( ONE -952U87- - Segip -
NREL/CP-463-20551

Proceedings of the IEA Implementing
Agreement on Photovoltaic Power
Systems

Annex IV Workshop

Sponsored by the
National Renewable Energy Laboratory
for the U.S. Department of Energy

September 21-22, 1995
National Renewable Energy Laboratory
' Golden, Colorado

January 1996







NREL/CP-463-20551UC Category: 1290@DE96000506

Proceedings of the IEA
Implementing Agreement on
Photovoltaic Power Systems

Annex 1V Workshop

Sponsored by the
National Renewable Energy Laboratory
for the U.S. Department of Energy

September 21-22,1995

s_,, PNREL

National Renewable Energy Laboratory
1617 Coles Blvd
Golden, Colorado 80601

January 1996 .
; L £
MASTER
DISTRBUTION OF THIS DOCUMENT IS UNUI\AITIEDD




NOTICE: This report was prepared as an account of work sponsored by an agency of the United States
govemment. Neither the United States govemment nor any agency thereof, nor any of their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States govemment or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United
States govemment or any agency thereof.

" 3 Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste
-




Table of Contents

: Page

L Workshop Summary I-1
IL Presentation Maierials -1

Lynn Coles, NREL, Review of Status of U.S. Distributed Methods -3

Howard Wenger, Pacific Energy Group, Emerging Modeling Techmques for

Distributed PV Grid-SuppOIt SYStEIMS......ceevevesereesrerereserussenssrsissensnssssssssssasseseses o-15

Richard Perez, SUNY at Albany, Utility Effective Load-Carrying Capability......... II-33

Doug Whyte, Southern California Edison, Dispersed Energy Applications............ 1043

Angelo Invernizzi, ENEL, Optimized Location of Grid-Support Distributed

PV Generation. II-51

Alberto Iliceto, ENEL; Technical Aspects of Integrating PV into the

Distribution Network . -TI-63
IIL Meeting Agenda............cecueerivesvesresuesesieriessesssssessesnsssassasssessessessssssassessassessassases -1
IV. Results of the Working Sessions....... Iv-1

General..... Iv-3

Work Product 1: List of Annex IV Needs. . Iv4

Work Product 2: Contents for Workbook

on Grid-Connected PV.. . ceeresnassansessans IV-5

Work Product 3: Proposed Annex IV Scope of Activity.... V-6







I. Workshop Summary

Introduction and Purpose

The International Energy Agency (IEA) Implementing Agreement on Photovoltaic Power Systems
(PVPS), established in 1993, is a collaborative effort of sponsoring countries to reduce costs of
technology applications, increase awareness of potential value, and foster market deployment of PV.
Task IV, the Modelling of Distributed Photovoltaic Power Generation in Support of the Electric Grid,
is one of six project work areas established under the Implementing Agreement. The work under Task
IV has been assigned to Annex IV.

Although Task IV was framed in 1993, no progress had been made in implementation as of mid-1995.
The Annex IV Workshop, described herein, was a focused effort by the participants to redefine the
issuer in light of today's knowledge, and to gain interest among potential collaborators and
participants.

At the request of the Office of Utility Technologies at the U.S. Department of Energy (DOE), the
National Renewable Energy Laboratory (NREL) developed and hosted a two-day workshop on
September 21 and 22, 1995. The invited workshop participants were a blend of laboratory, utility, -
consultant, and government personnel who are knowledgeable and interested in the subject of
modeling grid-support PV.

The purpose of the workshop was to determine the current stétus of methods for evaluating the
benefits of and planning for grid-connected PV systems and to establish a plan for further action
according to the needs and priorities of participants.

Attendees

Peter Ahm, PA Energy Ltd., Denmark

Eva Elena Bruno, ENEL, Italy

Adrian Cole, ETSU, United Kingdom
Lynn Coles, NREL

Christy Herig, NREL

Joe Tannucci, Distributed Utility Associates
Alberto Iliceto, ENEL, Italy

Angelo Invernizzi, ENEL, Italy

Per Kristensen, VOH, Denmark

Richard Perez, State University of New York at Albany
Mike Pulscak, DOE

Dan Shugar, New World Power Co.




