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THE AUSTRALIAN NATIONAL UNIVERSITY

MEMORANDUM
FROM Deputy Vice—Chancellor's Office REEERENCE 14.4.4.32 DHF:MWH
TO Dr.B. Martin, Applied Mathematics, DATE 11 December 1981

Faculties

APPLICATION TO NERDDC

Medium Scale Wind Power for Isolated Communities

I regret having to inform you that your application to the Department of

National Development and Energy for inclusion of the abovementioned project

in the NERDDC Program has not been successful.

A copy of a letter of 7 December from the Acting Assistant Secretary,

Research Policy and Programs Branch, regarding this year's applications, is

..+ enclosed.

/&/M
" D.H. Fraser
Graduate Assistant
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ﬁ@ﬁ%?ﬂmmm OF MATIONAL DEVELOPMENT AND Emm’

w Tasman House-Hobatt Place, Canberra Cily, 2601
Postal Address: PO Box 5, Canberra, ACT. 2600
TEL: (062) 45 8211. TELEX: 62101

itaference:

Mr G.E. Dicker

Registrar

Australian National
University

PO BOXx 4

CANBERRA ACT 2600

Dear Mr Dicker
NATIONAL ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION PROCRAM

Reference is made to your response to the National Energy
Research, Development and Demonstration Council's
advertisements of 28 and 29 March 1981 inviting applications
for energy research, development and demonstration grants.

I regret to inform you that those projects submitted by vyour
organisation which are listed on the attached schedule have
been unsuccessful. An outline of the assessment process is
provided for your information in the following paragraphs.

Individual applications were assessed by one of seven Technical
Standing Committees. The assessment took into account the
merit of the proposal, the priority accorded to the particular
research area and the total funds available. Competition for
these was very keen. A total of 470 applications were
submitted seeking approximately $88 million. This is about
five times the funds available for the 1981/82 component of the
program.

The assessments made by the Technical Standing Committees were
reviewed by the full Council and the resulting recommendations
were submitted to the Minister.

Unsuccessful projects will not be automatically reconsidered in
1982/83. However, they may be resubmitted in the next round of
applications which is expected to be invited in

February/March 1982.

Yours sincerely
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A.Jk Helling

Acting Assistant Secretary

Research Policy and Programs Branch
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DEPARTMENT OF NATIONAL DEVELOPMENT AND ENERGY

TR

Postal Address: PO Box 5. Canberra. ACT. 2600

J ‘ U L{ []‘ PM 'B‘ Tasman House-llobart Place. Canberra City. 2601

TEL: (062} 458211 TELEG: NATDEV. TELEX: 62101

In reply please quote:

Project Numbers
as attached.

NATTONAL ENER3Y RESEARCH, DEVELOPMENT AND
-DEMONSTRATION FROGRAMM

I acknowledge receipt of your application(s) for
Supponrt Grant(s) as shown on the attached 'schedule,

It is expected that you will be advised of the
outcome of your application(s) around October/November 19871.

Yours sincerely,
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To

Asgigtant Secretary
Reseacch Policy and
Programg Branch

MR G.E. DICKER

REGISTRAR

AUSTRALIAN NATTONAL UNTVERSTTY
PoBOX 4

CANPRRA

BCT 2700
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Th. b, 4,32 30 June 1581

DHF : MWH

The Asslstant Secretary

Research Pollcy and Programs Branch

National Energy Office

Department of Natlional Development
and Energy

Tasman House

Hobart Place

CANBERRA CITY, A.C.T. 2601

Dear Sir,

APPLICATION FOR SUPPORT GRANT 1981}

| should be most grateful if you would accept for conslderation the
enclosed application from Dr Drian Martin seeking your support for
research into medium-scale wind power for isolated communities which
he proposes to undertake In collaboration with Or Mark Diesendorf and
Dr Jestse Kalma of CSIRO,

The project arises from the current work on large~scale wind power
which has enjoyed your support.

Dr Martln's present appolintment as Research Assistant In the Department
of Applled Mathematics expires in January 1982, Because our resources
avallable for staffing In 1982 cannot at the present time be determined
it is not possible to affirm that Dr Martlin will remain In that position.
As soon as his future position Is known | shall inform you.

