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ABSTRACT

A number of investigations, including those conducted by The Aerospace
Corporation and other contractors, have led to the recognition of technical, economie,
and institutional issues relating to the interface between solar electric technologies and -
electric utility systems. These issues derive from three attributes of solar electric
power concepts, including (1) the variability and unpredictability of the solar resources,
(2) the dispersed nature of those resources which suggest the deployment of small
dispersed power units, and (3) a high initial capital cost coupled with relatively low
operating costs. It is imperative that these integration issues be pursued in parallel with
the development of each technology, if the nation's electric utility systems are to
effecfively utilize these technologies in the near to intermediate term.

An important part of the DOE programs to develop new source technologies, in
particular photovoltaic systems, is the experimental testing of complete or nearly
complete power units. These experiments provide an opportunity to examine operational
and integration issues which must be understood before widespread commercial
deployment of these technologies can be achieved. Experiments may also be required to
explicitly examine integration, operational, and control aspects of single and multiple
new source technology power units within a utility svstem. An identification of utility
information requirements, a review of planned experiments, and a preliminary
determination of additional experimental needs and opportunities are presented in Part |

of this report.

From the mniany other issues that are of concern in the integration of
photovoltaic solar energy units into electric utility grids, several relative to on-site
systems have been selected for further ‘discussion and analysis:

° The impacts of on-site photovoltaic units on load duration curves and

optimal generation mixes are considered.

° The impacts of on-site photovoltaic units on utility production costs, with
and without dedicated storage and with and without sellback, are analyzed.

. Current utility rate structure experiments, rationales, policies, practices,
and plans are reviewed.

iii
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FOREWORD

The work described here was performed by The Aerospace Corporation under
contract to the San Francisco Operations Office for the Office of Electric Energy
Systems of the Department of Energy (Project Agreement 8, Modification No. 7 of
Contract DE-AT03-79ET30351). This work covers a performance period from May 1979
through December 1979. The objective of this study was to identify and analyze
selected issues of concern in the integration of photovoltaic systems into electric
utility grids. The purpose of this report is to present in executive summary form
investigations of three of these issues in self contained parts as indicated below:

Part I, Experiment Information Requirements
Part IL Generation Mix and Cost of Production Impacts

Part IIL. Rate Structures for On-Site Photovoltaic Units

A more detailed version of this report is also available.
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PREFACE

A number of investigations, including those conducted by The Aerospace
Corporation and other contractors, have led to the recognition of technical, economie,
and institutional issues relating to the interface between solar electric technologies and
electric utility systems. These issues derive from three attributes of solar electric
power concepts, including (1) the variability and unpredictability of the selar resources,
(2) the dispersed nature of those resources which suggests the feasible deployment of i
small dispersed power units, and (3) a high initial capital cost coupled with relatively low
opereting costs. It is imperative that these integration issues be pursued in parallel with '
the development of each technology if the nation's electric utility systems are to
effectively utilize these technologies in the near to intermediate term. The purpose of
this report is to document investigations of three of these issues: utility information
requirements, generation mix and production cost impacts, and rate structures in the
context of photovoltaic units integrated into the utility system. . -

Utility Information Requirements

Although it is not clear whether on-site PV units will be owned or operated
entirely or partly by. utilities, it is certain that widespread near term deployment of PV
units will require a utility interconnection. This interconnection will require utilities to
develop an understanding of PV units, their operation, and the effective integration of
these units with the grid. To acquire this knowledge and experience, a number of
experiments are to be conducted which should include utility participation. The specific
utility information requirements to be met by these experiments must be examined to
properly define the experimental program. The analysis of this issue is covered in Part 1
of this neport.

Generation Mix and Production Cost Impacts

‘The introduction of significant numbers of PV units into the electric utility grid
will affect utility generation costs through fuel savings, potential changes in the mix of

~



future generation capacity to minimize production costs, changes in the operation of the
system, and potential reductions in system capacity requirements allowing postpone-
.ments in installation or even cancellation of planned generating units.

N Critical to determining the economic impact of PV units is the consideration of
sellback of excess solar energy from on-site locations. On days of high insolation or low.
load, there could be a significant amount of such excess energy. Equally im‘portant to the
~ analysis is whether there is dedicated on-site storage for accumulating excess energy
during the day to meet the on-site nighttime demand. The benefits of PV storage or
sellback, or a combination of these capabilities, will depend on the point of view taken:
the utility, the customer, or the aggregate, and on the rate structure. A detailed
analysis of these considerations is presented in Part II of this report.

Hate Structures

The electricity rate structures established for backup and sellback associated
with PV units are of primary importance in determining both utility and customer
economics. Such rate structures can either encourage or discourage the implementation
of PV units. The practices, policies, rationales, experiments and'plans of electric
utilities; relative to PV or any solar parallel generation, are of definite interest and
presently unresolved. The discussion of this issue is presented in Part III of this report.



.

PART I. EXPERIMENT INFORMATION REQUIREMENTS ~** " * "'

1.0 INTRODUCTION

The major contribution of tﬁis part of the study is the combarisbn' of the
informational contents of the major photovoltaic (PV) unit experiments “with the
informational requirements imposed by electric utility companies who are facing PV
decision oppobtpnities. The outcomes of the comparison are reported in the form of
recommendations for modifications and additions to existing experiments, for ‘the
formation of an information transmittal format for communication with utility
companies, and for augmentation of the national PV experiment program. h

The conclusions drawn in this report are preliminary, and greater élérity of the',
issues will develop as the utility companies themselves devote more attention to the
natures and weights of the impacts associated with PV implementation.

The overall purpose of the study task is to support the utility iﬁlplementatidn
decision process through identifying and defining utility information requirements an'd.
thmugh characterizing the information potentially available in the national experiinent
program as it is presently conceived by the Photovoltaic Division of .DOE (DOE-PV). The
realization of the purpose is approached through the accomplishment of the following
four specific task objectives: “ |

1. Identify the infornlmation which will be required by electric utilities in
making decisions regarding the integration.of on-site photovoltaic systems.

2. Determine the extent to which the pertinent information will actually be
obtained in the course of photovoltaic experiments and system
demonstrations.

3. Identify gaps or discrepancies between the information required and the
information to be actually obtained. '

4. Recommend alterations of and/or additions to the national program of
experiments and demonstrations.
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It is clear that the goal of accelerated commt_—:rcialization of PV supports the
top level national purpose of energy sufficiency through both conservation and
production contributions. The conservation contribution arises from a fuel use
replacement effect and results in a view .of PV, especially in on-site applications, as a
load modification. The production contribution arises froin the view of PV as an
additional energy generator. To support the utility decision process, information is
needed and a primary source of such information is the DOE-PV experiment program.

It is important to realize that while the commercialization goal is definitely
supported by the development of PV technology, an ongoing activity for several years,
it is also necessary that the stage be set for system implementation by thoroughly
satisfying the needs of the electric utility companies within whose supply networks such
systems will be built. a
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2.0 STUDY APPROACH

The first step in identifying the utility information requirements was the
creation of an Aerospace in-house hierarchy of utility concerns. The hierarchy was
created through a process of identifying issues ‘which, if resolved, would support
resolution of an issue at the next higher level. In this sort of hierarchal analysis there
is a gradual shift from broad and wide ranging concepts near the top of the hierarchy,
through more sharply defined activities in the middle, to detailed requirements at the
bottom. From the experiment information requirements point of view, the analysis
process terminates when the branches in the hierarchy end in the definition of actual
variables to be sensed, recorded, and processed in an experiment. This report provides
relevant information through middle level requirements.

The preliminary Aerospace analysis was taken into the field and exposed to
several groups of utility personnel. A background briefing was presented at each utility
company visited, followed by extensive round tables on the issues as appreciated by that
particular Otility. The utility companies visited then agreed to continue on their own
with in~house analyses of the issues using the Aerospace-derived requirements as a
structure, and to communicate the results to Aerospace when available. Finally, the
Aerospace study team interpreted the discussions from a composite utility viewpoint.

Next, the availability and suitability of the utility-required information within
the context of the presently defined DOE-PV experiment program were investigated.
The task activity involved assessing the scope of the information content expected from
the presently planned experiments and translating this information into a form

convenient for comparison with the utility requirements.

The gap analysis, which is the term used to refer to the process in which gaps or
discrepancies in the informational content of experiments from the utility point of view
are identified, consists of a comparison between the information which is needed and
‘the information which will be available and suitable as a result of the experiment

process.
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3.0 IDENTIFICATION OF CRITICAL UTILITY INFORMATION REQUIREMENTS

The identification of eritical utility information requirements was initiated by
Aeroépace with an in-house analysis based on prior PV experience and previous uﬁlity
interactions. This information base was expanded with a literature search, and b§
éonducting a preliminary utility field visit with Southern California Edison Company
(SCE) personnel. The expanded set of information requirements was categorized
according to five major PV question areas facing utility decision-makers. The five

question areas span the utility/PV issues of:

‘e Grid Integration
L Economic Impact
® PV Technology
® Social/Institutional

Equipment Supply

Seven utility field visits were made including the early coordination meeting
with SCE. Aerospace structured the visits as information brainstorming sessions posing

Aerospace as an effective communication channel to DOE from the utilities.

The preliminary set of utility information requirements identified to date are-
based on the messages obtained from the technical interchanges éccomplished during
each field visit, on the utility consultant's recommendations, and on the Aerospace
experience and literature search.

Several basic messages regarding PV implementation in utility grids received by
Aerospace during the utility field visits are summarized below. The comments
represent a consensus of utility opinion, although some variations of embhasis naturally

occurred. An interesting sidelight is .that the utilities appeared enthusiastically
interested in participating, since they felt the activities served to better prepare them
for forthcoming similar investigations of other new energy source evaluations.

Rankings of the concerns of the utilities indicate that grid integration issues

are of paramount importance in utility éonsiderations, followed closely by economies
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and technical performance. However a time phased perspective of these issues, as
indicated in Section 4.0, indicates a degree of reversal. Experiments addressing
technical performance need to be accomplished first in order to answer some of the
critical grid integration questions. Furthermore, economic verification will depend on
hard cost data, whieh will come out of actual experience.

An important result of the study is the identification of a number of specifie
areas in which utilities have indicated a crucial need for PV experiment information:

Sufety of Personnel

Identification of hazard areas and activities

Techniques for system disconnection, interlocks, ete.
Training levels required for safety in maintenance
Structural and support loading measurements, environment

° System Protection

PV impacts on power quality, network stability

Power conditioner performance effects

Tests of control equipment A

Identification of network control and switching operation impacts
Synchronization experience .

. Load Management

Hardware performance characteristies

Load management logic and implementation
Identification of appropriate loads

Load management accommodation of PV impacts

° Economics

System and installation cost data for extrapolation
Maintenance and other operating cost information
Elasticity of PV demand with sellback rates
Preferential rate structures

Hidden costs due to grid integration

Local perturbations (environments, costs, ete.)
Implementation impacts on utility financial well-being

° Customer Attitudes
Maintenance logs documenting service calls and resolutions

Tolerance to resident system
Aesthetic considerations
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System Lifetime/Reliability
Long-term data
Failure modes and intervals -
Performance trend analyses, deterioriation
Warranties ‘
Capacity Credit
Loss of load measurements
Legal/Jurisdictional
Liability for system damage and bodily injury
Ownership
Insurability
Service access
Rate base
Market
Rates of penetration
Rate structure tolerance
Incentive efficacy
~Preferred Systems
Qualification procedures for suppliers, installérs, servicers
Degree of public reliance on local utility recommendations
Optimum configurations (flat, concentrator, storage, etc.)
Availability
Demand Profile Data
Periodic sampling for utility analyses
Grid Connection
Methods and designs for connection
Required network modifications
Equipment problems
Training

Methods and materials
Minimum levels acceptable

Maintenance
Technical system performance as function of maintenance levels

Maintenance requirements on systems
Recurring fault areas
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4.0  ANALYSIS OF EXPERIMENT INFORMATION CONTENT

An analysis 6f the information flow within the DOE-i’V experiment program was
performed to determine the extent to which pertinent information is expected to be
obtaingd_from current and planned photovoltaic experiments and demonstrations. Plans
for the DOE-PV experiments, for example, the Intermediate Load Center experiments
conducted under PRDA 35/38, have placed a high degree of emphasis on the development
of information requirements. The study summarized here included detailed examinations
of requirements and plans which are reported in the main study report volume. The most
significant observations from this effort pertain to the perceived position of the utilities
among data users. '

. It is pertinent that the utility community is perceived as one of a group of many
users. This perception does not fully exploit the greater spatial and temporal extent of
the utilities as common participants in many individual projects during each program
phase and through several phases of the prdgram from initial experimentation through
commercialization. Further assessment of experimentai information flow and
formatting may increase the effective use of the unique position enjoyed by the utilities
by which they can obtain the maximum transfer of data from project to project. Data
transfer between parallel or similar projects is important during each development phase
and also between projects that are sequenti'ally related across the several development
phases, e.g., Initial System Evolution Experiments through Commercial Readiness
Demonstrations. '
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5.0 ANALYSIS OF GAPS BETWEEN UTILITY/DOE-PV INFORMATION CRITERIA

A summary of the apparently different philosophical positions held by the
utilities and DOE-PV provides the first stage of the gap analysis. The gaps identified in
- this section serve as the source of specific recommendations regarding the experiment

program.

Anticipation for the Commercial Readiness of PV. The utilities view
commercial readiness as being in the distant future, if at all, and must retain
their current commitments for expanding generation mixes over 10 years in the
future. They share an experienced uncertainty regarding actual lifetime of any
new technology. Conversely, DOE-PV anticipates readiness for the residential
and ILC applications by the mid-1980s, based on its studies and developments to
date. DOE-PV will rely on reliability being established along the way and on
accelerated aging tests.

A .

Means for Progressing to Potential Commercial Readiness. The utilities want a
sequential evolutionary process with proven feasibility carried along at each
step. The utility community would prefer to rely on a few well conceived
experiments with appropriate funding for each. The basic concept of the
DOE-PV approach is similar in that an evolutionary process is intended, but a
difference exists in the implementation by DOE-PV. This difference involves
parallel activities and sequential equipment development in order to accomplish
the mid-1980 readiness, without anticipation of failure. ‘

Degree of Realism to be Incorporated in the Experiments. Utilities are
concerned about customer reactions, safety in servicing, unexpected load
changes, and other factors. They feel that meaningfully high levels of power
must be involved to ascertain the true influence on their grid networks; higher
levels would require higher funding for the experiment involved. Contrasting
the higher levels of power sought by utilities, the existing plan calls for lower
levels at multiple experiment sites as the pattern for using available funds.

Impacts Associated with Grid Connection. The utilities are uncertain about the
impact of PV on the operation of their grids, on grid security, in terms of
protecting controllability and stability, and on the safety of people involved in
installing, operating, and maintaining the equipment. A key factor in their
consideration is adequate training for those involved in such activities. Again,
DOE-PV indicates interest in most of these issues, although it feels grid backup
is forthcoming with proper utility arrangements. Grid impact is expected to be
determined by data evaluation corresponding to the series of system
experiments, but very little appears in DOE-PV literature regarding training
requirements.
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Degree of Awareness that Exists Concerning the Planned DOE-PV Program.
The utilities have expressed concern about the apparent lack of planning, logie,
coordination, and priorities in the program. However, the Multi-Year Program
Plan (MYPP) addresses such issues, and the forthcoming User Requirements
report addresses data requirements for the ecritical system experiments.’
Expediting draft coordination and document release would alleviate a
substantial amount of this concern.

Attitude of Underlying Caution Among the Utilities. Such caution seems to be
due to a feeling of a lack of realism in an accelerating’ program being conducted
independent of their involvement. However, the program does place some
emphasis on actual user environment, and DOE-PV interacts with utilities by
using utility representatives (e.g., individuals, EPRI) as advisors, as eventual
users of the experiments data, and as PRD A associates.

General Need for Utility-Specific Information Requirements to be Adequately
Addressed. Utilities are highly concerned about their service areas and local
regions, and would like information extrapolated for use in their local analysis
activities. Such a requirement would have to be built into the program early.
In contrast, DOE-PV essentially views the utilities as a group and as one of
many user groups interested in the experiment data, which would therefore be
privy to the general data bank to be provided by DOE-PV to all user groups.

Ownership and Control of PV Units. The scope of this utility concern comprises
responsibility for such activities as operation and maintenance, associated basic
training, warranties, and personnel safety. Very little has appeared in the
DOE-PV literature to date on this issue, but implied responsibility would exist
with the public in the residential/Intermediate Load Center (ILC) applications,
and with the utilities in the central stations. An early resolution of this issue is
essential for the smooth integration of PV into utility scenarios.

Central Station vs Distributed Applications. The utilities would prefer a
resolution via early well conceived experiments comparing each approach.
DOE-PV has adopted the residential/ILC applications as being highly probable
for early commercial readiness, with central station perhaps following in the
future. Several utilities point out that large, centralized plants have
historically always won in the économies tradeoff. :

Sellback of Excess Energy Generation. The impact and role of the various
candidate approaches, relative to potential capacity credit, is part of the
resolution to be accomplished. DOE-PV presently relies on study results,
preferring sellback over the apparently more expensive storage optxons, and wxll

. . gather data on the subject during planned experiments.
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Degree of Experiment Flexibility. Utilities indicate an inclination toward
incorporating modularity in a few early and on-going established experiments,
thereby allowing adoption of advanced technology breakthroughs as they ocecur.
The PV program is planned to incorporate such breakthroughs in some of the
multiple experiments to be subsequently initiated. :

Availability of Complete PV Experiment Program Documentation for the
Utilities. This includes test and evaluation plans, progress reports, and
individual and composite experiment final results, including such data as
preferred systems and qualified suppliers. Present DOE-PV intentions are to
provide the utility data according to their user priorities, to provide the general
. PV data bank, and to issue appropriate specifications and standards.

Utility Involvement and Active Participation. The utilities indicated a desire to
participate, but they appeared to be more sensitive to their own service areas
or local regions, and to well conceived experiments designed to meet their own
‘needs and interests. Currently, DOE-PV relies on utilities as advisors, eventual
-users of experiment data, and as PRDA associates.

Increase in Interest Concerning Utility Demand Control Options. The interest
in options such as load management and storage is increasing due to the effects
of photovoltaic energy on the utility load profiles and on the consequent daily
planning for generation. The current DOE-PV program does not appear to
address these issues together, so experiments providing information on the
viable ecombinations of these factors need to be defined.

Completeness of Information Categories Created by Aerospace. The utility
field visit results indicate that they were essentially complete, but that the
priorities assigned to each should be time phased. Comparison to the DOE-PV
data requirements indicates that the six requirements categories match those
of the PV Test and Applications (Té&A) program activities, but time phasing
pertains to a different categorization of the same information.

A review of the comparisons made indicates that there are a few significant
gaps in philosophy. Some issues recur for more than one of the comparison
interpretation viewpoints, but there is a much smaller overall gap existing than is
generally recognized by the utilities. For example, both communities are highly
concerned about real-world problems, evolving into commercial readiness, and
developing a well structured program plan to carry out the evolution. Many of the gaps
are matters of degree of different preferences rather than basic polarities, and can be
remedied with minor modifications and additions to the DOE-PV program.
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Basic and recurring gaps were determined to be associated with the following:

" Longer test periods are needed to establish reliability and commercial

readiness.

Utility communication and participation activities need to be initiated

and emphasized.

Greater concentration of program resources on a few experiments is

needed.

Greater emphasis is needed on resolving system ownership and

jurisdictional econcerns.

Mutual awareness of problems and progress is needed by utilities and DOE.

Approaches are needed for interpreting results of distant experiments to

local applications.

Greater emphasis is needed on quantifying grid integration _impacts on

utility operation.

Central station application needs greater attention.

Load management effects in the presence of solar generation need study.
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8.0 OBSERVATIONS AND RECOMMENDATIONS
OBSERVATIONS

Several observations were made during the course of the study which are not
actually results or conclusions of the analysis effort. Instead, they represent attitudes
and .experiences which are judged to be significant either because of their ubiquity
among the utility companies or because of their potentially pivotal effect on the course
of alternative energy generation developments.

It is emphasized that these observations are the study team's interpretations of
its experiences and of utility-held attitudes. Therefore, the observations do not
nécessarily represent positions held either by the Aerospace team or by every utility
visited, nor do they constitute specific recommendations for DOE action. They are
reported for their information value.

Furthermore, despite the appérently wide gap implied by some of the
observations given below, the gap énalysis conducted for this study yields two
supplemental observations:

° Informational and approach gaps between identified utility requirements
and planned experiments are not as wide as implied by some of these
perceptions.

® Recommendations can be made to minimize gaps that do exist, and these

are offered for consideration in the final section.

Utility Attitudes Toward Government Activities: The utility companies visited

varied somewhat in the expressions of their attitudes toward the roles government
agencies, particularly DOE, are taking in the PV development activities. However,
there were some common themes heard more or less loudly at nearly all the utility

companies.