Roger Taylor, NREL

Roberto Vigotti, ENEL, Italy .
Howard Wenger, Pacific Energy Group
Doug Whyte, Southern California Edison

History and Background

Tn the late 1980s and early 1990s, researchers at Pacific Gas & Electric Company in California began
investigating PV generating systems to support the AC power grid. The resulting study and 500-KW
demonstration plant installation at Kerman Substation clearly illustrated distributed PV values that
were higher than traditional utility capacity and energy values. These positive results show that PV
can provide valuable grid support and potential early markets for PV. To investigate whether such
grid-support installations might have more widespread applicability, researchers in the United States
and other countries have examined other sites using the Kerman methodological model and other
evaluation techniques. " -

The proposed Task IV under the Tmplementing Agreement seeks to improve the methods for planning
and evaluating the benefits of PV in grid-support applications through collaborative international
research and development.

Summary of Discussions

The Workshop consisted of three sessions: (1) a series of presentations by U.S. participants
reviewing the status of grid-support activities in the United States and discussing key tasks and
research projects, (2) a series of presentations by Italian (ENEL) participants discussing key tasks and
research projects, and (3) a joint work session to define evaluation needs for PV grid-support
applications under the auspices of Annex IV.

The U.S. session consisted of presentations by Lynn Coles, NREL; Howard Wenger, Pacific Energy
Group; Richard Perez, State University of New York at Albany; and Doug Whyte, Southern California
Edison: Coles reported on the status of distributed activities in the United States, and Howard
“Wenger reported on the Quickscreen Model and the Kerman Validation Report. Perez discussed his
PV load-matching analyses, and Whyte reported on Southern California Edison's PV programs.

The Italian session included discussions by Roberto Vigotti, Angelo Invernizzi, and Alberto Iliceto,
all of ENEL, the major Italian utility. Vigotti described the IEA and the role of Annex IV under the
PV Implementing Agreement. Invernizzi discussed the optimized location of PV in Sicily, and Hiceto
discussed the status of inverters and inverter standards. Invernizzi also presented a strawman list of
activities under Annex IV. Copies of presentation materials are included in the next section of this
proceedings. ‘




Summary of Results

The final group session provided two work products and the basis for a third work product included
in the proceedings. Work Product 1 is a condensed list of needs for PV grid-support planning and
evaluation. The list, which represents the consensus of the attendees, was the result of considerable
discussion and debate.

There was general consensus in the work session that there was strong need for a user-friendly
workbook of grid-connected PV. Such a workbook would assist both beginners and more
experienced individuals in evaluating PV in grid-support applications. The result of these discussions
1s Work Product 2, which outlines the contents needed for this workbook.

Work Product 3, a proposed scope of activity for Annex IV, was developed by NREL after the
workshop based on Work Products 1 and 2 and the discussion during the workshop.

Next Actions

Although all countries in the participating IEA PVPS were invited to attend the Annex IV Workshop,
only four countries were represented—Denmark, Italy, the United Kingdom, and the United States.
The proceedings developed from the workshop, are, therefore, limited to the views, opinions, and
conclusions of these participants.

The proceedings will be presented at the next Executive Committee (ExCo) meeting in Kobe, Japan,
November 6-9, 1995. The presentation will be made by Michael Pulscak, U.S. ExCo member. Draft
proceedings of the Annex IV Workshop will be made available for review and comment to all ExCo
members, who may then express their interest in participating in the Annex. Final proceedings of the
workshop will be available in December 1995 and will be forwarded to any countries expressing a
further interest in the Annex. All correspondence regarding these proceedings activities may be
directed to Lynn Coles of NREL, who will incorporate suggested changes into the proposed Annex
IV Scope of Work. He will also record those countries expressing an interest in participating in the
Annex, and notify the other participants. Please contact Lynn at (telephone) 303-275-4699 or (fax)
303-275-4611.

A final presentation on the status of Annex IV will be made at the ExCo meeting in spring 1996.
Recommendations will be made as to the future direction of the Annex based on subsequent
discussions and the vote of the ExCo.
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Lynn Coles, NREL

Review of Status of U.S. Distributed Methods






Synopsis

e Distributed Resources/Distributed.Utility Concept

® Institutional and Economic Drivers

® History of Disfributed Utility and Distributed PV

Evaluation in the U.S.