This application had to be glven unusually lengthy conslideration within
the University before It could be submitted and | regret the inconvenience
vou will have been caused by recelving the proposal so long after your
closing date. | hope, nevertheless, that your Committee will be able to
consider the application favourably.

Yours faithfully,

LY

G.E. Dicker
Registrar

c.c. Dr Brian Martin V///

Dean, Faculty of Science
Professor A. Brown, Applied Mathematics
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THE AUSTRALIAN NATIONAL UNIVERSITY
APPLICATIONS TO OUTSIDE ORGANIZATIONS FOR FUNDS

Dr Brian Martin Aﬁglied Mathematics, A Science
NAME : . e it it vt ae e me e ae e DEPARTMENT: .......... SCHOOL/FACULTY: ..vv..n
National Energy Research, Development and Demonstration
NAME OF ORGANIZATION:CounCil ...............................................
A. Information for Vice-Chancellor
1. Is this in response to a general or a specific invitation for
application? Which?
General
2. Closing date, if any, for application 30.June 1981 ... .......
3. Have there been previous approaches by the Department to the
same donor? If so, with what result?
No

...............................................................

4. Will commitments based on the funds sought terminate when the
funds are exhausted?

5. Where grant is sought to cover salaries or wages, 1s provision
made for subsequent increase and salary-related costs?
Yes '

6. Have funds to cover the cost of computing been included or are
they otherwise provided for?

---------------------------------------

7. What additional commitments for the University will be

involved if the application is successful?
Administrative support for one additional staff member.

...............................................................

8. Does the granting body propose conditions relating to patents
which do not conform with University policy?
N L e e e L L FEVEEH OB E R E BTN B R EYEORE N 6 s SR e a
9. 1Is the grant likely to be subject to any restriction on the
publication of results?
c NG & v manizanan 5 % 5 & B SR S X ¥ SRASRIET % s S & IR K W E SRS N S M 6 A S S
10. What responsibilities will be entailed for reporting,

financially or otherwise, on the use of the grant and who
wi1ill be responsible for ensuring that these reports are sent?

11. Does the applicant's period of appointment in the Univaersity
include the period for which support is being sought? %f not
¢ ment is

the Head of Department should commentpr.M?F..9.5‘?PP9?? ........
on an_annual basis but we expect that he will be re-appointed when
a renewal of appointment is reguired. "I  shall’ cekrtainly be "'’
-r~ecommend-ing. thage s« s v e dmsmum s aian s i awisaseeas s aiisesi T3 3VSNTeE 5w e
B. Recommendations
llead of Department ..gaﬁ-ﬁgf?ﬁﬁrr ................. Darc ;{3[4(5!...

................................

- \,__/‘)O ’ . 7%
Director or Dean fbi}()G‘QAJ(AJ¢L_ Date ?ﬁ;?é)@;?:.
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NATIONAL ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION COUNCIL

Energy Research, Development and
Demonstration Projects

1981
APPLICATION
FOR
SUPPORT GRANT

MEDIUM SCALE WIND POWER FOR ISOLATED COMMUNITIES

Project Title

DEPARTMENT OF APPLIED MATHEMATICS, FACULTY OF
App“cant’s Nafne SCIENCE, AUSTRALIAN NATIONAL UNIVERSITY

CONTINUATION FUNDING
If this application seeks continuation funding of a project currently
supported under the NERD & D Program, please hst the existing project

UMD ET(S) . oo et i e e

OFFICE USE ONLY

Date received Were areid SRR TR . : File No ... en s B o ey iy roic

ONOBE 272 Y HI



CERTIFICATE OF PUBLIC OFFICER/HEAD* OF ORGANISATION

I, being the duly appowinted Public Officer/Head* of the organisation, declare that

(a) the information given in this application, including any attachments hereto, is true and correct in every particular;

(b)  the organisation has the basic facilities required for the project and, subject to being awarded a grant, it will adhers to the

program of activities set out in this application; and

{c}  the salaries quoted for personnel are in accordance with the practice of this organisation.

* Delete whichever is not applicable.

