
BACKGROUND

H
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ROCKY FLATS

SWECS PRoDuUCT LIABILITY

INSURANCE ASSESSMENT

PrRopucT LIABILITY ONLY

IDENTIFY DATA REQUIREMENTS

BuiLp Upon SERI Task
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ENVIRONMENTAL IMPACT ASSESSMENT FOR SMALL SYSTEMS

KATHRYN LAWRENCE

(PRESENTED BY CARL STROJAN)
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OBJECTIVES

PR-291
June 4, 1979

IDENTIFY POTENTIAL LIFE-CYCLE ECOLOGICAL AND HEALTH RISKS OF sSMALL WECS (rLess THAN 100 kW)

DEPLOYED AS STAND~ALONE SYSTEMS AND INTERCONNECTED TO UTILITY GRIDS

DETERMINE THE ENVIRONMENTAL IMPLICATIONS OF ECOLOGICAL AND HEALTH RISKS

DEFINE POTENTIAL ENVIRONMENTAL BARRIERS To SMALL WECS DEPLOYMENT
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June 4, 1

SUBTASK 1: HEALTH EFFECTS ASSESSMENT
STEPS
QUANTIFY MATERIALS REQUIRED FOR SYSTEM MANUFACTURE AND OPERATION
CALCULATE EMISSIONS FROM MATERIALS ACQUISITION AND PROCESSING

ESTIMATE HEALTH RISK FROM EMISSIONS

DETERMINE [INJURY AND ACCIDENT MANUFACTURE, INSTALLATION, AND OPERATION BY APPLYING
APPROPRIATE INDUSTRIAL STATISTICS

Assess RISK OF SMALL WECS OPERATION TO HUMAN POPULATIONS (E.G., POTENTIAL INJURIES FROM
BLADE FAILURE; RELEASE OF TOXIC SUBSTANCES FROM STORAGE SYSTEMS: ETC.)

SuM RISKS TO DERIVE ESTIMATE OF SMALL WECS LIFE-CYCLE HEALTH EFFECTS
STATUS

WORK HAS BEGUN: THE CONSULTANT (GERALD WEINGART OF LBL) HAS BEEN OBTAINED TO INDEPENDENTLY
VERIFY SERI RISK ASSESSMENTS
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PRODUCT

SUMMARY OF LIFE-CYCLE HEALTH EFFECTS TO BE PRESENTED IN THE INTERIM ReporT, SEPTEMBER 15,
1979

PURPOSE

PROVIDE HEALTH RISK ESTIMATES TO BE INTEGRATED WITH ECOLOGICAL EFFECTS ESTIMATES

QuariTty CoNTROL

INTERNAL SERI REVIEW
REVIEW BY SELECTED, EXTERNAL PROFESSIONALS

DOE ReviEWw oF INTERIM REPORT
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June 4, 1

SUBTASK 2: ECOLOGICAL EFFECTS ASSESSMENT
STEPS
ReEview ExisTING SWECS EcoLOGICAL EFFECTS AND TECHNOLOGICAL DATA

MAKE ON-SITE VISITS TO EXPERIMENTAL AND OPERATING SWECS, aAND 7To SELECTED SWECS
MANUFACTURES, TO COLLECT ADDITIONAL DATA

EXAMINE AND QUANTIFY WHERE POSSIBLE POTENTIAL ECOLOGICAL EFFECTS ON:

LAND USE: REQUIREMENTS OF TOWERS: SAFETY ZONES, MULTIPLE SWECS DEPLOYMENT: sSoIL
EROSION; RECLAMATION FoLLOWING SWECS DEcOMMISSION

AIR QUALITY: INDIRECT EFFECTS FROM USE OF EXOTIC MATERIALS DURING SWECS MANUFACTURE:
NOISE; EM INTERFERENCE

WATER QUALITY: SOIL EROSION AND RUNOFF DURING CONSTRUCTION AND OPERATION; RELEASE OF
Toxic FLUuIDS (E-G., STORAGE MEDIA IF USED)

BIOTA: DISPLACEMENT OR DESTRUCTION OF PLANT AND ANIMAL COMMUNITIES AND HABITATS;
RELEASE OF TOXIC SUBSTANCES THROUGHOUT LIFE-CYCLE: EFFECTS OF ROTOR BLADES
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June 4, 1

