
I 
I 
I 
I .. 
I 
I 
I 
I 
l l 

I 
I 
I 
I 
I 
I 

C.3 

SERl/PR-35-358 

SERI/PR-35-356 
c.3 

Draft 

Wind Energy Systems 
Quarterly Review 
April 1, 1979 - June 30, 1979 

Prepared for the 
U.S. Department of Energy 
Division of Solar Technology 
Under Contract No. EG-77-C·Ol-4041 



NOTICE 

This report was prepared as an acconnt of work sponsored by the 
United States Government. Neither the United States nor the 
United States Department of Energy, nor any of their employees, 
nor any of their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any legal lia
bility or responsibility for the accuracy, complete:iess or usefulness 
of any information, apparatus, product or process disclosed, or 
represents that its use would not infringe privately owned rights. 
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FOREWORD 

THE QUARTERLY REVIEW FOR THE WIND ENERGY SYSTEMS (WES) PRo

GRAM IS A VISUAL PRESENTATION PREPARED BY THE SOLAR ENERGY 

RESEARCH INSTITUTE (SERI) AS AN OVERVIEW OF THE EFFORTS IN 

THE PROGRAM· THIS QUARTERLY REVIEW IS DELIVERED TO FULFILL 

SERl's ANNUAL OPERATING PLAN <ADP> REPORTING REQUIREMENTS· 

THE REVIEW PRESENTS THE OBJECTIVESJ ACCOMPLISHMENTSJ ACTIV

ITIESJ 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 IS 

PREPARED FOR DOE BY THE STAFF OF THE SOLAR ENERGY RESEARCH 

INSTITUTEJ A DIVISION OF THE MIDWEST RESEARCH INSTITUTE 

<MRI> UNDER CONTRACT No. EG-77-C-01-4042· 
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PROGRAM OVERVIEW 

IRWIN E. VAS 

PR-356 
AUGUST 21,, 1979 

A TOTAL OF SEVEN TASKS ARE CURRENTLY IDENTIFIED IN THE WIND 

ENERGY SYSTEM PROGRAM AREA 3. 

THREE ADDITIONAL WINU ENE~GY RELATED TASKS ARE CARRIED OUT 

IN OTHER PROGRAM AREAS· 

l 



WIND ENERGY RELATED TASKS 

PR-356 
AUGUST 21., 1979 
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THE OVERSIGHT COUNCIL IS COMPRISED OF: 

tJE 1 L WooDLEY 

IRWIN VAS 

IRWIN VAS 

ROBERT LORMAND 

KATHERYN LAWRENCE 

RoBERT McCONNELL 

ROBERT 0DLAND 

JON VEIGEL 

PATRICIA WEIS 

CHAIRMAN 

PROGRAM CooDINATOR 

PROGRAM MANAGEH 
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WIND ENERGY INNOVATIVE SYSTEMS 
IRWIN VAS 

_0 BJ EC T I_li_ 

PR-356 
AUGUST 21., 1979 

DETERMINE TECHNICAL AND ECONOMIC FEASIBILITY OF INNOVATIVE WIND ENERGY SYSTEMS· 

AccoMPLI sHMENTs 

COMPLETED TECHNICAL AND COST REVIEWS AND RANK ORDERED THE PROPOSALS RECEIVED IN 
RESPONSE TO RFP KH-9-8085 ENTITLED "ADVANCED AND INNOVATIVE WIND ENERGY CONCEPT 
DEVELOPMENT"· 

COMPLETED TECHNICAL REVIEWS OF THREE UNSOLICITED PROPOSALS• 

AWARDED A CONTRACT TO GRUMMAN AEROSPACE Co RPO RAT I ON FOR FOLLow-oN WORK ON THE 
"DIFFUSER AUGMENTED WIND TURBINE" FOR $89.3K. 

HUSTED THE "WIND ENERGY INNOVATIVE SYSTEMS CoNFERENCEJ" MAY 22-25J 1979. 

RECEIVED AND SUBMITTED TO TIC THE FINAL REPORT FOR THE FY78 FUNDED EFFORT BY THE 
UNIVERSITY OF DAYTON RESEARCH INSTITUTE ENTITLED "ELECTROFLUID DYNAMIC GENERATOR 
PROGRAM"· 

RECEIVED THE FINAL REPORT FOR THE FY78 FUNDED EFFORT BY THE UNIVERSITY OF DAYTON 
RESEARCH INSTITUTE ENTITLED "AN ANALYSIS OF THE MADARAS ROTOR POWER PLANT"· 
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PLANNED ACTIVITIES 

PR-356 
AUGUST 2L 1979 

COMPLETE CONTRACT NEGOTIATIONS FOR THE MARKS "AEROSOL GENERATOR" STUDY· 

COMPLETE CONTRACT NEGOTIATIONS FOR THREE R&D STUDIES RESPONDING TO 

HFP RM-9-8085. 

REVIEW UNSOLICITED PROPOSALS· 

COMPLETE THE PROCEEDINGS FOR THE WEIS CONFERENCE· 

REVIEW DRAFT FINAL REPORTS• 

OUTPUT 

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 

BUDGET FOR FY79 

INITIAL $724K 
REPROGRAMMED $754K 

EXPENDITURES 
$1)7K 

COMMITMENTS 
$l58K 

5 

TRANSFER FROM FY78 
BUDGET $160K 
EXPENDITURE $129K 
COMMITMENTS $151K 



COST ESTIMATING AIJD ENGINEERING ANALYSIS OF INNOVATIVE WECS 

RoBERT McCONNELL 

OBJECTIVE 

ESTIMATE THE COST OF ENERGY PRODUCED BY INNOVATIVE WECS. 

ACCOMPLISHMENTS (APRIL 1 - JUNE 30J 1979) 

PR-356 
AUGUST 21J 1979 

CONDUCTED REVIEWS BOTH INTERNAL AND EXTERNALJ OF THE REPORT ENTITLED "A GENERAL 

RELIABILITY AND SAFETY METHODOLOGY AND ITS APPLICATION TU WIND ENERGY CONVERSION 

SYSTEMS"· 

CONDUCTED REVIEWSJ BOTH INTERNAL AND EXTERNALJ OF THE REPORT ENTITLED "SCREENING 

r1ETHoDoLoGY FoR INNovATivE W1ND SYsTEMs" PR~PAREu ey sc1ENcE APPL1cAT10NsJ INc· 

EVALUATED THE McDONNELL DOUGLAS GIROMILL SYSTEM USING CLASSIC VALUE INDICATORS 

AND PRESENTED RESULTS IN A PAPER ENTITLED "GIROMILL OVERVIEW" AT THE WIND ENERGY 

INNOVATIVE SYSTEM CONFERENCE· 
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PLANNED ACTIVITIES (JULY 1 - SEPTEMBER j0~ 1979) 
Pl~-356 

AUGUST LL 1979 

INCORPORATE REVIEW COMMENTS INTO DRAFT REPORTS AND PRODUCE FINAL REPORTS· 

PREPARE AND SUBMIT FOR REVIEW A WORK STATEMENT FUR THE DEVELOPMENT OF A "(OSTING 

METHODOLOGY FOR INNOVATIVE WIND SYSTEMS IN THEIR DEVELOPMENT PHASE"· 

OUTLINE THE PURPOSE AND AGENDA FOR A "WIND ENERGY COST DEFINITION WORKSHOP"· 

OUTPUT 

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR EVALUATING AN INNOVATIVE WECS' 

RELIABILITY AND SAFETY AND ITS ASSOCIATED OPERATION AND MAINTENANCE COSTS• 

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR SCREENING INNOVATIVE WECS IN THEIR 

CONCEPT PHASE· 

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR ESTIMATING 

DEVELOPMENT COSTS ON THE LIFE CYCLE COSTS OF INNOVATIVE WECS. 

BUDGET FOR FY79 

INITIAL $l24K 
REPROGRAMMED $174K 

EXPENDITURES 

$137.SK 

7 

THE IMPACT OF 



UTILITY ANALYTICAL MODELING 
DAVID PERCIVAL 

OBJECTIVE 

PR-356 
AUGUST 21., 1979 

[STABLISH THE CAPABILITY TU REPRESENT WIND-DERIVED GENERATION IN ELECTRIC 

UTILITY GENERATION PLANNING MODELS SO THAT THE ECONOMIC VALUE OF THE WECS OPTION 

MAY BE EXAMINED• 

PROCURE ESTABLISHED UTILITY GENERATION PLANNING MODELS· 

DEVELOP METHODOLOGY FOR WECS REPRESENTATION AND INTEGRATE If INTO THE UT I LI TY 

MODELS· 
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UTILITY MODELS: 

PR-356 
AUGUST 21., 1979 

COMPLETED AND SUBMITTED TO DOE DRAFT REPORT ON UTILITY PRODUCTION COST MODEL 

EVALUATIONS ENTITLED "ELECTRIC UTILITY WECS ANALYTICAL MODELING - PRODUCTION 

COST MODEL EVALUATIONS"· 

COMPLETED A DRAFT PAPER ENTITLED "INTEGRATION OF INTERMITTENT RESOURCES INTO 

BALERIAux-BooTH PRODUCTION COST MODELS"· 

WECS REPRESENTATIONS: 

RECEIVED JBF AND STONE AND WEBSTER MODELS AND SUCCESSFULLY COMPILED AND 

DUPLICATED TEST CASE FOR THE Jllf MODEL• 

TESTED SIMWEST. 

9 



PLANNED ACTIVITIES 

COMMENCE TRAINING ON PROMOD· 

PR-356 
AUGUST 21., 1979 

COMPLETE FINAL VERSION OF REPORT ON "INTEGRATION OF INTERMITTENT RESOURCES INTO 

BALERIAux-BooTH PRODUCTION COST MODELS" AND SUBMIT TO IEEE-

COMPARE WIND MODELS AND INCORPORATE SELECTED WIND MODEL INTO VALUE DETERMINATION 

METHODOLOGY· 

REPORT ON UTILITY PRODUCTION COST MODEL EVALUATIONS· 

REPORT ON METHODOLOGY AND USERS MANUAL FOR THE WECS REPRESENTATION· 

UTILITY PLANNING MODELS INCORPORATING WECS SUCH THAT UUE/SEHI STUDIES MAY BE 

PERFORMED• 

BUDGET EXPENDITURE 

INITIAL $145K $77K 

10 
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ECONOMICS OF SWECS TIEU TO THE UTILITY GRID 

MICHAEL EDESESS PR-356 
AUGUST 21., 1979 

INVESTIGATE THE ECONOMICS OF USER-OWNED, ON-SITE WECS WITH UTILITY BACK-UP· 

ACCOMPLISHMENTS 

DEVELOPED AN APPROACH TO THE PROBLEM OF EVALUATING THE ECONOMICS OF USElrOWNEU 

WECS WHICH RECOGNIZES THE RELATIVE FINANCIAL RISK OF USER-OWNED WECS WITH 

UTILITY HACK-UP VERSUS TOTAL DEPENDENCE ON UTILITY FOR POWER· 

CONSTRUCT ALGORITHM FOR ASSESSING THE VALUE OF ON-SITE WcCS, CONSIDERING UTILITY 

BACK-UP AND BUY-BACK RATES, WIND REGIME, LOAD PROFILE AND RELATIVE WECS 

FINANCIAL RISK COMPARED WITH RISK OF TOTAL DEPENDENCE ON UTILITY FUR POWER· 

DRAFT REPORT AT END OF FY79. 

BUDGET 

lrHTIAL $195K 
REPROGRAMMED $120K 

EXPENDITURE 

$66K 

11 



p R_9 D U~T~ J,,. I A B_l_L_l_T__'L_LS SUE S_Aj? ~_Q__c__l8_ TED W I TH SW EC S 
Roa ERT IJouN 

OBJECTIVE 

PH-356 
AUGUST 21., 1979 

PROVIDE POLICY ALTERNATIVES TO ASSURE THAT PRUUUCTS LIAHILITY ISSUES ASSOCIATED 

WITH SWECS DO NOT IMPEDE THE INCRtASED USE OF SUCH SYSTEMS· 

_AccOMPL I SHMENTS 

CONSULTANT HIRED TO PROVIDE COMMENT AND PRODUCT FAILURE ANALYSIS· 

COMPLETED PAPER IDENTIFYING LEGAL ISSUES AND SUBMITTEU IT FOR REVIEW· 

12 
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fLANN_I::D_ Ac TI VI TI ES 

INITIATE THE DEVELOPMENT AND ANALYSIS OF POLICY ALTERNATIVES· 

PH-356 
AUGUST 2L 1979 

COMPLETE REPORT SUMMARIZING LEGAL ISSUES AND PROVIDING A SET OF POLICY 

ALTERNATIVES· 

U!LTPJJ...L 

REPORT SUMMARIZING LEGAL ISSUES,, POSSIBLE ALTERNATIVES FOR ADDRESSll'Hi THESE 

ISSUES,, AND AN INTEGRATED SET OF POLICY ALTEKNATIVES· THE POLICY ALTEKNATIVES 

WILL BE USEFUL TO DOE,, WIND SYSTEMS INDUSTRY,, AND OTHERS INVOLVED IN i"llND 

ENERGY· 

BUDGET 

INITIAL $67K 
REPROGRAMMED $52K 

EXPENDITUKE 

$l5K 

13 



PR-356 
AUGUST 21., 1979 

ENVIRONMENTAL IMPACT ASSESSMEIH OF SMALL WINO EtffRGY CUl'NERSION SYSTEMS 
KATHRYN LAWl~ENCE 

IDENTIFY AND ANALYZE THE LIFE-CYCLE ENVIRONMENTAL IMPACTS ASSOCIATED WITH 

DEPLOYING SMALL (LESS THAN 100 KW) UTILITY CONNECTED AND NON-UTILITY CONNECTEU 

WECS. 

UNIVERSITY OF MICHIGAN, RADIATION LABORATORY, COMPLETED SUBCONTRACT OBLIGATIONS 

IN JUNE BY PROVIDING SERI AND DOE/WSB WITH A 15-MINUTE VIDEOCASSETTE ON 

POTENTIAL TV INTERFERENCE BY THE BLOCK ISLAND WIND TURBINE· 

PREVIOUS WECS ENVIRONMENTAL RESEARCH SUMMARIZED AND EVALUATED: THE LITERATUf{E 

S Y N THE S I S WI LL BE PR ESE N TED I N THE p R 0 GRESS RE P 0 RT , f1I o- SE PT EMBER 19 7 9 • 

PREPARED SURVEY ON THE AESTHETICS OF SWECS; SURVEY WAS SUBMl TTED TU SERI Is 

SURVEY REVIEW COMMITTEE FOR APPROVAL· 

14 
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Pl~ -.556 
AUGUST 2L 1979 

CONTACT SELECTEU SWECS MANUFACTURERS TO DETERMINE IF ENVIRONMENTAL BARRIERS HAVE 

rlEEN ENCOUNTERED· 

QuArHITATIVELY DETERMINE MATERIALS REQUIREMENTS AND ENVIRONMENTAL EMISSIONS OF 

SWECS MANUFACTURE 1 INSTALLATION. UPERATION 1 AND DECOMMISSION· 

ASSESS HEALTH AND ECOLOGICAL IMPLICATIONS OF EMISSIONS· 

15 



PR-.556 
AUGUST 2L 1979 

A 15 MINUTE COLOR VIDEOCASSETTE PRESENTING POTENTIAL TV 11\JTERFERENCE BY THE 

BLOCK ISLAND WTG-

PROGRESS REPORT PRESENTING A SYNTHESIS AND EVALUATION OF PREVIOUS WECS 

ENVIRONMENTAL RESEARCH: SERI's SURVEY oN THE AESTHETICS OF SWECS; A DESCRIPTION 

OF GENERIC SWECS DESIGNS FOR WHICH ENVIRONMENTAL ANALYSES WILL BE PERFORMED; AND 

AN OUTLINE UF PLANNEU TASK ACTIVITIES· 

FINAL REPORT WHICH PRESENTS AN ANALYSIS OF THE POTENTIAL HEALTH AND ECOLOGICAL 

EFFECTS OF SWECS FOR EACH LIFE-CYCLE PHASE (SYSTEM FABRICATION THROUGH 

DECOMMISSION) AND AN EVALUATION OF THE CURRENT STATUS OF ENVIRONMENTAL EFFECTS 

RESEARCH AND RECOMMENDATION OF ADDITIONAL RESEARCH NEEDS· 

FINAL REPORT WHICH PRESENTS THE RESULTS OF THE AESTHETICS SURVEY OF SWECS. 