FULL NAME issunaianssbanstacsons sheasisems 56 s rmssin s dsssmessss s oo/ issvsassms ki

SIGNATURE | s sssisive s i i s s i s s s vuba s s B s i vt

DESIGNATION yisscesssssassransarasssassensanssasanaraserrssrangsssses syivs i (o ssssmssms syysssammys s ve

Applications to be lodged with:

The Assistant Secretary

Research Policy and Programs Branch

National Energy Office

Department of National Development and Energy
P.O. Box 5

CANBERRA, A.C.T. 2600

IMPORTANT

® Original plus 9 copies of
each proposal and supporting
documentation are required.

o Please refer to Councif’s
Explanatory Notes and Notes on
the Preparation of Application
Forms (Yellow Page) before
completing this application.

° If space on this form is
insufficient, supply
details on separate pages.
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PART A —- BACKGROUND INFORMATION

Department of Applied Mathematics, Faculty of Science,

1. ORGANISATION . i i ;
Australian National University
BOXK A PO oo e rmsesnaromss bt G e 5555 R .

2, BUSINESS ADDRESS Canberxa ACT. 2600 i

3, POSTAL ADDRESS R s mm—

4. (a) PERSON TO WHOM ALL CORRESPONDENCE SHOULD BE DIRECTED
Mame:

Designation:

(o) PERSON TO WHOM TELEPHONE INQUIRIES SHOULD BE DIRECTED
TECHNICAL ADMINISTRATIVE

Name: DL Brian MArtin oo sl

Designation: Research Assistant

Telephone No.: 494445
S PROJECT DESCAIPTION (Brief summary of nature of project and general and particular objactives ta be accomplished)

In several Australian townships which are isolated from the State

"méIéétfiéiEY“inﬁﬁmaﬁ&“arE“pﬁwered”by“diesel“setsymmediumuscaie~win&mpower
------ i5wverymelosewtomeconomicmcompetitiueneSSwasmamfuelmsavermmﬁAhbasic

“mquestignwinmplanningwﬁughWQQPPlQQMW?BQT@iﬁﬁﬁlm?YﬁﬁemﬁmiﬁmWh??thmFQHi?fm
_stall a single wind generator or several smaller, spatially dispersed =
: wiﬁd”@éﬁéf&ﬁdfé?””Aaﬁahtégéé“ﬁf”dispérsai”include'improved“reliability;-“

“mand“themsmoothingmofwgusts-an&mathermshortmterm~windwvariations~-»These -------
...... P e Vo UGN cT=N0 oAb £=1h o bk s T U S O
--------------------- Therefore - this ProJech «BLMS B0 i i it i e
...... i).obtain simultaneous measurements of wind speed from three simllar but

_spatially dispersed sites, on time scales of several seconds to
....... O R
miiymderivemstatistigalmmodelSwtgmdescxibemthewsmoothingmof“fluctuationsmm“

of total wind power in going from one to several sites (this is the

i11) ﬂéféfmiﬁé”H6W”Mﬁéﬁ“ﬁﬁfbuléﬁt”éﬁérgyy'over“and“above“the“energy~"~m~~~w
--'-e-s-t:‘m-a-ted«---f-rom--h@ur‘ly-*a'-ve-r-aged-uw-ind----Sp@ed-S-r is. . recoverable by.a ..o
........... U7 I Yo I =Y o Y3 o= b o & 1 g OO OO Ut S SOy p IO
iv) make preliminary assessments of the comparative economics of install-
"""""""" iﬁémbﬁémléfgéf'Wiﬁd'Qéﬁéfaﬁér“Vérsug”Séveral"smaller'wind“generatorSWM
intO&tOWDSUPPlY- .................................................................. ¢ R b Py i
6. DURATION OF PROJECT 2

ecie Years linsert nuinber)

r CHANCE OF SUCCESS (Indicate estimated chance of success of achieving particular objectives outhned in 5in duravon stated m 6)
: o . D o . > a4 Q . 1 o
(1) 952; (ii) 90%; (iii) 90%; (iv) 80%
o,
8. R, D & I previously undertaken in this field by the Qqanisation (Poed sumimary)

...... See..attachment.. . B Y 2 = : “ b




PROJECT SUPERVISORIIS)

(1)

(2)