There is a general feeling that government is too eager to get to the
marketplace with the alternative energy systems and that insufficient time and
experience are being devoted to the demonstration of commercial readiness. The vision
is of huge government expenditures to create what may be an artificial market, _w._hich
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will collapse into the tremendous vacuum left by government's withdrawal of support
after victory has been declared. A related concern is that the.market will be seriously
damaged by disenchantment with devices which have not been thoughtfully and
‘carefully tested over long periods of time. Several groups illustrated their econcern in
this area with examples from the solar heating and cooling experience. '

Other feelings in this category expressed by the utilities included:

° Political considerations are being allowed to contaminate technical
decisions regarding PV experiment planning, with the result that

information ‘content is seriously degraded for all the experiments.

° The inconstant and possibly ephemeral nature of government incentives
programs renders long term planning for PV an exercise in guesswork.

. ) The transience of DOE personnel creates severe disruptions in government

funded programs.

° There is a tendency to see DOE as a monolithie ehtity, without clear
distinction between the organizations and purposes of the Photovoltaic
Division and the Office of Electric Energy Systems.

Utility .Perceptions of PV Imminency: There is a general consensus that

photovoltaic energy conversion is an exotic technology and that any meaningful
penetration of the energy supply by PV is in the distant future, even in utility planning
units of time. The earliest estimate for a central station installation was 1990, and this

was viewed as a very small experimental plant.

Status of Utility Awareness of PV Impacts: Due partly to the nonimminence of

PV implementation and partly to the typical work pressure on utility technical staff
personnel, the depth of detailed analysis regarding PV impacts already performed by
utilities was in general not sufficient to allow real-time discussion of the detailed
information requirements in the meetings. It was not possible to penetrate to a
detailed level, that is, to the. actual data requirements. However, all of the utilities
é)tpresséd a willingness to use the hierarchy charts as a structure within which to
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perform additional review and analysis on their own. It was also not possible to get a
clear statement of information requirement priorities (i.e., "What really needs to be
known first?") beyond the first hierarchical level.

The Aerospéce study team came away from some of thé meetings with a
qualitative impression that many utility companies could be much better informed
regarding 'DOE programs, in particular the PV Multi-Year Progr&m Plan and  the
activities of the PV Data System Task Team being organized within the PV Program by
Jet Propulsion Laboratory. On the other fland, the companies feel they are not
adequately included in the PV Program, and that they are not being consulted '
extensively enough regarding the requirements they have and the constrainfs on their
operational choices. '

Utility Positions on PV Experiment Programs: The utility companies generally

agreed that many of their information requirements could be satisfied by experiments
involving other utilities, and uniformly expressed a preference for a program 'whichf
sponsors a few very well conceived and implemented experiments rather than a plethora
of limited ones patterned after what several termed a "scattergun" approach. In
general, they are desirous of participating in experiment design and in monitoring the
course of experiments in other utilities. With respect to experiments in which they. are
the host utility, there was a desire for funding flexibility to allow the introduction of -
the latest technology equipment.

With respect to PV lifetime qualification testing, a very ‘high priority
requirement with all the companies, there was considerable doubt surrounding"the' valu;a' '
of accelerated life testing. The attitude was that accelerated testing serves as an
indicator, but no hard generation planning decisions can be based on it. The minimum
actual life test duration for credibility with the utilities was given as five years, and
~ the utilities stressed that the testing had to be performed under local environmental
conditions.

Utility Positions on Selected Technical Issues: Utility perceptions on three .

specific technical issues are included here due to the widespread interest in them. The -

issues are:

&
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° The degree to which capacity credit, if any, can be earned by PV
"o The appropriate position to take regarding excess energy sellback

° The central station versus on-site applications question

With respect to capacity credit, very few of the generation planning people
involved in the meetings felt that capacity credit would be earned by PV. In general,
they recognized that this position contradicts analysis results based on loss-of-load
probability considerations, and gave as justification the presence of evening demand
peaks, weather outages, and the practical limits of energy stnrége.

The companies generally expressed uncertainty with regard to the best
approach to determining sellback policies and rates. It is recognized that sellback
energy can have serious effects on generation operations, and that it may be
economically justifiable, though possibly precluded by public utility commission actions,
to charge the customer with on-site photovoltaic generation a higher rate for backup

energy than his nonsolar neighbor.

. Several of the utilities perceive that a major decision has been made favoring
on-site applications over central stations. They argue that the utility industry exhibits
a long history of economy-of-scale success and that it is too early to make any
irreversible decisions.

Utility Reception of the Aerospace Information Requirements Mission: The -

utility companies were uniformly cooperative in establishing the visits, -and exhibited
considerable energy in supporting the Aerospace mission. Personnel from many areas of
each company were committed to the meetings for their duration, usually 4-5 hours,
and there was a strong interest in expressing their positions, utilizing the study team's
role as a communication channel with DOE.

It was also noticed that the discussions and the requirements hierarchies left
with the companies served an unforeseen purpose as a stimulus to their own thinking
and as a structure within which to pursue in-house analysis of their information
requirements.
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With respect to the information requirements identified, the following sets of
recommendations are advanced to promote the satisfaction of the crucial utility
information requirements. Some recommendations relate to activities already planned
for accomplishment by DOE-PV, and in such cases the intent here is to reinforce those
steps. Some of the others are directed at the strategies to be implemented by the
Office of Electric Energy Systems (DOE-EES).

RECOMMENDATIONS

The recommendations based on study findings are of three distinet types. The
first adheres strictly to the purpose of the study and suggests modifications or additions
to the photovoltaic experiments in the current catalog. The second type of
recommendation addresses the formn and function of information transmittal to the
utility company for its decision-making activities. Finally, the third type of
recommendation addresses some of the broader issues which surfaced in the Aerospace
contacts with the utility companies, and which can be descrAibed as poliey

recommendations.

Experiment Modifications and Additions’

Power Levels (DOE-EES): Select at least one experiment for which the
photovoltaic power produced exceeds demand in an isolatible branch of the:
energy distribution system to allow measurements to be accumulated in a
sellback regime. _

Grid Interaction (DOE-EES): Develop and incorporate procedures and
supporting equipment for rapid location, isolation, and removal and repair of
failed PV units, and document associated findings. ‘

Technical Performance (DOE-PV/EES): (1) Ensure that data are collected to
yield key sensitivities such as the dependence of PV structure costs on
environmental differences, or network performance as a function of PV/grid
dynamic parameters; (2) acquire data to identify both operational and
non-operational characteristics of the inverters: i.e., power quality, VAR
requirements, and quiescent role as a load.

Load Management (DOE-EES): Include an experiment to investigate realistic:
load management options coupled with PV energy generation.

Duration (DOE-PV): Identify an early experiment to demonstrate a minimum
PV five year lifetime. Utility acceptance of commercial readiness cannot be
assumed until at least that point is reached.
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Installation, Operation, Maintenance (DOE-PV): (1) Provide descriptive

material documenting installation procedure experience, including mistakes and

'blind alleys; (2) design and incorporate service forms for use in logging
-customer telephone calls - nature of service request and resolution; (3)

determine training requirements and procedures that are necessary for

‘operation in the various spatial scenarios, and provide corresponding

documentation including training materials and films. :

Customer Interactions (DOE-EES): (1) . Establish test educational programs,
such as short courses for utility planning personnel to aid in monitoring PV
experiments and readying for subsequent penetration; (2) supplement one or
two experiments with the sampling of attitudes, reactions, and various market
forces. '

Information Transmittal

User Requirements: Each experiment should incorporate and satisfy the -user
requirements identified in the DOE-PV Data System Task Team activity.

Data Planning: Ensure that data will be available to the utilities from each .
experiment stage, from component development through the Commercial
Readiness Demonstration Programs, and assess how Test and Applications
information will be used in Commercial Readiness Demonstration Program
activities.

Reduced Raw Data: Since all data forthcoming from the DOE-PV data bank
will apparently be already reduced, it is crucial to identify the parameters of
interest (e.g., sensitivities) or make raw data available to utilities.

Utility Functions: Consider categorizing end-use, experiment information along
utility functional lines such as generation, operations, service, billing,
transmission, and distribution to facilitate use within the utility.

Before and After PV: Ensure availability of pre-project data, to obtain before
_and after assessments.

DOE-PV/EES Policies

1

Utility Involvement: Expand the participation level of and general

_consideration accorded to utility company personnel in the national

photovoltaics program. Ways to accomplish this include (1) formation of a
DOE-PV/EES/Utility Information Working Group; and (2) elevating utility
status from one of many user groups to a separate participating interest group.
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Working Group Charter: Adopt a Utility Information Working Group charter to:
(1) include creation of a Multi-Year Program Plan for Information (MYPPI)
which parallels the present version of the DOE-PV program MYPP, includes the
goals and strategies anticipated by DOE, and thereby links the temporal phases
of PV development together; (2) incorporate information requirements and
findings coordinated with the various utility experiments that are being
cataloged and monitored by EPRI; (3) expand the PV Data System Task Team
activities in the T&A area using the team as a subcommittee.

MYPP Release: Coordinate MYPP upgradings with the working group, thereby
facilitating utility awareness of the national photovoltaics program. Create an
MYPP tutorial document for easy assimilation by utilities, and institute a
mechanism for utility feedback.

PV Data System Task Team Activities: Renew emphasis on and provide funding
for the team activities to ensure the ‘incorporation of identified user
requirements into data parameters and functional requirements throughout the
PV experiment program.- :

Program Emphasis: Increase emphasis on central station applications and
establish a focussed central station responsibility. Define commercial readiness
to include utility decision process with respect to PV lifetime and reliability.
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PART Il. GENERATION MIX AND COST OF PRODUCTION IMPACTS

1.0 INTRODUCTION

Due to the cyeclic and occasionally intermittent character of on-site
photovoltaic generation, most applications involving significant penetration of the
on—si_t"e load will require the availability of backup energy from the utility company
through some form of grid connection. The existence of a connection with the grid
opens the possibility of reverse energy flow, termed sellback, during periods in which
the photoyvoltaic generation exceeds the demand of the local load. Both these energy
flows, backup and sellback, create perturbations in the utility demand profile and have
corresponding impacts on the optimum generation mix, the capacity factors of the
various conventional generating units, and the resulting costs of energy production.

It is the objective of the task summarized in this section to quantify these
impacts, and to analyze their sensitivity to changes in such variables as solar
penetration of the on-site load, photovoltaic array size, insolation levels, conventional
plant generating mix, and others.

A fundamental property of photovoltaic systems is that, although the fuel is
free, the conversion equipment is expensive relative to customary utility op'eration.
Thus the adoption of on-site photovoltaic units may require a shift in the payback
periods required by owners as a criterion for making capital expenditures. Also a factor
concerning fuel price as an analysis parameter is its differential rate of price
escalation. This is a quantity of great uncertainty in analyses of future scenarios.
Given the situation with respect to foreign control of a significant portion of domestic
fossil fuel availability, it is appropriate to perform analyses using escalation rates
greater than experienced in the past, and certainly greater than the "standard"
expectations of only a few percent per year.

The effective and appropriate use of energy storage remains as an issue, even
with a sellback path for excess energy generation. The point.is that the sellback-only
configuration requires the utility to accept the excess energy whenever it is available,
not necessarily when it is needed. The result can be a degradation in generation
efficiency and possibly the requirement for increased use of peaking units. Storage may
provide special load management options not otherwise available.



Financial assumptions pertaining to the ownership of on-site units will have
considerable effect on calculations of the cost of energy production. Utility companies
have been reluctant to have a large number of small customer-owned systems
connected to their grids and may themselves eventually own and operate on-site units.
On the other hand utility attitudes appear to be changing and finanéing may be less
expensive for individual owners than for a utility so that individually owned, controlled,
and maintained units may become the norm.

There are several utility impact scenarios which can be defined for analysis. In
the fiLeQ utility scenario the conventional genei‘ating units are 'assumed to be
prescribed and PV units are introduced. Calculations are then performed to examine
the impécts. In an optimal utility scenario an optimum mix of conventional units is
developed from a menu of possibilities fo meet a giveh demand profile. PV units are
then introduced and a new optimum mix is calculated using the same menu of
conventional possibilities. The impact of PV penetration is inferred by comparing those
two optimum configurations. In a transition utility scenario a preseribed mix of
conventional units is assumed and new conventional and PV units are added consistent
with a postulated growth in demand. The mix may not be optimal at any point in time
because.some of the units were selected at prior times when conditions were different.

2.0 IMPACTS ON OPTIMAL GENERATING MIX

In the analysis of the optimal utility scenario, the methodology adopted is a
static incremental cost optimization formulation. In this methodology the demand is
incorporated through standard load duration curves, and the opti'mization‘ of the
generating mix is calculéted by superimposing the incrementaf cast of production
curves for the various conventional genérating units in the mix.

To discover the future-based cost of production characteristics of actual
generating units, a menu of conventional power plants was compiled for projected 1990
costs expressed in 1980 dollars. ' '

The corresponding cost of production curves were graphed and, with the lone
exception of combined cycle generation, the crossover points of the various generating
units are nearly coincident (Figure 2-1). The indication is that an optimal mix would
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consist almost entirely of combustion turbines and whichever baseload plants, coal
and/or nuclear, are available. Also available from this analysis was the observation
that, even with combined cycle plants in the mix, the highest crossover point is at only
0.32 capacity factor. In addition, oil thermal plants are precluded in an optimal mix
with these data. ' ‘

Using the load duration curve model for utility demand, the effects of
. photovoltaic penetration.of the utility demand were introduced. The basic utility
demand profile used is the projected Southern California Edison demand for 1990. The
insolation data is based on Inyokern, California measurements taken in 1963. The
change in the annual load duration curve for several PV penetration scenarios is shown
in Figure 2-2., - \ '

For the utility studied, the April and December hourly load profiles exhibit an
evening peak which is unmodified by the photovoltaic energy. However, for this utility
the peak demand season occurs in summer due to cooling loads and this daytime peak is
reduced by the photovoltaic source. The results support an argument for some 'capacity
credit, but beyond a certain threshold of solar penetration the capacity fequirement is
determined by the secondary evening peak. It appears very likely that the amount of
capacity credit to be accorded solar will be strongly utility dependent and this issue is
still very much in controversy.. ‘

The incremental cost of production optimization and the calculation of the
optimal capacity mix selected from the three types of conventional plants indicates
that thére are clear increases in combustion turbine utilization, and decreases in
baseload coal utilization, as functions of increasing photovoltaic penetration, and that
essentially all of the energy produced by photovoltaics displaces.bcoal use in the optimal
analysis scenario.

Interim observations and tentative conclusions based on the work include:

Incremental Cost Optimization Analysis

° As oil prices rise, oil plants, including combined cycle, become
inappropriate in an economically optimum systém mix.
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° The particular methodology used does not allow for study; of the
sensitivities of costs of production to oil price since the economic
optimum precludes oil from the mix altogether.

PV Penetration Analysis

* ‘Without s{orage or sellback large penetrations can impact bdseload_

capacity and also reduce system peaks.

* Without storage but with perfect sellback there is a small impact on the

optimum mix of conventional plants with a slight increase in cyeling units.

3.0 IMPACTS ON PRODUCTION COST AND FUEL CONSUMPTION FOR A FIXED

UTILITY

The purpose of this analysis is to investigate the impact of on-site photovoltaic
units on an electric utility having a fixed conventional generation mix. The two figures
of merit used in the study are fuel costs and fuel consumption, especially the reduction
in oil usage. It is recognized that other utility costs such as investment in capacity,
transmission, or distribution equipment, and operating costs such as maintenance, .
metering, or dispatching may also be impacted. However, the reduction in fuel costs
and fuel consumption is beheved to represent the most 51gmf1cant parameters
charactemzmg the impact of on-site PV units.

The impact of on-site PV units was also examined in terms of a sim'plified
utility rate structure. As noted above, one measure of PV impact is the resulting fuel
cost reduction realized by the utflity. The results of the fuel cost reduction analyses .
are integrated into a simplified rate model to determine an appropriate rate to be paid
by the PV unit owner for backup electricity, and a rate to be paid by the utility to the
homeowner for PV generated energy fed back into the utility grid.

" A reference residential PV unit for use in the analysis was taken from a
previous Aeros.pace study of optimum residential photovoltaic electric units. A 1imited~
number of parametric changes, such as varied array size and storage capacity, were
examined from the perspective of the utility. The definition of the reference residence
includes fche house physical characteristics and demand profiles. Diversity among the
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PV resxdences was represented in the analysis by varying individual house loads. The
performance of the PV unit with respect to the site meteorology was simulated using
the Aerospace developed computer program PVHOUSE, which provided the input to the

utility system economic analyses.

The postulated utility is described using such characteristics as the location,
types and sizes of plants and cost parameters. A single case which was analysed
postulating an Arizona utility, was modelled after the broadly representative synthetic
utility Scenario D developed by the Electric Power Research Institute (EPRIXRef. II-1).
. The sizes and types of power units included in the generating mix are noted in Table
3-i. This mix implies a fuel cost at the peak which is more than five times the baseload
fuel cost as shown in Figure 3-1. Total utility system production cost .impacts were
assessed with a computer code which yields annual fuel costs, given the utility/load
profiles, with and without on-site photovoltaic unit operation. Figures 3-2-through 3-5
illustrate the changes in the hourly load profiles for a typical case in which 100,000 PV
residential units were postulated both with and without an energy storage capability.'at‘
each house. Figures 3-6 and 3-7 indicate the resulting oil savings (other fuel savings are
not“shown) considering the several combinations in which energy storage is and is not
inclided and also where a sellback provision is or is not (excess energy is ‘then
"dumped") provided. Figure 3-8 displays the impact on oil savings of various energy
storage capacities. t

A highly simplified residential rate model was postulated to examine the impaect
of varying PV penetrations on backup and sellback rates. This model assumes that the
residential PV units are not credited with displacing conventional capacity ‘or’
distribution system capital costs. It is also assumed that the capital costs attributed to
the conventional capacity required to back up the PV units is allocated to the PV owner "
through a backup energy rate that is higher than the rate charged non PV owners but no
distribution system capital costs are subtracted when calculating the rate to be paid by
the utility for the excess energy (the sellback energy) sold to the utility, i.e., there is no
"wheeling" charge. Figure 3-9 illustrates the backup and sellback rates expressed as a.-
fraction of the rates applicable to a non PV residence.
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Table 3-1. Fuel Cost and Efficiency Assumptions’

)

) Fuel Cost* Heat Rate Fuel Co‘st
Type of Fuel Size, MW | ¢/ Million Btu] (Btu/kWh) (Mills/kWh)
Nuclear 1200 . 885 1.044 x 10? 9.2
0il 800 3,62 9.155 x 10° 33, ]
400 3,62 9.447 x 10° 34,2
200 3,62 9.979 x 10° 36.1
Coal 600 1. 31 8.989 x 103 11. 8
400 1.31 9.045 x 10° 11.9
200 1. 31 9.576 x 103 12. 5
Combustion 50 3,99 1.400 x 10% 55.9
Turbine . e

*1985 Cost in terms of 1980 dollars
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The conclusions from this brief study, which are summarlzed below, must be
viewed with an approprlate degree of caution. That is, the concluslons apply
speclflcally to the boundary conditions, assumptlons, and parameter values chosen and
may vary for other locatlons, ut111t1es, economic parameters and so on. o

'Oil Conservation

On-site photovoltaic units achieve oil conservation due to the gross energy
displacement effect even though much of the generating capacity was coal or nuclear
(Figures 3-6 and 3-7).

Storage and Sellback

Oil savings are impacted by both storage and sellback. In terms of oil
conservation, more barrels of oil are saved when excess PV gencrated energy is fed
back to the grid (Figures 3-6 and 3-7). This impact is enhanced when on-site storage is
added (compare Figures 3-7 vs 3-6); however, beyond a critical value of storage
capacity, the amount of oil conserved when energy is fed back decreases and
approaches as a limit the amount conserved when excess PV energy is dumped
(Figure 3-8). Similar trends are noted in terms of fuel cost savings. From the utility
point of view, the net influence is a function of the storage efficiency, the prevailing
prices for sellback and backup energy, and the alteration in the demand profile due to
the particular storage logic employed. Storage and sellhack tend to be countcractive in
that the benefit due to their combination is less than the sum of their individual
benefits.

Modelled Sellback and Backup Rates

The utility sellback rate decreases with increasing PV saturation, and also with
array -areas for the larger sizes, because the incremental excess energy displaces
incrementally less valuable conventional fuel. The backup rate increases with
increasing solar penetration, both array area and saturation, because the capacity
factor of the conventional generators is thereby reduced resulting in less efficient
utilization of the fixed capacity. The effect of energy storage is to further increase
the backup energy rate and the sellback rate. The sellback rate decreases for very
large array areas as the storage capacity increases.
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Coupled Analysis Needed

The site owner and the utility company will often have opposing economic
motives. Previous studies have concentrated on only one of the parties, with
consequent loss of economic representation for the other. System acquisition decisions -
must involve coupled analyses in which the preferences and constraints of both groups:
are considered. :
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PART III. RATE STRUCTURES FOR ON-SITE ?HOTOVOLTAIC UNITS

1.0 INTRODUCTION

The objective of this brief task was to assess current activities concerning rate
structure studies, practices, rationales, and experiments as they affect the use of

on-site photovoltaic power units.