BUDGET 

INITIAL $143K 
REPROGRAMMED $l23K 

16 

EXPENDITURES 
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PLANNING 

OBJECTIVES 

PR-356 
AUGUST 21., 1979 

DEVELOP PLANS AND COORDINATE THE EFFORTS OF SERI WIND ENERGY SYSTEMS PROGf~AM· 

PROVIDE SERI SUPPORT OF THE FEDERAL WIND ENERGY PROGRAM· 

COMPLETED THE SERI INSTITUTIONAL FIVE-YEAR PLAN 

COMPLETED THE DRAFT fY80 ANNUAL OPERATING PLAN 

PRESENTED THE 2ND QUARTERLY REVIEW TO WSB. 

SUPPORTED WSB IN PLANNING AND BUDGET EXERCISES· 

SUBMITTED SCHEDULE 189 No- j20-79 FOR HWIND SYSTEMS STUDIESH To SERI AND UUE FOR 

APPROVAL• 

17 



Pi\-.:S5b 
AUGUST 2l- 1979 

w nm -- MILESTONES 

Tasks Fiscal Year 1979 

0 N D J F M A M J' ' J A s 
WIND ENERGY INNOVATIVE SYSTEMS 1•1•, ~ ~~ 

(OST ESTIMATING AND ENGINEERING ANALYSIS '~ If I! f:lO 111 
.2 f:l3 OF INNOVATIVE WECS 

UTILITY ANALYTICAL MODELING 
f:l4 

ECONOMICS OF SMALL SYSTEMS TIED TO UTILITIES~~~~~~~~~~~~~~~~~~~~~ 

LIABILITY ASSOCIATED WITH SMALL SYSTEMS 

ENVIRONMENTAL ANALYSIS OF SMALL SYSTEMS 

PLANNING 

j.1 
.19 

f:l5 ~6 

f18 
f:!C 

-- ···-----------L---IL..--..___....._ _ _._ _ _._ _ __.. _ __. _ __.'----L----1----1....--t 
1. Award of generic study contracts 
2. RFP released on R&D studies 
3. WEIS Conference 
4. Completion of generic studies 
5. Award of new R&D studies 
6. Survey completed of cost studies 
7. Draft report of reliability 
8. Draft report of screening methodology 
9. Final report of reliability and maintenance cost study 

10. Final report of screening methodology 
11. Draft work statement on cost methodology for development phase of 

innovative concepts 

legend: 12. Survey completed 
13. Model operational 
14. Draft report on the evaluation of on-site wind power 0 Start or Scheduled 
15. Critical issues defined Intermediate Event 

• Completed Intermediate 
Event 

~ Scheduled Milestone 

16. Analysis completed 
17. TV interference film completed 
18. Draft interim report on environmental effects of the production 

of WECS 
19. Draft program development plan completed A Completed Milestone 
20. Draft p_i:~gr!lm deve lopment __ -'o_p_l_a_n ________________________ .__ ___________ ___, 

18 
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PLANNED ACTIVITIES 

COMPLETE SERI ANNUAL OPERATING PLAN CAOP) FOR FY8Q. 

DEVELOP TASK PLANS FOR FY80 AND FY81 FOR WSB. 

COMPLETE DRAFT PROGRAM DEVELOPMENT PLAN FOR WIND ACTIVITIES· 

PR-356 
AUGUST 21J 1979 

BUDGET EXPENDITURE 

INITIAL $32K $50.]K 
REPROGRAMMED $62K 

19 



WIND ENERGY SYSTEMS (WES) PROGRAM FUNDING 

LEAD SuscoN-
TASK BRANCH TRAC TS 

WIND ENERGY INNOVATIVE SPECIAL 6)1 
SYSTEMS PROGRAM PROGRAMS 

CosT ESTIMATING & SYSTEMS 10 
ENGINEERING ANALYSIS ANALYSIS 

UTILITY ANALYTICAL SYSTEMS 45 
MODELING ANALYSIS 

ECONOMICS OF SMALL Sys- SYSTEMS 0 
TEMS TIED TO LJ TI LI T I ES ANALYSIS 

LIABILITY ASSOCIATED WITH I NS TI TUTI ONAL & 0 
SMALL SYSTEMS ENVIRONMENTAL ASSESS· 

ENVIRONMENTAL ANALYSIS OF INSTITUTIONAL & 0 
SMALL SYSTEMS ENVIRONMENTAL ASSESS· 

PLANNING & ADMINISTRATION SYSTEMS 0 
ANALYSIS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
WIND RESOURCES ANALYSISA ENERGY 45 

TECHNICAL INFORMATIONB 
RESOURCE 

DISSEMINATION COMMUNICATIONS 186 

A BASIC AND APPLIED RESEARCH(PROGRAM AREA 14) 
B COMMERCIALIZATION ACTIVITIES(PROGRAM AREA 18) 

20 
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AUGUST 2L 1979 

TOTAL 

754 

174 

145 

120 

52 

123 

62 
- - -

140 

303 
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WIND ENERGY SYSTEMS 
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PH -5 56 
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Actual Expenditure to Date - U.S. Dollars 
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WIND ENERGY INNOVATIVE SYSTEMS 

IRWIN E. VAS 

23 
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PR-356 
AUGUST 2L 1979 

DETERMINE TECHNICAL AND ECONOMIC FEASIBILITY OF INNOVATIVE WIND 
ENERGY SYSTEMS· 

A e._p Bo AC.Ji · 

MONITORJ REVIEWJ AND ASSESS ON-GOING R&D PROJECTS· 

CONDUCT SITE VISITS AND PROJECT REVIEWS· 

SUPPORT GENERIC STUDIES BY SUBCONTRACTS· 

CONDUCT A PROGRAMMATIC WORKSHOP· 

REVIEW AND ASSESS UNSOLICITED PROPOSALS· 

SUPPORT SPECIFIC R&U SOLICITED INNOVATIVE STUDIES· 
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I 
I 
I 
I PROJECT TITLE 

I INNOVATIVE WIND TURBINE 

I 
DIFFUSER AUGMENTED WIND 

TURBINES CDAWT) 

TORNADO-TYPE WIND ENERGY 
SYSTEMS PHASE II (TORNADO) 

I TESTS AND DEV ICES FOR W1 ND/ 
ELECTRIC POWER CHARGED 

~ AEROSOL GENERATORS CEFD) 

ELECTROFLUID DYNAMIC WIND 
~ GENERATOR PROGRAM CEFD) 

ENERGY FROM HUMID AIR 

I 
(HUM ID A II~) 

THE MADARAS ROTOR POWER 
PLANT PHASE I (MADARAS) 

I VORTEX AUGMENTORS FOR 
WIND ENERGY CONVERSION 

PR-::>56 
Au(jusT 21,, 1979 

PRINCIPAL SUBCONTRACTORS FUR FY79 R&D PROJECTS 

PROJECT PRINCIPAL 
S UBCON TR AC TOR {ODE CoNTRACT No. INVESTIGATOR 

WEST VIRGINIA UNIVERSITY wvu EY-76-C-05-5135 I{ IC HARD E • WALTERS 

GRUMMAN AEROSPACE G-IJ XU -9 -80 73 -1 l<EN FOREMAN 

GRUMMAN AEROSPACE G-T EX-76-C-01-255~ JAMES T. YEN 

MARKS POLARIZED MP EG-77-C-Ol-2774 ALVIN M. f1ARKS 

UNIVERSITY OF DAYTON UDE XH-9-8074-1 J UHN E. MINARDI 

SOUTH DAKOTA SCHOOL OF SD UE-AC01-79ET25052 THOMAS K. OLIVER 
MINES AND TECHNOLOGY 

UNIVERSITY OF DAYTON UDM EX-76-S-Ol-2554 DALE H. WHITFORD 
RESEARCH INSTITUTE 

POL YTEC HNI C INSTITUTE PI NY E (49-18 >2358 PASQUALE M. SFORZA 
OF NEW YORK 

I ~-cv_o_R_T_E_x_>~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 
I 
I 
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INNOVATIVE WIND TURBINES 

WEST VIRGINIA UNIVERSITY 

EY-76-C-05-5153 
(RI CHARD E- WALTERS, p. I.) 

PR-356 
AUGUST 2L 1979 

INVESTIGATE THE TECHNICAL AND ECONOMIC FEASIBILITY OF A VERTICAL AXIS WIND TURBll~E HAVING 

STRAIGHT BLADES CONSTRUCTED WITH CIRCULATION CONTROL AIRFOIL SECTIONS· 

DESIGN AND CONSTRUCT A REVISED VAWT TEST MODEL AND ASSOCIATED INSTRUMENTATION· 

CONDUCT INDOOR TEST TO ASSESS LIFTJ DRAGJ AND MOMENT CHARACTERISTICS· 

PREDICT PERFORMANCE OF CIRCULATION CONTROLLED VAWT IN A WIND SITUATION· 

ESTIMATE ECONOMIC VIABILITY OF SYSTEM AS COMPARED TO CONVENTIONAL SYSTEMS· 
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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 TES TS 

27 

PH-356 
AUGUST 2L 1979 

T A.S.K NUMBER 

1-1 

1-2 

1-) 

1-4 

1-5 

l·u 
1-7 

1°8 

1-9 



FABRICATION COMPLETED ON THE CIRCULATION CONTROLLED 

BLADES· 

COMPLETED THE AERODYNAMIC TARE MEASUREMENTS FUR THE 

ROTATING SUPPORT ARMS· 

INDOOR TESTING CONTINUED UN THE CONVENTIONAL BLADE 

MEASURING BLADE LIFT, DRAG. ANU PITCHING MOMEl~T· 

PRESENTED A TECHNICAL PAPER AT THE WEIS CoNFERENCEJ 

MAY 1979. 

SUBMITTED THE DRAFT FINAL REPORT VuL III Fo1~ TASKS 

1-1 THRU 1°6° 
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COMPLETE l NDOOR TESTS· 

PR-.556 
AUGUST 21... 1979 

COMPLETE REVIEW OF THE DRAFT fINAL FOR TASKS 1°1 TO 1°6 (SEKf ). 

ASSESSMENT 

No PROBLEMS ON CURRENT WORK ARE FORESEEN AT THIS TIME· 

PROJECT WILL PROBABLY NOT HE COMPLETED BY AUGUST 15J 1979. 
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DIFFUSER AUGMENTED WIND TURBINE 

GRUMMAN AEROSPACE CoRPORATIUN 
XM -9-80 73 -1 

(KEN FOREMAN p.J.) 

0 JhJJ; k TJ~J:-

PR-356 
AUGUST 21., 1979 

D EV EL 0 P AND RE F I N E THE EN G I N E E R I NG DE S I G N 0 F D I F F U S E R AU GM EN TE D W I ND TU RB I I~ E S 
(LJAWT) FUR SMALL AND INTERMEDIATE SIZED MACHINES· 

APeRoAc..li 

DETERMINE COST AND POWER ESTIMATES FOR CANDIDATE LJAWT SYSTEMS WHEN CONSTRUCTED 
OF THREE SEPARATE MATERIALS· 

DETERMINE SIZEJ COSTJ MANUFACTURINGJ AND INSTALLATION APPROACHES FOR EACH 
CANDIDATE DAWT SYSTEM· 
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WIND TUNNEL AND SMALL SCALE TESTS 

FIELD TEST PLAN 
~~INDSTREAM 18 DIFFUSER. TURNTABLE. INSTRUMENT DESIGN 

PERFORMANCE CALCULATION 

ECONOMIC ANALYSIS 

SIZE AND POWER RATING 

DESIGN STUDIES FUR THREE MATERIALS OF CONSTHUCTION 

MANUFACTURING AND INSTALLATION APPROACHES 

CosT AND PowER ESTIMATE 

PROTOTYPE SIZING AND COSTING 
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TASK IJUMBERS 

2.1 
2.2 
2.3 
2.4 
2.s 
2.5 
2.1 
2.8 
2-9 
2.10 



Acco~et...Ll_HM EN Ts 

PRESENTED A PAPER AT THE WEIS CoNFERENCEJ MAY 1979. 

PR-356 
AUGUST 2L 1979 

SIZE AND POWER RATING STUDIES HAVE BEEN INITIATED FOR THREE 
DAWT SYSTEMS· 

DESIGN STUDIES OF UMJT SYSTEMS CONSTl~UCTED OF rERfWCEMENT 
HAVE BEEN INITIATED· 

_f_LAN NED Ac I 1-:{ I.II E~ 

COMPLETE THE FINAL REPORT FOR FY78 FUNDED EFFORT• 

CONTINUE SIZE AND POWER RATING STUDIES· 

INITIATE DESIGN STUDIES OF DAWT SYSTEMS CONSTRUCTED OF 
FIBERGLASS· 

As_sESSl".lENT 

THE fY78 FUNDED EFFORT HAS BEEN COMPLETED AND COMMENTS ON 
THE DRAFT FINAL REPORT HAS BEEN SUBMITTED TU THE PRINCIPAL 
INVESTIGATOR• 

THE FY79 FUNDED EFFORT HAS BEEN INITIATED AND IS ON 
SCHEDULE· 

32 
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TORNADO TYPE WIND ENERGY SYSTEMS 

GRUMMAN AEROSPACE CORPORATION 
EX-76-CO-Ol-2555 

(JAMES T. y EN p. I . ) 

0BJEC_JJ_y.E_ 

PR-356 
AUGUST 21... 1979 

DETERMINE TECHNICAL AND ECONOMIC FEASIBILITY OF THE TORNADO 
TYPE MACHINE· 

_8 P P RO.Alli 

COMPLETE THEORETICAL ANALYSES UTILIZING MODELS TO PREDICT 
OPTIMUM CONFIGURATIONS AND PERFORMANCE OF FULL-SCALE 
SYSTEMS· 

CONDUCT WI ND TUNNEL TESTS OF SMALL MODELS AND COMPARE THE 
PERFORMANCE CHARACTERISTICS WITH PREDICTED VALUES· 

ESTIMATE THE AUGMENTATION FACTOR FOR THE SYSTEM USING 
MEASURED RESULTS· 

llESIGNJ CONSTRUCTJ AND TEST M10-scALE SPIRAL AND VANED TYPE 
MODELS· 

33 



PR-356 
AUGUST 2L 1979 

_lp, sJL]JUMBERS 

FLOW FIELD ANALYSIS OF VORTEX SYSTEMS 3.1 

THREE-FOOT MODEL TEST ).2 

TEN-FOOT SPIRAL DESIGN AND FABRICATION 3-3 

ONE-FOOT TURBINE DESIGN AND FABRICATION 3.4 

TEN-FOOT DIAMETER VANED MODEL, DESIGN AND FABRICATION 3.5 

TESTS OF SPIRAL AND VANED MODELS 3.6 

STRUCTURAL AND COST ANALYSIS 3.7 
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COMPLETED REALIGNMENT AND CALIBRATION OF LOAD CELL• 

Pl{-)56 
AUGUST 21., 1979 

COMPLETED REWORK OF INSTRUMENT PACKAl:iE TO ELIMINATE 
EXTRANEOUS EFFECTS ON LOAD CELL READINGS· 

DESIGNED AND INITIATED CONSTRUCTION OF THREE HIGH SPEED WIND 
TUNNEL MODELS OF 10 IN•,, 15 IN•,, AND 20 IN· DIAMETl:R WITH A 
4 IN· DIAMETER TURBINE· 

CONTINUED ANALYSIS OF DATA COLLECTED IN TASK 3.2 AND 
OBTAINED AN AVERAGE Cp 0-10 BASED UN TOWER FRONTAL AREA· 

PRESENTED A PAPER AT THE WEIS CONFERENCE,, MAY 1979. 
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I 
PH-356 I 

AUGUST 21., 1979 

I 
eLANNEll__Ac li'lJIJ ES I 

COMPLETE CONSTRUCTION OF HIGH SPEED MODELS AND TEST· I 
COMPLETE THE REVIEW OF THE FINAL REPORT OF THE FY77 FUNUED 
EFFORT· (SERI) I 
COMPLETE THE DRAFT FINAL REPORT FOR THE FY78 FUNDED EFFORT· 

ASSESSMENT 

THE CURRENT EFFORT IS BEHIND SCHEDULE DUE TO LACK OF AN 
AVAILABLE WIND TUNNEL TESTING FACILITY• 
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TEST AND DEVICES FOR WIND/ELECTRIC POWER 
CHARGED AEROSOL GENERATOR 

MARKS POLARIZED CORPORATION 
EG -77-C -Ol -2 774 

c AL v 1 N r1. MA R Ks ., P. 1 • > 

OBJECTIVE 

PR-356 
AUGUST 2L 1979 

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

_/j PPR O_Affi 

DEVELOP ANALYTICAL 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· 

37 
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PH-356 

I AUGUST 21., 1979 

I 
I 

JASKS 
I 

}l\_Sl<--1iU11B ER S I 
TEST OF I\ R RAY 1 4.1 I 
TEST OF WATER JET/METAL CHARGING METHOD 4.2 

TEST OF ELECTROJET CHARGING METHOD 4.3 I 
TEST OF STEAM/METAL CHARGING METHOD 4.4 

TEST OF STEAM MICROJET CONDENSATION METHOD 4.5 I 
I 
I 
I 
I 
I 
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PHESENTED A PAPER AT THE WEIS CONFERENCE, MAY 1979. 