(3)

g, L S U S S R S ——— i
Name: Dr Brian Martin Dr Mark Diesendorf| Dr Jetse Kalma
Qualifirations: B‘Z\- 1, PhD nnsnpsainlase suamansareny BSC(HonS )l PhD‘ .BScAgIMSCAg/ ...........
PhD
Designation: Research. . ... ... Principal research  Principal re= ...
assistant scientist search scientist
..................................................... CSIRO Division of | CSIRO Division of
Business Address: as above Mathematics and
et e - O L | L orBoiorond e b e raw e ciabler s SRCLRE TIPS
(Complete where “as above'' StatlStl_cs (DMS‘)
is nat appropriate) o O . Box 19 6 5
canbrerra—City—260d-—Canberra-City—26
Telephone Mo..
494445 822011 465214
How much timea in working cdays
per month as an average will the
Project Supervisor devate to this 2 l ]_
project?
Ave‘?ny prDIo-nged abf.vr\r.ei NO .................................... ‘NO.............,,..‘.A..,....,.........,.,......,.... ...... No
envisaged during the currency
of this praject which will — [ereestrsssssmmesnssarsesanrrmnessnsmr s sn s trs dig deesaissaspalsasssonsisniiniisnssessisian s anies
atfect its conduct?
What ott aj search (1 . .
e o N M Current DMS~ANU..NERDDC..project.on.large=gcale.wind....
gm@rgmmvwomwfﬂwﬂw _power will expire around the time the proposed new
roject Supervisor and what ML bk SR S R R T R T AT L L T T
are their trone demands? NERDDC jen ey ect commences.
(insert prefixes (2) and (3) o
and details if mare than one
project supervisor)
10. SUPPORT FROM WITHIN ORGANISATION
79,79 7980 80/81 81/82 82/83 83/84
’ ’ Estimate Estimate Estimate
A Al retated Egc--': R O&GD -
Aww%szné only (s 36,000 38,000 38,000 | 105,000 | 105,000 105,000
“Salary component inciuded
e “'1 31,000 | 33,000 33,000 | 45,000 | 45,000 | 45,000
8. This Projec (S
oo 2,000 4,000 2,000
Sala cou [ included
mﬁ:tr)\éveorwponanl nclude . l,OOO 2,000 l,OOO
171, OTHER FINANCIAL SUPPCGRIT

Give details of suppoit separately tor

{a) ttus project, and
12)] directly related energy B, D& D projects {snow rescarch heid; trom alt
Sources.

financial year,

From L /7. .. /. ..

Please indicate beginning and end of your organisation’s

To 30 .6../...

OETAILS OF PROJECT/SOURCE OF FLUNDS

AMOUNT (3$)

80/81

81:82

[

82/83

l 83/84

APPROVED OR REQUESTED
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PART B: ESTIMATED PROJECT EXPENDITURE REQUESTED AS A GRANT

SALARY AND RELATED EXPENDITURE

{a}] Additional Project Suafl

Annual Period to be employed Euliste man-manths Estimated Cost
Employees Sals g on project {i.e. dates) equivalant on )
atary pro) o h project {incl. leave} (%)
1) Professionally Qualified
Research assistant B
| 17383 1,1,82, 31,1283 24 37,000
grad-e Foromarme s s = {iEr i R al Sy o SRR - AL S
................ Do iibiss s Wrrassilamnd
: e mase L Er e s avr v b B E ] e sl e S e U U T S Y e R R R S e
(1) Other
...... oo 10 coened il
........................... Q7 RS | T Y RO
.................... / / to / /
(b} On-Costs
Percentage
ltems of Salary
{iy  Payroll Tax
{1}  Workers Compensation Insurance
() Employers’ Superannuation Contnbutien | .....
{iv) Holiday Pay Loading
{vi Long Service Leave Allowance
{vi) Others (Specify)  faoeann
TOTAL PERCENTAGE QF SALARY TOTAL ON-COSTS 37 - 000

ESTIMATED TOTAL ADDITIONAL SALARY EXPENDITURE

Estimated EXPENDITURE (8)
13 PLANT, EQUIPMENT AND MATERIALS Date of (Include any installation
Purchase casts)

{a) Desception of Flant, Equipment and Matenals for Project Costing More Lthan $1000

{t} Mems to be puichased

2 (t two) Gill propeller vanes (Model 35 003) 1/1/82 2,600

2 (two) Edas 2 mlcr0processor programmable

o I SO S dagta loggers ..... o 1/1/82 6,000

{in items to be fabnicated 1n-house ['acisde cost of matenals and labour)