2.0 FACTORS AFFECTING RATE STRUCTURE

Ownership: The rates which a utility will charge a customer, or pay a customer
for electrlcxty generated at the customer's residence is dependent upon ownership. If
the utility owns the photovoltaic unit, the cost of power production will probably be
treated as a supply of usable energy to the entire service area just as if it were
produced at a central generating facility. If the customer owns the solar facility,
however; the rate structure must consider the impact on utility capacity, requirements,
capacity utilization, system operations, the time-of-day value of sellback energy,
special interconnection and metering costs, and changes which occur as a result of
increasing penetration of photovoltaies in the overall system. The utility rate base
would not include the photovoltaic power production investment although the
investment in distribution (excluding any interconnection equipment), transmission,
capacity and general plant required to provide backup power would continue to be
included in the rate base.

Solar System Characteristics: Since the utlhty generally bases 1ts rate

structure on energy use, capacity requirements, and operational effxcxency the solar
unit characteristies and output as well as the nature of the customer demand are
both important to the determination of an appropriate. rate structure. The nature of
the insolation on an hour-by-hour basis relative to the load is important, as well as the -

amount of storage present in the photovoltaic unit.

* Most residential rates are highly simplified and do not explicitly identify these
considerations. Operational efficiency refers to the use of a power factor related
charge. _
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Utility Characteristics: The summer versus winter peaking characteristics of a
- utility could have a profound effect on the rate structures which are appropriate for
photovoltaic systems. Another characteristic is the demand profile and weather
sensitivity experienced by'the utility and the aggregate size of the photovoltaic demand
relative to the total load. Unit energy cost increases may occur from a need to use
units that consume higher cost fuels per unit of energy output more frequently, to
maintain larger spinning reserves, and to provide for special metering, status
monitoring, maintenance, safety, or power quality provisions.

3.0 SURVEY SUMMARY

The analysis began with a survey of recent literature on rate structure
development, especially those studies which address solar units. These included 4
number of time-of-day studies initiated by EPRI documentation of special rates
developed by utilities in anticipation of solar unit employment; ERDA and DOE-funded
studies; and studies, policies, and regulations of various state and federal agencies.
Several of the studies are summarized below (from Refs. IlI-1 to 8).

Study Source . Relevant Contents
Electric Power Research Institute Time of use studies and experiments.
(EPRI) Rates using marginal costs.
Johns Hopkins University : Review of field experiments for electrical

rate design.

Feldman/Anderson Assessment of ongoing activities in the
interface between utility industry and solar
energy for buildings.

Recommendations related to pricing.

Office of Technical Assessments, DOE ' Recommended Federal Policies for promot¥
(0TA) ing and regulating on-site solar energy.
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Solar Energy Research Institute o Review of utility rate structures.*® .
(SERD ‘ Effect of rates on solar unit economics.

Examples of proposed solar and wind rates.

ICF, Inc. Impacts of alternate rate design for solar
’ ' space and water heating. ‘.

Impacts of solar on utlhty costs and pnces.

Regulatory guidelines. relevant to solar ::

power.

After the initial literature review, telephone interviews were held with fbur
researchers active in the field of utility rates, four utilities, the California Public
Utilities Commission (PUC), and EPRI. These interviews confirmed that there'were
few completed studies which were applicable d’irectly to the problem of rate making for
photovoltaic systems, but revealed that some were now underway. RIS

4.0 EXISTING SOLAR RATE STRUCTURES
L4

"Solar Backup Power Rates: Sixteen utilities in twelve states have developed

electric rates which are explicitly available to residential customers who own solar
space and/or watér heating units and who use electricity as a backup to these units.
The rates include traditional declining block rates, energy charges varying with time of
day, demand-energy rates, and controlled service tariffs. In most instances these rates
are identical in structure and in level to those offered to all-electric customers. In a
number of cases these rates have been incorporated to overcome exclusionary clauses.
For example, some total electric schedules specify that electricity must be the primary
or sole source of heating; a special rate or rider would be necessary for solar owners to
be eligible for this tariff.

Parallel Generation Rates for Solar: Many states are now studying special rates

with sellback provisions for on-site photovoltaié units and wind machines. States with
such filings already adopted include Califorhia, Michigan, Montana, and New York.
Some provide for an energy credit equai to the average cost of fuel per kWh, but impose
a "démand" charge, either as a minimum or fixed value per kilowatt of capacity. One
other rate schedule does not have a demand charge and provides energy credits which
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are different for on-peak and off-peak usage. Another has no demand charge, and an
energy credit equivalent to the energy charge except that the net energy cost cannot be
negative. This rate implies a subsidy for the solar unit and does not appear to reflect

the relative costs of service.

5.0 THE FUTURE OF SOLAR RATES

Most of the existing rate tariffs offered for solar are experimental in nature,
and few residential customers have applied for these rates. Utilities and regulatory
agencies are moving to have the rateé in place before substantial penetration of solar
occurs. As the market penetration of solar with sellback potential increases, the
experimental rates will be converted to m‘ore permanent rates. Since these rates can
be strongly affected by federal and state regulatory policies, it is important to examine
these policies in detail in order to anticipate the new trends in rate making. -

A comparison of the current solar rates with the.rule making proposed by the
Federal Energy Regulatory Commission (FERC) in response to the Public Utility
Regulatory Policies Act (PURPA) (Ref. III-9) results in some significant disecrepancies,
since most of the current rates do not reflect the avoided costs to the utilities in their
buy—béck prices. The following represent areas recommended for further study: (1)
continue to monitor public utility commissions and utilities as they respona to the
FERC rule making, (2) continue impact studies to determine the aggregate effect of
solar photovoltaie units on utilities in order to develop a quantitative understahding of
costs avoided and additional costs incurred as a result of on-site power units with
seliback which may be used as a basis for future rate making, (3) explore the effects of
these new rate structures and the interconnection costs on market penetration of solar
photovoltaic systems as a function of different regions and utility load types.

.
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ABSTRACT

A number of investigations, including those conducted by The Aerospace
Corporation ahd other contractors, have led to.the recognition of technical, economic,
and institutional issues relating to the interface between solar electric technologies and
electric utility systems. These issues derive from three attributes of solar electric
power concepts, including (1) the variability and unpredictability of the solar resourées,
(2) the dispersed nature of those resources which suggest the deployment of small
dispersed power units, and (3) a high initial capital cost coupled with relatively low
operéting costs. It is imperative that these integration issues be pursued in parallel with
the development of each technology, if the nation's electric utility systems are to

effectively utilize these technologies in the near to intermediate term.

An important part of the DOE programs to develop new source technologies, in
particular photovoltaic systems, is the experimental testing of complete or .nearly
complete power units. These experiments provide an opportunity to examine operatidnal
and integration issues which must be understood before widéspread commercial
deployment of these technologies can be achieved. Experiments may also be required to
explicitly examine integration, operational, and control aspects of. single and multiple
new source technology power units within a utility system. An identification of utility
information requirements, a review of planned experiments, and a preliminary
determination of additional experimental needs and opportunities are presented in Part I

of this report.

From the many other issues that are of concern in the integration of
photovoltaic solar energy units into electric utility grids, several relative to on-site

systems have been selected for further discussion and analysis:

° The impacts of on-site photovoltaic units on load duration curves and

optimal generation mixes are considered.

° The impacts of on-site photovoltaic units on utility production costs, with

and without dedicated storage and with and without sellback, are analyzed.

, ° Current utility rate structure experiments, rationales, policies, practices,

and plans are rcviewed.
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FOREWORD

The work described here was performed by The Aerosp‘ace Corporation under
contract to the Office of Electric Energy Systems of the Department of Energy
(Project Agreement 8, Modification No. 7 of Contract DE-AT03-79ET30351). This work
covers a performance period from May 1979 through December 1979. The objective of
this study was to identify and analyze selected issues of concern in the integration of -
- photovoltaic systems into electric utility grids. The purpose of this report is to
document investigations of three of these issues in self contained parts as indicated

below: ,

Part L. Experiment Information Requirements
Part 1. Generation Mix and Cost of Production Impacts
Part Il Rate Structures for On-Site Photovoltaic Units

An Executive Summary for this report is also available.
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PREFACE

BACKGROUND

A number of investigations, including those conducted by The Aerospace
Corporation and other contractors, have led to "che recognition of technical, economic,
and institutional issues r.elating to the interface between solar electric technologies and
electric utility systems. These issues derive from three attributes of solar electric
power concepts including (1) the variability and unpredictability of the solar resources,
(2) the dispersed nature of those resources which suggest the deployment of small
dispersed powet units, and (3) a high initial capital cost coupled with relatively low
operating costs. It is imperative that these integration issues be pursued in parallel
with the development of each technology if the nation's electric utility systems are to

effectively utilize these technologies in the near to intermediate term.

A number of relevant issues are identified in the following discussion according

to the general categories of concern involved.

}

ISSUES IN PV INTEGRATION INTO UTILITY GRIDS

Generation Mix and Production Cost Impacts

The introduction of significant numbers of PV units into the electric utility gt:id
will affect utility generation costs through fuel savings, potential changes in the mix of
future generation capacity to minimize production costs, changes in the operation of
the system, and potential reductions in system capacity requirements allowing
postponements in installation or even cancellation of new generating units.  The diurnal-
variation of the insolation inputs is particularly important in determining fuel costs
since the incremental costs of production also vary diurnally. The capacity mix
problem relates to the type of fuel displaced with particular concern overqoil burning
units. Changes in system capacity requirements may occur as a result of demand
displacement during the time of system peak. Even though this displacement is a
function of insolation level, which can be very low on some days, overall system
reliability may still be maintained with a lower system capacity requirement. This

particular aspect requires very careful evaluation.
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In determining production cost impacts the effects of spinning reserve criteria,
intended to provide rapid response to unit outages, is potentially important. Therefore
the impact of the variable and unpredictable photovoltaic unit power output is of
concern. Also of concern will be the implications in the increased cycling of units,

especially baseload units, that would be implied by a large penetration of PV -units.

Critical to determining the economic impact of PV units is the consideration of
sellback of excess solar energy from on-site locations. On days of high insolation or low
load, e.g., an Indian summer weekend, there could be a significant amount of such
excess energy. Equally important to the analysi}s is whether there is dedicated on-site
storage for accumulating excess energy during the day to meet the on-site’nighttime
demand. The benefits of PV storage or sellback, or a combination of these capabilities,
will depend on the point of view: the utility, the customer, or the aggregate (see
section on PV Configuration below), and on the rate structure (see section on Rate

Structure below).

The results of any generation impact analysis will be dependent on the
geographic location due to variation in the weather and insolation effects and will also

depend on utility characteristics (generating mix, load profiles, etc.).

Reliability and Control

Because the reduction in demand experienced by the utility due to on-site grid
connected photovoltaic units will be highly variable and generally unpredictable, there
can be significant effects on system generation reliability. There may be some
_ capécity displacement .associ?ted with ‘the aggregated photovoltaic units. The
magnitude of this displacement will depend on the overall insolation characteristics,
demand correlations, and utility reliability indices. Reliability and control can also be’
concerns at the distribution system level because of the potential for rapidly changing
demands, pgwer surges or overloads when excess energy is fed back into the grid, and
power oscillations between individual on-site units. These factors will tend to limit

desirable PV penetration at the aistribution end of the’system.



Significant penetration by on-site PV units into a utility grid will require many
thousands of individual units. It is unclear at this time whether utilities will be allowed
to control the units in any fashion, whether utilities will want to control them, or
whether they will be able to exercise reasonable control. The number and variety of
such units present formidable control problems. Control issues will impact system

security in a manner not now understood.

Rate Structures *

The electricity rate structures established for backup and sellback associatea
with PV units are of primary importance in determining both utility and customer
economics. Such rate structures can either encourge or discourage the implementation
of PV units. The practices, policies, rationales, experiments and plans of electric
utilities relative to PV, or any solar parallel generation are of definite interest and

presently unresolved.

Policies

If there is to be an acceleration of the penetration of PV units into the utility
grids to achieve widespread implementation, appropriate strategies must be developed
that account for varying roles and interests of customers, utilities and PV unit

manufacturers, sales organizations, and maintenance services.

Environment

Environmental issues may exist relative to PV units but significant ones remain
to be identified that will not be resolved in the course of improving performance, cost,

safety, reliability, durability, and public acceptance.

Utility Requirements for Photovoltaic Experiments

‘Although it is not clear whether on-site PV units will be owned or operated

entirely or partly by utilities, it is certain that widespread near term deployment of PV
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units will require a utility interconnection.  This interconnection will require utilities to
dev_elop an understanding of PV units, their operation, and the effective integration of
these units with the grid. To acquire this knowledge and experience a number of
experiments are to be conducted which should include utility participation. The
specific utility information requirements to be met by these experiments- must be
examined to properly define the experimentalA program. This subject is covered in
detail in Part | of this report.

[

Photovoltaic Configuration and Operations

On-site PV configurations and sizing analyses are often carried out from the
point of view of the customer without taking into account the ramifications relative to
the electric utility grid. If electric rates are going to be based on the cost to serve,
then analyses of cost impacts on both sides of the customer/utility interface and the
aggregate is required to determine correspondingly optimum configurations. Specific
issues include the proper PV array size, incorporation of energy s-torage with the PV

unit, the details of the interconnection equipment, and alternative operating modes.

On-Site PV Unit Ownership

There are a number of issues associated with the ownership of the PV units.
For example, the primary responsibility for maintenance, instailation and safety could
lie with either the homeowner or the utility. Even if the primary responsihility is
assigned to the homeowner the utility will retain some responsibility due to the
backup/sellback interconnection to the grid. Education and training requirements for

neither scenario are adequately understood.

SELECTED ISSUES

Although the various issues discussed above do not constitute an exhaustive list
by any means, it is obvious that there are a great many -issues requiring further
analysis. In this report several issues have been selected for assessment or review. The

selection was based partially on the apparent apriori importance of the issues and



partially on the existence of related work or capabilities at The Aerospace Corporation
-in PV and, other new resource technologies. The number of issues was limited by the.

scope of the contract.

The selected issues are identified below with references to the Sections in

which they are discussed.

° The requirements that utilities have for information to support their

integration planning are analyzed in Part I.

° The impacts of on-site photovoltaic systems on utility generation mixes,
production costs and fuel savings both with and without dedicated storage,
and with and without sellback, are analyzed in Part 1Il. This section also

examines some implications for resiaential rates.

e Current utility rate structure studies, practices, and plans are reviewed in
Part IIl.

see O
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PART I. EXPERIMENT INFORMATION REQ:UIREMENTS'
1.0 INTRODUCTION

The major contribution of the study being reported is the comparison of the
informational contents of the major Photovoltaic Units (PVU) experiments with the
informational requirements imposed by electric utility companies who are facing PVU
aecision opportunities. The outcomes of the comparison are reported in the form of
recommendations for existing experiment modificaticns and additions, for the
formation cf an information transmittal format for communication with utility

companies, and for augmentation of the national PV experiment program.

The conclusions drawn in this report are preliminary, and greater clarity of the
issues will develop as the utility companies themselves devote more attention to the
natures and weights of the impacts associated with PVU implementation. This report is
intended to be the initial formulation of a structure or context within which the
questions of utility participation in PVU implementation can be studied. Such a
structure should be useful to the utility companies as well as to the development
program sponsors.

The study incorporates the results of an in-house deliberation by fhe Aerospace
Corporation based on prior utility-related activities, review of the technical literature,
the viewpoint and recommendations of a utility consultant, and in-depth conversations

_in conference with utility personnel at seven utility companies. The study is being
sponsored by the Office of Electric Energy Systems of the Department of Energy
(DOE-EES), and represents one of the tasks in the first phase of a project in which many

questions regarding the utility viewpoints are to be examined.

l.I - PURPOSE

The overall purpose of the study task is to support the utility implementation
decision process through identifying and defining utility information requirements and
through characterizing the information potentially available in the national experiment

program as it is presently conceived by the Photovoltaic Division of DOE (DOE-PV).
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The realization ot the purpose is approached through the accomplishment of the

following four specific task objectives, which are illustrated in Figure 1-1:

l. Identify the information which will be required by electric utilities in
making declslons regarding the acquisition and/or grid connection of

on-site photovoltaic systems.

2. Determine the extent to which the pertinent information will actually be
obtained in the course of photovoltaic experiments and system
demonstrations, either currently -in progress or designed for future

implementation.

3. Identify gaps or discrepancies between the information required and the

information to be actually obtained.

4. Recommend alterations of and/or additions to the national program of

experiments and demonstrations.

Achievement of these objectives supports the top level national purpose of
energy sufficiency as indicated in the hierarchy of national energy program objectives
in Figure 1-2, as conceived for this study. There are two fundamental barriers to
achieving energy sufficiency: foreign control of petroleum resources, and environmental
penalties. The presence of both of these barriers is associated with current pfactice in
energy generation. Many alternative technologies, including PVU, have been suggested
as means of overcoming these barriers. Crucial energy gencration decisions are

therefore faced by the nation's energy supply industry.

From the hierarchy in Figure 1-2 it is clear that the goal of accelerated
commercialization of PVU supports the top level purpose of energy sufficiency through
both the conservation and the production paths. The conservation contribution arises
from a fuel use displacement effect and results in a view of PVU, especially in on-site
applications, as a load modification. The production contribution arises from the view
of PVU as an additional energy generator which is dispatchable, especially if used in
conjunction with storage. It is true that PVU generate energy, supporting the
production view. On the other hahd, the availability of the energy is not controllabie,
causing it to appear more as a negative demand, supporting the conservation \)iew. The

uncertainties associated with this duality pose unique problems. for the utility
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companies, affecting a variety of their internal planning and decision-making
processes. To achieve certainty ana appropriateness in utility decisions, supporting
information is needed, and a primary source of such information is the DOE-PV
experiment program. The - function of this information is to reduce the uncertainty
associated with. energy planning decisions, a subject more fully discussea in Section 2.0,

Overall Study Approach.

It is important to reéri;e that while the commercialization goal is definitely
supported by the development of PVU technology, an ongoing activity tor several years,
it is also necessary that the stage be set for system implementation by thoroughly
satisfying the needs*of the electric utility companies within whose supply networks such

systems will be built.

1.2 SCOPE OF TASK

In this study consideration was given to all those issues which ut@lity compénies
must confront in planning and decision-making with respect to an élternative energy
technology such as PVU. The ultimate goal was to analyze each information
requirement issue completely by arriving at specific experimental data requirements.
This has been aécomplisﬁed for some of the issue areas, and not yet for others. This
report is confined to the application of the. four analysis activities outlined in
Section l.l to the issues anci requirements considered by the utility companies to be
most crucial. Ultimately all the issues raised by utilities should be reduced to a set of

detailed information requirements.

1.3 BACKGROUND

A major uncertainty being faced by modern society is the adequate supply of
electrical energy to future demand. The conventionally fueled sources of electrical
energy - (i.e., oil,' gas, and nﬁclear) are increasingly restricted by economic, technical,
political, and social considerations. At the same time there is a strong feeling that our
well-being as a people is critically dependent upon a continually increasing expenditure
di_ ‘energy for production, transportation, environment control, and the other

concommitants of modern civilization.

Many new energy technologies have been proposed as potential solutions to the

developing discrepancy between available supply and demand. Some of these
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technologies amount to innovative processes which increase the efficiencies of
conventional fuel approaches. Others represent the exploitation of new fuels, such as

solar, wind, geothermal, ocean thermal, etc.

The potential availability of these new technologies, especially those involving
new fuels, creates an atmosphere in which new options exist and new choices must be
made by the electric utility companies. It may be shortsighted to consider PVU-and the
other alternative technologies only within the context of existing practices (rate
structures, ownership, supply networks, etc.). It may be that a whole new pattern is
emerging and that actual new systems will be created, not just systems that are new

because they contain some new elements.

The specific technology of photovoltaic conversion, the subject technology of
this study, exhibits several characteristics requiring new approaches to utility
generation planning. One of these characteristics is the uncontrollable, and
occasionally unpredictable, availability of the fuel. Another is a shift to capital
intensive, low operating cost economics. The significant penetration of energy demand
by photovoltaics will require adjustments in the decision processes currently employed
by utility companies. As previously noted, it is the overall intention of this study to
provide insight into those considerations, presumed important by utilities, which affect

the outcome of their decision processes.

The National Photovoltaic Program was initiated in recognition cf the potential
ot photovoltaics to provide a portion of the nation's electric energy requirements and of
the need for government action to accelerate progress in that direction. The primary
goal of the program is to develop reliable low cost photovoltaic systems and to
stimulate the creation of a viable commercial industry capable of marketing, prdducing,
and distributing these systems in large-market domestic applications. The program' was
begun in 1971, and currently has budgeted activities planned through 1988. At present,
photovoltaic arrays cost $lO,OOO—H,OOO/kWpk (1980%) and therefore economic use of

photovoltaic systems is limited to remote, low power applications.
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In order to achieve the required improvements in system cost, market
penetration, and industry capabilities to yield competitive systems in other
applications, a program strategy has been developed by DOE which consists of two main

.
elements:

L. Research and technology development activities to aid industry in
reducing the cost of photovoltaic systems through improvements in
production technology and design that can provide low cost photovoltaic

arrays.

2. Field test and commercialization of photovoltaic systems in various
applications and locations to (a) provide information on system perform-
ance and cost, (b) expand the market for photovoltaic systems through
purchase of systems for field test and through stimulation of user interest
in commercial applications of such systems, and (c) resolve institutional,
legal, environmental, or financial issues .that can impede the acceptance
of photovoltaic systems. It is expected that expansion of the market for
photovoltaic systems will also reduce the cost of such systems because of
the incentive provided to manufacturers to automate cell and array

production processes.