® Current Trends

Status of Distributed Evaluation in the U.S.
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How Benefits Occur

Figure ES-2. Comparison of Load Duration Curves for a typical PG&E Distribution Feeder
to the Entire PG&E Generalion System for a Full Year.
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Institutional aﬁd Economic Drivers
® Threat of Competition
® Restructuring
® Difficulty in siting major energy facilities

® Progress of modular technologies

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1995 o
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History of Distributed Evaluation in the U.S.
® Early Work - dispersed generation
o Kermén Substation PV Analysis ;Shugar etal
| ® Distributed Utility Valuation Project (DUV) 1992-95
- Joint NREL, PG&E, EPRI, PNL
- Monograph, Annual Workshops, Cost and

Performance, Stability Impacts, Penetration
Analysis, Integrated G,T,D model

Status of Distributed Evaluation in the U.S.
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1992 1993 1994 1995 1996 1997 1998 1999 2000 2004

bDuv
Whtte Paper
Technical Infrastructure Development High Performance
Distribution Automation, Engineering Low System Risk
Economic Planning Model Development High Merit
Delta Model - IGTD - ICSP - Others? Low Financial Risk
Stakeholder Assessment Accepted
Shareholder Acceptance - Ratepayer Acceptance - Regulatory Acceptance Low Regulatory Risk

Technical &

Economic Tésting

i

Qutreach, Communicétioﬁ, and Management

Q

e EPRI Distributed Resources Activities - Continuing
e Sandia sponsored Kerman Methodology Studies
® Kerman Validation Study

e Other PV Distributed Valuation Studies and PV
Demand-side Management Studies :

e Other Distributed PV Applications

-Sacramento Municipal Utility District
-Southern California Edison - Hilltop circuit

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1995 PN



Summary of PV "Dislribuled” Benefits

Per kWh of PV Quiput
1996 Levelized cents’/kWh
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Progress as Measured by Utility Industry Participation:
1992 vs. Early 1995

® 1992: Only A Few Utilities Analyzing DU

® 1995: 108 Distributed Utility Projects/Studies:
-60 Utilities
-94 DU Evaluations
-27 Actual Hardware-

® Technologies (in addition to T & D):

-Gen-Sets (38) -Batteries (36)

-DSM (34) -Photovoltaics (31)

-Fuel Cells (17). -Thermal Storage (3)
~-Cogeneration (6) -Combustion Turbines (2)

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1995 PN
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Current Trends

Status of Distributed Evaluation in the U.S.
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® Najor transmission and distribution projects become
targets of opportunity distributed applications

- Tennessee Valley Authority -- Nashville Expansion
® Purchase of customer-owned capacity
- For system peaking -- Southern Company, Northern

States Power, Boston Edison

- For distribution deferment ?

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1995
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® |[nterruptible rate implementation for distribution
deferment '

- Pennsylvania Power and Light -- Defers $3.3 Million
project for 4 years '

® | oad Management Control for Distribution Benefit

- Air-conditioning load control -- Baltimore Gas and
Electric

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1995 @ﬁ‘% -
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® New Participants involved:
- Technology advocacy Groups - PV4U,
- State energy organizations

- -~ Others

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1995
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® New Valuation Techniques Developed and Exercised
- Local IRP Methodology: Ontario Hydro

- Area Investment Mode! (AlM): EPRI, PECO, E3, PS
New Mexico ‘

- PV Screen: Pacific Energy Group
- Decision Analysis Approach: Green Mountain Power
- Area-and Timé-Specffic Marginal Costs: EPRI

- Integrated Distribution Planning Model: PG&E

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop
September 21-22, 1895 N
“»
«_DNREL
N
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Institutional Issues Affecting Distributed Resources
- Ongoing study by NREL, and four utilities

- Legal and regulatory issues

- Natural monopoly character

- Anti-compétitive issues

- Ownership and control of DR sources

- Regulatory treatment

Status of Distributed Evaluation in the U.S.
IEA Annex IV Workshop

September 21-22, 1995
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Conclusions
Increasing U.S. interest in distributed valuation

Early work on PV was instrumenfal in driving early
valuation methods and "proof" of benefits

PV valuation against central station not sufficient,
needs comparison with other distributed options

Multiple modeling options are available

Competition and restructuring key concerns

Slatus of Distributed Evaluation in the U.S.
IEA Annex IV Workshop

September 21-22, 1995
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Howard Wenger, Pacific Energy Group