{b} Iterns costing less than $1000 (masts, batteries, solar. p_anels.). 1,000

[¢} Mamntenance®

ESTIMATED TOTAL EXPEMDITURE CM PLANT, COUPMENT AND MATERIALS g

Residua! Vaiue on Completion of Pro ect” $ 4 ’ 5()() 9 P 6 00

* Please supply getstls as an artachment




14 CONTRHRACTFD RESEARCH AND DEVLLOPMENT © XNPENDI TURE

Perigd ol Contract

Narme ol Contractar and

Description of

Masks 1o

Le Contracted Out

Estirnated Amount
to be Paid %

ESTINMATED TOTAL CONTRACT EXPENDITURE $
15. OTHER EXPENDITURE® &
1. COMPUTING CH ARG [ St sy Sk bk mie b o oS5 R rennesanmareses)
B 4,500
2, TRAVEL ... i e e i A N N N s TR S SR RERGRs < <o L s s gepss e esimanns
3, OTHER (SPECIFY) oo e i e i s s = s 5 iai i R R AR
ESTIMATED TOTAL QTHER EXPENDITURE 4,500
. Please supply detaills as an attachment,
16, TOTAL ESTIMATED PROJECT EXPENDITURE REQUESTED AS A GRANT
FINANCIAL YEAR 1981/42 1982/83 1983/84 .
SRS DISTRIBUTION BY S1% MONTHS BEGINNING i
X TE A |
e sy 1182 1782 1.1.83 1.7.83 1.1.84 $
SALARY AND At LATED
EXPENDITURE
k) el 8,500 9,000 9,500 | 10,000 37,000
PLANT, EQUIPMENT AND
MATERIALS .
(ITEM 12} 9,600 - - - 9,600
CONTRACTED R & D
EXPENDITURE
(ITEM 14)
OTHER EXPENDITURE
UTEM 18] 1,125 1,125 1,125 1,125 4,500
19,225 10,125 | 10,625 | 11,125 51,100
TOTAL
CUMULATIVE LIMIT OF
CLAIMS
(OFFICE USE ONLY}

PART C: SUPPORTING DETAILS

Apphicants are requested to closely (oliowy the seven headings outhned in the Explanatory Notes and Disted below.,

Pages of thir same cize as this tormn should be attached as requiced and numbered vonsecutively

{a) Coneept, propused methodology and mapar prodlems

(b} Major stayes of the project
{c) Significance of the project

fu) Awareness of related research 10 Australia

fe)
1f)
fg)

Reiferpes

Facilitins within the organisation available to the project

Additional yustification for expenditure
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Attachment to Part A of NERDDC Application

Item 8:

Since 1978, the DMS-ANU wind research team has published or
submitted for publication 15 scientific and technical papers on
wind energy systems. Of these, 8 have had the financial support
of NERDDC under Dr M. Diesendorf's grant to study the integration
of wind power on a large scale into State electricity grids. The
team has considerable skills in applied mathematics, computational
mathematics and in statistical modelling, including the analysis
of time series.

Dr J. Kalma, DLUR, is an applied climatologist with wide
experience in wind measurement programmes. He has recently completed
a consultancy with the PNG Department of Minerals and Energy on the
potential for wind power utilisation in Papua New Guinea. A project
to study the Australian continental distribution of wind speeds
at fixed hours and of daily wind run throughout the year is near
completion. Dr Kalma is also cooperating with the National Capital

Development Commission on a regional airflow programme in the Canberra

area.

Item 13:

Residual value on completion of project,

2 Edas data loggers (life expectancy about 6 years) $4,000
2 Gill propeller vanes (life expectancy 3 to 4 years) 500

$4,500
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Attachment to Part A, item 9

The research assistant to be hired for the project (see Bl2)
will be in addition to the three project supervisors. The additional
staff member is vital to the project for undertaking data collection
and reduction, statistical analyses, computer programming and report
writing, and otherwise working with the three project supervisors.
Thus the proposed project envisages a four-person team. The three
project supervisors would be committed to spending a total of four
working days per month between them on the project. The additional
research assistant would spend full time on the project and could
draw on the expertise of the supervisors and their colleagues and
thus would be a key person in the team. A similar arrangement for
the current DMS-ANU project has been quite successful: the appointee
hired through NERDDC funds, J. Carlin, has done excellent and
essential work and already has co-authored a number of papers (see

publication list on wind energy).