PH-55b 
AUGUST 2L 1979 

THE DRAFT FINAL REPOIH FOR TASKS 4°1 TO 4.5 WAS SUBMITTED 
FOR REVIEW· 

COMPLETE AND SUBMIT FOR REVIEW A DRAFT FINAL REPORT ON TASKS 
4-1 TO 4.5. 

THE CURRENT EFFORTS HAVE NOT ALL BEEN COMPLETED AS PLANNED· 

A RENEWAL PROPOSAL HAS llEEN SUBMITTED BY MARKS PoLAtHZED 
CORPORATION AT A FUNDING LEVEL OF $65K WITH AWARD ANTICI
PATED DURING THE NEXT QUARTER· 
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ELECTROFLUID DYNAMIC WIND DRIVEN GENERATOR 

UNIVERSITY OF DAYTON RESEARCH INSTITUTE 
XH-9-8074-1 

( J 0 HN E. MIN A RD I ~ p. I • ) 

0 BJ E k_TJ.Y E_ 

PH-356 
AUGUST 21., 1979 

PROVIDE A SUFFICIENT DENSITY OF CHARGED WATER DROPLETS OF 
Low-MOBILITY TO EXPERIMENTALLY EVALUATE EFJJ GENERATOR 
GEOMETRIES· 

DEVELOP TECHNIQUES FOR PROVIDING Low-MOBILITY CHARGED WATER 
DROPLETS FOR WIND ENERGY APPLICATIONS IN A COST C:FFECTIVE 
MANNER· 

_8PPROA_Cli 

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· 
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LABORATORY COLLOID GENERATING EXPERIMENT 

EXPERIMENTAL CONFIGURATION 

COLLOID GENERATION EXPERIMENTS 

EFD GENERATOR PERFORMANCE 

CRITICAL PROBLEM AREAS PHASE I 

THEORETICAL STUDIES oF EcoNoMic CURRENT 
PRODUCTION AND GENERATOR GEOMETRY 

ENERGY ECONOMIC CHARGE PRODUCTION 
EXPERIMENTS 

GENERATOR PERFORMANCE EXPERIMENTS 

CRITICAL PROBLEM AREAS PHASE II 

41 

s.1 
5-2 

5.3 

5.4 

5.5 

5.G 

5.7 

5.8 

5-~ 
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PR-.->5G 
AUGUST 21., 1979 

THE FINAL REPOIH FOR THE FY78 FUNDED PROJECT WAS RECEIVED 
AND SUBMITTED TO TIC FOR DISTRIBUTION· 

COMPLETED A REVIEW OF THE LITERATURE ON THE PRODUCTION OF 
BUBBLES AND SUBMICRON DROPLETS· 

CONDUCTED STUDIES TO DETERMINE THE EFFECTS OF WATER 
DISTRIBUTION REQUIREMENTS ON GENERATOR GEOMETRY· 

COMPLETED DESIGN AND INITIATED FABRICATION OF A SINGLE LARGE 
ELECTRODE GEOMETRY· 

INITIATED THE DESIGN OF A SMALL BUBBLE GENERATOR· 

PRESENTED A PAPER AT THE ~EIS CONFERENCE~ MAY 1979. 

42 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1~1AN N E_!l__/k T 1-'U..I IE S 

PH-356 
AUGUST 2L 1979 

CONTINUE THEORETICAL STUDIES OF CURRENT PRODUCTION AND 
GENERATOR GEOMETRY• 

CONDUCT TESTS OF ECONOMIC CHARGE PRODUCTION AND GENERATOR 
GEOMETRIES· 

THE CURRENT EFFORTS ARE ON SCHEDULE• 
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AUGUST 2L 1979 

ENERGY FRUM HUMID AIR 

SOUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY 
DE-AC01-79ET23052 
(THOMAS K- OLIVER) 

OBJ_ECT_LVE 

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

AP _eB_OACJi 

DETERMINE THE POTENTIAL OF THE EXPANSioN-cOMPRESSION 
TECHNILlUE FOR REMOVING ENERGY FROM HUMID AIR· 
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TASKS 

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 

DE~ELOP ECONOMIC ANALYSIS 

COMPUTER MODELING OF THE FLOW 

STUDY OF LOSSES 

CONDENSATION & COOLING DYNAMICS 

SYSTEM PERFORMANCE 

STRUCTURAL DESIGN 

ECONOMIC ESTIMATES 
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5.2 

6 • .) 

5.4 

5.5 

6°6 
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6°8 
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5.10 
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I 
Pl{-356 

AUGUST 21J 1979 I 

I 
Ac_cot1.PLJ_ SHMJ;N Ts I 

TASKS 5.1 TO 5.4 HAVE BEEN COMPLETED AND COMMENTS ON THE I 
DRAFT FINAL REPORT SUBMITTED TU THE PRINCIPAL INVESTIGATOR· 

INITIATED THE SEARCH OF CURRENT LITERATURE AND PUBLISHED I 
DATA IN THE AREAS OF ROTATING VORTEX AND SWIRLING FLOWS· 

COMPLETED THE INITIAL COMPUTER MODEL INCORPORATING 
CONTINUITY AND MOMENTUM EQUATIONS AND OBTAINED A STABLE 
SOLUTION· 

PRESENTED A PAPER AT THE WEIS CoNFERENCEJ MAY 1979. 

PLANNED ACTIVITIES 

COMPLETE THE FINAL REPORT UN THE FY78 FUNDED EFFORT· 
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AN ANALYSIS OF THE MADARAS ROTOR POWER PLANT 

UNIVERSITY UF DAYTON RESEARCH INSTITUTE 
EX-76-S-Ol-2554 

(DALE H. WHITFUHD P.l.) 

UBJEUlVES 

PR-S56 
AUGUST 21J 1979 

DETERMINE THE COST EFFECTIVENESS OF THE MADARAS ROTOR PowEH 
PLANT IN THE 100 MW TO 200 MW RANGE· 

A.e_PROACH 

CONDUCT THEORETICAL AND EXPERIMENTAL STUDIES UF ROTATING 
CYLINDERS· 

EVALUATE THE STRUCTURALJ ELECTRICJ AND MECHANICAL COMPONENTS 
OF THE SYSTEMS UTILIZING MODERN TECHNOLOGY· 

PERFORM AN ECONOMIC EVALUATION AND PERFORMANCE SIMULATION OF 
THE SYSTEM FOR VARIOUS PLANT SIZES· 
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VoRTEX ANALYSIS uF MADARAS RoTuR 

MODEL DESIGN~ FABRICATION~ AND TESTS 

DATA EVALUATION 

ELECTRICAL/MECHANICAL STUDIES 

PERFORMANCE ANALYSIS 

CONDUCT ECONOMIC STUDIES 
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ALL TASKS HAVE BEEN SATISFACTORILY COMPLETED· 

PH-356 
AUGUST 21... 1979 

THE FINAL REPORT HAS BEEN SUBMITTED BY THE PRINCIPAL 
INVESTIGATOR· 

p LAN N ED _8~ I lY1._ TJ E S 

No ADDITIONAL STUDIES CURRENTLY CONSIDERED IN THIS AREA· 
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AUGUST 2L 1979 

VORTEX AUGMENTORS FOR WIND ENERGY CONVERSION 

POLYTECHNIC INSTITUTE OF NEW YORK 
ET-7 7-C-Ol -2358 

( p AS Q U ALE r1 · S F 0 R Z A ) 

0BJEUrr 

DETERMINE THE TECHNICAL FEASIBILITY, PERFORMANCE, AND 
ECONOMIC POTENTIAL OF THE DELTA WING TYPE VORTEX AUGMENTOR 
CONCEPT· 

_8.P.EROACli 

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· 

so 
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TASKS 

lA.SK_H_UMBERS 

FIELD TEST PROGRAM 8-1 

TEST AND ANALYSIS 8.2 

WIND TUNNEL TESTS 8-3 

ECONOMIC STUDIES 8°4 
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PR-356 

AUGUST 21, 1979 I 

SENSOR DEPLOYMENT AL TE RED AND COMPUTER SOFTWARE AL TE RED TO 
ACCOUNT FOR RELOCATION· 

CONTINUED FIELD TESTING, 
CHARACTERISTICS REMAIN STABLE· 

STABILITY AND 

PERFORMANCE MAPPING BEING CARRIED OUT ROUTINELY· 
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PR-356 
AUGUST 21., 1979 

COMPLETE FIELD TESTS AND EVALUATE THE VORTEX AUGMENTOR 
CONCEPT CVAC) PROTOTYPE· 

COMPLETE 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. 

As SESSMENT 

THE PROJECT IS BEHIND SCHEDULE DUE TO PREVIOUS WEATHER 
DELAYS AND A NO COST EXTENSION HAS BEEN RE(,IUESTt:D TO AUliUST 
31, 1979. 
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PRINCIPAL SUBCONTRACTS FOR FY79 GENERIC STUDIES 
---

A DEFINITIVE GENERIC STUDY AEROVIRONMENT, INC· AH AH-9-8003-1 
OF AUGMENTED HORIZONTAL 
Ax 1 s WES <HAWT) 

A DEFINITIVE GENERIC STUDY AEROVIRONMENT, INC· AHL AH-9-8003-2 
OF HIGH LIFT DEVICE WES 
(HIGH LIFT) 

A DEFINITIVE GENERIC STUDY TETRA-TECH, INC· TT AH-9-8003-3 
OF AUGMENTED HORIZONTAL 
AXIS WES <MAWT) 

A DEFINITIVE GENERIC STUDY NEW YORK UNIVERSITY IJYU AH-9-8003-4 
OF AUGMENTED VERTICAL AXIS 
WES <VAWT) 

A DEFINITIVE GENERIC STUDY WASHINGTON UNIVERSITY WU AH-9-8003-5 
OF SAIL WING WES (SAIL TECHNICAL ASSOCIATES 
WING) 

A DEFINITIVE GENERIC STUDY JBF SCIENTIFIC CORP· JBF AH-9-8004-6 
OF VORTEX EXTRACTION WES 
(VORTEX) 
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PETER LISSAMAN 

PETER LISSAMAN 

MARK HARPER 

MARTIN HOFFERT 

K. H. HoHENEMSER 

THEODORE I{. 
KORNREICH 
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HA DEFINITIVE GENERIC STUDY OF AUGMENTED 
HORIZONTAL-AXIS WIND ENERGY SYSTEMSH 

AEROVIRONMENT ... INC· 
CAll-9-8003-1) 

PETER LISSAMAN 

OBJECTIVE 

PR-:S56 
AUGUST 21., 1979 

PROVIDE A CRITICAL EVALUATIUN OF THE POTENTIAL cosT
EFFECTIVENESS OF AUGMENTED HORIZONTAL-AXIS WIND ENERGY 
SYSTEMS· 

AP _EROACli 

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 
DIRECTIUN FOR FUTURE EFFORTS,, IF ANY 
B I B L I 0 G RA PH Y - - THE LI S T I NG P IW V I D ED A J3 0 V E I S T 0 13 E US ED 
AS A GUIDE· DOCUMENTATION OF AUDI TIUNAL CRITICAL FACETS 
FOR THE STUDY MAY BE INCLUDED· 
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TASKS 

PERFORM A CRITICAL TECHNICAL REVIEW 
OF THE GENERIC GROUP AUGMENTEU 
HORIZONTAL AXIS WIND ENERGY SYSTEMS 

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

TASK IJUMBERS 

9.1 

9-2 

I 
Pl{-356 I 

AUGUST 21., 1979 

COMPLETED ALL TECHNICAL TASKS AND SUBMITTED A DRAFT FINAL 
REPORT FOR REVIEW· 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A PAPER WAS PRESENTED AT THE WEIS CONFERENCE~ MAY 1979. 
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f l-_A N ~ &_Q Ac T I V I TI E S 

PH-356 
AUG UST 2L 1979 

THE FINAL REPORT IS TO BE COMPLETED WHEN REVIEW COMMENTS 
HAVE BEEN RECEIVED· 

THE DRAFT FINAL REPORT IS TO BE REVIEWED BY AUGUST 1979° 
(SER I) 

A NO COST EXTENSION HAS BEEN REQUESTED TU ALLOW FUR THE 
INCORPORATION OF COMMENTS INTO THE FINAL REPORT· 
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"A DEFINITIVE GENERIC STUDY OF HIGH LIFT DEVICE 
WIND ENERGY SYSTEMS" 

AEROV I IWNMENT 
(AH -9-800.5 -L) 

PETER LISSAMAN 

0 BJ EC TI Vt: 

PR-356 
AUGUST 21., 1979 

PROVIDE A CRITICAL EVALUATION UF THE POTENTIAL cosT
EFFECTIVENESS UF HIGH LIFT DEVICE WIND ENERGY SYSTEMS· 

APPROACH 

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

CosT-EFFECTIVENEss ($/KWH) 
ADVANTAGES AND DISADVANTAGES OF CONCEPT 
CAPACITY FACTORS 
POTENTIAL AREAS FOR IMPROVEMENT 
DIRECTION FOR FUTURE EFFURTSJ 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· 

S8 
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TASKS 

PERFORM A CRITICAL TECHNICAL REVIEW 
OF THE GENERIC GROUP flIGH LIFT \4IND 
ENERGY SYSTEMS 

COMPARE THE VARIOUS TYPES OF HIGH LIFT 
WIND ENERGY SYSTEMS WITH UNAUGMENTED 
CONVENTIONAL WIND ENERGY SYSTEMS 

AccoMPLI sHMENTs 

10·1 

10·2 

PR-356 
AUGUST 2L 1979 

ALL TECHNICAL TASKS HAVE BEEN COMPLETED AND A DRAFT FINAL 
REPORT SUBMITTED• 

A PAPER WAS PRESENTED AT THE WEIS CoNFERENCEJ MAY 1979. 
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PR-356 
AUGUST 2L 1979 

THE FINAL REPORT IS TO BE COMPLETEU WHEN REVIEW COMMENTS 
HAVE HEEN RECEIVED· 

~-~J~_S SM .EJil 

THE DRAFT FINAL REPORT IS TO BE REVIEWEU BY AUGUST 1979. 
<SERI>· 

A NO COST EXTENSION HAS BEEN REQUESTEU TO ALLOW FOR COMMENTS 
TO BE INCORPORATED INTO THE FINAL REPORT· 
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"A DEFINITIVE GENERIC STUDY OF AUGMENTED 
HORIZONTAL-AXIS WIND ENEKGY SYSTEMS" 

TETKA-TECHJ INC· 
<All-9-8003-3) 

r1ARK HARPER 

OBJECTIVES 

PR-356 
AUGUST 2L 1979 

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL cosT
EFFECTIVENESS OF AUGMENTED llORIZONTAL-AXIS WIND ENERGY 
SYSTEMS· 

_Aep 1(0 AC tl 

THE STUDY WILL ADDRESS THE FOLLOWING TOPICS FOR EACH Wll~D 
ENERGY SYSTEM. 