Emerging Modeling Techniques for Distributed
PV Grid-Support Systems

o-15 -







, DlstrlbutedPVGrld-Support Systems

Emerging Modeling Techmques

Howard Wenger
Pacific Energy Group

International Energy Agency, Annex IV Workshop
NREL, Golden, Colorado USA
September 21-22, 1995

Presentatlon Topics
: s e R Rl B e B B P T Bl

m Overview of PG&E Kerman Case Study

m Construction of 500 kWac PV plant at Kerman
m Validation results

m How to find the best project sites

m Overview of QuickScreen, a tool to help define
the market

Pacific Energy Group
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City of Biola

Biola %_”Feederx X

Substation 1104
. N

i H(PV) = I

i
i -

City of "l—ﬁ;l?——-'

Kerman

Feeder
- Kerman 1103

.Substation

SRR

T

Kerman PV plant
connected on 12 kV
Feeder 1103, 8 circuit
miles from substation

Pacific Energy Group

Kerman PV Energy Production
bhinntil e e P i e 3 L

140 +

[N

PV Energy Production (MWH)

120 +
100 -
80 +

60 +

40

20

0 -

Jan Mar May Jul

PVUSA Kerman Project, 1994

|
Validation Period:

* 1080 MWH in 1 year
 25% Capacity Factor

Pacific
Energy
Group
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PV provides 75% equivalent firm capacity
- ¢t _F- 1} _ LuclaoisiziE

16,000 Load peaks shaved by PV ]

PG&E System Load (MW)

Aug 2 Jun 10 Sep 2 Jun 28 Aug 27 Jul 1 Aug 3 Jun 29 Aug 23 Jun 9 Pacific

| Top 50 load hours occur during 11 summer days I . Energy
PVUSA Kerman Project, 1954 Group

Kerman PV-Load Match on Peak Day

e SN B N B R R Y P B

10 - .0
3 Load shaved by PV 1 )
s 3 - 08 S
S =
o Transformer -
-l 6 ~ 06 3
= g
£ 3
S 4 0.4 =
7] [« 1
=t
E 2 0.2
0 0.0
12:30 5:00 9:30 2:00 6:30 11:00
AM . PM ] Pacific
PVUSA Kerman Project, 1994 Pacific Standard Time SI:SLQPY
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Transformer Temperature Reduction

Peak Day June 25

Temperature
reduced by PV

Transformer
Temperature

0
(4

N
()]

Temperature (°C)

- 45

PVUSA Kerman Project, 1994

6 am

12 pm

6 pm

Pacific
Energy
Group

Kerman PIant Voltage Support

i RS NN I RSN e B B 1 B 5

.30
§ i
2 lSDV Plinzs .
© ¢ Switc
5 2.0 . oSwitch 83
I x Switch 49
= —=\odel
£
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& / %
S 00! | |
0.0 0.1 0.2 0.3 0.4 0.5
PV Plant Output (MW)

PVUSA Kerman Project

Pacific
Energy
Group
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PG&E fossil and grid-support plant availability
IO RN S By R RN Rt F e £ 1 1

~ PG&E Fossil Plants Kerman PV Plant
100

90
80
70
60
50
40
30
20
10

0

Excellent
Good
Fair
Poor

'i - Equiv. Forced Outage Rate (%)

1980 1985 1990 Jan June Dec

Pacific
. Energy
Sources: Resource, PG&E, 1992 and Kerman PVUSA Project, June 1993-1934 " Group

The Kerman Plant proves distributed benefits are real

The Kerman PV Plant:

m Cools the substation transformer by more than 4 °C and
increases capacity by 410 kW on pedk day

® Increases feeder capacity

m Provides ~3 volts of voltage support (on a 120 V base)
m Increases transmission system capacity by 450 kW

m Increases generation system capacity by 385 kW

||

Achieves about a 25% capacity factor (over 1080
MWhlyear) highly correlated with PG&E loads

m Reduces line losses by 58,500 kWh/year (5 percent)

m Reduces pollution by 155 tons of CO, and a half ton of .