The National Photovoltaic Program activities are implemented for DOE by Jet
Propulsion Laboratory (JPL), which is responsible for Technology Development, Systems
Engineering, Tests and Applications and Commercialization; and by the Solar Energym
Research Institute (SERI) which is résponsible for the Advanced Kesearch and

Development activities required to achieve very low collector costs.

Figure 1-3 portrays the evolutionary process in which increasing economic énc_i
social costs of conventional generation approaches on the one hand, and the
‘development of alternative energy technologies such as the DOE-PV program on the
other, are merging to create a decision opportunity. This decision opportunity must be
made in the face of certain utility concerns as shown in the figure, and the
utility-perceived needs associated with addressing the opportunity are information and

representation. The information needed by utilities is of a nature which would
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’

facilitate a decrease in the decision-making uncertainty, and representation of utility
positions will allow PV program policy to more fully reflect utility requirements so that

the needed information will be available.

1.4 GUIDE TO REPORT CONTENT

Part 1 consists of five technical sections describing the study activities. The

intent of each of these sections is as follows:

o Section 2.0, Overall Study Approach -- provides an overview of the
approach taken to accomplish the four task objectives aimed at supporting

a utility decision-making process.

o .Section 3.0, Identification of Critical Utility Information Requirements --
" ‘describes the activities taken to accomplish the first task objective and

;the resulting identified requirements.

o Section 4.0, Analysis of Experiment Information Content -- presents the
basis for -accomplishing the second task objective and resulting

interpretations of existing information content.

o Section 5.0, Analysis of Gaps between Utility/DOE-PV Information
Criteria -- describes the accomplishment of the third task objective by

comparing and assessing the findings of Sections 3.0 and 4.0.

o Section 6.0, Observations and Recommendations -- presents observations
made in the course of the study, summarizes the areas of informational
needs judged to be held critical by the utilities, and translates these into

recommended courses of action from three viewpoints. .

r
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2.0 OVERALL STUDY APFROCACH

The primary intent of this section is to indicate the approaches selected to
attain the four task objectives (see Figure l-1, Section !.0) and to outline the actual

courses of the work performed. However, before describing these activities, the task

purposes are discussed from a simplified utility decision-making viewpoint in order to

place the individual tasks in a proper perspective. The information requirement
identification process used in the study is then discussed and shown to evolve out of
consideration of the decisions to be faced by utility companies over the next few
decades. This process corresponds to the first task objective. The process of
determining how well the identified information can be made available and suitable is

the subject of the remaining three task objectives.

The following subsections provide overviews of the conceptual decision-making
structure and of the approaches taken to accomplish each of the four task objeétives.

The subsequent major sections (3.0 through 6.0) elaborate on these approaches.

2.1  THE DECISION FROCESS

In confronting decisions involving uncertainty, the decision- mmaker typically
seeks to reduce the uncertainty through the processes of reflection, rhodeling, and

information acquisition. Figure 2-1 shows the experiment information requirements as a

key element of the utility decision process. However, to acquire useful information the

decision maker must identify those requirements. It is this goal, and the assurance that

the requirements can be met, which form the purpose of the present study.

Figure 2-1 illustrates the information requirement support path among the
several that are required for decision-making. The utility value system at the left refers
to the internally held set of policies, procedures, and preferences which motivate the
company's basic approach to service. This set determines what the company would like
to do. The constraints system at the right refers to the set of laws, regulations, and
practices imposed by authorities external to the utility company. This set determines
what the company is allowed to do. Finally, the information requirements refer to the

set of what the utility needs to know in order to make decisions which optimize its value
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within the constraints. The experiments will provide the real world versions of the total
information set which is shown in the figure to also include sfudy and simulation results.
Whatever the specific source, emphasis should be given to both accuracy in identifying

the information and suitability in formatting it for presentation to the decision-maker.

2.2 INFORMATION REQUIREMENTS IDENTIFICATION

This first task objective promotes the identification of those issues and
uncertainties held to be crucial by a utility company in determining the outcome of its

decision-making deliberations. A phased approach to the discovery process was taken.

The first step was the creation of an Aerospace in-house hierarchy of utility
concerns. The hierarchy was created through a process of identifying issues which, if
resolved, would support resolution of an issue at the next higher levél. In this sort of
hierarchal énalysis there is a gradual shift from broad and wide-ranging concepts near-
the top of the hierarchy through more sharply defined activities in the middle to detailed
requirements at the bottom. From the experiment information requirements point. of
view, the analysis process terminates when the branches in the hierarchy end in the
definition of actual variables to be sensed, recorded, and processed in an experiment.

This report provides information through middle level requirements.

The preliminary Aerospace analysis was taken into the field and exposed to
several groups of utility personnel . A background briefing was presented at each utility
company visited, followed by extensive round tables on the issues as appreciated by that
particular utility. These utility companies then a‘g'reed to continue independently with
in-house analyses of the issues using the Aerospace-derived requirements as a structure,

and to communicate the results to Aerospace when available.

Finally, the Aerospaée study team interpreted the discussions from a composite

utility viewpoint.

2.3 INFORMATION CONTENT OF THE EXPERIMENT INVENTORY

The second task objective represents the first step towards determining the

availability and suitability of the utility-required information within the context of the



presently defined DOE-PV experiment program (see Section 4.0). The task activity
involved assessing the scope of the information content expected from the presently
planned experiments, and translating this information into a form convenient for

comparison with the utility requirements.

For the utility-oriented purposes of this report, the term experiment is generally .
used in a broad sense to refer to any activity in which component or system oberatio'ns
are being monitored for data to support further development activity. Thus, an
experiment may be a laboratory component test, a system demonstration project, or
even a commercial plant which is instrumented for data acquisition beyona the normal
requirements of plant operation. However, existing DOE-PV program terminology is

used where appropriate, e.g., Commercial Readiness Demonstration Project (CRDP).

The catalog of pertinent experiments includes a variety of sponsoring agencies,
utility interface types, storage approaches, and applications. A substantial group of the
experiments comprise the successful Program Research and Development Analysis 35/38
Phase | projects. Also considered, because of their indication of utility company
interest, are some of the unsuccessful PRDAs, whose status is being catalogued ana

monitored by EPRI. The entire list is indicated in Section &.0.

2.4 GAP ANALYSIS

The third task objective comprises gap analysis, which is the term used to refer
to the process in which gaps or discrepancies in the informational content of experiments
from the utility point of view are identified. The analysis consists of a comparison
between the information which is needed and the information which will bc available and

suitable as a result of the experiment process.

In addition to the point-by-point comparisons between individual information
requirements and experiment outputs, there are other broad approaches to the
categorization of experiments which yield insight into the completeness of the program.
In one of these categorizations, experiments are classed along a temporal scale of
experiment evolution. In another approach, experiments can be classed spatially or

topologically in terms of their interface point within the generation, transmission,

distribution, and end-use network. Other points of comparison are the geographical
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separation between the locations of experiments and utilities, and the completeness of
documentation. Utility interest is naturally higher when experiments are conducted
locally and some information requirements can be met only by local experimentation.
Also, a continuous flow of experiment reporting, from the planning stages to the final

program results, supports the decision making process.

_ The temporal characterization of experiment evolution can be illustrated by the
Demonstration Process Model shown in' Figure 2-Z2. The progression in information
extraction is from isolated experimental data for components (Step 1), through
measurements on individual subsystems (Step 2), through subsystem integration (Step 3),
and finally to full-scale demonstration of the connected system (Step 4). With the
evolution in time are associated gradual increases in the reality of the experimental
environment and decreases in unique -or special handling activities. There is movement
toward off-the-shelf component use, less specialized instrumentation, decreased special
training levels for operation and maintenance personnel, and reduced levels of system
surveillance. Steps 3 and 4 in the process represent reasonably long-term demonstrations
that would be limited in scope (perhaps 10 years) and full-scale (perhaps 20 years),
respectively. Such durations associated with the types of activities shown in the
Demonstration Process Model would establish PVU feasibility in stages, including the
critical PVU lifetime span. Each of these steps should be conducted by a minimum
number (e.g., 1-3) of separate demonstrations that are well conceived and accordingly
well funded by DOE. ‘

| The spatial categorization of experiments relies on the topological location of
the photovoltaic unit grid connection point within the energy distribution network. This
point.may be at the site, in a distribution string, within the transmission subsystem; or at
the generation source. .Each connection point type has unique characteristics which

cannot be completely evaluated with experiments at other connection types.

Well documented transmittal of experiment information is deemed important to
the utilities. A conceptual version of the required information document tree is shown in
Figure 2-3, which shows a commonality of structure to that of the Demonstration
Process Model. A common contextual relationship is also shown to link lower level

experiment information to the highest level demonstration. Documentation to be
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provided at each level includes plans, instrumentation and test matrices, interim
progress reports, and final reports that provide adequate completion and/or feasibility of

that particular experiment.

2.5 FINDINGS AND RECOMMENDATIONS CATEGORIES

The fourth task objective involves recommendations based on study findings of
the information requiremeni igentification process. The recommendations advanced as
results of the investigation are of three distinct types. The first adheres strictly to the
purpose of the study and suggests modifications or additions to the ' photovoltaic:
experiments in the current catalog. The second type of recommencation addresses the
form and function of information transmittal to the utility company for its
decision-making activities. Finally, the third type of recommendation addresses some of
thé broader issues which surfaced in the Aerospace contacts with the utility companies,

and which can be described as policy recommendations.
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3.0 IDENTIFICATION OF‘CRITICAL UTILITY INFORMATION REQUIREMENTS

This section describes the activities and accomplishments to date associated
with the first task objective: to identify the information required by electric utilities
for them to make decisions regarding acquisition/grid-connection of photovoltaic
systems (PVU). The emphasis was on information requirements for PVU experiments,
and the activities involved the combination of Aerospace experience and analysis,
coordination with a utility consultant, and direct communication with appropriate
utility personnel from the solar belt to translate the requirements into a form suitable
for comparison with current/planned PVU experiments. A basic intent was to provide a

structural context for a variety of utility needs, including:

° Utility practices, e.g., generation capacity planning, rate structures,

operational policies.

° Utility positions regarding their representation and participation in PVU
experiments.
N ) Utility interests from viewpoints of spatial (topological) and temporal

(experiment evolution) considerations.

° Immediacy of experiment impact according to geographic separation.

.

° Characterization of experiment information regarding type, nature,

format, means, and time phasing of transmittal to utilities.

Description of the activit'ies and accomplishments is presented in three steps. First an
overview of the approach taken to accomplish this objective is given in flowchart form,
and the intent of each block in the flowchart is discussed to provide a basis for the
subsequent analyses and categorizations. Next, an assessment is made to interpret the
utility messages and philosophies obtained auring the utility discovery visits. Finally,
the interpretations are summarized in critical groups for comparison with the current

and planned experiments.



3.1 UTILITY INFORMATION REQUIREMENTS IDENTIFICATION

The flow of activities adopted to identify the critical utility information
requirements is shown in Figure 3-1. Solid lines and boxes pertain to those activities
conducted to date, and slashed lines correspond to work in progress that will be

reported in subsequent documentation.

Activity was initiated by Aerospace with an in-house analysis based on their
prior PVU experience and previous utility interactions. The prior information base was
expanded with a literature search, and by conducting a preliminary utility field visit
with Southern California Edison Company (SCE) personnel. The expanded set of
information requirements was ‘categorized according to five major (and one
supplemental) PVU questions facing utility decision-makers, as shown in Figure 3-2.

The five questions span the utility/PVU issue areas of:

Grid integration
Economic impact
PVU technology

Social/institutional

Equipment supply

Each of these questions was further refined in terms of subquestions pertinent to the
utilities. An example of one such subdivision is shown in Figure 3-3, and the entire set

is part of Appendix B, which is discussed further under utility field visits.

The seven utility field visits accomplished to date are indicated in Table 3-1,
which includes the early coordination meeting with SCE. Aerospace structured the
visits as information brainstorming sessions posing Aerospace as an effective
communication channel to DOE from the utilities. Figures 3-2 and 3-3 are part of the
briefing package contained in Appendices A and B, which were presented to the utilities
in two parts: an overview subset (Appendix A) given the day of the .visit, and detailed
requirements categories (Appendix B) left for the utilities to carefully examine and
improve. The sets in Appendices A and B are the actual hand-lettered versions which

were intentjonally informal to encourage the utility personnel to incorporate their own
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Table 3-1, Utility Field Visits

Accomplished to Date

Southern California Edison 8-10-79
(SCE)

Los Angeles Department 9-13-79
of Water and Power (LADWP)

Arizona Public Service 10-31-79
(APS) .

Public Service of New 11-01-79
Mexico (PSNM)

Florida Power and Light 11-07-79
(FPL)

Alabama Power Company 11-08-79-
(ADPC)

Tennessee Valley 11-09-79

Authority (TVA)
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viewpoints or to at least make improvements. All utilities visiteo agreed to review the
vugraph package of Appendix B and make corresponding recommendations regarding
their viewpoints on PVU experiment requirements. Those returns will be incorporated

in future reports.

The preliminary requirements identified to date are given in the ensuing
subsections of this chapter. They are based on the messages obtained from the
technical interchanges accomplished during each field visit, on the utility consultant's
‘recommendations, and on the Aerospace experienc.e and literature search. A refined
set of information requirements will be subsequently developea after all utility returns

have been received and analyzed by Aerospace.

3.2 UTILITY FIELD VISITS MESSAGE AND TRANSLATION

Some basic messages regarding PVU implementation in utility grids were
received by Aerospace during the utility field visits and these are summarized next.
Subsequently these messages are interpreted and combined with prior Aerospace ana

utility consultant findings to yield a hierarchy of near-term information requirements.

A composite interpretation of the utility field visits to date is presented in
Table 3-2. The table is intended to represent a consensus of utility opinion, although
some variations of emphasis naturally occurred. This report will be circulated to the
participating utilities for their review comments which will be incorporated in the
subsequent reports. An interesting sidelight is that the utilities appeared
enthusiastically interested in participating, since they felt the activities served to
better prepare them for forthcoming similar investigations of other new energy source
evaluations. Many utility-generated information requirements would be common to any
such investigations. The interpretations in Table 3-2 also serve as a basic comparison

between utility and DOE-PV philosophies summarized in Section 5.0.

Table 3-3 represents the results of translating the utility messages and the
Appendix B requirement breakdown into a set of prioritized principal utility concerns
that should be addressed in the near term. The prioritization for near-term

consideration represents a far more difficult task than merely listing the major and



Table 3-2. Key Messages from the Utility Field Visits

TECHNICAL ISSUES

Generation Scheduling: The introduction of significant photovoltaic energy
portends modifications of the utility load profiles and corresponding impacts on
their short-term (24 hour) generation scheduling. Utilities are uncertain about how
to perform scheduling to accommodate this additional source of uncertainty.

Load Management: The additional source of uncertainty in generation scheduling
representea by photovoltaic is stimulating interest in demand control opnons such
as storage and load management.

Sellback: Sellback of excess energy contains unresolved issues. The utility value of
the various options needs to be addressed

System Ownership: The issue of who owns and who controls PVU is not receiving
proper attention. This encompasses a wide scope of concerns, incluaing operation
and maintenance, associated basic training, warranties, and operator and repairman
safety.

Grid Security: Uncertainty exists concerning what will happen to grid control and
stability upon integration of PVU. ,

Personnel Safety: There is strong concern for the safety of personnel, both utility
service people and site owners or.tenants.

EXPERIMENT DESIGN ISSUES

Experiment Flexibility: A degree of flexibility must be built into the PVU
experiments, This implies modularity of both components and complete subsystems
to incorporate new technology breakthroughs that occur after experiment initiation.

Real World Issues: Real world issues must be addressed. These include the
day-by-day problems of customer complaints and service resolution, ana those of
environmental changes and customer load shifts. Sufficiently high power levels
must be considerea at each experiment evolutionary stage to examine Utlllty
impacts. : .

UTlLITY ISSUES

PVU Impact in Remote Future: A PVU era will arrive in the distant future, if at
all, and has no impact on currently planned utility expansion commitments
(requxrmg at least 20 years lead time).
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Table 3-2. Key Messages from the Utility Field Visits (Cont.)
’

Utility Participation: The utilities are willing to participate in an active capacity
in meaningful, well conceived, key PVU experiments, especially if they are
geographically local. They have a need and desire for the information, and they
believe they have something to offer in the process. For experiments conducted in
distant geographic locations, they are willing to assign monitors and ‘consultants
when meaningful.

Utility Information Needs: Utility industry information needs are not being
satisfactorily addressed in the existing demonstration program, and they should be
factored into the program immediately. DOE should plan for providing ~data
directly usable by the utilities rather than presenting general data subject to
special intcrpretations by various users. -

DOE PROGRAM ISSUES

Caution Regarding DOE: An underlying caution exists among the non-federal
utilities regarmng DOE. This seems to be due to a utility impression of the lack of
realism in an accelerating PVU program that is being conducted with insufficient
input from the utility community. Also a factor is the perception of transcience of
DOE personnel.

PVU Program Planning: A need ‘exists for a well structured top-down PVU
program. Utilities generally feel there are insufficient logic, planning,
coordination, ana prioritization for the existing PVU demonstration program. This
is viewed by them as a weakness that should be addressed immediately.

PVU Program Communication: Appropriate documentation of all elements of the
PVU program must be made available to utilities. This includes plans containing
objectives and measures, interim progress reports and findings, and a catalog of
program results translated into a utility basis.

Commercialization Demonstration Overcompressed: Potential commercialization
should be approached by way of an evolution of a few well conceived experiments
with either success or failure of commercial PVU being an acceptable outcome.
Basic component and subsystem data should be gathered and evaluated before a
full-scale demonstration is undertaken. P\/U lifetime/reliability must be

"established prior to commercialization and accelerated lifetime tests can provide

only a partial answer,

Central Distributed System Emphasiss The central vis-a-vis distributed PVU issue
is unresolved to the utilities satisfaction. Therefore, that choice should not yet be
made, and the answer should also be achieved in conjunction with a minimum
number of well conceived and realistic experiments. Experiments designed to
study central station issues should be implemented. '
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Table 3-3, Principal Near-Term Utility Concerns

Rank Major Issue Sub-lsgues in Priority Specific Concerns (Measurable/Calculable)
e Central vs, Distributed e Harmonics, Filter Requirements
e Interconnecting Equipment e Optimum Voltage/Current Sizes
Integration e Safety/Training for Operation/Repair e Fault Clearing Methods
1 Into e Security/Reliability of Operation 1 # Repair Requirements
Grid e lLoad Management Capabilities e Training for O&M
o Control & Stablc Operating Capabilities Je PVU/Storage Sizing & Scheduling
e Demand Level vs. Capacity e Relaying, Fusing, Voltage Control
Coordination
e Metering and Control Requirements
e Tranamission & Distribution System
Configurations or Changes
Impact on e Capital and Operating Costs o Equipment Costs
Operations e Economic Impacts ¢ Spare Parts Needs
2 P d e Ownership/Control e Production Costs
Eco::mics e O&M, Manpower and Costs e Capacity Deferrals/Credits
e Special Economic Considerations e Utility/Customer Aggregate Economics
{Energy Balance)
o Tax Credits and Incentives
e Rate Changes Before and After PVU
e ' Output Power & Energy Capabilities e Optimum Size vs. Grid Demand/Energy
PVUy e Operating Modes_/DL.\t.y Cycle ® Optimum PVU Size (Based on Equipment)
3 Performance |® Lifetime and Reliability e Central Station vs. Distributed Operating
e Inverter Performance Modes
e Other Design Congiderations - Normal/Startup
*» Ewergency/Shutdewn
e Steady State/Transient
e Demand Profiles With and Without PVU
¢ PVU Equipment Limitations/Constraints
e Inverter AC Quality .
e Inverter as a Load
® Failures, Rates/Modes
e Service Calls apd Resolutions
e Degradation Rates/Mechanisms
e Environmental/Legal Constraints e Site Requirements
® Sellback Power e Physical Impacts/Siting Limitations
: ® PVU Industry Status e Legal Point of Transfer of Ownership
4 Other o Preferred Systems Responsibility )
e Legal/Jurisdiction e Judgements Regarding Mandatory Power
e Achieved Rate of Penetration Supply and Acceptance
e Institutional Relationships e Metering of Two-way Energy Flow
e Standards, Codes, Permits
‘ e Specifications, Production Capabilities,

Equipment Selection, Acceptance
Procedures

Acceptable Suppliers

Interfaces With Federal and Local
Governments .

Labor Union/Skills Interfaces/Constraints

3-10




minor issues (potential problems) given in Appendix B. Therefore, the table provides
one attempt to address the issues of most importance to the utilities in the immediate -

future. o,

The rankings in Table 3-3 indicate that grid integration issues are of paramount
im’portance‘in utility considerations, followed closely by economics and technical
performance. However a temporal or time-phased perspective of these issues, as
indicated in Section 4.0, incicates a degree ~of reversal. Experiments addressing
technical performance need to be accomplished first in order to answer some. of the
critical grid integration questions. Furthermore, economic verification will depend on
hard cost data, which will come out of actual experienée. Highlights selected from the
other major information requirement éategories in Appendix B aré grouped into the
final category of Table 3-3 which would be expected to be accomplished later in the
"near-term" grouping. Each of the ranked major issues is further defined in Table 3-3 in

terms of priority sub-issues and specific concerns that are measurable or calculable.