CosT-EFFECTIVENEss ($/KMH) 
ADVANTAGES AND DISADVANTAGES OF CONCEPT 
CAPACITY FACTORS 
POTENTIAL AREAS FOR IMPROVEMENT 
DIRECTION FOK FUTUKE EFFOKTSJ IF ANY 
BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED 

AS A GUIDE· DOCUMENTATION OF ADDITIONAL CKI TI CAL 
FACETS FOR THE STUDY MAY BE INCLUDED· 

61 



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

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

AccoMPL 1 s_l:!t-lE_N_li_ 

11-1 

11-2 

ALL TECHNICAL TASKS HAVE BEEN COMPLETEU AND A DRAFT FINAL 
REPORT SUBMITTED· 

A PAPER WAS PRESENTEU AT THE WEIS CoNFERENCEJ MAY 1979-

62 

PR-356 
AUGUST 2L 1979 
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PR-.556 
AUGUST LL 1~79 

THE FINAL REPORT IS TO BE COMPLETED WHEN REVIEW COMMENTS 
HAVE BEEN RECEIVED· 

As S.E..~SMEl'il. 

THE DRAFT rlNAL REPORT IS TO BE REVIEWED BY AUGUST 1979. 
CSER I) 

A N 0 C 0 ST EX TEN S I 0 N HAS BEEN RE QUE STE U T 0 AL L 0 W F 0 R THE 
INCORPORATION OF COMMENTS INTO THE FINAL REPORT• 
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"A DEFINITIVE GENERIC STUDY OF AUGMENTED 
VERTICAL-AXIS WINU ENERGY SYSTEMS" 

NEW YORK UNIVERSITY 
CAM -9-8003-4) 

11A RT I N I · HOFFERT 

OBJECTIVE 

PR-356 
AUGUST 2L 1979 

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL cosT
EFFECTIVENESS OF AUGMENTED VERTICAL-AXIS WIND ENERGY 
SYSTEMS· 

APPROACH 

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

CosT-EFFECTIVENEss ($/KWH) 
ADVANTAGES AND DISADVANTAGES OF CONCEPT 
CAPACITY FACTORS 
POTENTIAL AREAS FOR IMPROVEMENT 
DIRECTION FUR FUTURE EFFORTSJ 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-AXIS WIND ENERGY SYSTEMS 

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

12°1 

12·2 

PR-356 
AUGUST 2L 1979 

TECHNICAL TASKS HAVE BEEN COMPLETED AND A DRAFT FINAL REPORT 
SUBMITTED· 

A PAPER WAS PRESENTED AT THE WEIS CONFERENCE, MAY 1979. 
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THE FINAL REPORT IS TO BE COMPLETEU DURING SEPTEMBER 1979. 

ASSESSMENT 

PR-356 
AUGUST 2L 1979 

THE DRAFT FINAL REPORT IS TO BE REVIEWED DURING JULY 1979. 
<SER I ) 

A NO COST EXTENSION HAS BEEN REQUESTED TO ALLOW COMMENTS TO 
BE INCORPORATED INTO THE FINAL REPORT· 

G6 
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"A DEFINITIVE GENERIC STUDY OF SAIL WING 
WIND EN~RGY SYSTEMS" 

WASHINGTON UNIVERSITY TECHNICAL Assoc-~ INC· 
( /\11-9-800.5-5) 

UR. K. H. 11oHENEMSER 

OBJECTIVE 

PR-356 
AUGUST 2L 1979 

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL cosT
EFFECTIVENESS OF SAIL WING 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 FUTUR~ EFFORTS IF ANY 
BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED 

AS A GUIDE· lJoCUMENTATION OF ADOITIONAL CRITICAL 
FACETS FOR THE STUDY MAY BE INCLUDED· 
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l_A_S KS 

PERFORM A CHITICAL TECHNICAL REVIEW 
OF THE GENERIC GROUP SAIL WING 
WIND ENERGY SYSTEMS 

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

Ac c 0 M p L I s H MJ; N Ts 

T A_S K _Ul.11'1 BE li.s_ 

1.5-1 

13-2 

PR-356 
AUGUST 2L 1979 

ALL TECHNICAL TASKS HAVE BEEN COMPLETED AND A DRAFT FINAL 
REPORT SUBMITTED· 

A PAPER WAS PRESENTED AT THE WEIS CONFERENCE~ MAY 1979. 
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PLANNEQ_l\k_U.Y I_IJ ES 

PR-356 
Au(jUST 21 ... 1979 

THE FINAL REPORT IS TO BE C01"1PLETED WHEN REVIEW COMMENTS 
HAVE BEEN RECEIVED· 

THE DRAFT Fil\IAL REPORT IS TU BE REVIEWED BY AUGUST 1979. 
<SERI> 
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"A DEFINITIVE GENERIC STUDY OF VORTEX 
EXTRACTION WIND ENERGY SYSTEMS" 

JBF SCIENTIFIC) INC· 
( AH-9-8003-G) 

THEODORE R. KORNREICH 

OBJECTIVE 

PR-356 
AUGUST 2L 1979 

PROVIDE A CRITICAL EVALUATION OF THE POTENTIAL cosT
EFFECTIVENESS OF VORTEX EXTRACTION WIND ENERGY SYSTEMS· 

APPROACH 

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

CosT-EFFECTIVENEss ($/KWH) 
ADVANTAGES AND DISADVANTAGES UF CONCEPT 
CAPAC I TY FACTORS 
POTENTIAL AREAS FOR IMPROVEMENT 
DIRECTION FOR FUTURE EFFORTS) IF ANY 
BIBLIOGRAPHY--THE LISTING PROVIDED ABOVE IS TO BE USED 
AS A GUIDE· DOCUMENTATION UF ADDITIONAL CRITICAL FACETS 
FOR THE STUDY MAY BE INCLUDED· 
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TASKS 

TASK NUMBERS 

PERFORM A CRITICAL TECHNICAL HEVIEW 14°1 
OF THE GENERIC GROUP VORTEX EXTRAC-
TION WIND ENERGY SYSTEMS 

COMPARE THE VARIOUS TYPES OF VORTEX 14°2 
EXTRACTION WIND ENERGY SYSTEMS WITH 
UNAUGMENTED CONVENTIONAL WIND ENERGY 
SYSTEMS 

ACCOMPLISHMENTS 

ALL TECHNICAL TASKS HAVE BEEN 
COMPLETED AND A DRAFT FINAL REPORT 
SUBMITTED· 

A PAPER WAS PRESENTED AT THE WEIS 
CoNFERENCEJ MAY 1979. 

71 

PR-356 
AUGUST 2L 1979 



I 
PH-356 

AUGUST 2L 1979 I 

£LAN N_El) __ Ac T_J_y I .I I E .s_ 

THE FINAL REPORT IS TO BE COMPLETED WHEN REVIE'tl COMMENTS 
HAVE BEEN RECEIVED· 

As s E s SJ'1_ __ E1U .. 

THE URAFT FINAL REPORT IS TO BE REVIEWED BY AUGUST 1979° 

A NO COST EXTENSION HAS BEEN REQUESTED TO ALLOW FOR COMMENTS 
TO BE INCORPORATED INTO THE FINAL REPORT· 
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PROGRAM MANAGEMENT 

_AccoMPL I SHMENTS 

PR-356 
AUGUST 21., 1979 

REVIEWED CUR~ENT R&D PROJECTS ON A CONTINUING BASis--uETAILS 
PROVIDED PREVIOUSLY· 

TECHNICAL EVALUATION AND RANK ORDERING WAS COMPLETED BY A 
SEHi PANEL AND MEMBERS OF THE ADVISORY COMMITTEE (oR THEIR 
REPRESENTATIVES) FOR THE PROPOSALS WHICH WERE SUBMITTED IN 
RESPONSE TO THE RFPJ R4-9-8085~ ENTITLED "ADVANCED AND 
INNOVATIVE WIND ENERGY CONCEPT DEVELOPMENT"· 

HOSTED THE WEIS CONFERENCE MAY 23-25 IN COLORADO SPRINGS~ 
COLORADO· THIS EFFORT WAS COORDINATED WITH RICK KoTTLERJ 
JBFJ AND THE SERI CONFERENCE GROUP· 

COMPLETED TECHNICAL REVIEWS OF THREE UNSOLICITED PROPOSALS· 

73 



PR-35G 
AUGUST 2L 1979 

CONTINUE AND COMPLETE ACTIVITIES RELATING TO CURRENT l\&D 
STUDIES AS INDICATED PREVIOUSLY· 

COMPLETE AWARD OF THE MARKS "AEROSOL GENERATOR" FOLLow-oN 
CONTRACT· 

REVIEW UNSOLICITED PROPOSALS· 

COMPLETE THE PROCEEDINGS OF THE WEIS CONFERENCE· 

SUPPORT THE PLANNING OF THE SERI WIND ENERGY SYSTEMS 
PROGRAM· 

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

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

PROVIDE SUPPORT TO WSB IN THE PROGRAMMATIC ACTIVITIES· 
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I TI TL E/S USC ON TRAC TOR 

I 
I 
I 
I 

INN· - w. VA. UNIV· 

DAWT - GRUMMAN 

TORNADO - GRUMMAN 

EF D - t1ARKS 

EFD - u. UA YTON 

HUM· AIR - s. DAKOTA 

MADARAS - LJ. DAYTON 

~ VORTEX - PINY 

I 
I 
I 
I 
I 

PR-356 
AUGUST 21., 1979 

R&D SUBCONTRACTED PROJECTS, FY78 AND 79 

TERMINATION DATE 
PROPOSED TERMINATION 

DATE) 

AUGUST 15,., 1979 

DECEMBER 15,., 1979 

AUGUST 30,., 1979 

APRIL 30 ... 1980 

i1ARCH :5L 1980 

MARCH 12 ... 1980 

MAY 31... 1979 

AUGUST 31,., 1979 

75 

FUND ING STATUS 

ADDITIONAL FUNDING 
FUNDING FY78 REQUESTED FY79 

99 ... 888 0 100 ... 000 

201 ... 964 89 ... 293 

2.:>6,115 IJ/A L00 ... 000 

99 ... 448 64 ... 007 

102 ... 264 117 ... 5L3 

9 9 ... 54 7 6 8 ... 9 7 5 

0 

43 ... 924 1~/A IJ/A 

PROJECTED 
FUNDING Ft80 

102 ... 000 

IJ/A 

llU ... 000 

IJ/A 

u 



GENERIC SUBCONTRACTED PROJECTS FY79 

I 
PR-356 I 

AUGUST 21., 1979 

I 
I 

--·------ -·------ -·--- - ------··-- --------- I 
I TITLE/SUBCONTRACTOR 

HAWT - AEROVIRONMENT 

UIGH LIFT - AEROVIRONMENT 

HAWT - TETRA-TECH 

VAWT-N.v.u. 

SAIL W1NG - w.u.T.A

VoRTEx - JBF SCIENTIFIC 

TERMINATION DATE 

MAY 3L 1979 

JUNE 30., 1979 

JUNE 30-1 1979 

MAY 31., 1979 

AUGUST 15., 1979 

JUNE 30., 1979 
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FUNDING FY79 

2L827 

22" 772 

24-1677 

24.,951 

22.,500 

24.,950 
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PR-356 
AUGUST 2L 1979 

CONTRACT NO.~~~ !_7_-_c_-_0~~~~42 PR INC I PAL INVESTIGATOR __ 1_i:i_i~!_:_ Va~------ - . - - -·- -- - .. -·. 

CONTRACTOR - _sr_ot_s_E_R_I_ . - - - . - ll TLE _~ind _E_!l_e!~Y- _I_n_n_o_V_(l_t_~~-~!'..s_t_e_!!I_~--- ____________ . __ _ PllONE NO. (303) 231-1935 

FV1979 fY1980 
---- --- ,.----- -·· -- - ----

0 N D J F H A H J J A S 0 ff 0 J r H f\ H J J fl s 
lnnova ti ve-W. Va. Univ. Fl I 
--·------------- - - --~- -- --- ----·-- -- -- _g - ---· ··-· 

()fl.WT - Gr1111111an IF• WD YE FD ___________ , _ _.___,..~··--· -- -- - -~- --'- ---- -~~- -- - ----
Tornado - Grun1nan llF IF 

1--l--11--~·~~- _,____ --'-Y..-t--f~''- --· --- --- --·· - ·---· --· ---· -

E_r_o_-_H_a_r_k_s _______ c•T'~-F VD--~ _!Yo _'fE mF 

F. WC •< lbF DG 
.'.-J._:....:_::..i._,_-_-_.,.,__-_.i._ ::.~_--4,~--f...J_::..:i'"'. -IJ-_-lf-,_-lf-_-__ ....,_ ... _-f-_-_-_f-_-_-__ +_-_-_+_-_ .... __ 'f_ ..... _~_:_~-- --

-· -t---

HO - U. Dayton 

llumid Air - S. Dakota DF I o ... _-_. .... :~::.:::~-:.-'-_::::_l-~--1-_-___ .... _-_ .... _ .::+--+_-_+_:_:_-t-__ -t_ ::+_:-_-11-_-__ -t-'_"""'1_ r-7'~-
IG Madaras - U. Dayton 

------------------·~----·~--- --··- -- -t-- ·---- --- ---·· -----

Vortex - PINY JF 
---'"'·'-·•-- -- -·--- -- ---· ~- - -- --· -- - -----

llf\WT - Aerovironmr'••t ____ _, .... F_ Do 
---------------- ·--~ - ,_ ·- ---· ---~-! ·- -- --i---- --- ~ -----

IF ao II i gh LI ft - Aerov i ronmen t 
----- -- -1~~ ----- --·-~~- ---- --- -

HAWT - Tetra-Tech IF CG 
- ·- -- _.•_+--_1-~_i-:__-_-+--:t_ f--'lll,!_ --- - - --- ----- --

VAWT - ILY .U. tlF •F 
---------- -- - .__ ~- ·- - iF_••- -- ao -- --- --- -

sai_l _w_in~_-_W_~-~-~ __ cu_. __ · r_e_c_h_. __________ • __ --- - -- --~- -··- ---., ao 
-- .. .....! -- ---- -- -- . 

Vortex - JBF Scientific 
--·--------- ----------- - -- -- - ~--

{\ Contract Review, E Procurement Initiation EXPLl\NATI Off 
Site Vis it v lntenncdiat:e Event Del iverPd - r i 11 ed Sy111ho 1 

B Semi-flnnua 1 Report r Uraft Final Report t. Milestone Pl a11nerl - Open Symhn 1 

c Pnipos.11 Submission G final Report a RPport 

ll Proposal He-;uhmission 

M/\.JOH Mll.[SHlff[ Ulf\RT fOR WEIS l'HO.JfCTS IH FY79 ANO rvno. 
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WEIS PROGRAM MANAGEMENT CHART 

Program 
Management 

I 
I 

Vas (SA) l 
Mitchell (SPO) 

PR-356 
AUGUST 2L 1979 

,---------,--------!----------, ------...., 
I . I I I I 

Contracts 

Hahn ( C) 
Spaulding 

Finance 

Power{AFB) 

10ffice/Branch abbreviations are defined below: 

SPO Special Prog·rams Office 
C Contracts 
AFB Accounting, Finance,and Budget 
EMA Economics and Market Analysis 
ERA Energy Resource Assessment 
SA Systems Analysis 
CB Communic~tions Branch 

Support 
Technical 
Management 

Christmas (EMA) 
Perkins (SA) 
McConne 11 (SA) 
Edesess (SA) 
Lavender (SA) 
Weis (CB) 

78 

Consultants 

Moretti 
Thresher 

Advisory 
Comnittee 

Aspliden 
Healy 
Wendell 
Thomas 
Kadlec 
Parthe 
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COST ESTIMATING AND ENGINEERING ANALYSIS 
OF INNOVATIVE WECS 

RoeERT McCONNELL 

79 

PR-356 
AUGUST 21J 1979 



OBJECTIVE 

ESTIMATE THE COST OF ENERGY PRODUCED BY INNOVATIVE WECS. 