PART C: SUPPORTING DETAILS

(a) CONCEPT, PROPOSED METHODOLOGY AND MAJOR -PROBLEMS

Most existing wind speed data which are used for the assessment
of wind energy potential are collected hourly and entail averaging
the wind speed over periods ranging from 10 minutes to one hour.

The present proposal is to collect simultaneous wind speed data
from three spatially dispersed sites with a time step and a time
averaging period of several seconds. Data will be collected from
a low-wind region (e.g. in or near the ACT) and a high-wind region
{north~west Tasmania) and for each region the distance between the
three dispersed sites will range from several hundred metres to
several kilometres.

The principal objective of the project is to determine from this
data, utilising statistical analysis and mathematical modelling, how
much reduction will occur in the short-term fluctuations of total
wind power output when a single wind generator of a given rated
power is replaced by N spatially dispersed wind generators of the
same total rated power. Hardly any work has been done previously
on this problem anywhere in the world.

The answer to this question will depend on the value of N, the
separation between the wind generators, the wind characteristics of
the region and the response characteristics of the wind generators.
We seek to provide simple, approximate mathematical expressions
which will answer this question for many of the regions of Australia
and its Territories which are suitable for medium-scale wind power,
provided those regions do not contain major topographic inhomogenities
(e.g. mountains and ravines). For this reason the sites chosen
within each study region will have approximately the same altitude
above sea level, and the same elevation above ground level.

The answer to our principal gquestion above, taken together
with consideration of the comparative reliability of wind power
from N sites versus one site, will form the basis of a preliminary
assessment of the comparative economics of installing one larger
wind generator or several smaller wind generators into a town supply.

(The above project is analogous in some ways to the NERDDC~funded
work which the DMS-ANU team has been doing on the capacity credit of

large-scale wind power in State electricity grids. In that case,
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wind speed data were analysed and simple mathematical expressions

of considerable generality were derived for the capacity credit

of wind power in the limits of small and large penetrations into the
grid. The capacity credit results were theﬂ used as an input to an
economic evaluation of wind power in a grid with optimal mix of
conventional base and peak plant.)

In the present NERDDC proposal, the statistical analysis of
data on short-term wind variations will also answer the following
guestion: how much turbulent energy, over and above the energy
estimated from hourly average wind speeds, is recoverable? The
answer to this gquestion will depend on the frequency spectrum of
wind speed at a single site and the response characteristics of
the wind generator. The former will be measured and the latter
will be modelled mathematically by utilising published data on the
response of existing wind generators.

The statistical analyses and modelling of wind speeds by ANU
and DMS will utilise two methodological approaches: a static analysis
of the distributions of wind power averaged over different time
periods, and a time series analysis of power output.

Given the DLUR experience in monitoring wind data, the ANU--DMS .
experience in mathematical modelling, data analysis and wind energy
systems, and the on-going DLUR-DMS cooperation on a Tasmanian wind
energy assessment, we do not anticipate any major problems, once
the necessary equipment and member of staff are obtained. The
selection of a suitable, homogeneous region in or near the ACT will
not be easy. However, in north-west Tasmania there is a known
suitable region at Marrawah, where one anemometer mast has been
erected for the Tasmanian project.

Lists of significant publications during recent years by the
project supervisors and their immediate colleagues are attached.

The significance of this project and its relation to similar

work elsewhere are discussed in sections (c¢) and {(d) below.

{b) MAJOR STAGES OF THE PROJECT

(i) Purchase of recording equipment, site selection, initial collection

of wind speed data both in the ACT and in north-west Tagmania: the

local work should be achieved within 6 to 9 months of receipt of

the grant; a further 6 months may be required to take a series of
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measurements under different wind conditions in north-west Tasmania.

(ii) Mathematical models of the response of wind generators to
fluctuations in wind speed. This work will be based on published
measurements on existing machines. It will run concurrently with

the first six months of wind data collection.

(iii) Static statistical models of wind power will be constructed

concurrently with the initial one year of data collection.

(iv) Dynamic statistical models require a large body of data and
may require developments in time series methodoloygy, and so a full

two years has been allowed for this stage of the project.