NOx each year Energy
‘ Group
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N

Value ($/kW-yr)

PVUSA Kerman Project

Value of Kerman PV Plant

300 Externalities
Reliability

250 Electrical Losses
Substation

200 Transmission
Minimum Load

150 Capacity
(Traditional Value)

100 Energy
(Traditional Value)

50
0

Pacific
Energy
Group

Value & Break-Even Price

PVUSA Kerman Project

Value and Break-Even Price

14 ¢/KWh $2,7~OOIkW

Distributed
Benefits ,

Traditional
Central Station
Benefits

Pacific Energy Group

N B T R R b e P
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Many utilities have conducted distributed PV studies
I NS R N IR R I B B [

[ ] Arizona Public Service

n g;t!{ of é’;"s:'[‘ c o Distributed PV is the #1
m Plains Electric Cooperative utility application with

m Salt River Project over 4,000 MW of near-

m Empire Electric term market potential
| thern California Edison
Southern California Edis - Utility PV Group

m Green Mountain Power
m Florida Power & Light

m Georgia Power Company
m Public Service Company of New Mexico
m Orcas Power and Light

m Niagara Mohawk

m Pacific Gas & Electric

Pacific Energy Group

Utlllty PV Case Study Results

TR N EEEN BN R B B eI P B

35

z{Non-Traditional Benefits
30 B Traditional Benefits

Value (cents/kWh)

PGE APS SRP AUS PEC SCE GMP FPL GPC PSN OPL AVG

Source; Analysis of PV Benefit Case Studies, Results and Methods Used, NREL, Draft, May, 995 Pacific Energy Group
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Performing Case Study Evaluations
R I DS Iy By R I B 2 B A R

A painful exercise involving many utility departments

Distribution Planning
Transmission Planning |
R&D I
Generation Planning
Economics & Financial
Rates

Marketing
Environmental Dept.

m Time Consuming
m Costly

m Data Intensive

m Requires many experts\

m Thick reports

m Single site only

Pacific Energy Group

Introducing QuickScreen

m A cost-effectiveness evaluation tool -
® Requires no modeling and no data collection
m Requires very limited utility information

m Good for project screening and quantifying the
distributed PV market

Pacific Energy Group
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QuickScreen Background
L | | ¥ ¥ beslealmlatbEg

[ D:aveloped by Pacific Energy Group with
sponsorship from U.S. DOE (Sandia, NREL)

m Based on work developed over last 7 years

- PVUSA Kerman Project, Sandia Utility Case Studies,
PG&E, Stanford University, University of Colorado,
Pacific Energy Group

Pacific Energy Group

The First Step

Finding the best sites...

Pacific Energy Group
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Six guidelines to find the best sites

IR NI NN NSRRI NN EERR 7 O 2 B

@ Capital expenditures planned for T&D upgrades

© Load growth is low enough ($5,000/kW)

© Isolated radial lines, underground lines, small subs
O No lower cost alternatives

® Summer peaking loads between 8:00 am - 4:00 pm

© Location-specific issues considered

Pacific Energy Group

Load growth guideline

R IR R NN NN N B B B 1 B

FER/RLERLNBBRKENR
ﬁgﬁﬁﬁ‘&ﬁﬁﬁ&&ﬁﬁﬁ%ﬁ 2

> $5,000/kW

gy B
FEVRBERRNLRRERER

$1,000,000 Load growth should
T&D upgrade be no more than 200 kW/yr

Pacific Energy Group
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The Next. Step

Use QuickScreen to determine
break-even PV price...

Pacific Energy Group

QuickScreen Inputs
——-—__— N N N O B B O (30

m T&D investment cost
= T&D load growth rate
m Marginal energy and externality costs

m Utility discount rate, inflation rate, and cost of
ownership factors

m Project location

m Time of peak loads

Pacific Energy Group
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QuickScreen Worksheet
RO NNCRNNAN NEIEN s NSSSRRN Rty B2 B2 B2 v B
. User Inputs Figure A | Table B | FigureB orC Column 6
Cost Savings
(6)) @ ®) () ® W
Capacity Cost{ Investment |Load Growth| Economic Present § 7524 Match
Savi Value Ox(Dx(5)
avings Cost &W/yr) |Factor (real)] Gone Factor GR0)
Distribution | 1,400,000 (S)] 200 13 1.67 0.30 719
Sub-trans. — [£)) — — — — —
Bull-trans. 462 (SIkW) pnizgzraiioiiniiiq — 1.00 0.80° 370
Generation 560 (SIKW) iz 1.52 0.30 681
Va‘;a"!" Cost-INarginal | Electric Loss] Economic | Hoursin| Capacity
avings Cost Adjustment {Factor (rea)]  year Factor W)x(2)x(@)x(4)x(5)
Energy 0.024 (SkWh)| 114 20 8,760 0.30 1,438
Externalities | 0.022(S&AWh)|  1.14 13 8,760 0.30 857
o=y Total Cost Savings (add column 6) 4,065
e BXRNE S -—PV plant present value conv. 1.30
e BNC O e = Break-Even PV Price |$3,125&W
CANZONG et
Y eeemT Pacific Energy Group