ACCOMPLISHMENTS 

PR-356 
AUGUST 21, 1979 

CONDUCTED REVIEWS, BOTH INTERNAL AND EXTERNAL, OF THE REPORT ENTITLED "A GENERAL 
RELIABILITY AND SAFETY METHODOLOGY AND ITS APPLICATION TO WIND ENERGY CONVERSION 
SYSTEMS"· 

CONDUCTED REVIEWS, BOTH INTERNAL AND EXTERNAL, OF THE REPORT ENTITLED "SCREENING 
METHODOLOGY FOR INNOVATIVE WIND SYSTEMS" PREPARED BY SCIENCE APPLICATIONS, INC· 

EVALUATED THE McDONNELL DOUGLAS GIROMILL SYSTEM USING CLASSIC VALUE INDICATORS 
AND PRESENTED RESULTS IN A PRESENTATION ENTITLED "GIROMILL OVERVIEW" AT THE WIND 
ENERGY INNOVATIVE SYSTEM CONFERENCE· 
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PLANNED ACTIVITIES 

PH-)56 
AUGUST :Zl... 1979 

INCORPORATE REVIEW COMMENTS INTO DRAFT REPORTS AND PRODUCE FINAL REPORTS· 

PREPARE AND SUBMIT FOR REVIEW A WORK STATEMENT FOR THE DEVELOPMENT OF A "COSTING 
METHODOLOGY FOR INNOVATIVE WIND SYSTEMS IN THEIR DEVELOPMENT PHASE"· 

OUTLINE THE PURPOSE AND AGENDA FOR A "WIND ENERGY COST DEFINITION WORKSHOP"· 

OUTPUT 

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR EVALUATING AN INNOVATIVE WECS' 
RELIABILITY ANO SAFETY AND ITS ASSOCIATED OPERATION AND MAINTENANCE COSTS· 

TECHNICAL REPORT DESCRIBING A METHODOLOGY FOR SCREENING INNOVATIVE WECS IN THEIR 
CONCEPT PHASE· 

TECHNICAL REPORT DESCRIBING A METHODLOGY FOR ESTIMATING THE IMPACT OF 
DEVELOPMENT COSTS ON THE LIFE CYCLE COSTS OF INNOVATIVE WECS. 
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Major Milestones, 0 N D J 
-- ·-- -·--·· -·-···--··----~ 

1. Assess Previo~s Studies ~ 

2. Quarterly Review - WSB 
-

3. Reliability - 07 O&M Costs 
~-----··-·· ··-----··· 

4. Giromill Onerview 

5. Screening Methodology 

6. Development Costing 

7. Cost Definitions Workshop 

8. Production Costs Methodology 

9. Engineering Analysis of Innovative WECS. 
-

6 Begin Milestone 

T Milestone Complete 

~ Workshop or Special Meetin~ 

82 
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FY-79 

Pl~ -356 
AUGUST 21 1979 ~ 

FY-80 

M A M J J A s 0 N 0 ,J F Ml 

t> 0 
[ 

0 • 
6 

6 

D Draft Final Report 

• Final Report 

+ 
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ABSTRACT AND REVIEWER COMMENTS 

PH-356 
AUGUST 2L 1979 

A GENERAL RELIABILITY AND SAFETY METHODOLOGY AND ITS APPLICATION TO WIND ENERGY 

CONVERSION SYSTEMS· 

ABSTRACT 

IN CONVENTIONAL SYSTEM RELIABILITY CALCULATIONS ... EACH COMPONENT MAY BE IN THE 

OPERABLE STATE OR THE REPAIR STATE· THESE CALCULATIONS DERIVE SYSTEM 

UNAVAILABILITY ... OR THE PROBABILITY OF THE SYSTHt's BEING DOWN FOR REPAIRS· 13y 
INTRODUCING A THIRD COMPONENT STATE BETWEEN OPERABLE AND UNDER REPAIR--NAMELY.1 

DEFECTIVE Bur DEFECT UNUETECTED--THE METHODS DEVELOPED IN THIS ARTICLE ENABLE 

SYSTEM SAFETY PROJECTIONS TO BE MADE IN ADDITION TO RELIABILITY PROJECTIONS· 

ALSO PROVIDED IS A MECHANISM FOR COMPUTING THE EFFECT OF INSPECTION SCHEDULES ON 

HOTH SAFETY AND RELIABILITY· A HELIABILITY AND SAFETY PROGRAM (RASP) IS 

DETAILED THAT PERFORMS THESE COMPUTATIONS AND ALSO CALCULATES COSTS FOR SYSTEM 

INSPECTIONS AND REPAIRS· RASP IS APPLIED TO A SIMPLIFIED WIND ENERGY CONVERSION 

SYSTEM EXAMPLE· 
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PETER MORETTI: 

u. H. REILLY,, JR· 

DEPUTY DIRECTOR 

RELIABILITY AND 

QUALITY ASSURANCE 

fJASA-LEW Is 

REVIEWER COMMENTS (SELECTED QUOTES) 

PR-356 
AUGUST 21... 1979 

I FOUND THIS REPORT VERY INTERESTING· ITS STRENGTH LIES IN 

THE DISTINCTION BETWEEN DETECTED AND UNDETECTED DEFECTS,, 

WHICH ALLOWS THE CONSTRUCTION OF MUCH MORE REALISTIC FAULT 

TREES· I THINK THIS WILL BE IMPORTANT IN SAFETY ANALYSIS· 

THE REPORT APPEARS TO DEVELOP A USEFUL ADDITIONAL TOOL TO 

DETERMINE THE SAFETY AND RELIABILITY OF A GIVEN SYSTEM· THE 

TECHNIQUE DEVELOPED IS BASED ON EXISTING GENERAL RELIABILITY 

METHODOLOGY,, BUT HAS EXTENDED THESE METHODS AND DEVELOPED 

UNIQUE SOFTWARE APPLICABLE TO THE ANALYSIS TECHNIQUE· 
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DICK BRAASCH: 

T. J. HEALY: 
(MR· BOLLMEIER) 

PH-.J56 
AUGUST 21., 1979 

A MAJOR PROBLEM IS A REALISTIC DETERMINATION OF THE 
QUANTITATIVE DATA NECESSARY TO USE THE MODEL· Fm~ EXAMPLEJ 
WHAT IS THE EXPECTED TIME FOR A DEFECT TO DEVELOP IN THE 
BLADE ROOT ATTACHMENT? 

THE MODELING ALLOWS EVALUATION OF IMPROVEMENT/REDUCTION IN 
FAILURE RATE OR CATASTROPHIC FAILURE OBTAINED BY INCREASING 
THE INSTRUMENTATION OR OTHER MECHANISTIC DEVICES ON THE 
MACHINE· 

I BELIEVE THE HIGH VALUE FROM THIS WORK CAN BE OBTAINED HY 
PURSUING···THE BENEFITS OF SAFETY INSTRUMENTATION•••• • 

THE REPORT APPEARS TO BE CONCERNED ONLY WITH RELIABILITY AND 
SAFETY WITH RESPECT TO WIND MACHINE OR WECS DESIGN· I THINK 
OTHER PERFORMANCE ASSURANCE DISCIPLINES (SUCH AS 
AVAILABILITYJ MAINTAINABILITYJ CONFIGURATION MANAGEMENTJ 
QUALITY ASSURANCEJ AND VALUE ENGINEERING) SHOULD BE INCLUDED 
IN THE METHODOLOGY· A MORE APPROPRIATE TITLE WOULD THEN BE 
II A GENERAL PERFORMANCE ASSURANCE METHODOLOGY AND I TS 
APPLICATION TO WECS." 

THE REPORT DOES NOT MENTION HOW FAILURE RATES ARE TO BE 
MEASURED AND/OR ESTIMATED· FROM O·UR EXPERIENCEJ DATA MAY 
NOT BE AVAILABLE AND IT MAY BE HARD TO COME UP WITH 
REASONABLE ESTIMATES· I RECOMMEND THAT PROCEDURES OR 
GUIDELINES BE ESTABLISHED IN THE METHODOLOGY FOR ESTIMATION 
OF COMPONENT FAILURE RATES· 
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T. J. HEALY: 
(MR· BOLLMEIER) 
CONT· 

PH-356 
AUGUST 21., 1979 

THE REPORT REFERENCES RELIABILITY EFFORTS ALREADY CONDUCTED 
OR IN PROGRESS ON WIND SYSTEMS· IN ADDITION TO THOSE 
MENTIONED (PAGE 3)J I AM AWARE OF AT LEAST TWO OTHER MAJOR 
EFF01ns. BOEING HAS CONDUCTED AN EXTENSIVE AVAILABILITY 
ANALYSIS AS PART OF THEIR MQD-2 DESIGN EFFORT· As PART OF 
THE SMALL WIND SYSTEMS PROGRAM HERE AT RocKY FLATSJ 
EXTENSIVE RELIABILITY ANALYSES ARE BEING CONDUCTED AS AN 
INTEGRAL PART OF THE THREE l-2KW HIGH RELIABILITY WIND 
MACHINE DEVELOPMENT PROGRAMS AND FMEA's ARE BEING PERFORMED 
ON ONE OF THE 40KW PROGRAMS· 
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EMIL KADLEC: 

Boa THRESHER: 

PR-356 
AUGUST 21., 1979 

REVIEWER COMMENTS ON SCREENING METHODOLOGY 

THE EFFORT AND RE SUL TS SEEM WORTHWHILE AND USEFUL FOR THE 
INTENDED PURPOSE· THIS METHODOLOGY SHOULD SERVE YOU WELL IN 
YOUR PRELIMINARY REVIEW OF "INNOVATIVE" PHOPOSALS• 

I LIKE THE IDEA AND THE GENERAL APPROACH·· PLEASE KEEP ME UP 
ON WHAT'S DEVELOPING· I THINK THE BASIC METHODOLOGY WILL BE 
USEFUL BEYOND A SCREENING FOR INNOVATIVE SYSTEMS· 

I FEEL THAT THE ENERGY CAPTURE ESTIMATE IS THE MOST 
IMPORTANT VARIABLE IN THE COE EQUATION· THE NEXT MUST 
IMPORTANT ITEMS ARE THE WEIGHTS OF VARIOUS COMPONENTSJ BUT l 
THINK THAT IT MAKES MORE SENSE TO LOOK FIRST AT THE DESIGN 
CRITERIA USED FOR THE PHELIMINARY DESIGNJ THEN THE WEIGHTS 
THEMSELVES· 

I WOULD REMOVE ALL OF THE APPENDIX A DATA BASE· IT WILL IN 
GENERAL BE USED FOR QUESTIONABLE PURPOSES· IT ALSO SUFFEHS 
FROM THE EFFECT OF MULTIPLE CONFIGURATIONS (I·E·J TEETERING 
HUBJ FIXED HUB) AND WIDELY DIFFERING DESIGN CRITERIA· I 
STRONGLY OBJECT TO THE TREND LINES BECAUSE OF THE DIFFERENCE 
IN DESIGN CRITERIA AND CONFIGURANTS· 
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PETER MORETTI: 

PR-356 
AUGUST 21... 1979 

I READ THIS REPORT WITH GREAT INTEREST: THE DEVELOPMENT OF 
SYSTEMATIC COMPARISONS OF INNOVATIVE DEVICES IS AN IMPORTANT 
GOAL• THE AUTHORS OF THE DEFINITIVE GENERIC STUDIES HAVE 
SHOWN WHAT CAN BE ACHIEVED BY SYSTEMATIC EVALUATION -- THE 
SAME APPROACHES SHOULD BE APPLICABLE TO NEW CONCEPTS· SAi 
HAS GOTTEN A GOOD START ON DOING THISJ BUT THEY HAVE FALLEN 
SHORT IN SEVERAL RESPECTS: 

THE FORMULA FOR CAPACITY FACTOR CF (PAGE 7) IS NOT 
NECESSARILY CORRECT FOR AN INNOVATIVE SYSTEM; IT IS BASED ON 
A PARTICULAR PERFORMANCE MODEL FOR HORIZONTAL AXIS MACHINES 
WITH PITCH CONTROL· IN THIS ASSUMPTION AND IN SEVERAL OTHER 
INSTANCES THIS SHOWS A LACK OF AERODYNAMIC EXPERTISE: THE 
TEST FOR CREDIBILITY OF THE CLAIMED COEFFICIENT OF 
PERFORMANCE (PAGES 2 AND 7) ARE INADEQUATEJ AND THE CONCEPT 
OF THE STREAM TUBE IS USED INCORRECTLY IN DISCUSSING THE 
ENERGY IN THE WIND (PAGE 21). 

THE RULES OF THUMB DO NOT ADDRESS REALLY UNCONVENTIONAL 
SYSTEMSJ WHOSE WEIGHT RATIOS WILL NOT FOLLOW ACCEPTED 
RULES· THIS IS EVIDENT IN THE DISCUSSION OF THE DIFFUSER
AUGMENTED SYSTEM (PAGE 22) · THE KI NOS OF SYSTEMS BE I NG 
PROPOSED INCLUDE SUCH THINGS AS DRAG-CHUTES ON WINCHES: HOW 
CAN YOU CATEGORIZE THESE SUBSYSTEMS INTO THE PROPOSED 
SCHEME? HENCE THE RULES WILL TEND TO HOUNCE THE INNOVATIVE 
SYSTEMS RIGHT BACK INTO THE 11 EXPERTS 111 LAPS!. WE NEED TO 
EMPHASIZE RULES OF THUMB OTHER THAN THE CLASSIC SUBSYSTEM 
WEIGHT HATIOS· 
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PETER Mo RE TT 1 : 

KEN FOREMAN: 

PR-35b 
AUGUST 21., 1979 

THE METHODOLOGY DOES NOT MEET THE OBJECTIVE OF GIVING THE 
BENEFIT OF THE DOUBT TO THE ALTERl~ATIVE SYSTEM· THIS IS 
EVIDENT IN THE DAWT EXAMPLE: THE ANALYSIS CAN ONLY BE TAKEN 
TO l~EJECT THIS CONCEPT., EVEN THOUGH THERE IS STILL 
CONSIDERABLE UNCERTAINTY ABOUT POSSIBLE COST REDUCTION 
THROUGH ALTERNATIVE MATERIALS AND CONSTRUCTION· 

BECAUSE OF THE POTENTIAL VARIETIES AND DEGREES OF CHANGE 
THAT INNOVATION CAN TAKE., IT IS FUNDAMENTALLY QUESTIOMABLE 
THAT AN "UNIVERSAL" EVALUATION METHOD CAN BE DEVISED· 

IT SHOULD BE EVIDENT FRUM THESE GENERAL COMMENTS THAT IN OUR 
OPINION., THE METHODOLOGY FLOW CHART (FIG· 1) BEYOND THE 
BASIC PHYSICS TEST IS INADEQUATE TO HANDLE TRULY INNOVATIVE 
CONCEPTS· IN OUR OPINION., THE LATTER PROCEDURAL STEPS 
OUTLINEDJ AND USED FOR THE EXAMPLE; IS INSENSITIVE TO THE 
COMMONLY APPRECIATED ENVIRONMENT ACCOMPANYING CREATIVE IDEAS 
AND APPEARS TU TREAT INNOVATION IN THE SAME MANNER AS STATE
oF-THE-ART.1 SHORT TERM.1 ENGINEERING PROJECTS WHERE "YES" OR 
"No" CONCLUSIONS MAY BE REACHED· 

METHODOLOGY OUTPUT CATEGORIES (1°E•.1 ACCEPT., REJECT., ETC·) 
ARE UNNECESSARILY RESTRICTIVE AND DEFINITIVE· EVALUATOR 
SHOULD HAVE ABILITY TU ESTIMATE PROBABILITY THAT WEIS COULD 
BECOME COMPETITIVE AND ITS IMPACT UN NATIONAL ENERGY 
PICTURE· ROUGH CUT AT PROBABILITY COULD TAKE FORM OF: A) 
VERY LIKELY.1 B) LIKELY., c) PROBABLY.1 D) POSSIBLY., E) 
UNLIKELY., AND F) VERY UNLIKELY; SUGGESTED CATEGORIES ARE 
SUBJECTIVE AND REQUIRE PANEL INPUTS TO IMPROVE ACCURACY· 
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KEN FOREMAN: 
(CONTINUED) 