3.3 CRUCIAL AREAS OF INFORMATION

. This section summarizes specific areas in which utilities have indicated a

crucial need for PVU experiment information.

e . Salfety of Personnel

Identification of hazard areas and activities

Techniques for system disconnection, interlocks, etc.
Training levels required for safety in maintenance
Structural and support loading measurement, environment

) System Protection

PVU impacts on power quality, network stability

Power conditioner performance effects

Tests of control equipment A ,
Identification of network control and switching operation impacts
Synchronization experience

° Load Management
Hardware performance characteristics
Load management logic and implementation

Identification of appropriate loads
Load management accommodation of PV impacts
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Economiics

System and installation cost data for extrapolation
Maintenance and other operating cost information
Elasticity of PV demand with sellback rates
Preferential rate structures '

Hidden costs due to grid integration

Local perturbations (environments, costs, etc.)
Implementation impacts on utility financial well-being

Customer Attitudes
Maintain logs documenting service calls and resolutions
Tolerance to resident system
Aesthetic considerations
System Lifetime/Reliability
Long-term data ‘
Failure modes and intervals
Performance trend analyses - deterioriation
Warranties
Capacity Credit
Loss of load measurements
Legal/Jurisdictional
Liability for system damage and bodily injury
Cwnership
Insurability
Service access
Rate base
Market
Rates of penetration
Rate structure tolerance
Incentive efficacy
Preferred Systems
Qualification procedures for suppliers, installers, servicers
Degree of public reliance on local utility recommendations
Optimum configurations (flat, concentrator, storage, etc.)
Availability

Demand Profile Data

Periodic sampling for utility analyses
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° Grid Connection
Methods and designs for connection
Required network modifications
Equipment problems

() Training

Methods and materials
Minimum levels acceptable

° Maintenance
Technical system performance as function of maintenance levels

Maintenance requirements on systems
Recurring fault areas

In supplement to these crucial information requirements areas, the specific
utlllty concerns dehneated in Table 3-3 should also be addressed by the experiment

program.
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4.0 ANALYSIS OF EXPERIMENT INFORMATION CONTENT

An analysis of the information flow within the DOE-PV experiment program is
necessary to accomplish the second.task objective: to determine the extent to which
pertinent information will actually be obtained from current and planned photovoltaic
experiments and demonstrations. The task activities involved assessing the scope of the
experiment information contents anc developing these into a suitable form for
comparison with the utility needs considered in Section 3.0. The DOE-PV experiments
have placed a reasonably high degree of emphasis on information requirements, but at
present there is only a partial implementation of the corresponding information flow.
Therefore, this section presents an interpretation of the current status from an overall

program viewpoint without addressing the specific details of each experiment.

The accomplishment of the information flow analysis is presented in three
steps. First, an overview is presented of the basis on which existing information
contehts were determined and the catalog of experiments involvea is displayed.
Second, the information flow evolution is discussed and separated into a hierarchy for
utilities, as currently assigned by DOE. Finally, the categories of information content
are reviewed in summary form, leading to the comparison with utility needs in Section
5.0.

4.1 INFORMATION ANALYSIS BASIS AND EXPERIMENT CATALOG

Analysis of the overall DOE-PV information flow was accomplished by
cooraination with DOE and the PV Data Systems Task Team, which is addressing the
overall experiment catalog for the DOE-PV Test and Applications (T&A) area.
Discussions follow regarding the basis of that coordination, and the characterizations of

the various experiments and demonstrations involved.

Much of the data contained in this section were derived as a result of
Aerospace's role as a field organization supporting the PV Data System Task Team
headed by JPL. That role is described in Figure 4-1, which indicates the overall
DOE-PV approach for T&A activities, and involves generating user requirements that
will be incorborated in both data requirements and data system functional requirements

corresponding to a data system plan. To date, only the wuser require-~



FIELD ORGANIZATIONS DATA SYSTEM TASK TEAM
{lead: JPL)

o SERI o NASA

o PROGRAM WIDE DATA SYSTEM

o ORNL | PV systems o USER INFORMATION

o MIT | Advanced
L Energy Systems)

— e e e e

(Al 2

DATA SYSTEMS PLAN | DATA REQUIREMENTS DATA SYSTEM FUNCTIONAL
(JPL) (working group) REQUIREMENTS
CATEGORIES (working group)
o OBJECTIVES . |
o APPROACH/ACTIVITIES | o MEASURES S EESJCE’S‘g.'hL"ES
o SCHEDULE o ACCURACY - REPORTING
« RESOURCES | o SIZING ~ PROCUREMENT
« DOCUMENT | o DOCUMENT « DOCUMENT
| B
g USER REQUIREMENTS |
! {(working group) ;
Ll « USER GROUPS _J

o ANALYSIS TOOLS
o DATA CHARACTERISTICS |
o DISSEMINATION SYSTEMS

Figure 4- 1. DOE-PV Data Systems Requirements



ments working group has made its results available, ana Aerospace was responsible for
the central station contributions. This work is an extension of activities involving PVU
mission analysis and Program Research and Development Analysis (PRDA) review and
evaluation, which provided a data base of DOE-PV/EES multi-year program plans and
~ selected PRDA's documentation; all of which contributed to the information contents

discussed.

Table; 41 ht'hr;)ugh 4-3 identify the experiments considered to date.
Generalized characterizations are pfesented for the experiments to provide insight into
their magn_iiude and scope, and more details are readily available in the Aerospace data
bank. Table 4=1 summarizes the five concentrator and four flat panel experiments that
were selected as finalists for PRDA 35 and PRDA 38 Phase 3 by DOE. Table 4-2
provides similar summary data for some individual system level projects pertaining to

Intermediate Load Centers (ILCs).

4.2  EXPERIMENT INFORMATION EVOLUTION AND INTERPRETATION

« Data requirements have been assigned a reasonably highlpriority by DOE since
early in the DOE-PV program, and currently are being investigated to assign priorities
for a wide variety of users of the T&A system data. Available descriptive literature
was reviewed regarding test and evaluation requi'refnents for pertinent component
technology development, Initial System Evaluation Experiments (ISEEs), and System
Keadiness Experiments (SREs); examples of this review follow. Material defining data
_ requirements for Commercial Readiness Demonstration Projects (CRDPs) was not

available for review.

DOE has built provisions for data requiréments into the various statements of
work for PV component technology development and PRDA Phase | activities. Figure
4-2 is a flow diagram example excerpted "from Sandia's PV concentrator test and
evaluation plan, which was also incorpbrafed in the PRDA-35 Phase | contract
initiation meeting document of June 'l, 1978. The figure indicates a planned merger of
data handling and analysis for materials and components testing as well as full scale
collector ‘tests. DOE has attempted through such provisions to accomplish a uniform
set of data requirements and data collection techniques applicable through the Phase I

activities.



Table 4-1.

EXPERIMENT
(application)

©® CONCENTRATORS:
HOSPITAL
AIRPORT TERMINAL

OFFICE BUILDING

AIRPORT UTILITY
PLANT

SEAWORLD

® FLAT PANEL:
SHOPPING CENTER
" POWER SUPPLY
SCIENCE BUILDING
HIGH SCHOOL

LOCATION, OWNER

KAUAI, HAWAII
PHOENIX, ARIZONA

ALBUQUERQUE, NEW MEXICO
FORT WORTH, TE<AS

ORLANDO, FLORIDA

LOVINGTON, NEW MEXICO
EL PASO, TEXAS

OKLAHOMA CITY, OKLAHOMA
BEVERLY, MASS

LGRID
INTERACTION

PARALLEL

PARALLEL, UTI_ITY ONLY,
PV ONLY -

PARALLEL

PARALLEL
SELLBACK PROHIBITED

PARALLEL,
SELLBACK UNLIKELY

_PARALLEL

PARALLEL
PARALLEL PLUS SELLBACK
PARALLEL PLUS SHLBACK

DOE PRDA 35/38 Selected Experimerts

TIME kW
FRAME LEVEL

1980/ 81 85

280

4

28

1980/ 81 110

1980/ 81 150

18

150

1980/ 81. 146
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Table 4-2. System Level ,Photovoltaic Projects
SIZE UTILITY
PROJECT o INTERFACE STORAGE - DESCRIPTICN STATUS
® MIT/LINCOLN LAB
« AGRICULTURAL APPLICATIONS | 25 | PARALLEL 90 kWh ELECTRIC [WATER PUMPING, GRAIN DRYING |OPERATIONAL 1977
TEST BED, MEAD, NEBRASKA A
« NATURAL BRIDGES, UTAH 100 | NONE (Diesel backup)| 600 kiWh ELECTRIC| PARK POWER 10C LATE 1979 (?)
« RADIO STATION 2 | paRAuR NONE POWER FOR DAYLIGHT AM STATION| OPERATIONAL (7)
® QAK RIDGE - REVIEW/EVALUATION| ~
« MISSISSIPPI COUNTY COM- | 240 | PARALLEL ELECTRICAL FOR [CONCENTRATING ARRAYS, ELECTRI- | 10C MID 1980
MUNITY COLLEGE (MC3), EMERGENCY CALI THERMAL ENERGY :
BLYTHVILLE, ARK STow PLUS | (btai energy) FOR SCHOOL
THERMAL
« NORTHWEST MISSISSIPPI 20 | PARALLEL ( VARIOUS FLAT PLATE / CONCENTRA- | PHOTOVOLTAIC
COMMUNITY COLLEGE, TING ARRAYS, BIOMASS, WIND |10C LATE 1979 (?)
SENITOBA, MISS etc. PROVIDE ELECTRICAL!
THERMAL ENERGY. FOR SCHOOL ,
« GEORGETOWN, D.C. 200-300 | PARALLEL m PROBABLY TOTAL ENERGY. FOR | UNDER STUDY
GEORGETOWN U.
o MERADCOM
o MT LAGUNA - NEAR 60 | SUBSTATION NONE PART OF 750 kW DIESEL POWERED | OPERATIONAL
SAN DIEGO, CALIF . GRID FOR RANGE RADARS JUNE 1979
® SERI '
+ SOLERAS 350 | NONE Diesel backup)| 1100 kWh POWER FOR SAUDI ARABIAN MARCH 1981

VILLAGE

v
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EXPERIMENT

SOLAR |
HOUSE

PV CONCENTRATOR

PV CONCENTRATOR
APPLICATIONS

DEMONSTRATION OF
PV ENERGY

CATHODIC
PROTECTION

PV METERING

COMMERCIAL
DEMO. PLANT

PV CONCENTRATOR
APPLICATIONS

PV FLAT
PANEL

PV POWER SYSTEM

RELIABILITY
DEMONSTRATION

DEMONSTRATION
PLANT

PV CONCENTRATOR
PV ARRAY EVAL

Tabl=z 4-3.

Utility Experiments

. (EPRI Catalogued/Monitored)

UTILITY
DELMARVA, PP&L

COL. & SO. DHIC
DUKE POWER
FLORIDA P&t
FLORIDA POWER

MET. EDISON
GEORGIA POWER

PG&E

PNM

SANTA CLARA
SCE

TACOMA | PUBLIC

TAMPA ELECTRIC
TVA

GRID KW .
INTERACTION LEVEL  STORAGE
7 ? SALT

BINS
PARALLEL & 158 W/WO
FEEDBACK ON SITE
CONNECTION 9% ?
CONNECTION 7 NONE
? LOW BATIERY
PARALLEL 185 ?
? 20 ?
DIRECT 20-50  MINOR
' BATTERY
? ? ?
PARALLEL 30 NONE
W/0 FEEDBACK .
? 2.5 ?
? ? ?
PARALLEL 30 NONE

?

STATUS /10C
OPERATIONAL/ 73

DESIGN PHASE/80
DESIGN PHASE/T8
COMPLETE

OPERATIONAL
SINCE/T6

DESIGN PHASES /80

INSTALLATION
DUE /80 '

DESIGN.PHASE/(?)
DESIGN PHASE/(?)
DESI6N PHASE (80
PERFORMANCE

BEING MONITORED

FEASIBILITY
BEIN6 STUDIED/(?)

. DESIGN PHASE/80

PRELIM. EVALUATION
INITIATED



MATERIALS AND COMPONENTS
TESTING

CAPABILITIES AND REQUIREMENTS T

| ARRAY SUPPLIER! DESIGNER |

TEST PLANS, SCHEDULES,
AND INTERFACES

MATERIALS DATA AND SAMPLES

T CAPABILITIES AND REQUIREMENTS

FULL SCALE COLLECTOR
TESTING

!

SCREENING TESTS

v

i

DESIGN AND INTERCONNECTION DETAILS

HARDWARE DELIVERY

TEST PLANS, SCHEDULES
AND INTERFACES

v

SITE PREPARATION AND

INSTALLATION

vy

AND COMPARISONS

MATERIAL AND DESIGN
GUIDANCE -

MAINTENANCE REQU IREMENTS

r
|
|
(
i REAL-TIME
lr- ACCELERATED AGING ENVIRONMENTAL TESTING | ACCELERATED AGING
' ] [ S
i
| DATA HANDLING DATA HANDLING :
| AND ANALYSIS AND ANALYSIS |
: TEST AND EVALUATION RESULTS ANALYSIS !
1
! {
( '
L—pi MATERIAL DISPOSITION HARDWARE DISPOSITION |& <4
PERFORMANCE DATA RELIABILITY AND

Figure 4-2.

-

il

e ARRAY SUPPLIER/DESIGNER
® SYSTEM ANALYSTS
® SYSTEM DESIGNERS

o ARRAY USERS

Photovoltaic Concentrator Test and Evaluation Task Flow Diagram




Such uniform data requirements were further defined in that contract initiation
meeting document of | June 1978 in terms of "soft" and transducer data, and this
categorization has been carried on into Phase 3 considerations. A summary of the key
data items in each category is shown in Table 4-4 to provide an interpretation regarding
the nature of each. Each item was further assigned descriptions of scope, purpose, data
content, and estimates ot recording frequency. The data set represented by Table 4-4.
was considered a minimum set offered to the various contractors, thereby allowing for '
expansion by the particular applications involved should any unique features so dictate.
Phase 3 contractors will provide a complete set of test and evaluation criteria for their

individual applications.

Data systems requirements are currently being defined for the overall DOE-PV
Test and Application Program by the PV Data System Task Team, as shown in Figure
4-1, Primary work to date has been to define the user requirements. An extensive
analysis of such requirements has been conducted by the Task Team User Requirement
Working Groups for applications pertaining to the residential, ILC, central stations, and
remote/international sectors. Modeling needs were considered a supplemental sector.
Table 4-5 provides a summary of the major information categories deemed pertinent to
each sector. The major categories are seen to be comprehensive and include a set of
utility considerations which are further refined in summary form. The requirements
gocument prepared by the Task Team has further defined each of the miajor information
categories into detailed data items. Greater attention was given to utility

considerations by the ILC and central station sectors.

It is pertinent that the data requirement prioritizing by the User Requirements
Working Group treats the utility community as only one of a group of many users.
Table 4-6 is an extraction of the utility-specific considerations from the overall
prioritized information requirements, and represents only a small subset of the total
users involved. The information categories down the lefthand side, and the main plus
first level subheadings across the top are complete sets; it is the parenthetical

subheadings that represent the small utility subset. Explicit priority ratings. are
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Table 4-4, DOE-PV Uniform Data Requirements Summary

SOFT DATA

e Site Description .e# Environmental Considerations
e Purchased Equipment Costs e Utility Interface
e Capital/Construction Costs e Safety Considerations
@ Construction Schedule e System Schematic
e Scheduled/Unscheduled e Inverter Output Harmonic
Cleaning, Maintenance, Content
Calibration, Repair e Battery State of Charge
e System Downtime e System Description Parameters
e Equipment Failures
e Pre-Operational Testing and
Checkout
TRANSDUCER DATA
e Array Field/Subfield Voltages, e Battery Storage Voltages,
Currents, Energy .Current, Power
e Power Conditioning Voltage, e Thermal System Temperatures
Current, Power e Electrical Load Power Source,
e Meteorological: Radiation, Load Voltage/Current/ Power
\'Ih‘l'érzfséralil"lers;sure, Humidity, e Other: Mode Switching, Master
P . Switching, Date/Time
e Array Thermal Properties of

Temperatures, Flow Rates
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Table 4-5,

DOE-PV User Information Summary

Major Information
Category

Designated Applic ation

Residential

Intermediate
Load Center

Central
Station

Remote
International

‘Modeling

Meteorological

Operational Performance
(System, Subsystem)

System Description

Load Profiles

Reliability

Operation & Maintenance
Training Role

Cost Items

Institutibnal Barriers
Environmental Impact
Market/User Acceptance
Utility Considerations

- Coordination Arrangements
- Nearby Utility Description
- Daily Operational Problems
- PV Level vs Grid Capacity
- Responsible PVU

- Rate Structure

- Demand Changes

- Energy Need Monitoring
and Evaluation

- Capac ity Credit

- Grid Interaction, Location

H]

K oX¥ X X X X X XX X

RoX X X X o xox

®oX X X X

X

»

% X X %

[ -

»

®OoX X »

L
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10




11-%

Table 4-6.

DOE-PV Prioritized Information Requirements for Utilities

Reduced Computer Data Usage Synthesized Data Usage
Information Research| Application/Technology | Facilitation (Electrical eneral (Electrical
(EPRI) | (Utility Technical Staff) Power Consortium) tility Management

Model Input Data- All Sites:

Weather/Solar ‘A B B B

Load ] A B C B

Collector A B C B

Backup/Storage/Conditioning A B C B

Performance/Output A A A A

Cost A A A A
Application - Specific Data

ILC Sites A B B B
Application - Specific Data

Central Station Sites A A B A
Application - Specific Data

Residential Sites A . C B B
Application - Specific Data

Stand-Alone Sites D D E E
Special Requirements for S.ystem,

Comporent Reliability Analysis

All Sites A A { B A
Special Non-Instrumented/ Soft A
Data, All Sites A A A A
Priority Ratings: A = Most Needed ..... B ..... C..... D..... E = Least Needed




designated on the table, and further ratings are implied by the left to right sequence
across the top (i.e., left is higher pfiority). Utilities are included in each of the four
prioritized usage categories although only indirectly through EPRI in the area of
research data (which would come first on a temporal basis). The sequence of
information categories down the lefthand side does not represent any particular priority
rating as shown, but the Task Force did assign priorities based on the overall user
group. Such ratings implied higher priorities‘for cost data, residential applications;
reliability, and soft data in that order. Lowest ratings went to stand-alone applicatibns

and load data.

Tables 4-5 and 4-6 also serve to provide an interpretation of DOE-PV
information requirements in a spatial context. The tables clearly indicate that the
program addresses each of the spatial sectors according to the type of system; i.e.,
residential, Intermediate Load Center (ILC), central station, and remote. A key spatial
consideration contained in the tables is the first priority that has been assigned to the
r:esidential and ILC applications by DOE-PV, exhibiting a primary emphasis on end-use
rather. than generation applications. This priority is based on the assessment of studies
to date of break-even prices, anticipated market penetrations, and high probability of

early commercial energy impact in those areas. Furthermore, DOE-PV indicates that

its technology development to date has yielded baseline components suitable for the.

residential and ILC applications.

’

The ten:mporal or time phasing context reflects considerable parallel overlap

between the flow of information from one stage to another in the research,

development, and demonstration processes for PVU components and systems. Initially,
DOE-PV laid out a theoretical sequentially phased program which involved establishing

technical feasibility and readiness of components, system feasibility via Initial System

Evaluation Experiments (ISEEs), combining the findings of these two steps to determine’

system readiness in the System Readiness Experiments (SRE's), and subsequently
advancing to demonstrations of commercial readiness in the Commercial Readiness
Demonstration Programs (CRDPs). Currently, DOE-PV has translated that theoretical

approach into one of parallel activities and sequential equipment
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development/utilization, as shown in Figure 4-3. The ﬁgﬁre indicates that commercial
readiness of residential/ILC applications is expected by 1986-89, with a delay to 1990
for central stations. Off-the-shelf hardware will satisfy the early (1980) stages.

An overall document tree was not available from DOE-PV which would describe
intended information flow to information users from the component test Stages thro(Jgh
‘the commercial demonstrations. However, Figure 4-4 represents the JPL Task Force.
approach that will lead to the equivalent of such a tree within the major T&A area
which comprises the ISEEs and SREs. The figure emphasizes the user needs and issues,

and the upgraaing of requnrements and priorities through activity feedback.
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YEAR

1980

82

84

88

J

:
ADVANCED RESEARCH &
DEVELOPMENT (materials / cells)

86
L
P

L T LS T
TECHNICAL FEASIBILITY

TECHNOLOGY DEVELOPMENT
(collectors, balance-of-system)

~

.,

T LN T
TECHNOLOGY READINESS

P e,
~

S

TEST &

APPLICATIONS:

SYSTEMS ENGINEERING
& STANDARDS (remote, residential)

ISEE, RES I—DgNTI AL

& ILC

<

b

|SEE, CENTRAL
STATION

SYSTEM FEASIBILITY

b ]

TEST &
APPLICATIONS:

SRE, RESIDENTIAL )
& ILC

>+ LIFETIME

SRE, CENTRAL )
STATION

=1 T
3YSTEIM READINESS

COMMERCIAL

READINESS

DEMONSTRATION & ILC !