PV Capac1ty Factor (%)

e e T I R R I A 3

For tracking PV systems

Pacific Energy Group
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Utility System Load Match, ELCC (%)
BN B BN BN RN KRN X R 7 2 B

ELCC (%)

For tracking PV systems

Perez & Seals, SUNY at Albany

Load Match Factor for Summer Peak Load

~100
X o0 Example:

© F 8o — '/—\\ ?‘r'“, ——— |load peaks
Q70 e =N PN at 4:00 pm,
© A/ 7/ RN
w 60 N load match
5 // 7 // \k\ ‘§\ factor is
5 7/ $0%
s 30 / C
T 20- i
©
37 | S\

5:00am  9:00 am 1:00 pm 5:00 pm
Time of Peak Load (Standard Time)

musnTracking (above 20% CF) ====FEixed (above 20% CF)

mema Tracking (below 20% CF) wm=Fixed (below 20% CF) By

Group
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. QuickScreen vs. three utility activities
-y | _J-f | - Pulaiminkl

m Sandia Distributed PV Case Studies
- Arizona Public Service (APS)
- City of Austin Electric Department (COA)
- Plains Electric G&T (Plains)
- Salt River Project (SRP)

m Kerman Distributed PV Plant Operation

m Targeted DSM in PG&E’s Delta District

Pacific Energy Group

QuackScreen model valldatlon Utility PV Case Studies
2 R e Ve Wi RN e e B P e 0

$5,000
— $10,800 $10,700
E $4,000 - - % Externalities
pid # Transmission
7))
3,000 - ..
e %, 2 Distribution
'S
3] # Generation
‘3 $2,000-
7 i
a iz Eneragy
(&)
$1,000-
$ + + + $ $ 2 + 4 4B Pacific
APS Q COA Q PG&EQ PlainsQ SRPQ Energy
S S S S S Group
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Next Steps

AN NN NN KN NI B E I 7] B B0

m Convert QuickScreen to software

m Incorporate uncertainty analysis

Pacific Energy Group

Summary

e { ] § ] eslesialiy
m PV grid-support is real
m Cost-effective PV grid-support sites exist

m QuickScreen, accurate to within 10%, can help you
find them

m Copy of the QuickScreen Guide?

Pacific Energy Group
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Richard Perez, SUNY at Albany

Utility Effective Load-Carrying Capability
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Increase in Utility’s Effective Capacity @ C_)onstgr}t I.:OLP:
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Doug Whyte, Southern California Edison

Dispersed Energy Applications
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Angelo Invernizzi, ENEL

Optimized Location of Grid-Support
Distributed PV Generation
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Alberto lliceto, ENEL

~ Technical Aspects of Integrating PV
into the Distribution Network
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Annex IV Workshop
Modeling of Distributed PV Power Generation in Support of the Electric Grid
Agenda
Thursday, September 21, 1995
1:00-1:15 p.m. ) Welcome, introductions, and review of meeting objectives and

approach - Mike Pulscak, DOE

US panel session:

1:16-2:00 p.m. Review of status of US distributed methods - Lynn Coles, NREL

2:00-2:45 p.m. Emerging methods/modeling techniques - Howard Wenger, Pacific
Energy Group

2:45-3:15 p.m. Break

3:15-4:00 p.m. U.S. utility perspective, Doug Whyte, SCE

4:00-5:00 Questions for Panel and others

7:00 p.m. . Group Dinner - Location map to be provided

Friday, September 22, 1995

Overseas panel session:

8:30-9:00 a.m. Methodology and modeling for the optimal location of distributed
generation from renewables - Angelo Invernizzi, ENEL
9:00-9:30 a.m. Application study to the location of PV in a MW distribution network,
) covering a regional area, TBD
9:30-9:45 a.m. Break
9:45-11:00 , Investigation of technical aspects of integrating PV generating sets

into distribution network

-General aspects - Angelo Invernizzi

-Laboratory and field tests on generating sets with ac/dc
converters - Alberto lliceto

-Simulation tools - Angelo Invernizzi

-Rules and standards - Alberto lliceto

Questions for panel presenters
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11:00-12:00 noon.