PR-356 
AUGUST 21., 1979 

RULES OF THUMB (ROT) ARE DEVELOPED FROM PAST EXPERIENCE 
ABOUT A CLASS OF ENGINEERING SYSTEMS OR DEVICES· To 
EXTRAPOLATE ROT TO UNCONVENTIONAL INNOVATIVE SYSTEMS IS A 
MISUSE OF STATISTICS BEYOND RATIONALITY· THE DATA BASE 
PROPOSED TO BE USED., INCIDENTALLY., IS HEAVILY WEIGHTED BY 
PAPER DESIGN STUDY INPUTS· EXPERIENCE SHOWS THAT THESE 
PAPER STUDIES HAVE BEEN NOTORIOUSLY OPTIMISTIC IN THE LIGHT 
OF ACTUAL EXPERIENCE AND THE FINAL SCORE STILL IS NOT IN ON 
THE LONG TERM PERFORMANCE AND ECONOMICS OF EVEN CONVENTIONAL 
HAWT • THEREFORE., THE ROT APPROACH SHOULD NOT BE TAKEN TOO 
SERIOUSLY· 

THE DAWT DATA usED FOR SAMPLE CALCULATIONS Is our-DATED· 
THE SCREENING PROCESS CAN BE MISUSED BY EVALUATIONS LACKING 
SENSITIVITY TO TECHNICAL PROGRESS., IMAGINATION., OR Gur
APPRECIATION OF INNOVATIVE CONCEPTS· 

THE UNDUE CONCENTRATION ON A SPECIFIC CONFIGURATION LEADS TO 
LARGE ERRORS IN UNDERESTIMATING THE COMPLETE PICTURE· . Too 
MUCH EXPERTISE., CONCENTRATED NARROWLY ON A SMALL DISCIPLINE 
OR TECHNOLOGY., EXAGGERATES THE EFFECT ON THE BROADER 
FUNCTIONAL CAPABILITY OF THE WEIS CONCEPT· THE ONLY EXCUSE 
FOR SUCH SUPERFICIAL TREATMENT IS THAT SAi HAD A LOW BUDGET 
AND SHORT TIME TO PRODUCE THEIR WORK· THE DANGER IN 
ALLOW I NG THESE RE SUL rs TU REMAIN IN THE FINAL DOCUMENT Is 
THAT DECISION MAKERS WHO ARE NOT AWARE OF THE INADEQUACY OF 
THE ANALYSIS MAY BE MISLEAD· 
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ROGER r10MENT: 

REVIEWER COMMENTS 

GIROMILL OVERVIEW 

PR-356 
AUGUST 21., 1979 

8ASICALLYJ THE REPORT IS CLEARLY WHITTEN ANU PROVIDES A GOOD 
SUMMARY OF THE UEVELOPMENT OF THE GIROMILL CONCEPT· THE 
IWLEs-oF-THUMB THAT YOU HAVE DESCRIBED ARE AN INTERESTING 
MEANS OF PROVIDING A QUICK COMPARISON OF NEWLY DEVELOPEU 
WIND SYSTEMS· HuwEVERJ WE WOULD LIKE TO REINFORCE THE 
CAUTION THAT YOU HAVE EXPRESSEUJ l·E·J THAT COST AND 
PERFORMANCE ESTIMATES ARE OFTEN BASED ON SHAKY DATA· 

PETER MoRETTl 1 S TELEPHONE COMMENTS WERE FAVORABLE· 

JOHN ANDERSON'S 01clJONNELL DOUGLAS) TELEPHONE COMMENTS WERE FAVORABLEJ BUT HE 
REQUESTED THE ADDITION OF THE FOLLOWING SENTENCE: "NOTE THAT THESE PRELIMINAHY 
COST ESTIMATES ARE OUR OWN (SERl's) AND ARE SUBJECT TO REVISION BY MCAIR AS 
THEIR DESIGN EFFORTS CONTINUE·" 

Lou DIVONE {JULY 17 SERI QUARTERLY REVIEW) ASKED IF WE PLANNEU ON CARRYING OUT 
THIS ENGINEERING ANALYSIS FOR OTHER INNOVATIVE WIND SYSTEMS; THE IMPLICATION 
BEING THAT SUCH PLANS SHOULD BE MADE· 
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TITLE: 

OBJECTIVE: 

WORK STATEMENT FOR PROPOSED SERI WORK ORDER 

DEVELOPMENT COSTING OF INNOVATIVE WIND TURBINES 

Pl~ -)56 
AUGUST 2L 1979 

DEVELOP A METHODOLOGY FOR ANALYZINGJ ASSESSINGJ ANU QUANTIFYING THE 

EXPLORATORY J ADVANCED., AND ENGINEEIHNG DEVELOPMENT COSTS AS PART OF THE 

LIFE CYCLE COSTING OF INNOVATIVE WIND SYSTEMS· 

JusTIFICATION. As PART oF THE SERI TASK FOR THE CosT ESTIMATING AND ENGINEERING ANALYSIS 

OF INNOVATIVE WIND ENERGY CoNVEf~SION SYSTEMS., IT IS NECESSARY TO ESTIMATE 

COSTS RELATED TO THE DEVELOPMENT PHASE OF AN INNOVATIVE WIND TURBINE 

SYSTEM'S LIFE CYCLE· 

PRODUCT: A METHODOLOGY WHICH WILL ALLOW THE ESTIMATION OF DEVELOPMENT COSTS FUR AN 

INNOVATIVE WIND SYSTEM WITHIN THE CONTEXT OF THE FEDERAL WIND ENEMGY 

PROGHAM· A FLOW CHART FOR USil~G THE METHODOLOGY WILL BE PROVIDED AND AN 

APPLICATION OF THE METHODOLOGY TO AN INNOVATIVE WIND SYSTEM SHOULD REQUIRE 

APPROXIMATELY FIVE PERSON DAYS• 
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APPROACH: 

PR-356 
AUGUST 2L 1979 

THE APPROACH IS TO BE DETAILED IN THE PROPOSAL FURNISHED BY POTENTIAL 

CONTRACTORS· IT IS EXPECTED, HOWEVER, THAT A REVIEW OF AVAILABLE UUE AND 

SERI PROGRAM LITERATURE PERTAINING TO INNOVATIVE WIND TURBINES WILL BE 

CARRIED OUT· AN ASSESSMENT OF THE STATE OF ADVANCEMENT OF SEVERAL SYSTEMS 

AND A CORRELATION WITH PREVIOUSLY ALLOCATED FUNDS (REPORTED IN 1979 
00LLAR·s) WILL BE MADE· INFORMATION PERTAINING TO CONVENTIONAL HORIZONTAL 

AXIS MACHINE DEVELOPMENT AND PREVIOUSLY DESIGNATED INNOVATIVE TURBINES 

(DARRIEUS, GIROMILL) WILL ALSO BE INCORPORATED INTO THE DATA BASE· 

DEVELOPMENT OF COSTING DATA FOR PERTINENT ANALOGUES OF WIND TURBINES IS TO 

BE INCLUDED· 

COSTS ARE TO BE RELATED TO PHYSICAL PARAMETERS, SUCH AS MATERIAL TYPES AND 

WEIGHTS, DIMENSIONS, RATED POWER, ETC•, FOR SCALE MODELS PRODUCED ANU 

EVALUATED DURING THE VALIDATION PHASE WHILE EN(jlNEERING DEVELOPMENT COSTS 

ARE TO BE RELATED TO THE PRODUCTION MODEL PHYSICAL PARAMETEKS· UESl(jN 

STUDY COSTS ARE TO BE INCLUDED· 

BUD(jET ESTIMATE: $20,000 
PROJECT PERIOD: 4 MONTHS AND 3 MONTHS FOR REVIEW 

PROPOSED Sc HEDULE: ALLOW 2 MONTHS FOR INTERNAL AND EXTERNAL REVIEW OF PROPOSED WORK 

STATEMENT 

ALLOW 2 WEEKS FOR PUBLICATION IN CBD. (APPROXIMATELY Nov. 1) 
ALLOW 6 WEEKS FOR RESPONSE 

ALLOW 1 MONTH FOR CONTRACT AWARD 
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PURPOSE: 

CONTRIBUTIONS: 

WIND ENERGY CosT DEFINITION WORKSHOP 

PR-356 
AUGUST 2L 1979 

To ESTABLISH FOR THE INDUSTRY, BY CONSENSUS, COST DEFINITIONS OF WECS 

COMPONENTS· HARDWARE, FIELD COSTS, INDIRECT COSTS R,D&D, AND O&M 
COSTS SHALL BE INCLUDED· THE END PRODUCT WILL BE A PUBLISHED DOCUMENT 

BY SERI/DOE WITH THE DEFINITIONS WHICH WILL BE AVAILABLE TO THE 

GENERAL PUBLIC· 

SERI, DOE, EPRI, NASA-LEWIS, RocKY FLATS, SANDIA, AWEA, BuEING, G. E., 
KAMAN, WESTINGHOUSE, ALCOA, HAMILTON STANDARD, UTRC, ENERTECH, PINSON, 

W1NDWORKS, w. T. G., McDONNELL DouGLAS, LocKHEED, GRUMMAN, AWEA, AND 

SEVERAL CONSTRUCTION ENGINEERING FIRMS (BECHTEL, FLUOR, STEARNS-
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RoGER). I 
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AGENDA: 

WIND ENERGY COST DEFINITION WORKSHOP CcoNT·> 

PR-)56 
AUGUST 21., 1979 

PRESENTATIONS ON VARIOUS ASPECTS OF WIND SYSTEM COSTS WILL BE GIVEN BY 

INVITED SPEAKERS· 

DISCUSSION GROUPS SHALL REVIEW AND MODIFY THE THREE PRELIMINARY COST 

DEFINITIONS LISTS AS REQUIRED· 

NUMBER OF PARTICIPANTS: APPROXIMATELY 50 
2 DAYS DURATION OF WORKSHOP: 

DATE: 

LOCATION: 

EsTIMATED CosT: 

Mio NovEMBERJ 1979 
BouLDERJ COLORADO 

HOTEL FACILITIES FOR THE WORKSHOP: 

SERI CONFERENCE SUPPORT: 
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UTILITY AIMLYTICAL MODELllJG 

DAVID PEHCIVAL 
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PR ""'.356 
AUGUST 21., 1979 

ESTABLISH THE CAPABILITY TO REPRESENT WIND-DERIVED GENEKATION IN ELECTRIC 

UTILITY GENERATION PLANNING MODELS SO THAT THE ECONOMIC VALUE OF THE WECS OPTION 

MAY BE EXAMINED· 

PROCURE ESTABLISHED UTILITY GENERATION PLANNING MODELS· 

DEVELOP METHODOLOGY FOR WECS REPRESENTATION AND INTEGRATE IT INTO THE UTILITY 

MODELS· METHODOLOGY ANJ) Moo EL I NG Is TO BE ACCE p TABLE TO THE EL EC TR I c u TI LI TY 

INDUSTRY· 
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REPORT ON UTILITY PRODUCTION COST MODEL EVALUATIONS 

REPORT ON METHODOLOGY AND USERS MANUAL FOR THE WECS REPRESENTATION 

PH-356 
AUGUST 2L 1979 

UTILITY PLANNING MODEL INCORPORATING WECS SUCH THAT DOE/SERI STUDIES MAY BE 
PERFORMED 

PLANNED COMPLETION - - FEBRUARY 1980 
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PR-356 

AUGUST 21~ 1979 I 

UTILITY MODELS: 

COMPLETED AND SUBMITTED TO DOE DRAFT REPORT ON UTILITY PRODUCTION COST MODEL 

EVALUATION ENTITLED "ELECTRIC UTILITY WECS ANALYTICAL MODELING - PRODUCTION 

CosT MoDEL EvALUATioNs". 

COMPLETED A DRAFT PAPER ENTITLED "INTEGRATION OF INTERMITTENT RESOURCES INTU 

BALERIAux-BouTH PRODUCTION CosT MouELs". 

WECS REPRESENTATIONS: 

RECEIVED JBF AND STONE AND WEBSTER MODELS AND SUCCESSFULLY COMPILED AND 

DUPLICATED TEST CASE FUR THE JfiF MODEL· 

TESTED SIMWEST. 
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JBF 

STONE & WEBSTER 

G. E. /EPIO 

SIMWEST 

WIND MODEL STATUS 

PH-356 
AUGUST 21., 1979 

VERIFIED WIND PROGRAMS WITH TEST CASE SUPPLIED· ANALYZED 

CODING - VERY COMPLEX· 

COMPUTER TAPE RECEIVED· BEGAN CONVERSION TO CDC. ANALYZED 

CODING - RELATIVELY STRAIGHT FORWARD• 

TAPE STILL NOT AVAILABLE· 

EXECUTED SAMPLE PROBLEMS· COMPLICATED AND CUMBERSOME FOR 

OUR PURPOSE· Nor CONSIDERED FURTHER· 
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FUTURE PLAUS 

COMMENCE TRAINING ON PROMQD. 

COMPLETE FINAL VERSION OF REPORT ON "INTEGRATION OF 

INTERMITTENT RESOURCES INTO BALERIAus-BouTH PRODUCTION CosT 

f1oDELs" AND SUBMIT To IEEE. 

COMPARE WIND MODELS AND INCORPORATE SELECTED WIND MODEL INTO 

VALUE DETERMINATION METHODOLOGY· 

DISCUSSION ON "INTEGRATION OF INTERMITTENT RESOURCES INTO 

BALERIAux-BooTH PRooucTION CosT MoDELs". 
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SIMPLICITY 

DISCUSSION ON 
"INTEGRATION OF INTERMITTENT RESOUl~CES INTO 

BALERIAUX-BOOTH Pl<ODUCTION COST MODELS" 

GOALS 

Pl~ -356 
AUGUST 21., 1979 

INCORPORATE INTERMITTENT RESOURCES (WECS) INTO A METHODOLOGY WHICH CAN 

UTILIZE A BALERIAux-BooTH PRODUCTION COST MODEL (BASED ON LOAD DURATION 

CURVES BUILT FROM HOURLY LOAD DATA). 