PROJECT

RESIDENTIAL

>-+ LIFETIME

CENTRAL
STATION

T

COMMERCIAL READINESS
| B ]

Figure 4-3.

DOE-PV Evolution Process Overview
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IDENTIFY _
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® EXISTING 0 RQT r
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Figure 4-4. DOE-PV User Information Requirements Plan
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5.0 ANALYSIS OF CAPS BETWEEN UTILITY/DOE-PV INFORMATION CRITERIA

A comparison is made in this section between the utility information
requirements results developed in Section 3.0 and the information contents of the
experiments program discussed in Section 4.0. Such a comparison serves to.accomplish
the third task objective: to identify gaps or discrepancies between the information
required and the information actually to be obtained. The gaps identified in this section

serve as the source of the specific recommendations made in Section 6.0.

The gap analysis is presented in three distinct steps. In Section 5.l1, a
comparison is drawn between the philosophical positions regarding the proper
approaches to PV integration that are held by DOE-PV and by the utility community. In
Section 5.2, a series of distinctions are between the Aerospace interpretations of the
utility-oriented information requirement and the information content associated with
the DOE-PV experiment program is exhibited. ‘These distinctions are arawn along
several dimensions. One distinction is in the apparent priority or sense of urgency
communicated regarding the various information categories. Also, distinctions can be
appreciated by placing the experiments along the dimensions of spatial connection
points within the utility network, and also among the phases of the temporal
demonstration process. In Section 5.3, the predominant gaps are révealed by analysis of

the differences in the two community viewpoints. -

5.1 COMPARISONS OF APPARENT PHILOSOPHICAL POSITIONS

A summary of the apparent philosophical positions held by the utilities and
DOE-PV is presented in Table 5-1. The table presents the Aerospace interpretation of
each community's position pertaining to each of the key utility messages presented in

Table 3-2. Discussions of these positions follow.

1. Anticipation for the Commercial Readiness of PVU: The utilities view

commercial readiness as being in the distant future, if at all, and must retain their
current commitments for expanding generation mixes over 10 years in the future. They

share an experienced uncertainty regarding actual lifetime of any new technology.



Table 5-1.

Utility /DOE-PV Philosophy Comparison

Issue

Apparent Viewpoints/Concerns

Utility

DOE-PV

1.

10.

11.

12,

13.

14.

PVU Future and
Lifetime/Reliability

. Acceleration to

Commercial Status

. Real-World Issues

. Grid Impact; Safety and

Security

. Top-Down PVU

Program Plan

. Utility Caution

. Information Needs in

PVU Program

. Ownership and Control

. Central vs Distributed

PVU

Sellback vs Storage

Experiment Flexibility

Complete Document

Availability

Utility Participation

Utility Demand
Control Options

. Information Categories

In Distant Future; Consideration
of Generation Planning
(>10 Years Lecad)

Sequential Evolutionary Process;
Success or Failure via Few Well-
Conceived Experiments

Customer Service and Load
Changes; High Meaningful Levels

Grid Control and Stability;
Training Required

No apparent Logic, Plan, Coor-
dination, Priorities

Lack of Program Realism;
Independent of Utilities

Data Translated for Regional
Utility Use; Build in Early

Responsibility for O&M, Training,
Warranties., Safety

Unresolved; Needs Experiment
Verification

Unresolved; Consider With
GCapacitly Credit

Modularity to Accommodate
Technology Breakthroughs in
On-Going Experiments

Includes Plans, Interim and Final
Results; Preferred Suppliers

Active Capacity; Higher Interest
in Local Well-Conceived Experi-
ments

Increased Interest; Effects of
PVU on Utility Load Profile
and Daily Generation Planning

Time Phasing of Six Categories

Residential/ILC by Mid-
1980s; Reliability "As
You Go'; Accelerated
Aging Tests

Parallel Evolution;
Success Oriented;
Widespread Distribution

Same Except, Multiple
Low Levels; Funding
Constraints

Grid Backup During ISEEs
and SREs; Data Evaluation

Multi- Year Plan; Data
Requirements Task Force

Actual User Environ-
ment; Utility as Advisors,
Data Users, and PRDA
Associates

Utility as One of Many
Users of Data Bank

Residential /ILC by
Public; Central Station
By Utilities

Residential/ILC First;
Perhaps Central Station

Studies; Sellback
Frefet¥red; Subsequent
Data

Subsequent ISEEs and
SREs

Utility User Priorities;
Specifications and
Standards

Utilities as Advisors
and User; Also PRDA
Associates

Not Addressing Combined
Effects

Time Phasing of Dif-
ferent Categories (Same
Information)
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Conversely, DOE-PV anticipates readiness for the residential and ILC applications by
the mid-1980s, based on the. studies and developments to date. DOE-PV will rely on
relilability being established along the way and on accelerated aging tests. Utility
plar'mers are reluctant to allow any moaification in their planning forecasts for what
they consider to be an unproven technology. This is one key philosophical difference

with strong polarity.

2. Means for Progressing to Potential Commercial Readiness. The utilities

want a sequential evolutionary process with proven feasibility carried along at each
step, with abandonment or reevaluation of the PVU concept should any one step fail.
The utility community would prefer to rely on a few well conceived experiments with
appropriate funding for each. The basic concept of the DOE-PV approach is similar in
that an evolutionary process is intended, but a difference exists in the implementation
by DOE-PV which involves parallel activities and sequential equipment development in
order to accomplish the mid-1980 readiness, without anticipation of failure. Another
difference relates to the planned widely separated distribution of experiments with

correspondingly lower funding for each. Polarity is nearly as strong on this issue.

3. Degree of Realism to be Incorporated in the Experiments. Utilities are

concerned about customer reactions, safety in servicing, unexpected load changes and
others. They feel that meaningfully high levels of power must be involved to ascertain
the true influence on their grid networks; higher levels would require higher funding for
the experiment involved. Contrasting the higher levels of power sought by utilities, the
existing plan calls for lower levels at multiple experiment sites as the pattern for using

available funds.

4, Impacts Associated with Grid Connection. The utilities are uncertain

about the impact of PVU on the operation of their grids in either a backup mode (for
residential/ILC applications) or primary mode (for central stations). Their concern
extends to grid security in terms 6f protecting its controllability and stability, and to
safety of people involved in-installing, operating, and maintaining the equipment. A key

factor in their consideration is adequate training for those involved in such activitie's.

Again, DOE-PV indicates interest in most of these issues, although it feels grid -~
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backup is forthcoming with proper uiility arrangements; Grid impact is expected to be
determined by data evaluation corresponding to the series of ISEEs and SREs, but very

little regarding training requirements appears in the literature .

5. Degree of Awareness that Exists Concerning the Planned DOE-PV

Program. The utilities have expressed concern about the apparent lack of planning,
logic, coordination, and priorities in the program. However, the Multi-Year Program
Plan (MYPP) addresses such issues, and the forthcoming User Requirements report
addresses data requirements for the critical ISEEs and SREs. Expediting draft

coordination and document release would alleviate a substantial amount of thi; concern.

6. Attitude of Underlying Caution among the Utilities. Such caution seems

to be due to a feeling of a lack of realism in an accelerating program being conducted
independent of their involvement. However, the program does place somé emphasis on
actual user environment, and DOE-PV interacts with utilities by using util_ityl
representatives (e.g., individuals, EPRI) as advisors, as eventual users of the

experiments data, and as PRDA associates. The gap here is not wide.

7. General Need for Utility-Specific Information Requirements to be

Adequately Addressed. Utilities are highly concerned about their service area and local

regions, and would like information extrapolated for use in their local analysis
activities. Such a requirement would have to be built into the program early. In
contrast, DOE-PV essentially views the utilities as a group and as one of many user
groups interested in the experiment data, w-hich would therefore be privy to the general
data bank to be provided by DOE-PV to all user grouos. ‘

8. Ownership _and Control of PVU. The scope of this utility concern

comprises responsibility for such activities as operation and maintenance (O&M),
associated basic training, warranties, and personnel safety. Very littie has appeared in
the DOE-PV literature to date on this issue, but implied responsibility would exist with
the public in the residential/ILC applications, and with the utilities in the central
stations. An early resolution of this issue is essential for the smooth integration of PVU

into utility scenarios.
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9.  Central Station vs Distributed Applications. The utilities would prefer a

resolution via early well conceived experiments comparing each approach. DOE-Py has
adopted the residential/ILC applications as being highly probable for early commercial
readiness, with central station perhaps following in the future. Several utilities point
out that large, centralized plants have historically always won in the economics
tradeotf. : - R ’

10. Sellback of Excess Energy Generation. The impact and role of the various

candidate approaches, relative to potential capacity credit, are part of the resolution to
be accomplished. DOE-PV presently relies on study results, preferring sellback over the
apparently imore expensive storage options, and will gather data on the subject during

planned experiments. This does not appear to be a major ga.

11. Degree of Experiment Flexibility. Utilities indicate an inclination toward

incorporating modularity in a few early and on-going established experiments, thereby
allowing adoption of advanced technology breakthroughs as they occur. The PVU
program is planned to incorporate such breakthroughs in some of the multiple

experiments-to be subsequently initiated.

12, Availability of Complete PVU Experiment Program Documentation for

the Utilities. This includes test and evaluation plans, progress reports, and individual
and composite experiment final results, including suéh data as preferred systems an&
qualified suppliers. Present DOE-PV intentions are to provide the utility data aécording
to user priorities, to provide the general PVU data bank, and to issue appropriate

specifications and standards.

13. Utility Involvement and Active Participation. The utilities indicated a

desire to participate, but they appeared to be more sensitive to their own service areas
or local regions, and to well conceived experiments designed to meet their own needs
and interests. Currently, DOE-PV relies on utilities as advisors, eventual users of

experiment data, and as PRDA associates.

14. Increase in Interest Concerning Utility Demand Control Options. The

interest in options such as load management and storage is increasing due to the effects

of photovoltaic energy on the utility load profiles and on the consequent daily planning



for generation. The current DOE-PV program does not appear to address these ‘issues
together, so experiments providing information on the viable combinations of these

factors need to be defined. -

5. Completeness of Information Categories Created by Aerospace. The

utility field visit results indicate that they were essentially complete, but that the
priorities assigned to each should be time phased. Comparison to the DOE-PV data
requirements indicates that the six requirements categories rﬁatch those of the PVU
"Test and Applications program activities, but time phasing pertains to a different

categorization of the same information.

5.2 COMPARISONS OF INTERPRETED RESULTS

In this section, comparisons.- are drawn between the utility information
requirements interpretations and PVU program information contents in terms of

information priorities, spatial connection, and temporal process considerations.

The priorities comparison is shown in Table 5-2. Utilities assign high priority to
information related to general grid integration problems and to data pertaining to
overall operation and economic impact. The present DOE-PV priorities are extracted
from a matrix of applications versus data usage categories. The table shows that the
top rankings for these two dimensions pertain to cost modeling and residential
applications, and to use of research data by EPRI and application/technology data by
the utility staffs. The definition of these priority rankings will be upgraded by
subsequent responses based on the Aerospace utility field visits, and by the activity
feedback of the DOE-PV data requirements activity. The present versions shown in the

table indicate that some, but not substantial, gaps exist in the rankings.

The spatial information comparison is illustrated in Table 5-3. ThiS table
compares information rankings for the application type or grid connection point of
PVU. Such a comparison highlights the gap between utility central station preference
and the DOE-PV residential/ILC priority.

Comparisons between information requirements and contents from the temporal

experiment program evolution viewpoint can be accomplished using the Demonstration

-~
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Table 5-2. Utility/DOE-PV Information Requirement Priority Comparison

L=

Utility DOE -PV
- Application Utility Usage
1) Grid Integration 1) Cost (Modeling) [1) Research by EPRI
L 2
2) Operation/Economic Impact 2) Residential 2) Application/Technology
' Data by Utility Staff
3) PVECS Performance ' : 3) Reliability 3) Facilitation by Electrical
Power Consortiums
4) Socioinstitutional, Procurement/ 4) Soft Data 4) General by Utility
Readiness, Utility Participation ' Management

Table 5-3, Utility/DOE-PV Spatial Information Requirement Comparison

Utility B | DOE-PV

e Type of PVECS Ranking e Type of PVECS Ranking

1) Central Station 1) Residential

2) 11LC 2) ILC

3) Residential . 3) Remote

4) Remote 4). Central Station

e Preference to Generation e Preference to User
End of Connection End of Spectrum
Point Spectrum ‘




Process Model of Figure 2-2 and the DOE-PV evolutionary process of Figure 4-3. Table
5-4 provides the highlights of such a comparison. Both communities desire an
evolutionary process. The utility version (the Demonstration Process Model) calls for a
sequential step-by-step procedure'that delays passage to the next step unless success is
achieved. Proven lifetime capability is essential and complete commercial readiness
would not be achieved until 15 to 20 years in the future. The accelerated DOE-PV
versiondaccentuates parallel evolution leading to a possible early commercial readiness
by 1986. The Demonstration Process Model (Step 2) inciudes the need for a few well
instrumented and controlled system integration experiments exposed to real-world
environments. Such a step is not apparent in the DOE-PV version which indicates a
juﬁnp from laboratory level to multiple ISEEs. The residential application appears to
come closest to the utility perceijved Demonstration Process Model Step 2, but the final
residential plan is not yet available. Therefore, the Demonstration Process Model Step
2 appears to represent one critical temboral evolution gap between the utilities and the
DOE-PV approach. |

Table 5-4. Utility/DOE-PV Temporal Information
: Requirement Comparison
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Utility : DOE-PV .
e Sequential Evolution e Parallel Evolution
Leading to Success/Failure Leading to Success
e Need for Few Well e Jump From Laboratory
Instrumented/Controlled to Multiple ISEEs
Experiments in Realworld
Environments
o Need Long-Term System ® Accelerated Aging Data;
Lifetime Data : Lifetime Data Available
in Future

v



Temporal information comparisons overlap with those of the spatial viewpoints
regarding the preference for central generation (utility) versus user (DOE-PV)
considerations. Utilities would generally prefer to see the generation aspects addressed
early or at least in parallel, while the DOE-PV. approach places central station

applications downstream in the experiment program.

Consideration of geographic separation addresses the utilities need for
information related to their specific regions, while the current PVU plan calls only for
provision to any local utility participating in the experiment, the éomposite utility
industry, and any special requests made by a particular utility. The geographic
consideration also highlights the previously mentioned gap hetween the utility
preference for a few well conceived experiments at strategic locations versus the PVU
plan for geographically widespread multiple experiments with reduced scope. Most
utilities tended to define their strategic locations as identical with their own service

areas.

Documental comparisons of information requirements ana contents are given in
Table 5-5. The comparisons are essentially between the conceptual document.tree of
Iigure 2-3 and the feedback updating process for T&A activities in Figure 4-4. The
document tree represents a well structured bottom-up information flow matching the
temporal evolution of the Demonstration Process Model;‘i.e., the use of data from each
demonstration step would be assigned so that such data would play a role in cetermining
the progression of feasiBility from laboratory level experiments to full-scale
demonstrations. The closest approach DOE-PV has taken to such a tree corresponds to
its component development and T&A activities which compare to Demonstration
Process Model Steps | .and 3, laboratory experiments, and limited scope demonstrations,
respectively. Data links between these two steps, and the CRDP data requirements,
are not identified in the available literature. An overall program information
requirement master plan has also not been identified in the available literature. In
addition, the utility need again arises under the documental requirements for continuit‘y'
of test and evaluation plans, progress reports, and final results, particularly catalogued
results translated into regional terms and definitions. The contrasting DOE-PV
provisions will be ‘for selected data to utility users, the data base for all users, and

specifications and standards. The document tree therefore represents at least a partial

gap.
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Table 5-5. Utility/DOE-PV Geographical Information
Requirement Comparison

o
Utility DOE-PV
e Locale of PVU Ranking e Locale of PVU Ranking
1) Local Service Area 1) Widespread Continental U. S.
- 2) Adjacent Area/State 2) Sun Belt ; '
3) Continental U. S. 3) International

4) International

® Geographic and Specific Utility e Provide to Composite Utility
Differences Must be Translated Industry, Experiment Participants,
and to Special Requests

e Need for Few Well-Conceived e Many Reduced Scope Experiments
Experiments at Strategic Sites

5.3 REVIEW AND SUMMARY OF INFORMATION REQUIREMENTS/CONTENT
GAPS * .

A review of the comparisons made in this section indicates that there are a few
significant gaps in philosophy. Some issues recur for more than one of the comparison
4interpretation viewpoints, but there is a much smaller overall gap existing than is
generally recognized by the 'utilities. For example, both communities are highly
concerned about real-world problems, evolving into commercial readiness, and
developing a well structured program plan to carry out the evolution. Many of the gaps
are matters of degree of different preferences rather than basic polarities, and ¢an be
rémedied with minor modifications and additions to the DQE-PV program. The
following paragfaphs summarize the basic and recurring gaps and discuss possible gap

resolutions, which in turn yield the recommendations made in Section 6.0.

Basic and recurring gaps were determined to be associated with the following:

° Longer test periods needed to establish reliability and commercial
readiness. ’
° Utility communication and participation activities need to be initiated

and emphasized.




* Need greater concentration of program resources on a few experiments.

o Greater emphasis is needed on resolving system ownership and

Jjurisdictional concerns.

° Mutual awareness of problems and progress is needed by utilities and DOE.

° Approaches are needed for interpreting results of distant experiments to

local applications.

® Greater emphasis is needed on quantifying grid integration impacts on

utllity operatiurni.

] Central station application needs greater attention.

° Load management effects in the presence of solar generation need study.

One apparent resolution to closing or minimizing these gaps would be to
increase DOE-PV encouragement of utility active participation and more efficiently
utilize their long-term eXpertise in the supply and servicing of public electrical power.'
A joint DOE-PV Utility Working Group to address information requirements for the PVU
experiment program is one gap-reducing move, and eleyating the utility cata user role
to a primary status would be another. An active working group role can be created by
either formation of a new group or by specific modification of the current Data System
Task Team. In such a role utilities can point out realistic information needs and
shortcomings in the planned experiment program and provide guidance and
recommendations regarding modifications and additions. Specific gaps they can help

close are:

° Defining Demonstration Procéss Model Step 2 experiments in terms of

objectives, scope, measures, and general information requirements.

] Establishing training and public awareness programs to supplement the

experiments.
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Identifying the tradeoffs of responsibilities for ownership and control.

Helping to create an information flow master plan that would yield

regionally valuable experiment data.

Aiding in establishing program compromises regarding system types and

experiment distribution and scope.

Implementing Central Station Experiments.

5-12



. 6.0, OBSERVATIONS AND RECOMMENDATIONS

The translation of crucial issues and information gaps into recommendations for
revised courses of action constitutes the fourth task objective: to recommend
alterations of and additions to the national program of experiments and
demohstrations, The Arecommenda.tions made here are directed toward the general
information content of the DOE-PV program}'a'nd to general areas within the program.
This generality is consistent with the currently diffuse status of data requirement

definitions for the on-going PVU experiments.

The material is presented in .twu major categories. First, a summary is
presented of several observations made regarding utility company points of view.
Second, recommendations are made to satisfy the informational needs as well as utility

concerns in general.

6.1 OBSERVATIONS ON UTILITY VIEWPOINTS

The .content of this section is a summary of several observations rﬁade during
the course of the study. These observations are not actually results or conclusions of
the analysis effort, but represent attitudes and experiences which are judged to be
significant either because of their ubiquity among the utility companies or because of
their potentially pivotal effect on the course of alternative energy generation

developments.

,

It is emphasized that these observations are the study team's interpretatior{s of
their experiences and of utility-held attitudes. Therefore, they do not necessarily
represent positions held by the Aerospace team or by every utility visited, nor do they
constitute specific recommendations for DOE action. They are reported for their

information value.

Furthermore, despite the apparently wide gap implied by some of these

observations, the gap analysis in Section 5.0 yields two supplemental observations:

° Informational and approach gaps between identified utility requirements
and planned experiments are not as wide as implied by some of these

perceptions.



° Recommendations can be made to minimize gaps that do exist, and these

are offered for consideration in Section 6.2.

6.1.1  Utility Attitudes Toward Government Activities

The utility companies visited varied somewhat in the expressions of their
attitudes toward the roles government agencies, particularly DOE, are taking in the
PVU development activities. However, there were some common themes heard more or

less loudly at nearly all the utility companies.

There is a general feeling that government is too eager to gef to the
marketplace with the alternative energy s'ystems and that insufficient time and
experience are being devoted to the demonstration of commercial readiness. The vision
is of huge government expenditures Lu create what may be an artificial market, which
will collapse ir;to the tremendous vacuum left by government's withdrawal of support
after victory has been declared. A related concern is that the market will be seriously
damaged by disenchantment with devices which have not been thoughtfully and
carefully tested over long periods of time. Several groups illustrated their concern in

this area with examples from the solar heating and cooling experience.