12:00-1:00 p.m.

1:00-2:30 p.m.

Working session 1 (all participants): Needs assessment - Are there
further needs for distributed PV evaluation and modeling that are
not being met? What are these needs and what are their relative
priorities? - Facilitator: Christy Herig

Lunch (brought into conference room) Complete session 1

Working session 2 (all participants): Development of alternatives -
What are potential ways to meet these needs? What are the pros
and cons of these altemative approaches? What are the
advantages of conducting this through Annex IV? - Facilitator: Mike
Pulscak




Results of the Working Sessions







General

In the workshop group session on Friday afternoon, Work Products 1 and 2 were developed to assist
in facilitating progress on Annex IV. The products were derived through joint discussion and
consensus to reflect the general views of the group. The initial discussion of needs resulted in Work
Product 1. After reviewing the results, the group decided to reflect these needs into a content list for
"workbook or guidebook" on grid-connected PV shown as Work Product 2. Work Product 3 was
developed by NREL after the workshop, but is based on Work Product 2 and other workshop
discussions. Work Product 3 is the proposed Scope of Activity for Annex IV.




‘Work Product 1:

LIST OF ANNEX IV NEEDS

International Energy and Capacity
Conversions A
Localized Effective Load-Carrying Capability (ELCC)
Optimum Siting Conditions on Grid Relating to Capturing Benefits
Unique Attributes of PV Relating to Benefits
Financials/Customer Preference/Utility Decision Criteria
Investigate and Experiment System Efficiency & Verify Benefits
Hardware Tests .
Functional Specifications for Distributed Resource PV Applications
Distribution Planning Models with Incorporating Grid Support PV
Scaling Factors
Minimum Sizing Criteria .
Siting and Sizing
Policy and Institutional Issues



Work Product 2:

CONTENTS FOR ANNEX IV WORKBOOK ON GRID-CONNECTED PV

L Introduction to Grid-Connected PV

II.  Technical
Define and Quantify Benefits of PV
(Definitions and Evaluation Methods)
Energy and Capacity Charts
Localized Effective Load-Carrying Capability (ELCC)
ELCC Definitions, Criteria and Calculation Methods
Multiple Small Units vs Large Systems
Optimum Siting to Maximize Benefits
Grid Connection and PV Standards
Overview of Possible Applications and Functional Specifications
Operating and Maintenance Requirements
Sample Case Studies and Field Tests

1. Economics
Conversion Factors )
Financials/Customer Preference/Energy Company and Utility Decision Criteria
Evaluation Methodologies for All Benefits
Sample Case Study Results
Links to Distribution Planning and Integrated Models

IV. Policy and Institutional Issues

Y. Procurement



Work Product 3:

PROPOSED ANNEX IV SCOPE OF ACTIVITY

1. Objective

The objective of this task is to refine definitions and advance evaluation methodologies that
capture the full technical and economic benefits of PV grid-support applications and to advance
planning techniques for these systems to maximize the benefits to the electric grid. Both
functional and operational technical attributes of the PV technology will be linked to the electric
grid system attributes to ensure optimum siting and sizing of PV systems. Benefits to be
considered include load match, relief of overloads, reduced losses, voltage support, enhanced
reliability, and others. Additionally, nontechnical benefits and possible barriers related to policy,
institutional, and procurement issues will be addressed.

PV grid-support research, development and demonstration (RD&D) work has been
accomplished in many countries. It is the overall objective of this task to plan, coordinate and
disseminate this international grid-support work to ensure maximum market deployment of PV
solar energy.

2. Means

Work in pursuit of this objective will be performed by PV power system experts and generation,
transmission, and distribution planners in participants’ countries. Participants will carry out the
following subtasks:

(a) Subtask TV/1 Develop definitions and rnethodoloéies to enable a complete technical
benefit evaluation of PV grid-support applications.