KEEP WECS TREATMENT EXTERNAL TO THE PRODUCTION COST MODEL· 

CAPTURE THE RANDOM NATURE OF WIND SPEED FOR LONG TERM ECONOMIC STUDIES· 

INCORPORATE THE TIME OF DAY CORRELATION OF WIND SPEED ANU UTILITY LOAD· 

(BOTH SHOW A DIURNAL CYCLE·) 

IMPROVE CREDIBILITY WITH UTILITIES· 

DETERMINE WHETHER THE GREATER EXACTITUDE IN MODELING MAKES A DIFFERENCE IN 

VALUE CALCULATIONS· THE ANSWER TO THIS SHOULD BE A FUNCTION OF PENETRATION 

AND SYSTEM MIX• 
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PREVIOUS STUDIES 

JBF, G.E., AEROSPACE: 
HOURLY PRODUCTION COST MODEL WITH SEPARATE LOLP MODEL· 

PRODUCTION COSTS: 

PR-356 
AUGUST 2L 1979 

WE I BULL D I ST R I BUT I 0 N F 0 R EA C H HOUR 0 F TY P I CAL DAY PER PHASE • SEQ U EN TI ALLY 
SUBTRACT EXPECTED WECS POWER FOR EACH N PORTION OF POWER DISTRIBUTION BY DAY 
TYPE; PEAK WEEKDAY (N=4), AVERAGE WEEKDAY (N=l6), SATURDAY AND SUNDAY (N-4 
EACH). (SEE FOLLOWING PAGE·) 

LOLP: 
FoR MOST CRITICAL HOUR OF EACH WEEKDAY, CALCULATE LOLP USING THREE AVERAGED 
CONVENTIONAL UNIT TYPES AND A DISTRIBUTION OF WECS POWER AVAILABLE· 

G-E· 

PRODUCTION COSTS: 
U ET E RM I NED A TY P I CAL WI ND YE AR / CALCULATE U WI ND P 0 WE R AV A I LAB L E HO URL Y AND 
SUBTRACTED THIS FROM THE HOURLY LOAD· 

LOLP: 
FOR ALL HOURS DURING YEAR, CALCULATED LOLP WI TH LOADS REDUCED AS INDICATED 
AS ABOVE· 
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Prl -3 56 
AUGUST 2L 1979 

JBF UTILIZED WECS PRODUCTION COST POWER POINTS 
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Probability 

WECS Power Probability Distribution 
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AEROSPACE 

PR-356 
AUGUST 21., 1979 

PRODUCTION COSTS: 

LOLP: 

A FULL YEAR'S WORTH OF HOURLY WIND SPEEDS WERE DETERMINED FOR A SPECIFIC 

SITE USING ONE YEAR'S DATA FROM FOUR SITES, WECS POWER DETERMINED FOR EACH 

HOUR AND SUBTRACT THIS FROM THE HOURLY LOAD• 

GENERATED A 22 POINT DISTRIBUTION OF WECS POWER AVAILABILITY FUR EACH HOUR 

OF TYPICAL DAY FOR EACH MONTH· 
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ARGONNE NATIONAL LABORATORY: 

A SINGLE MODEL TO DO RELIABILITY AND PRODUCTION COSTS· 

Two APPROACHES WERE USED· 

PR-356 
AUGUST 21., 1979 

SPECIFIC YEAR HOURLY WIND SPEEO OBSERVATIONS WERE ASSUMED CONSTANT DURING 

HOURJ WECS POWER CALCULATED FOR EACH HOUR BASED ON THIS AND SUBTRACTED FRUM 

THE HOURLY LOAD· A TOTAL OF 19 YEARS OF WEATHER DATA WERE ANAL YZEO 

SEPARATELY WITH THIS APPROACH· THIS WAS THEIR STANDARD APPROACH· 

fROM A NUMBER OF YEARS OF HOURLY WIND VELOCITY DATAJ ONE BETA DISTRIBUTION 

WAS CALCULATED FOR EACH HOUR IN A YEAR· THE EXPECTED ENERGY OUTPUT WAS 

THEN CALCULATED FROM THE HOURLY BETA DISTRIBUTIONS AND THIS SUBTRACTED FROM 

THE HOURLY LOAD· 
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DRAWBACKS OF PAST APPROACHES 

Do NOT CAPTURE THE RANDOM NATURE OF WIND SPEED DURING AN HOUR· 

PR-356 
AUGUST 21., 1979 

GENERALLY UTILIZE TWO MODELS INCREASING COMPUTER TIME AND CAUSING POTENTIAL 

DA TA PROBLEMS· 

LACK CREDIBILITY WITH THE UTILITIES DUE TO MODELING PROBLEMS· 

108 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PROPOSED EXTENSION 

PH-356 
AUGUST 2L 1979 

DEVELOP A WIND SPEED PROBABILITY DISTRIBUTION FOR EACH HOUR OF A TYPICAL 

DAY FOR EACH MONTH· 

CONVERT THESE TO WECS ENERGY AVAILABILITY DISTRIBUTIONS FOR EACH HOUR OF A 

TYPICAL DAY FOR EACH MONTH· THE FORMAT OF THIS WILL END UP AS A SET OF Ji 

BINS SHOWING OUTPUTS AND ASSOCIATED PROBABILITY OF OCCURRENCE (LIKE 

AEROSPACE LOLP TREATMENT). (SEE PAGE 110.) 

foR EACH OF THE HOURLY UTILITY LOADS,, SUBTRACT EACH OF THE K OUPUTS OF THE 

WECS AND KEEP TRACK OF THE PROBABILITIES· (SEE PAGE 111.) 

ORDER ALL OF THE RESIDUALS INTO LOAD DURATION CURVES (LDC) APPROPRIATE FOR 

THE PRODUCTION COST MODEL BEING USED· ALSO,, CONTINUE TO ASSOCIATE PROPER 

PROBABILITIES WITH THE POINTS OF THE LDC. (SEE PAGE 112.) 

IF REQUIRED,, SEGMENT AND ARRANGE THE POINTS OF THE LDC INTO THE FORMAT 

NEEDED BY THE PRODUCTION COST MODEL BEING USED• 
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PROBABILITIES: Pl,,l 

PROBABILITIES: Pl,,2 

HOUR 1 .. NATIVE LOAD = L1 

HOUR 2 .. NATIVE LOAD - L2 

FOR ALL HOURS 
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PR-356 
AUGUST 21., 1979 



AFTER ALL HOURS} PUT ALL RESIDUAL LOADS INTO DESCENDING ORDER· 

KEEP PROBABILITIES ASSOCIATED WITH RESIDUAL LOADS· 

PROBABILITIES: 

PR-356 
AUGUST 2L 1979 

t1 A Y US E TH E DE S C E N D I N G R l S AS TH E LDC 0 R CAN BR EA K TH I S S E R I E S I N T 0 I N TE G E R H 0 U R 

EQUIVALENTS· PROBABILITIES MAY BE CONSIDERED AS A FRACTION OF HOURS· PROBABILITIES 

SHOULD BE SUMMED FROM TOP DOWN (p22J7 + p22J6 +··ETC·) UNTIL SUM TO ONE• IF 

NECESSARYJ A PROBABILITY MAY HAVE TO BE SPLIT INTO TWO PIECES TO SUM TO ONE 

EXACTLY· THE ASSOCIATED RESIDUAL LOADS CAN THEN BE PROBABILITY WEIGHTED TU YIELD AN 

EXPECTED RESIDUAL LOAD· 

LOAD 

TIME UR CUMMULATIVE PROB 
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ADVANTAGES 

INCORPORATES THE RANDOM NATURE OF WIND· 

PR-356 
AUGUST 21) 1979 

IMPROVES THE ACCURACY OF CAPACITY CREDIT AND PRODUCTION COST DETERMINATION 

WHILE USING A SINGLE MODEL· 

IMPROVES CREDIBILITY WITH UTILITIES· 

PROVIDES OPPORTUNITY TO ACCOUNT FOR GUST EFFECTS AND cuT-IN) cuT-oUT 

INTERMITTENCY· 

COULD PROVIDE A MEANS OF ANALYZING AND VERIFYING THE OPERATION OF UTILITY 

INTERCONNECTED WECS. 
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ECONOMICS OF SWECS TIED TO THE UTILITY GRIU 

MICHAEL EDESESS 

115 
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ECONOMICS OF SWECS TIEU TO THE UTILITY GRID 

PR-356 
AUGUST 21., 1979 

INVESTIGATE Hf!'.: ECONOMICS UF USER-OWNED, ON-SITE WECS WITH UTILITY BACK-UP• 

AccoMPL l.S_HM_l;lili. 

DEVELOPED AN APPROACH TO THE PROBLEM OF EVALUATING THE ECOMOMICS OF USER-OWNED 

WECS WHICH RECOGNIZES THE RELATIVE FINANCIAL RISK OF USER-OWNED WECS WITH 

UTILITY BAcK-uP VERSUS TOTAL DEPENDENCE UN UTILITY FOR POWER· 

PLANNED AcTIVITIES 

CONSTRUCT ALGORITHM FOR ASSESSING THE VALUE OF oN-sITE WECS, CONSIDERING UTILITY 

BACK-UP AND BUY-BACK RATES, WING REGIME, LOAD PROFILE AND RELATIVE WECS 
FINANCIAL RISK COMPARED WITH RISK OF TOTAL DEPENDENCE ON UTILITY FOR POWER• 

OUTPUT 

DRAFT REPORT AT END OF FY79. 
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BENEFITS TO THE USER: 

PR-356 
AUGUST Ll,, 1979 

HIGHER PENETRATION OF WIND POWER INTO USER'S AGGREGATE POWER DEMAND POSSIBLE WHEN WECS 

IS USER-OWNED,, COMPARED TO UTILITY-OWNED· 

USER-OWNED WECS PROVIDES ECONOMIC ll~DEPENDENCE -- l•E•.1 PROTECTION AGAINST UTILITY 

RATE UNCERTAINTIES· 
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PR-356 
AUGUST 21., 1979 

HIGHER PENETRATION OF WIND POWER INTO USER'S AGGREGATE POWER DEMAND POSSIBLE WHEN WECS IS 

USER-OWNED~ COMPARED TO UTILITY-OWNED· 

SIMPLIFIED EXAMPLE: 

SUPPOSE EXPECTED LEVELIZED POWER COSTS ARE 

8~ PER KWH FOR CONVENTIONAL (UTILITY) GENERATION 

64 PER KWH FOR WIND POWER (UTILITY-OWNED) GENERATION 

7~ PER KWH FOR WIND POWER (USER-OWNED) GENERATION 

SUPPOSE UTILITY CAN ACHIEVE 10% PENETRATION OF WIND POWER WHILE USER CAN ACHIEVE 50% 
PENETRATION WITH ON-SITE WECS. 

THEN USER WECS IMPLEMENTATION f~ESULTS IN 7.54 PER KWH POWER COST (84 X 50% + 74 X 50%) 
WHILE UTILITY IMPLEMENTATION ALONE RESULTS IN 7-8~ PER KWH POWER COST 

(84 x 90% + 64 x 10%). 

IJOTE THAT EXAMPLE TREATS ONLY EXPECTED COSTS OF ALTERNATIVES AND DUES NUT DEAL WITH 

UNCERTAINTIES· 

118 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

USER-OWNED WECS PROVIDES ECONOMIC INDEPENDENCE 

l·E·J PROTECTION AGAINST UTILITY RATE UNCERTAINTIES 

PR-356 
AUGUST 2L 1979 

CONTEMPORARY FINANCIAL THEORY HOLDS THAT: 

(1) A RELATIVELY CEfHAIN CASH FLOW STREAM IS WORTH AS MUCH AS A LARGERJ BUT LESS 

CERTAIN CASH FLOW· 

(EXAMPLE: A U.S. TREASURY BOND YIELDING 8% IS WORTH AS MUCH AS A SMALL COMPANY 

CORPORATE BOND YIELDING 9%.) 

(2) A CASH FLOW STREAM WHOSE UNCERTAINTY IS UNCORRELATED WITH THAT OF OTHER CASH 

FLOWS IN THE PORTFOLIO IS WORTH MORE THAN A CASH FLOW STREAM WHOSE UNCERTAINTY IS 

HIGHLY CORRELATED WITH THAT OF THE OTHER CASH FLOWS· 

(EXAMPLE: IT IS Bl:: TTER TO BUY THE STOCK OF A PLASTICS COMPANY WHEN A LUMBER 

COMPANY IS ALREADY IN THE PORTFOLIO THAN IT IS TO BUY ANOTHER LUMBER COMPAl~Y· 

DIVERSIFICATION REDUCES UNCERTAINTY·) 
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HOW WECS PROVIDE PROTECTION AGAINST 
UTILITY RATE UNCERTAINTIES 

UNCERTAINTY BAND AROUND EXPECTED FUTURE UTILITY RATES DERIVES FROM 

UNCERTAINTY IN COST OF FUTURE FUELJ 
UNCERTAINTY IN COST OF FUTURE CONVENTIONAL CAPACITY· 

PR-356 
AUGUST 2L 1979 

THESE UNCERTAINTIES Af~E QUITE LARGE· DEVIATIONS FROM EXPECTED RATES WILL BE DIRECTLY 

RELATED TO FUTURE GENERAL INFLATION RATES AND THE STATE OF THE ECONOMY· 

UNCERTAINTY BAND AROUND EXPECTED POWER COSTS OF A WECS PURCHASED TODAY DERIVES FROM: 

UNCERTAINTY IN WECS PERFORMANCE PREDICTIONS) 
UNCERTAINTY IN WECS MA.INTENANCE COSTS· 

THESE UNCERTAINTIES) WHILE SUBSTANTIAL) MAY HAVE LESS IMPACT ON LEVELIZED POWER COSTS THAN 

THE UNCERTAINTIES ABOUT FUTURE FUEL AND CAPACITY COSTS· DEVIATIONS FROM EXPECTATIONS WILL 

BE MOSTLY UNCORRELATED WITH FUTURE GENERAL INFLATION AND STATE OF THE ECONOMY· 

POTENTIAL RESULTS: 

FULLY DEVELOPED WECS MAY PROVIDE A LOWER LEVEL OF UNCERTAINTY ABOUT FUTURE POWER COST 

THAN CONVENTIONAL GENERATION· 

DEVIATIONS FROM EXPECTED WECS POWER COSTS ARE MOSTLY UNCORRELATED WITH UNCERTAINTIES 

ABOUT GENERAL INFLATION AND THE ECONOMY· 

THEREFORE) WECS MAY BE WORTH AS MUCH AS CONVENTIONAL uENERATIUN EVEN AT A HIGHER 

EXPECTED POWER COST· 
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OTHER BENEFITS OF ON-SITE WECS 

OVERALL FUEL SAVINGS 

PR-356 
AUGUST 21., 1979 

WIDESPREAD oN-sITE WECS USE MAY CONTRIBUTE TO TECHNOLOGY-PULL DEVELOPMENT OF 

UTILITY WECS MARKET· 

121 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PRODUCTS LIABILITY ISSUES ASSOCIATED WITH SWECS 

RoBEIH NouN 
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PROVIDE POLICY ALTERNATIVES FOR 

DEPARTMENT OF ENERGY 

WIND ENERGY INDUSTRY 

OTHERS 

To ASSURE THAT PRODUCTS LIABILITY ISSUES 

ASSOCIATED WITH SWECS DO NOT IMPEUE THEIR 

INCREASED USE· 
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SUBTASK 1 - FORMULATE CRITICAL ISSUES 

STEPS 

ANALYSIS OF CONTEMPORARY LAW 

ANALYSIS OF POTENTIAL APPLICATION OF LAW TO SWECS 

IDENTIFICATION OF ISSUES SUGGESTED IN STEPS 1 AND 2 

STATUS 

COMPLETED 

PRODUCT 

ISSUE PAPER CIRCULATED IN JULY· 
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PROVIDE BASIS FOR ANALYSIS OF POLICY ALTERNATIVES· I 

QuAL 1 TY CorHRQL 
I 

INTERNAL SERI REVIEW I 
EXTERNAL REVIEW GROUP I 
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I 
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SUBTASK 2 - DEVELOPMENT & ANALYSIS UF POLICY ALTERNATIVES 

ANALYZE 

LEGAL PROBLEMS 

EcoNOMIC IMPACTS 

PROTECTION OF PUBLIC 

PROTECTION OF PEOPLE WHO MAY BE LIABLE 

EASE OF IMPLEMENTATION AND OTHER 

ADVANTAGES /DISADVANTAGES OF EACH ALTERNATIVE 

STATUS 

WORK HAS COMMENCED· 
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PRODUCT 

DRAFT REPORT BY fho-SEPTEMBER 

PURPOSE 

PROVIDE ALTERNATIVES FOR DISCUSSION· 

PR-356 
AUG UST 2L 1979 

CONSIDER PROS AND CONS OF EACH ALTERNATIVE WITHOUT PROVIUING RECOMMENDATIONS· 

QUALITY CoNTIWL 

INTERNAL SERI REVIEW 

EXTERNAL REVIEW GROUP 

128 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SUBTASK 3 - REFINEMENT OF POLICIES 

AcTIVITIES 

CONSIDER COMMENTS 

FURTHER ANALYSIS 

RELATIONSHIP AMONG POLICIES 

SJA_TUS 

SCHEDULE REVISED; WORK TO COMMENCE Mio-AUGUST· 

PRODUCT 

Pl{-3S6 
AUGUST 2L 1979 

INTEGRATED SET OF ISSUES AND POLICY ALTERNATIVES BY END OF 

SEPTEMBER 
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PROVIDE BASIS FOR FURTHER ACTION I 

QUALITY CONTROL 
I 

INTERNAL SERI REVIEW I 
EXTERNAL REVIEW GROUP I 

I 
I 
I 
I 
I 
I 

130 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PR-356 
AUGUST 2L 1979 

COMPARISON OF TWO STUDIES 

SERI 

PRODJLCIS LI A_!U__U_IY _I~ SIJE s As socJAJ~.!J.. 

SWECS 

PRODUCT LIABILITY LEGAL ISSUES ONLY 

PROVIDE POLICY ALTERNATIVES 

PROVIDE BASIC LEGAL AND POLICY 

BACKGROUND 

131 

ROCKY FLATS 

. s w E cs p ~QD u c T _llA!llJ..l.IY. 