Other feelings in this category expressed by the utilities included:

. Political considerations are being allowed Lo contaminate technical
decisions regarding PVU experiment planning, with the result that

information content is seriously degraded for all the experiments.

. The inconstant and possibly ephemeral nature of government incentives.

programs renders long term planning for PVU an exercise in guesswork.

° The transience of DOE personnel creates severe disruptions in government

funded programs.

) There is a tendency to see DOE as a monolithic entity, without clear
distinction between the organizations and purposes of the Photovoltaic

Division and the Electric Energy Systems Division.



6.1.2 Utility Perceptions of PVU Imminency

There is a general consensus that photovoltaic energy conversion is an exotic
technology and that any meaningful penetration of the energy supply by PVU is in the
distant future, even in utility planning units of time. The earliest utility estimate for a
central station installation is 1990, and this is viewed as a very small experimental

plaht.

6.1.3 Status of Utility Awareness of PVU Impacts

- Due partly to the non-imminence of PVU implementation and partly to the
typical work pressure on utility technical staff personnel, the depth of detailed analysis
regarding PVU impacts already performed by utilities was in general not sufficient to
allow real-time discussion of the detailed information r.equirements in the meetings.
Perusal of Appendix B, in which the requirements hierarchies prepared by Aerospace
appear, reveals a considerable mass of detail, and it was not possible to penetrate to
the next, more detailed leyel, that is, to the actual data requirements. However, all of
the utilities expressed a willingness to use the hierarchy charts as a structure within
which to perform additional review and analysis on their own. It was also not possible
to get a clear statement of information requirement priorities (i.e., "What reaily needs

to be known first?") beyond the first hierarchal level.

.The Aerospace study team came away from some of the meetings with a
qualitative impression that many utility companies could be much better informed
regarding DOE programs, in particular the PV Multi-Year Program Plan ana the
activities of the PV Data System Task Team being organized within the PV Program by
Jet Propulsion Laboratory. On the other hand, the companies feel they are not
adequately included in the PV Program, and that they are not being consulted
extensively enough regarding the requirements they have and the constraints on their

operational choices.

6.1.4  Utility Positions on PVU Experiment Programs

The utility companies generally agreed that many of their information
requirements could be satisfied by experiments involving other utilities, and unitormly

expressed a preference for a program which sponsors a few very well conceived and
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implemented experiments rather than a plethora of limited ones patterned after what
several termed a "scattergun" approach. In general, they are desirous of participating |
in experiment design and in monitoring the course of experiments in other utilities.
With respect to experiments in which they are to be the host utility, there was a desire

for funding flexibility to allow the introduction of the latest technology equipment.

Regarding PVU lifetime qualification testing, a very high priority requirement
with all the companies, there was considerable doubt surrounding the value of
accelerated life testing. The attitude was that accelerated testing serves as an
indicator, but no hard generation planning decisions could be based on it. The minimum
actual life test duration for credibility with the utilities was given as five years, and
the utilities stressed that the testing had to be performed under local environmental

conditions. '

6.1.5 Utility Positions on Selected Technical Issues

Utility perceptions on three specific technical issues are included here due to

the widespread interest in them. The issues are:

o The degree to which capacity credit, if any, can be earned by PVU
e . The appropriafe position to take regarding excess energy sellback
° The central station versus on-site applications question

With respect to‘capacity credit, very few of the generation planning people
involved in the meetings felt that capacily credit would be earned by PVl]. In general,
they recognized that this position contradict$ analysis results based on loss-of-load
probability considerations, and gave as justification the presence of evening demand

peaks, weather outages, and the practical limits of energy storage.

The .companies generally expressed uncertainty with regard- to the best -
approach to determining sellback policies and rates. It is recognized that sellback
energy can have serioﬁséﬁects on generation operations, and that it may be
economically justifiable, though possibly precluded by public utility commission actions,
to charge the customer with on-site photovoltaic generation a higher rate for backup .

energy than his nonsolar neighbor.



Several of the utilities perceive that a major decision has been made favoring
on-site applications over central stations. They argue that the utility industry exhibits
a ’long history of economy-of-scale success and that it is too early to make any

irreversible decisions.

6.1.6  Utility Reception of the Aerospace Information Requirements Mission

The utility companies were uniformly cooperative in establishing the visits, and
exhibited considerable énergy in supporting the Aerospace mission. Personnel from
many areas of each company were committed to the meetings for their duration,
usually 4-5 hours, and there was a ‘strong interest in expressing their positions, utilizing

the study team's role as a communication channel with DOE.

It was also noticed that the discussions and the requirements hierarchies left
with the companies served an unforeseen purpose as a stimulus to their own thinking
and as a structure within which to pursue in-house analysis of their information

requirements.

6.2 EXPERIMENT PROGRAM RECOMMENDATIONS

The following three sets of recommendations are advanced to promote the
satisfaction of the crucial utility information requirements. Some recommendations
relate to activities already planned for accomplishment by DOE-PV, and in such cases
the intent here is to reinforce those steps. Some of the others are directed at the

strategies to be implemented by DOE-EES. .

6.2.1 Experiment Modifications and Adaitions

One general and several specific courses of action are recommended for the
current or planned PVU experiments. The general recommenaation is that one or two
of the Initial System Evaluation Experiment (ISEE) level experiments now plannea be
expanded in scope, or new ISEEs be established as necessary to ensure that the crucial
areas of Section 6.2 and those of Table 3-3 are included in a well controlled
application. The specific recommendations pertain to the following categories and are
directed to DOE-PV, DOE-EES, or both, as shown:



Power Levels (DOE-EES): Size at least one experiment for which the

photovoltaic power produced exceeds demand in an isolatable branch of the
energy distribution system to allow measurements to be accumulated in a°

sellback regime. ‘ S

Grid _Interaction (DOE-EES); Develop and incorporate procedures’ an&'

supporting equipment for rapid location, isolation, and removal and repair of

failed PV units, and document associated findings.

Technical Performance (DOE-PV/EES): (1) Ensure that data are collected to

‘yield key sensitivities such as the dependence of PV structure costs on
environmental differences, or network performance as a function of PV/grid
dynamic parameters; (2) acquire data to identify both operational and
non-operational characteristics of the inverters, i.e., power quality, VAR

requirements, and quiescent role as a load.

Load Management (DOE-EES): Include an experiment to investigate realistic

load management options coupled with PV energy generation.

Duration (DOE-PV): Identify an early experiment to demonstrate a minimum

PV five year lifetime. Utility acceptance of commercial readiness cannot be

assumed until at least that point is reached.

Installation, Operation,- Maintenance (DOE-PV): (1) Provide descriptive

material documenting installation procedure experience, including mistakes and
blind alleys; (2) design and incdrporate service forms for use in logging
customer telephone calls - nature of service request and resolution; (3)
determine training requirements and procedures that are necessary for
operation in the various spatial scenarios, and provide corresponding

documentation including training materials and films.

Customer Interactions (DOE-EES): (1) Establish test educational programs such:

as short courses for utility planning personnel to aid in monitoring PV
experiments and readying for subsequent penetration; (2) supplement one or
two experiments with the sampling of attitudes, reactions, and various market

forces.
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6.2.2

Information Transmittal

The following recommendations are made regarding format and transmittal of

PVU experiment documentation within the -experiment program itself and also to the

utility community. These recommendations apply to both DOE-PV and DOE-EES, but

they are particularly directed at the DOE-EES strategy to develop data for utility

planning and to transfer system information to utilities regarding new source

technologies. '

6.2.3

.

User Requirements: Each experiment should incorporate and satisfy the user

requirements identified in the DOE-PV Data System Task Team activity.

"Data Planning: Ensure that data will be available to the utilities from each

experiment stage, from component development through the Commercial
Readiness Demonstration Programs, and assess how Test and Applications
information will be used in Commercial Readiness Demonstration Program
activities.

Reduced Raw Data: Since all data forthcoming from the DOE-PV data bank

will'apparently be already reduced, it is crucial to identify the parameters of

interest ,(e.g., sensitivities) or make raw data available 1o utilities.

Utility Functions: Consider categorizing end-use, experiment information along

utility functional lines such as generation, operations, service, billing,

_ transmission, and distribution to facilitate use within the uﬁlity.

Before and After PV: Ensure availability of pre-project data, to obtain before

and after assessments.

DOE-PV/EES Policies

The following recommendations are made for joint DOE-PV/EES consideration,

and involve some of the broader issues identified throughout the report. The intent is

to offer avenues which would lead to a narrowing of some of the gaps that apparently

exist between the DOE-PV and utility communities.



Utility Involvement: Expand the participation -level of and ‘general

consideration accorded to utility company personnel in the national
photovoltaics program. Ways to. accomplish this include (1) formation of a
DOE-PV/EES/Utility Information Working Group; and (2) elevating utility

status from one of many user groups to a separate participating interest group.

Working Group Charter: Adopt a Utility Information Working Group charter to:

(1) include creation of a Multi-Year Program Plan for Information (MYPPI)
which parallels the present version of the DOE-PV program MY PP, includes the
goals and stfategies anticipated by DOE, and thereby links the temporal phases -
of PV development together; (2) incorporate information requirements and
findings coordinated with the .various utility experiment's that are being

cataloged and monitored by' EPRI; and (3) expand the PV Data System Task |

Team aclivities in the 1&A area using the team as a subcommittee.

MYPP Rejease: Coordinate MYPP upgradings with the working group, thereby

facilitating utility awareness of the national photovoltaics program. Create an
MYPP tutorial document for easy assimilation by utilities, and institute a

mechanism for utility feedback.

PV Data System Task Team Activities: Renew emphasis on and provide funding '

for the team activities to ensure the incorporation of identified user
requirements into data parameters and functional requirements throughout the
PVU experiment program. '

Program_Emphasis: Increase emphasis on central station applications and
establish a focussed central station responsibility, Define commercial readiness

to include utility decision process with respect to PVU lifetime and reliability.

6.3 CRUCIAL AREAS OF INFORMATION

This section summarizes specific areas in which utilities have indicated a

crucial need for PVU experiment information.
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Safety of Personnel

- Identification of hazard areas and activities
.- Techniques for system disconnection, interlocks, etc.
Training levels required for safety in maintenance .-
Structural and support loading measurement, environment

.

System Protection -

PVU impacts on power quality, network stability

Power conditioner performance etfects

Tests of control equipment

Identification of network control and switching operanon impacts
Synchronization experience

Load Management

Hardware performance characteristics

Load management logic and implementation
Identification of appropriate loads

Load management accommodation of PV nmpacts

Economics

System and installation cost data for extrapolation
Maintenance and other operating cost information
Elasticity of PV demand with sellback rates
Preferential rate structures

Hidden costs due to grid integration

Local perturbations (environments, costs, etc.)
Implementation impacts on utility financial well-being

Customer Attitudes
Maintain logs documenting service calls and resolutions
Tolerance to resident system
Aesthetic considerations
System Lifetime/Reliability
Long-term data
Failure modes and intervals
"Performance trend analyses - deteriorjation
Warranties

Capacity Credit

Loss of load measurements

6-9



Legal/Jurisdictional

Liability for system damage and bodily injury
+  Ownership

Insurability

Service access

Rate base

Market
Rates of penetration
Rate structure tolerance
Incentive efficacy

Preferred Systems
Qualification procedures for suppliers, installers, servicers
Degree of public reliance on local utility rccommendations
Optimum configurations (flat, concentrator, storage, etc.)
Availability

Demand Profile Data
Periodic sampling for utility analyses

. . O

Grid Connection
‘Methods and designs for connection .
Required network modmcanons
Equipment problems

Training

Methods and materials
iinimum levels acceptable

VMiaintenance
Technical system performance as function of maintenance levels

Maintenance requirements on systems
Recurring fault areas.
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APPENDIX A

VISIT PACKAGE FOR UTILITY INFORMATIONAL REQUIREMENTS DISCOVERY

The following figures are the set of vugraphs actually presented by Aerospace
to each of the utilities visited. The set was presented hand-lettered as shown to
deemphasize finality and to encourage the utilities to incorporate their own viewpoints

and improvements.



YT TS/ DOE TN 7ERFACE = 4L RCOSPACE OL £

LST2L 727"
COr7PANIIES

OALC.
CONSTRAYNTS, ZSTUES, COn/CERMS

BACK G RO D
S7RICTLRE

TAHE

AEROS2ACE
cor

ZAS FERAFA7IOAS

S CUNOED By LDOE& (é" cECTRIC Eurceg Sy Sosric——r3 S2tascar)
T lOEAr TIFY COAICERCALS AV ELL> S )7Lt TIES

T L IOLATE SOELCTIEVNC paff ORRATI FTIONAL CE RS O EATENS TS FEUS
77T ASSE SIS )= Ar7°5

= ENXAAY N E SN CDRADI TV OIDEL GALLS fAd ALY TV ONIA L EXOENCI AP NS T SO OGS Ar~]

— FROV/IDE fOE CONI AT EENS A TVONT LRE E X ORI AP EITT 9L 1TV AT
AV TTIONS, LPOLICY , CeOGR A TS ’

® SECVE A5 Fn' E L ECTIVE CELCESEN THATI/ON OF L J7HRtTY I TERESTS



U7/4/7 ¥ AL QRUILY)TEN TS FOE FHOTOVUTAIC EXALRNTUENTS
OBLECTIVES:

® 75 SDENTIEY? TJAE JAMCEORCAIATVOAN L& RAIECEED Y Lfrec7er/< CSTPE I TIES

O FHEAT? TO NP ILE DECTITronsJ L HJC@R@NSI7T70~s /c;,e/o - COASA/E C TrOnS
OF PLrIo7oNvol7H4/C S/I7E TS '

@ To DT E @A T/nt e FTHE £ K FTEAIT LTI ERS T JAS COCAd At T IO ISl &

ACTUNLLY EE& OFTHINED LB CLRLNS T /Rl ARINLELD PHOTEVOLTAIEC
EXPERIA? &t TS5 DEr—7 DAL ST SRATFOAS S

g /O £ VALY TE /Aud& Y BE GASS OR DIICROECINCrES LETIWELEAS TI/E
IR/ ORAPY T? Oy CLDICEDLD AALD ACTTer9LLy O 7N ELD

® To ECO I IEAT DT ERY TIOAS /40.0/770~5 TE THAE AN TIOASAL
SPROGEAA) OF L XPCERL/Ir7EANTT fDEADONs STRATIONIT 7O FHL GARPS

ALLRAACSH

TAFOCA I 7 /EAS
S OENTIFECA 77O

G AL E VA LLP 7704/
o W B2V P2 o ECAr7ATERLLATION.
PPERTIANENT
EXPER/r I EALT e
IN FORNPAY T O




i

UTIITIES & NEW Er/EeG/ES

Enveray Geuvsmntod
Ecorvorncs Aiternx,
Raorcacy

® fuer cots §
Avpep ity

® EpVRonhen T

Poreninne Pressuke 7o
Qeey wWrw

Now onvErtiong
Brgréy Co MVELSION
TECBAIOLoG 185 DavBoPilh

TecproLoG S

o PLALNIVG, £ STUDIE S
® EXPRRINRIMTS § DENoAISTRATIONS
® NAMUFACTURERS

oRecup oo / ConssTRAWLTS

® SipnDakos

Wit~ Cormcerms:

foraunacy oF Paomuet o Creatiir
Begcrs o0 Exviwe Sysmns
Forns ot I e nenvmyrion)

sCAuTioD

o PaTrcapATION)

Wity Megos :
Troeomration

| @gg‘g ;ggm‘!\uo




S-V

COR/ TEAT U A TEL TANDCAIITIN C A7 GRELES

EXALLIPENTS [ LEAION STRNTIONS
o WNAT CAN TNESE 7x4id 5P

o Hows L0 il C&T /&SN
Jad EBRAPATION) AQOVY TN Erp?

BEAIN - STOCAI MG (T FNET:
o RENIIVE JrireT A ?
CLDETH 1LLD S8 NESTAGS P
* LEVINONS /OEL&T?0rS P

v ® BoOrsTrons3

\

\
1
- 0~

- .~ ==
D
/ \ gg/esc DI
CTHELS I VOAVED
4 / INt EXPECIATEND
s < ¢ 7
S —



APPENDIX B

DETAILED INFORMATIONAL SUBQUESTIONS

The following figures serve as documentation of the set of vugraphs left by
Aerospace at each utility visit for their careful examination and improvement, and of
Aerospace's own interpretation of experiment information requirements for purposes
of this report.
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PART II. GENERATION MIX AND COST OF PRODUCTION IMPACTS
1.0 INTRODUCTION

As a result of the cyclic and occasionally intermittent character.of on-site
ph.oto'voltaic generation, most applications i‘ﬁvblving significant penetration of the
on-site load will require the availability of backup energy from the utility company
through- some form of grid connection. The existence of a connection with the grid
opens the possibility of reverse energy flow, termed sellback, during periods in
which the photovoltaic generation exceeds the demand of the local load. Both these
energy flows, backup and sellback, create perturbations in the utility demand profile
and have corresponding impacts on the optimum generation mix, the capacity
factors of the various conventional generating units, and the resulting costs of

energy production.

It is the objective of the task aiscussed in this section to quantify these
impacts and to analyze their sensitivity to changes in such variables as solar
penetration ot the on-site load, photovoltaic array size, insolation levels, and

conventional plant generating mix.

In the analysis, photovoltaic penetration is viewed as a two-dimensional
parameter in which the overall penetration of utility demand is roughly the product
of on-site load penetration and the fraction of on-site loads equipped with
photovoltaics. For some photovoltaic configurations the generation impact will be a
function of the choice of on-site load penetration and fraction of loads equipped,

even though their product (utility load penetration) remains constant.

A fundamental property of photovoltaic systems is that, although the fuel is
free, the conversion equipment is expensive relative to customary utility operation.
Thus the adoption of on-site photovoltaic units may require a shift in the payback
periods required by owners as a criterion for making capital expenditures. Also a
factor concerning fuel price as an analysis parameter is its differential rate of price
escalation. This is a quantity of great uncertainty in analyses of future scenarios.
Given the situation with respect to foreign control of a significant portion .of

domestic fossil fuel availability, it is appropriate to perform analyses using
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escalation rates greater than experienced in the past, and certainly greater than the

"standard" expectations of only a few percent per year.

The effective and appropriate use of energy storage remains an issue, even
with a sellback path for excess energy generation. The seilback-only configuration
requires the utility to accept the excess energy whenever it is available, not
necessarily when it is needed. The result can be a degradation in geﬁeration
efficiency and possibly the requirement for increased use of peaking units. Stqrage

may provide special load management options not otherwise available.

Financial assumptions pertaining to the ownership of on-site units will have
considerable effect on calculations of the cost of energy production. Utility
companies have been reluctant to have a large number of small customer-owned
systems connected to their grids and may themselves eventually own and operate
oh-site units. On the other hand utility attitudes appear to be changing and
financing is less expensive for individual owners than for a utility, so that

individually owned, controlled, and maintained units may become the norm.

Several utility impact scenarios can be defined for analysis, as indicated in
Table 1-1. A major reason for categorizing these scenarios is that the analysis
procedures appropriate for each are likely to exhibit essential differences. In the
fixed utility scenario (Section 3.0), the conventional generating units are assumed to
be prescribed and PV units are introduced. Calculatlons are then- performed to

permit examination of the impacts.

In an optimal-utility scenario (Section 2.0), an optimum mix of conveitlional
units is developed from a menu of possibilities to meet a given demand profile. PV
units are then introduced, and a new optimum mix is calculated using the same menu
of conventional possibilities. The impact of PV penetration is inferred by comparing
those two optimum configurations. In a transition-utility scenario, a prescribed mix;
of conventional units is assumed and new conventional .and PV units are added
consistent with a postulated growth in demand. The mix rﬁay not be optimal at any
point in time, because some of the units were selected at prior times when

conditions were different. ‘ , .

1-2



Table [-1. Utility Impact Scenarios

Utility Type Representative Impacts

Fixed Short-Term Impacts
Utilization Adjustment of Installed Uri:s
Immediate Cost of Production Effects

- No Demand Growth
No Price Escalation

Transition Mid-Term Impacts

Phasing of Generation Capacity
Interim Cost of Production Effects
Unit Purchase Postponement

Unit Replacement Decisions -

Optimal ' Long-Term Impacts

Optimization of Installed Capacities
Ultimate Cost of Production Effects
Demand Projections

Price Escalation

To clarify the PV configurations being considered, a graphic model of energy
tlows is given in Figure I-1. The solid lines represent flows considered in the analysis.
The dashed lines represent flows that are.possible in a real implementation, but are not
addressed in the analysis. (The function of the dedicated generator would be viewed as
an optimizing supply for dedicated storage rather than as a means for satisfying on-site
load, since the utility grid is already available as an on-site load backup.). Explicitly
exhibited are the backup and sellback paths forming the major subjects of this
generation impact study. The backup flow comprises the supply of energy to the on-site
loaa by the grid, altered by energy input from the photovoltaic array and possibly from
storage. Backup is characterized in the study as a modified or "delta" demand.
Sellback can also be includec in delta demand, with the recognition that demand may

sometimes be negative in that case.