Participants will improve methods of developing and applying technical issues of PV grid
connection, as follows:

(1) Define and quantify the different types of attributes related to PV connection to the
power system grid

(2) Develop energy and capacity charts to simplify evaluation of capacity and energy
values .

(3) Improve techniques to evaluate localized effective load-carrying capacity (ELCC) to
allow capture of PV capacity benefits :

(4) Refine ELCC definitions, criteria and calculation methods to allow more widespread
acceptance of use

(5) Evaluate benefits of multiple small units vs large systems




(6) Define optimum siting attributes and methods to maximize benefits

(7) Develop grid connection and PV hardware standards to encourage acceptance of
distributed PV installations

(8) Develop new and improved grid-integration schemes

(9) Develop an overview of possible applications and functional specifications

(10) Define operating and maintenance requirements

(11) Perform sample case studies and field tests

(b) Subtask TV/2 - Develop definitions and methodologies to enable maximum economic
benefit evaluation of PV grid-support applications, as follows:

(1) Develop energy and capacity conversion factors and other standard methodologies,
converting capital costs to levelized energy costs

(2) Define the financial structure of the privatized utility industry and develop methods to
evaluate customer preference and energy company or utility decision criteria

(©) Subtask TV/3 Develop and validate evaluation methodologies for all technical and
economic benefits, as follows:

(1) Develop new models or accessory modules for existing utility planning models that
include the full slate of distributed technical attributes and economic benefits

(2) Perform case studies of grid-connected. PV to validate models or module accessories
(d) Subtask TV/4 Define and identify potential resolution of nontechnical barriers for PV
grid-support applications such as policy and institutional issues, as

follows:

(1) Analyze general policy and institutional issues that can lead to nontechnical barriers to
the adoption of distributed PV

(2) Develop a set of strategies that have broad application in overcoming nontechnical
barriers

(e) Subtask TV/5 Develop procurement guidance that meets existing criteria for utilities
and energy companies, as follows:

(1) Analyze current procurement practices

(2) Develop a suggested procurement procedure to facilitate acquisition of grid-connected
PV



(f) SubtaskIV/6  Consolidate and integrate the material developed above in Subtasks
IV/1 through IV/5 into a user-friendly workbook addressing the issues
of distributed PV applications.

3. Results

The products of work performed in this annex will be designed for use by PV power system
experts and utility and energy company planners and decision makers and will be developed
from work accomplished in Subtasks IV/1 through IV/6, as follows:

(a) Definitions, data and methodologies for evaluation of technical and economic benefits for
use in planning and implementing PV grid support applications pursuant to Subtask IV as
described in subparagraphs 2(a), 2(b), and 2(c) above

(b) Identification and suggested resolutions to policy and institutional issues that present
nontechnical barriers to PV grid-support applications pursuant to Subtask IV as described
in subparagraph 2(d) above

(c) Procurement guidelines for PV grid-support applications pursuant to Subtask IV as
described in subparagraph 2(e) above

(d) A consolidated and integrated framework that can address a wide variety of user needs
pursuant to Subtask IV as described in subparagraph 2(f) above. This will be presented
a "guidebook" or "workbook" configuration.

4. Time Schedule

This annex shall remain in force for three years. It may be extended by agreement of two or
more participants, acting in the executive cormmittee, taking into account any recomrimendations
of the Agency’s Committee on Energy Research and Technology concerning the term of this
Annex, and shall thereafter apply only to those participants.

5. Specific Responsibilities of the Operating Agent
In addition to carrying out the specific responsibilities enumerated in Article 5 of the

Agreement, the Operating Agent shall coordinate, review, revise, and distribute to part101pants
the documents and reports specified in section 3, Results, above.

6. Funding

(a) Publications. The cost of funding analytical reports pursuant to the Subtasks of this
Annex shall be met by the operating agent.




(b) Individual Financial Obligations. Each participant shall bear all the costs it incurs in
carrying out its obligations under this Annex, including reporting and travel expenses

(¢) Task-Sharing Requirements. The total level of effort to perform the work described in
this Annex is estimated to be four person-years per year. The expected contribution of
each participant to task sharing under this Annex is therefore 0.5 to 1.0 person-years of
effort during each year that the Annex remains in force.

Operating Agent
[To be determinéd]
Participants

[To be determined]
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