INSURANCE ASSESSMENT 

PRODUCT LIABILITY INSURANCE 

ONLY 

IDENTIFY UATA REQUIREMENTS 

BUILD UPON SERI TASK 
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PR-)5b 
AUGUST 21., 1979 

ENVIRONMENTAL IMPACT ASSESSMENT OF SMALL WINO ENERGY CONVERSION SYSTEMS 

KATHRYN LAWRENCE 
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PR-356 
AUGUST 21., 1979 

IDENTIFY POTENTIAL LIFE-CYCLE ECOLOGICAL AND HEALTH IMPACTS UF SMALL WECS (LESS THAN 100 
KW) DEPLOYED AS STAND-ALONE SYSTEMS AND INTERCONNECTED TU UTILITY GRIDS· 

DETERMINE THE ENVIRONMENTAL IMPLICATIONS OF ECOLOGICAL AND HEALTH IMPACTS· 

DEFINE POTENTIAL ENVIRONMENTAL BARRIERS TO SMALL WECS DEPLOYMENT· 
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SUBTASK 1: ASSESSMENT OF EFFECTS ON HUMANS 

STEPS 

QUANTIFY MATERIALS REQUIRED FOR SYSTEM MANUFACTURE AND OPERATION· 

CALCULATE EMISSIONS FROM MATERIALS ACQUISITION AND PROCESSING• 

EVALUATE HEALTH RISK FROM EMISSIONS· 

PH-.556 
AUGUST 21., 1979 

DETERMINE INJURY AND ACCIDENT INCIDENCE FROM MANUFACTURE., INSTALLATION., AND OPERATION BY 

APPLYING APPROPRIATE INDUSTRIAL STATISTICS· 

ASSESS RISK OF SMALL WECS OPERATION TO HUMAN POPULATIONS (E 0 G•.1 POTENTIAL INJURIES FROM 

BLADE FAILURE). 

DETERMINE AESTHETIC IMPACT Of SWECS BY CONDUCTING A NONRANDOM SURVEY OF VISITORS TO THE 

ROCKY FLATS WIND TEST SITE· 

WORK HAS BEGUN; THE CONSULTANT (JEROME WEINGART OF ~l) HAS BEEN OBTAINED TO INDEPENDENTLY 

VERIFY SERI RISK ASSESSMENTS· 

AESTHETICS SURVEY HAS BEEN DEVELOPED AND SUBMITTED TO SEl{l 's SURVEY REVIEW COMMITTEE AND 

ROCKY FLATS FOR APPROVAL.' THE SURVEY WAS ALSO SENT TO R. FERBER, UNIV· ILL•., FOR RtVIEW· 

IN HOUSE EFFORTS ON SCHEDULE; RESULTS TO BE PRESENTED IN TASK PROGRESS REPORT .1 SEPTEMHER 

1979- 135 
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PR-356 
AUGUST 21., 1979 

SUMMARY OF LIFE-CYCLE ENVIRONMENTAL HEALTH EFFECTS TO BE PRESENTED IN THE URAFT FINAL 

REPoRTJ Mio-DECEMBER 1979. 

PURPOSE 

PROVIDE HEALTH RISK ESTIMATES TO BE INTEGRATED WITH ECOLOGICAL EFFECTS ESTIMATES· 

QuAL I TLCoJUfilLL 

INTERNAL SERI REVIEW 

REVIEW BY SELECTEDJ EXTERNAL PROFESSIONALS: TU BE SELECTED 

DOE REVIEW OF DRAFT FINAL REPOHT 
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SUBTASK 2: ASSESSMENT OF ECOLOGICAL EFFECTS 

STEPS 

REVIEW EXISTING SWECS ECOLOGICAL EFFECTS AND TECHNOLOGICAL DATA· 

PR-.556 
AUGUST 21., 1979 

CONTACT SELECTED SWECS MANUFACTURERS TO DETERMINE IF ENVIRONMENTAL PROBLEMS HAVE BEEN 

ENCOUNTERED· 

EXAMINE AND QUANTIFY WHERE POSSIBLE POTENTIAL ECOLOGICAL EFFECTS ON: 

LAND USE: REQUIREMENTS OF TOWERS; SAFETY ZONES., MULTIPLE SWECS UEPLOYMENT; SOIL 

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 FLUIDS (E·G·. STORAGE MEDIA IF USED) 

BIOTA: DISPLACEMENT OR DESTRUCTION OF PLANT AND ANIMAL COMMUNITIES AND HAlllTATS; 

RELEASE OF TOXIC SUBSTANCES THROUGHOUT LIFE-CYCLE: EFFECTS OF ROTUR BLADES· 
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PR-356 
AUGUST 2L 1979 

WORK HAS BEGUN RESULTS OF LITERATURE REVIEW WILL BE PRESENTED IN THE PROGRESS REPORT· 

GRADUATE SUMMER INTERN JOINED SUBTASK TEAM JUNE 11 1979. 

PRODUCT 

QUALITATIVE AND QUANTITATIVE ANALYSIS OF THE LIFE-CYCLE ECOLOGICAL EFFECTS OF SWECS; 
EFFECTS WILL BE INTEGRATED WITH HEALTH RISK ESTIMATES AND PRESENTED IN THE DRAFT FINAL 

REPORT1 Min-DECEMBER 1979-

PROVIDE ECOLOGICAL EFFECTS ESTIMATES TO BE INTEGRATED WITH HEALTH RISK ESTIMATES· 

QuAL ITY CoNTlill.L 

INTERNAL SERI REVIEW 

REVEIW BY SELECTED 1 EXTERNAL PROFESSIONALS: TU BE SELECTED· 
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SUBTASK 3: LIFE-CYcu: EIJVIRONMENTAL ASSESSMENT 

AcTJVITIEs 

PR-356 
AUGUST 21., 1979 

ANALYZE ENVIRONMENTAL IMPLICATIONS OF HEALTH AND ECOLOGICAL EFFECTS ESTIMATES FOR t:ACH 

LIFE-CYCLE PHASEJ SWECS DESIGN OPTIONJ 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· 

STAT US 

SCHEDULED TO BEGIN OCTOBER l~ 1979 
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PRODUCT 

PH-356 
AUGUST 2L 1979 

INTEGRATED SWECS LIFE-CYCLE ENVIRONMENTAL EFFECTS ESTIMATES TO BE PRESENTED IN THE DRAFT 

FINAL REPORT, Mio-DECEMBER 1979. 

PROVIDE DETAILED INFORMATION ON POTENTIAL ENVIRONMENTAL BARRIERS AND BENEFITS OF S'WECS 
DEPLOYMENT· 

QUALi TY CONTROL 

INTERNAL SERI REVIEW OF URAFT FINAL REPORT 

PEER REVIEW OF DRAFT FINAL REPORT: REVIEWERS TU BE UETERMINED 

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

ACTIVITIES 

PR-)56 
AUGUST 2L 1979 

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 

UNIVEKSITY OF MICHIGAN RADIATION LABORATORY (THOMAS SENIUR) WAS SELECTED FOR PREPAKATION 

OF THE FILM; SUBTASK EFFORT WAS COMPLETED DURING JUNE· 
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PRODUCT 

PR-356 
AUGUST 21., 1979 

A 15-MINUTE COLOR VIDEOCASSETTE PRESENTING POTENTIAL TV INTERFERENCE OF THE BLOCK ISLAND 

WTG WAS PROVIDED TO SERI AND IJOE/WSB ON JUNE 1., 1979; FILM WAS REVISED AND DELIVERED 

APPROXIMATELY JUNE, 13, 1979. 

FILM REVIEWED, MODIFIED, AND REVISED VERSION APPROVED· 
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* ENVIRONMENTAL IMPACT ASSESSMENT FOR SMALL SYSTEMS 

Assessment of effects on humans 

Assessment of ecological effects 

Video film TV interference 

Life cycle environmental assessment 

*Task redefined March/April '79 
to incorporate WSB/DOE crnm1ents . 

1. Collect data 

Oct Nov Dec Jan 
FV79 

Feb f.1a r Apr May 
1u1 

{71 

u5 ~6 

2. Final selection of SWECS designs and deployment options for study 

3. Interim Report 

4. Draft final report 

5. Initiate preparation of TV interference film 

6. Issue subcontract 
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SOLAR COST DATA BANK 

<TECHNOLOGY CHARACTERIZATION) 

OBJECTIVES 

PR-356 
AUGUST 21., 1979 

ESTABLISH A METHODOLOGY TO ASSURE A CONSISTENT AND HIGH QUALITY SOURCE UF TECHNOLOGY 

CHARACTERIZATION ACROSS DOE. 

SCOPE 

EFFORT WILL INCLUDE: INITIAL AND,, WHEN POSSIBLE,, DETAILED ENGINEERING DESIGNS (E·G·,, 

R·P·M·,, RATED POWER KW/YR AND AVERAGE KW/YR),, ECONOMIC (E·G•,, CAPITAL COST,, O&M) AND 

ENVIRONMENTAL (E·G· 1 ACRES OF LAND PER INSTALLATION) PARAMETERS FOR ALL TECHNOLOGIES 

SUPPORTED BY THE DEPARTMENT OF ENERGY· 

METHODOLOGY FOR ESTABLISHING AND MAINTAINING A TECHNOLOGY CHARACTERIZATION DATA BASE FUR 

VARIOUS IMPLEMENTATION RATES AND APPLICATIONS SHALL BE INCLUDED· 

AccoMPJ.J_~HM EN Ts 

ENERGY COSTS AND TECHNICAL INFORMATION WAS INCLUDED IN THE SOLAR COST DATA BANK FUR THE 

KAMAN AND GENERAL ELECTRIC (500 KW AND 1500 KW) DESIGN STUDIES· THE ENERGY COST AS 

DETERMINED WAS INTENDED TO SERVE AS A REFERENCE POINT FOR FUTURE COMPARISON WITH OTHER 

UTILITY GENERATING SYSTEMS· 

INITIATED A SERI REVIEW OF CONSTRUCTION AND MANUFACTURING COSTS OF MOLJ-2 COMPONENTS BY A 

MEETING WITH STAFF FROM NASA-LEWIS· 146 
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AccoMPLISHMENTS CCoNT'n) PR-356 
AUGUST 21... 1979 

STARTED AN IN-HOUSE STUDY OF LARGE SYSTEMS TOWER COSTS BASED UPON PRIOR WORK CONDUCTED BY 

STEARNS ROGER,, ROCKWELL INTERNATIONAL, r1AHTIN MARIETTA,, AND GENERAL ELECTRIC· WILL BE 

INTEGHATED WITH "soFT" TOWEi< DESIGNS· 

REVIEW CONSTRUCTION AND MANUFACTURING COST INFORMATION (MQD-2) WITH BOEING STAFF· INCLUDE 

MOD-2 IN THE SOLAR COST DATA BANK (TECHNOLOG~ CHARACTERIZATION). 

PERFORM A MANUFACTURING COST OPTIMIZATION STUDY ON SEVEl<AL EXISTING SMALL WIND ENERGY 

CONVERSION SYSTEMS· EVENTUALLY INCLUDE VEHTICAL AXIS,, SWECS~ AND INNOVATIVE DESIGN IN THE 

EFFORT· 

ESTABLISH COST RELATIONSHIPS FOR VARIOUS MAJOR COMPONENTS OF LAHGE HOHIZONTAL AND VERTICAL 

AXIS WIND SYSTEMS· 

A CAPABILITY TO RAPIDLY DETERMINE MANUFACTURING FACILITIES f<EQUIREU FOi< LARGE WIND SYSTEMS 

AS A FUNCTION OF PRODUCTION QUANTITIES AND SCHEDULES· 

CosT RELATIONSHIPS FOR VARIOUS MAJOR COMPONENTS OF HORIZUNTAL AXIS AND VERTICAL AXIS WINU 

SYSTEMS· 

COST FOR CURRENT SMALL WIND SYSTEMS AS A RESULT OF HIGH PRODUCTION RATES• 
A REVISED 147 



SOLAR COST DATA BANK PROGRAMS 

ANALYSIS DIVISION 

PR-356 
AUGUST 21J 1979 

BIOMASS - ENERGY DERIVED FROM GROWING ORGANISMS CWoooJ CORNCOBSJ SEAWEEDJ ETC·) METHANOLJ 

ETHANOLJ GASOHOLJ DIGESTERS 

WIND - ELECTRICAL AND MECHANICAL ENERGY CONVERSION 

OTEC - ENERGY FROM THERMAL GRADIENTS BETWEEN VARIOUS OCEAN DEPTHS 

PHOTOVOLTAICS - DIRECT CONVERSION OF SOLAR RADIATION INTO ELECTRICAL ENERGY BY SOLAR CELLS 

SOLAR COLLECTORS - FEEDS THERMAL ENERGY INTO CENTRAL POWER GENERATING EQUIPMENT 

OTHER SERI ACTIVITIES 

SAUUI/LJ.S. JOINT PROGRAM 

EcoNOMic & MARKET ANALYSIS BRANCH 

148 
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SYSTEMS COST ANALYSIS 
ORGANIZATION 

<SPECIALTY) 

SYSTEMS 
COST 

ANALYSIS 

TECHNICAL 
i---~... DEVELOPMENT 

INDUSTRIAL 
ENGINEERING 
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CONSTRUCTION 

PR-356 
AUGUST 2L 1979 

COMPUTER 
ANALYSIS 
(COST MODELS) 



SYSTEM COST 

REFERENCE MODELS . 

DIRECT COST 

1. (EXCAVATION) 
2 I (CONCRETE) 
3, (STRUCTURAL STEEL) 
4. (PIPING) 
5. (ELECTRICAL) 
6, (BUILDING) 
7, (PAINTING) 
8, (INSULATION) 

INDIRECT COST 

1. CRAFT BENEFITS 
2. SMALL TOOLS 
3 I EQU I Pf'1ENT 

~ ,, 

4, CONSTRUCTION MANAGEMENT 

SOLAR COST MODELING 

SPECIFIC SOLAR 

SYSTEM MODEL 

'I 

SYSTEMS COST 

5. TEMPORARY FACILITIES, Ere. 
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SPECIFIC DESIGN OF 

CRITICAL COMPONENTS 

EXAMPLES 
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1. AZIMUTH DRIVE I 
2. OTEC HEAT EXCHANGERS 
3. OPTIMIZE FIELD INSTALLATION I 
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SERI COST COMPARISON 

PR-356 
AUGUST 21., 1979 

THE SITE OF HOUSTON., TEX·J IS THE LOCATION FOR ALL SERI BASE COST COMPARISONS· 

A SINGLE SITE HAS BEEN SELECTED TO ENSURE THAT ALL COST CONSIDERATIONS., BOTH 

DIRECT AND INDIRECT., HAVE BEEN INCLUDED· 

ADJUSTMENTS WILL BE MADE FROM THE SERI COMPARISON COST FUR SPECIFIC SITE 

APPLICATIONS· 

151 



MULTIPLE BASIC ORDERING AGREEMENT 

PR-356 
AUGUST 21, 1979 

SUBCONTRACTS FOR TECHNICAL PERSONNEL TO PROVIDE RAPID RESPONSE ANALYSIS SUPPORT 

WITHIN VARIOUS SOLAR ACTIVITY AREAS· 

THE AREAS FOR ALL ANALYSIS INCLUDE: 

• 
• 
• 
• 
0 

0 

0 

• 
• 
0 

• 

OPERATION AND ANALYSIS OF SOLAR MARKET PENETRATION MODELS 

SOLAR ELECTRIC VALUE ANALYSIS 

MANUFACTURING CosT STUDIES 

STUDIES OF PUBLIC OPINION 

MARKET STUDIES 

ECONOMIC ANALYSIS OF BIOMASS 

MACROECONOMICS ANALYSIS 

DECISION ANALYSIS 

CONSTRUCTION COST STUDIES 

PROGRAM EVALUATION 

EcoNoMic ANALYSIS OF CosT REDUCTION 

ELECTRIC UTILITY TAXATION AND REGULATION 

• OPERATIONS AND MAINTENANCE COSTS OF SOLAR SYSTEMS 

POSSIBLE AREAS FOR WORK IN WIND DURING FY(80) INCLUDES; 

0 MANUFACTURING CosT STUDIES 

• CuNSTRUCTION CosT STUDIES 

• EcoNoMic ANALYSIS oF CosT REDUCTION 
~ OPERATIONS AND MAINTENANCE Cosrs uF SoLAR SYSTEMS 
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