(v) All the early results from stages (1) -(iv) will be integrated
in the second year of the project to determine:

- the turhulent energy, over and above the energy eatimated
from hourly averages, which is recoverable by a wind generator;

- the power output from a set of spatially dispersed wind
generators, separated by various distances in various wind
regions, on a time scale of the order of several seconds;

- any supplementary wind measurements which might be needed
to provide useful information (such measurements would be
performed and the data collected would be analysed during
the last six months of the project);

- the economics of one large wind generator versus several
smaller ones.

(vi) Publication of results. This would commence in the gecond year
of the project and would probably continue after NERDDC funding of

the project ceased.

(c) SIGNIFICANCE OF THE PROJECT

The project will provide essential information for the “substi-
tution of alternative energy sources for liquid fuels in fixed
installations" (paragraph 4 of explanatory notes of NERDDC application
form). Tt will also assist the "economically feasible applications
of solar, wind energy and other renewable resources" (paragraph 4).

There are several communities in Australia and its Territories
which are situated in locations which are both windy and isolated
from the State electricity grids. These include King and Flinders
Islands (Tasmania), Esperance, Hopetoun and Bremer Bay (wa), and
the Australian Antarctic Bases and Lord Howe Island (NSW). In these

communities, the cost of electricity generation from the town diesel
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sets is high (e.g. a total generation cost of 12¢c/kWh is now common)
and is likely to rise in real terms in the foreseeable future.

In some of the above communities, it is further likely that
medium-gcale wind power will be economically competitive as a fuel-
saver in the very near future (within two years).

Medium-scale wind power can be roughly described as the supply
of electricity from one or more wind generators rated at 50 to 500kW
each. The wind generators are coupled in parallel with the community's
diesel set to produce fixed-frequency AC power. Storage is not
necessary. Medium-scale wind power systems are already operating
at several towns and islands in the USA, France and Canada, and

are proposed for the UK and several other countries.

(d) AWARENESS OF RELATED RESEARCH

In Australia, the Tasmanian Directorate of Energy and the
Hydro-Electric Commission (HEC) are investigating the possibility
of medium-scale wind power for King and Flinders Islands. The
State Energy Commission of WA (SECWA) is collecting wind data at
Esperance, Hopetoun and Bremer Bay and is already operating a 50kW
and a 22kW wind generator as a demonstration project on Rottnest
Tsland. The University of NSW is measuring wind speeds on Lord
Howe Island.

To the best of our knowledge, none of these projects is concerned
with the main objective of our proposed project: namely, determining
the effect of spatial dispersion of wind generators on the short-term
fluctuations of power output (on time scales of a few seconds) of
a set of wind generators separated by distances ranging from a few
hundred metres to tens of kilometres. It is possible that one of
our minor objectives (item (iii) of part A.5) could be achieved by
the SECWA measurements.

The results of our project will provide essential data for
studies by electrical engineers of the stability of town electricity
supplies fed by wind power, and the constraints on the installed
wind power capacity entailed by stability requirements.

The maximum installed wind capacity which a town supply could
accommodate under stability constraints could be, for example, one
single machine rated at 500kW or N spatially dispersed,100kW machines,
where N is greater than 5. The purpose of our project is to provide

the information which enables N to be determined. Thus our project
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is complementary to the NERDDC project proposed by Dr Hugh Outhred,
School of Electrical Engineering, University of NSW, which focuses
on the stability aspects of medium-scale wind power from the view-
point of power engineering. We believe that both projects are
necessary for the proper development of medium-scale wind power

in Australia and we would keep in close contact with Dr Outhred to
ensure that the results of our project are presented in a form which
is suitable for his project.

We are also aware that the UK Electrical Research Association
(ERA) is preparing to study the stability of medium-scale diesel-
wind supplies, again with the emphasis falling on power engineering
aspects rather than data collection and statistical analysis.

Attached is the summary of a final report from the US Electric
Power Research Institute (EPRI), entitled "Wind power generation
dynamic impacts on electric utility systems". This report demonstrates
that there is a great need for the NERDDC project we are proposing,
not only in Australia, but also in the international scientific and
engineering domain. For instance, the report concludes that

"There is little representative minute-to-minute wind data
presently available for assessing dynamic impacts of large
clusters of wind turbines"

and that

"The conclusions of this study are considered as preliminary
due to the present lack of suitable site specific wind data”.