STATUS

Work HAS BEGUN; GRADUATE SUMMER INTERN JOINED SUBTASK TEAM June 1, 1979

PrRoDpuCT

QUANTIFICATION OF LIFE-CYCLE EcCOLOGICAL EFFECTS OF SWECS; EFFECTS WILL BE INTEGRATED WITH
HEALTH RISK ESTIMATES AND PRESENTED IN THE DRAFT FinaL Report, DEcemBer 15, 1979

PURPOSE

PROVIDE ECOLOGICAL EFFECTS ESTIMATES TO BE INTEGRATED WITH HEALTH RISK ESTIMATES

QuarLiTy CoNTROL

INTERNAL SERI REVEIW

REVEIW BY SELECTED, EXTERNAL PROFESSIONALS
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SUBTASK 3: LIFE-CYCLE ENVIRONMENTAL ASSESSMENT

ACTIVITIES

ANALYZE ENVIRONMENTAL IMPLICATIONS OF HEALTH AND ECOLOGICAL EFFECTS ESTIMATES FOR EACH
LIFE-CYCLE PHASE, SWECS DESIGN OPTION, AND DEPLOYMENT OPTION

DEVELOP A RANKING SYSTEM FOR EACH LIFE-CYCLE PHASE WHICH INCORPORATES THE QUANTITATIVE
ESTIMATES OF EFFECTS AND EMISSION WITH THE DURATION OF EACH PHASE

STATUS

SCHEDULED To BEGIN OcToBER 1, 1979
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PrRoDUCT

INTEGRATED SWECS LIFE-CYCLE ENVIRONMENTAL EFFECTS ESTIMATES TO BE PRESENTED IN THE DRAFT
FinaL ReporT, DecemBErR 15, 1979

PurPOSE

PROVIDE DETAILED INFORMATION ON POTENTIAL ENVIRONMENTAL BARRIERS AND BENEFITS OF SHWECS
DEPLOYMENT

Quar 1Ty CoNTROL

INTERNAL SERI ReEvIEw oF DRAFT FINAL REPORT

PEer REVIEW OF DRAFT FINAL REPORT

DOE RevieEw oF DRAFT FINAL REPORT
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SUBTASK 4: VIDEO FILM OF WECS TV INTERFERENCE

ACTIVITIES

ProviDE A 15-MINUTE coLoR VIDEO FILM To SERI AND DOE WHICH PRESENTS THE POTENTIAL ORIGIN
AND TV INTERFERENCE OF THE BLock ISLAND WIND TURBINE GENERATOR (WTG)

FILM WILL IDENTIFY WHAT ARE AND ARE NOT PROBABLE EFFECTS

AUDIENCE WILL BE BLoCK ISLAND RESIDENTS AND OTHER INTERESTED LAYMEN
STATUS

UNiveErRstiTY OF MicHIGAN RADIATION LABORATORY (THOMAS SENIOR) WAS SELECTED FOR PREPARATION
OF THE FILM; A SUBCONTRACT WAS ISSUED ApriIL 30, 1979 (PO No. AM-9-8186-1)
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PR-29
JunE 4, 197

PRropuct

A 15-MINUTE COLOR VIDEOCASSETTE PRESENTING POTENTIAL IV INTERFERENCE OF THE Brock ISLAND
WTG was proviDED To SERI anp DOE/WSB on June 1, 1979

Quarity CoNTROL

Fium REVIEW AND APPROVAL BY SERI anp DOE
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PR-29
ENVIRONMENTAL IMPACT ASSESSMENT FOR SMALL SYSTEMS June 4, 197
FY79 FY80
Oct|Nov|Dec|Jan|Feb|Mar|Apr|May jJun |Jul Aud Sep jOct {Nov |Dec |Jan |Feb|Mar
Health effects assessment vl | v y3 v4
Ecological effects assessment g v v
Video film TV interference i 7
Life cycle environmental assessment 8 Ry

*Task redefined March/April '79

to incorporate WSB/DOE comments.

1.

S w N

(8]

Collect data

Make tentative selection of SWECS designs and deployment options for study

Interim Report

. Draft final report

Initiate plan study

. Issue subcontract

. Complete study
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