The actual wind data used by the EPRI study are extremely
limited. Although taken at one second intervals from three sites,
the data spanned a total time of only six hours, were not taken
simultaneously from the three sites and were not utilised for
constructing statistical models which could then be applied to a
wide range of sites.

In contrast, our project will record simultaneously from three
sites with different separations in different regions. We propose
to collect orders of magnitude more data than the EPRI group and
+to construct statistical models from the data which can be applied

widely to different regions.
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(e) REFEREES
Professor Bent Sgrensen

Roskilde University Center, Energy Group, Building 17.2
P.0.Box 260

DK-4000 Roskilde

Denmark

Professor Peter Schwerdtfeger
Flinders Institute of Atmospheric and Marine Sciences

Flinders University
RBedford Park SA 5042

(f) ORGANISATIONAL FACILITIES AVAILABLE

The project needs NERDDC funding for a temporary position,
wind speed monitoring equipment and travel.

ANU will provide mainline computing facilities at no charge,
and DMS will provide minicomputer facilities at no charge. ANU and
DMS will provide expert advice from othexr staff to assist with any
difficult methodological points which may arise in the data analysis
and mathematical modelling.

DLUR will provide workshop facilities, motor vehicles and
fechnical assistance, as well as one propeller vane and one data
logger which are suitable for measurements on a time scale of several

seconds.

(g) ADDITIONAL JUSTIFICATION FOR EXPENDITURE

(i) Travel. Two visits to north-west Tasmania with a land cruiser
will be required to sample different wind conditions: 2 x $1500 =
$3000. Local travel for site selection and wind monitoring in the
ACT region: $1000. Visits to Sydney for discussions with Dr H.
Outhred (two per yvear for two years): $500. Total travel cost: $4500.
(1i) BEquipment. The Gill propeller vane is one of the few moderately
priced instruments currently available for very sensitive measurements
of horizontal wind speed and direction. The vane achieves a delay
distance (50% recovery) of 1.2 metres. Damping ratio is 0.49. The
wind speed sensor is a molded polystyrene propeller which provides
a distance constant (60% recovery) of 1.0 metres or less. A close
match has been achieved between vane and propeller.

Analog output signals for speed (and direction) are to be recorded
on EDAS 2 microprocessor programmable data loggers with sampling time/
sampling intervals down to seconds. The data loggers are battery

nowered and solar panels will be used for recharging the battery arrays.
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This repcort summarizes the work performed by Zalninger Bngineering Company (ZEIC)

for the Electric Power Research Institute (EPRI) under Contract TPS 79-775.

The purpose of the study was to perform an initial assessment of potential wind
power gereration dynamic impacts on eclectric utility systems. 7» range of "worst
case" wind fluctuations was examined using the Hawaiian Electric Company (HECO)
system for case studies. Minute-to-minute system generation ramping, frequency
variations, and short-term stability were asscssed. A global approach to identi-~
fving protential dynamics problems was taken with several primary objectives:

1) to develop approvriate study methods for assessing dynamic impacts of large
penctrations of winrd pewer genoeration; 2) to apply these methods to an illustra-
tive example utility system; and 2) Lo analyze results and draw general con-
clusions regarding potential wind twiine (WD) penetration limits attributable

to dynamic problems.
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Figure S-2 presents the maximum allowable combined WT cluster/load change in a

three minute period as a function of initial svstan aemand.  These data are

plotted using allowable HECO threc minute ramping criteria and operating re-

serve criteria.

Shorbt-term transient stakbility calculations were perrormed assuming several
"worst case" HECO system disturbances. In all cases studied, the HECO system
was stable with and without up to 80 MW of wind turbines installed. For example,
Figure S$-3 presents one of the transient stability cases. In this case, under
peak load conditions, the total 80 M@ wind plant was tripped, and the HECO sys-
tem remained stable.

&

Some general conclusions and observations rcsulting from this study are as

follows:

[ Utility system dynamic impacts may limit the potential penetration
of wind turbines.

] Operating restrictions on large wind power nlants due to dynamic
jmpacts will tend to reduce their annual crergy output. Hence,
annual energy projections for large .ind power plants should ac-
count for thesc restrictions.

g%é © There is little rewresentative minute-to-minutce wind data pres-
ently available for assessing dynamic impacts of large clusters
of wind turbines.
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