The analysis reported in Section 2.0 treats the optimizéd mix case. The subject

of Section 3.0 is the impact on a fixed utility, the short-term case.
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2.0 IMPACTS ON OPTIMAL GENERATING MIX

2.1 - INTRODUCTION AND APPROACH

The methodology adopted for this analysis is a static incremental cost
optimization.formulatiéh. In this methodology, the demand is incorporated through
standard load duration curves, and the optimization of the generating mix is calculated
by superposing the incremental cost of production curves for the varic;us conventional
generating units in the mix. This calculation is performed in the Aerospace computer
code USEM, summarized.in Figure 2-1. The example shown in the figure is for three
conventional generation types. In this analys1s approach startup and shutdown costs are
ignored, and LOLP .considerations are excluded. The incremental cost curves are drawn -

showing gooo textbook separation between the crossover points.

2.2 INCREMENTAL COST OF PRODUCTION OPTIMIZATION ANALYSIS

To discover the future-based cost of production charactéristics of actual
generating units, the menu of conventional power plants in Figure 2-2 was compiled for

projected 1990 costs expressed in 1980 dollars.

A graph of the corresponding cost of production curves is shown in Figure 2-3,
With the sole exception of combined cycle generation, the crossover points of the
various generating units are nearly coincident. The indication is that an optimal mix
would consist almost entirely of combustion turbines and whichever baseload plants,
coal, nuclear, or both, are available. It can also.be _g_bserveo’ from F‘igure 2-3 that, even
with combined cycle plants in the mix, the highest crossover point is at only 0.32
capacity factor. Oil thermal plants are precluded in an optimal mix with these data.
These results represent such a marked departure from the manner in Which the curves
historically have been drawn that further investigation appeared to be warranted. To
accomplish this, a menu of plants usiné 1968 cost of production data was created and
the result is given in Figure 2-4, in which the curves clearly follow the historical
expectation. The conclusion is that, because of time-based cost factors, the crossover
points of the incremental cost lines have been migratihg to sdécessively lower capacity

factor values.
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2.3 LOAD DURATION CURVE ANALYSIS:

The load duration curves in Figure 2-5 are included to enhance understanding of
the load duration characteristics. Each set of curves represents one of four ditferent
utility companies, and each of the three curves in a given set represents a one-week
period during a particular season of the year. Each curve is separatelyl normalized to
unity peak demand over its seven day’ interval. There is a striking similarity among the
normalized load duration curves across the seasons within a specitic utility and also

across the different utilities. -

To indicate the effects of the normalization operation, the curves in Figure Z-6
were constructed to give a side-by-side comparison of normalized and not normalized
load duration curves for a single utility. Superimposed on the "not normalized" set is
the effective annual curve that would result from considering a year-long interval
instead of week-long intervals. Figure 2-6 indicates that caution must be exercised, in
using annual curves, especially if the analysis being performed includes a maintenance

downtime model relying on demand lulls.

2.4 PHOTOVOLTAIC PENETRATION ANALYSIS

The foregoing discussion has been offered as background so that the effects of
photovoltaic penetration of the utility demand could be introduced. The effects on a
week long utility demand profile of two different penetration levels for three different
seasons are shown in Figures 2-7 through 2-12. The penetration levels of 10 and 30
percent refer to the percentage of peak demand represented by peak solar generation.
The basic utility demand protile used is projected Southern Califorr_ii.a Edison demand
tor 1990. The insolation data are based on Inyokern, California measurements taken in
1963. .

Note that April and December exhibit an evening peaking phenomenon that is
unmodified by the photovoltaic energy. However, for this utility the peak demand
season occurs in summer because of cooling loads, and this daytime peak is reduced by
the photovoltaic source. The fourth day of the August profile is interesting for its
apparent cloua cover. The curves support an argument for some capacity credit, but

beyond a certain threshold of solar penetration the capacity requirement is
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determined by the secondary evening peak. It appears very likely that the amount of
capacity credit to be accorded solar will be utility dependent, and this issue is still very

controversial.

In Figure 2-13 the effect of photovoltaic generation on the annual load duration
cugve .is shown for six values of penetration, including zero. The effect is a more or
less uniform depression of the curve along most of the capacity factor axis. It is
notable that the six curves are not renormalized from curve to curve so that the beak
demand is essentially unity independent of the penetration. It is clear that an increase
in peaking utilization will be required to optimize the economic mix. Also worth notiﬁg
is the behavior for unity capacity factor at which a fairly substantial displacement of

baseload generation is evident.

Some results of the incremental cost of production optimization are presenfed
in Figures 2-14 through 2- 16. Figure 2-14 indicates the optimal capacity for the three
modeled conventional plants. There are clear increases in combustion turbine utilization
and decreases in baseload coal utilization as functions of increasing photovoltaic
penetration. 'In Figure 2-9, results for energy production and documented..and thé
amount of energy produced by each conventional technology is indicated by the vertical
distance between the two adjacent lines on the graph. Essentially all the energy
produced by photovoltaics displaces coal use. In Figure 2;16, the energy production
costs associated with each conventional plant type, including fixed, variable, and total

costs, are given.

2.5 ASSESSMENT

Some interim observations and tentative conclusions based on the work reported

here are summarized below:

Incremental Cost Optimization Analysis

° As oil prices rise oil plants, including combined cycle, become particularly

inappropriate in an economically optimum system.

° Particular methodology does not permit study of the sensitivities of costs
of production to oil price, since the economic optimum precludes oil from

the mix altogether.
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Load Duration Curve Analysis

° Shapes of weekly load duration curves are similar for different seasons

and geographic regions.

. Shapes of weekly and annual load curves differ.

PV Penetration Analysis

° Without storage or sellback large penetrations can impact baseload

capacity and reduce system peaks.

‘o Without storage, but with perfect sellback, there is a small impact on the

optimum mix of coriventional plants with a slight increase in cycling units.

RN “ N
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3.0 IMPACTS ON PRODUCTION COST AND FUEL CONSUMPTION
FOR A FIXED UTILITY

3. INTRODUCTION AND APPROACH

The purpose of this analysis is to investigate the impact of on-site photovoltaic
(PV) units on an electric utility that has a fixed conventional generation mix. The

objectives of this analysis focus on specific issues as follows:

° Quantify the impacts of grid connected residential photovoltaic units on

utility fuel costs and fuel consumption.

. Evaluate the role of on-site storage and its impact on utility performance.

° Assess the impact on utility fuel consumption resulting from the sellback -

of excess energy to the utility.

° Explore the implications of reduced utility fuel costs that result from
residential PV unit operations on residential energy price rates for backup

and sellback energy.

° Investigate effects associated with variations in the size of individual PV

units relative to individual loads.

In keeping with the guideline to focus the analysis on specific issues, severél
limitations were fixed early in the study. The {first factor to be fixed was the snapshot
approach taken in the analysis. That is, the analysis is performed for aAsingle year.
Another consideration is the method of characterizafion of the impa}ct of the
residential PV units. As noted in the first objective, two figures of merit used in this
study are fuel costs and fuel consumption, especially the reduction in oil usage. It is
recognized that other utility costs such as investment in capacity, transmission or

distribution equipment, and operating costs such as maintenance, metering, or

dispatching may also be impacted. However, the reductions in fuel costs and fuel -

consumption are believed to be the most significant parameters characterizing the

impact of on-site PV units.
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The impact of on-site PV units is also examined in terms of the utility rate
structure. As noted above, one measure of PV impact is the resulting fuel cost
reduction realized by the utility. The results of the fuel cost reduction analyses are
integrated into a simplified rate model to determine an appropriate rate to be paid by
the homeowner-PV unit owner for backup electricity and a rate to be paid by the utility
to the homeowner for PV generated energy fed back into the utility grid.

A reference residential PV unit for use in the analysis was taken from a
previous Aefospace study (Ref.3-1) of optimum residential photovoltaic electric units.
A limited number of parametric changes, such as varied array size and storage
capacity, are examined from the perspective of the utility. The characteristics of the
reference PV unit and its associated residence are described in detail in Section3.2. A

flow chart of the plan for conducting the analysis is shown in Figure 3-1.

A definition of the reference residence is given in SectioﬁB.Z, including the
house physical characteristics and demand profiles. Diversity among the PV residences’
is represented in the analysis by varying individual house loads. The performance of the
PV unit with respect to the site meteorology is simulated using the Aerospace
developed computer program PVHOUSE, discussed in Section3.3. The PVHOUSE
© program generates hourly values of PV generated electrical energy consumed by the
residence plus excess energy which is either stored for later use, dumped or fed back
into the utility grid. The PVHOUSE output becomes the input to the utility system

economic analyses.

The postulated utility is detailed in Section3.4. The description includes
characteristics such as the location, types, and sizes of plants and cost parameters.
This utility description is modelled after the broadly representative synthetic utility
Scenario D developed by the Electric'Power Research Institute (EPRI)(Ref.3-2). 'The
sensitivity to variations in many.of the parameters used to describe the postulated
-utility is of definite interest to permit full understanding of the impact of on-site PV
units, but those variations could not be examined within the present study; Ufility
production cost impacts are assessed by means of the USEM computer code; the model
is described in Section3.5. The USEM code yields annual fuel costs given the utility
characteristics with and without on-site photovoltaic unit operation.A The utility rate
structure is also discussed in this section along with the analysis of backup and sellback

rates. Conclusions and recommendations are presented in Section 3.6.

3.2
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3.2 ON-SITE PHOTOVOLTAIC UNITS

- The reference residential photovoltaic unit -and the model residence are
described in-this section. It is important to realize that the performance of the PV unit
is coupled to its associated residence. For example, the electrical output of the unit
during periods of maximum insolation may far exceed the requirements of the residence

although the PV energy may be a small fraction of the total load on an annual basis.

The assumed average residence and PV unit data are drawn from a bi‘eVious
Aerospace Corporation analysis of photovoltaic energy systems for single-family
residential applications (Ref.3-1). In this previous study, the PV unit was optimélly
sized from the homeowner's perspective. The key assumptions in the optimization
process were the PV unit costs, the cost of utility backup energy, exclusion of sellback
to the grid, and. the residence characteristics. Although some of these parameters have
been changed in the present study to examine the impact on utility production costs,
optimization of the PV unit from the perspective of the homeowner was not
reexamined. Therefore, many of the parametric variations examined may not' be
optimum for the homeowher, the utility, or the aggregate of the two. Impacts and
sensitivities of these parameter changes are analyzed without assertion of preferred or

optimum configurations, sizes, or operations.

3.2.1 Average Residence

The reference average residence is described in more detail in Ref.3-1, and

only the key characteristics are given here:

° Located in Phoenix, Arizona

e 1600 £ livingarea

° Electrical hot water and spacé heating and cooling (all electric home)
° éurrent design standards, i.e., no special energy conservation features.
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3.2.2 Load Profile

- The average residence is characterized by load profiles comprising baseldad,
water ‘heating, and space heating or cooling load components. The house load for a
summer day is shown in Figure 3-2. The base load and hot water load curves vary with
time of day but the associated 24 hour profiles are assumed constant’ for each day of
the year. Energy requirements for residential air conditioning and space heating are a
function of ambient temperature as well as time of day. Details of these curves are
found in Ref. 3-1. The total annual load for the reference average house is
approximately 28,500 kWh with a peak demand of 11 kW.

3.2,3 Demand Diversity

As previously stated, one objective of this study is to observe any effect
associated with the dispersed nature of on-site PV units. Dispersion can include one or
more characteristics such as the following: geographic location, meteorological (some
houses shaded by a passing cloud, others in the sunshine), type of PV unit, load
coincidence, relative size of PV unit to house‘load, etc. In this study, only demand
diversity was modeled by adjusting the house load profiles. Some residences are
modeled with house loads that are 10 to 30 percent greater than that of the average
house, and others with house loads 10 to 30 percent lower than that of the average

house. The diversity property is characterized by the house loads as shown in Table 3-1.

Table 3-1. Definition of Load Diversity

Deviation from Average
House Type | House Load at Each Hour of the Year
(Percent)
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3.2.4 On-Site Photovoltaic Unit Configuration

The on-site PV unit consists of the collectors or arrays, a power conditioner to
convert the DC electricity generated by the arrays to AC electricity, associated
support structures, and, if included, electrical storage. The PV unit configuration is
basically an array of air cooleq, fixed tilt, flat plate collectors mounted on the roof
which is east-west oriented. The assumed PV unit parameters from Ref.3-1 are given
in Table 3-2.

Table 3-2. PV llnit Characteristics

o— - e
Cell Type - Silicon
Cell Orientation 'E'.ast-West
Cell Tilt 4 ~ 33.43° (Phoenix latitude)
Cell Efficiency at 28°C 12%
Cell Efficiency Temperature Coefficient .OO5/°C
Absorptivity ‘ 77
Cell Packing Factor - ' .90
Convective Film Coefficient ' : 017 (kW/MZ/OC)
Power Conditioner Efficiency 85
. Radiative Film Coefficient | 0085 (kw/M2/°C)
Reflectivity Efficiency 1.0
S A

The array area is a variable; however, the maximum array area is 160 Mz

because of roof size limitations. Given these parameters, the PV unit has a rated -

output of 0.117 kW of AC power per Mz of array at standard conditions.

Another parameter in the analysis is electric'storage. When storage is included
in the PV unit, electric energy is storedvin a battery for delivery to the house load at a
later time, or dumped if the battery is fully charged and the house load is satisfied. A
deScription of the battery storage-discharge model is given in Section 3.3,l. The
battery is characterized by a roundtrip storage-discharge efficiency of 0.7 ana an

energy storage-discharge capacity rating in kilowatt-hours.
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3.3 PV PERFORMANCE MODEL

3.3.1 PVHOUSE Model

The hourly performance of the PV unit is modeled using The Aerospace
Corporatlon PVHOUSE program. The function of PVHOUSE is to calculate the hourly'
photovoltaic-generated energy consuméd qand the hourly photovoltaic energy that is
dumped or fed back into the utility grid by a residence, or by the aggregate of dispersed
residences. These hourly values become-the solar power input values for the utility
system economic analysis aiscussed in Section 3.5. PVHOUSE, a modified version of the
PVPOWER program (Ref. 3-3) tailored to the specific needs of this analysis, is brie-ﬂy

described below.

A daté tape with site meteorology (insolation, ambient temperature, étc.) is
used to determine the hourly heating and cooling loads for the average residence and
the hourly electric energy output from the array. The house load is compared to the
output from the array with two possible outcomes. If the house load is less than the
array. energy output, the photovoltaic energy consumed by the house is equal to the
house load and the difference between the array output and house load is categorized as
excess energy for that hour. If the PV unit does not have an electrical energy storage
subsystem, the excess energy is dumped or fed back to the utility grid. If the PV unit
has a storage subsystem, the excess energy is stored. When storage is filled to
maximum, any excess energy delivered to storage is then dumped or fed back to the
grid.

The second possible outcome occurs when there is a shortfall, that is, when the
house load is greater than the energy output of the PV unit. In this situation, the PV
generated energy consumed by ;che house for that hour is equal to the PV output. If the
unit has storage, the program calculates the PV generated energy consumed by the

house by adding stored energy (if available) to the array output to make up the shortfall.

As mentioned above, PVHOUSE calculates hourly values of both photovoltaic
generated energy consumed (with or without electrical storage) and excess fedback
energy. The program is designed to calculate these values for both the average house

and the aggregate of dispersed houses, such as those listed in Table 3-1, in a single run.



3.3.2 PV Analysis Considerations

An important consideration in the analysis is the PV unit configuration that will
be modeled. There is no limit to the number of array area and storage capacity
combmauons that can be considered. The approach taken in this analysis is to start
w1th a PV umt conﬁguratlon that is near optlmal from a homeowner's viewpoint,
:thhout provxsnon for sellback of excess, array-generated energy to the utility. Sellback
is thus of little or no importance. The array area on each residence can then be
'1‘n'cr:ease.d for the study of its impact of this parameter on utility production costs and
J{uel' savi;‘ngs.

As discussed in Ref.3-1, the homeowner-optimal PV conﬁgur‘ation depends on
such factors as cost per peak kW, the levelized backup power cost, and so on. Using the
baée case for the Phoenix study in Ref, 3-1*, an optimal PV unit has an array of 84.5
M 2 and an electrical energy storage capacxty of 32.6 kWh when there is no sellback of
excess PV-generated electncxty. For this study, an array area of ¥0 M2 is chosen as
'the reference case with 32.6 kWh storage. The area is varied between 80 M2 and 160

(the maximum array permitted by physxcal roof area) so the effects of different
collector areas can be studied. An array area of 320 M2 is also employed to

accurately assess 1mpacts as array size is increased.
i .

Jhe optimal PV unit configuration when there is no electrical storage and
sellback of excess energy is not determined in Ref.3-1. However,' with assumptions
- similar to those noted above, the optimal array area is 41.9 M2 when the utility buys
back excess energy at 14 percent of the cost of utility supplied energy. Since the
results 1n Ref.3-] indicate that the optlmal array size decreases as the sellback
percentage decreases, an array area of 40 M2 is chosen as the base case for an PV
unit with no storage. The effect of increas@ng array area is studied for the no storage

eonfiguration by considering arrays as large as 320 Mz.

+

- % $0 50 per peak: watt (1975) arrays; $40/kWh of storage capacity; capital recovery.
“factor of .09; levelized backup power cost of $0. O7/kWh
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Load diversity is simulated by modeling seven residences with different hourly
load demands as shown in Table 3-1. Calculations of PV-generated energy consumed,
and dumped or fed back were made with PVYHOUSE for nine house types and for 50
‘percent hourly load excursions from the average house load. No significant variations
were found, and the load diversity factors shbwn in Table 3-1 are selected as being

representative. These diversity factors are utilized for all PV system configurations.
3.4 UTILITY MODEL

3.4.1 General Description

The postulated summer peaking utility demand data are based on a projection of
the Arizona Public Service profile typical of the Phoenix, Arizona area. The utility
peak demand by month is shown in Figure 3-3. The EPRI ScenarioD synthetic utility -
(Ref. 3-2) was used to represent the mix of generating units operated by the utility. A
comparison of the postulated mix of generating units with the mix expected for Arizona

Public Service in the mid-1980s is shown in Table 3-3.

Figure 3-3. Comparison of Utilities - Mix of Generating Units

Unit Type ~ Arizona Public Service™ | Synthetic Utility D
Nuclear, Steam 36. 0% A 24%
Coal, Fossil - 28.0% o 36% '
Qil, Fossil 21. 0% o 26% '
Combustion Turbine 14. 8% 14%
Hydro - 0.2% 0%

.3 . .
: <Assuming one-third share of Palo Verde nuclear units which became

operational in the mid 1980s.
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The detailed mix-of plants for the postulated utility is shown in Table 3-4. The
plant availabilities are taken from Ref. 3-2 and account for load reductions as well as
full outages. Total installed capacity is 10,050 MW with a capacity. weighted average
avallabxhty of O. 781, implying an average available capacity of 7850 MW, which is also
the peak, demand seen by the utility with zero penetration of PV units

Table 3-4. Mix of Plants for Utility Model

: Size Capac1ty by Type -
Plant Tvype (MW) § Number (MW) Availability |
Nuclear, Steam 1200 2 2, 400 . 736
Oil, Fossil’ 800 1 800 . 658
Coal, Fossil 600 2 1,200 .693
Coal, Fossil 400 2 800 . 762
. Oil, Fossil 400 1 400 .762 -
Coal, Fossil 200 8 1,600 .835
Oil,” Fossil 200 7 1, 400 835
Combustion Turbines 50 29 1,450 . éOO |
Total Utility -- 52 10, 050 . 781

For each generating unit in the mix, a heat rate and fuel cost were assumed as
shown in Table 3-5. These fuel costs are based on prices given in 1976 dollars in
Ref.3-4 which were escalated to 1985 prices and then expressed in 1980 dollars. The
data in Tables 3-4 and 3-5 can be combined as shown in Figure 3-4 to illustrate the
increase in fuel costs experienced by the utility as the demand increases. It can be seen
from Figure 3-4 that the fuel costs associated with meeting the peak demand can be as

much as six times greater than those for meeting baseload demand.
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Table 3-5. Fuel Cost and Efficiency Assumptions

. Fuel Cost* Heat Rate Fuel Cost
Type of Fuel | Size, MW )¢ \iilion Btu] (Btu/kWh) | (Mills/kWh)
Nuclear 1200 . 885 1.044 x 104 9.2
il 800 3. 62 9.155 x 10° 33. 1
400 3.62 9.447 x 10> 34,2
200 3.62 9.979 x 10° 36. 1
Coal 600 1.31 8.989 x 10° 11.8
400 1.31 9.045 x 10° 11.9
200 1.31 9.576 x 10° 12.5
Combustion 50 3,99 1. 400 x 10% 55.9
Turbine
R

":1985 Cost in terms of 1980 dollars

The utility model also accounts for the scheduled maintenance of power plants.
The generation. mix is reconfigured in four week periods to reflect the mix available due
to units out of service for scheduled maintenance. The maintenance interval for each
type of plant is taken from Ref. 3-2, and the maintenance schedule is constructed to

show the utility reserve -capacity (available capacity minus the expected demand) as

near a constant value as possible throughout the entire year.
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3.4.2  Utility Impact Analysis Considerations

The impacts of on-site unit operation on the postulated electric utility are
simulated by use of the USEM computer code. This program emgloys the incremental
cost approach to cost-offprdduction computation based on hourly load profiles or annual
load duration curves. The utiliiy hourly load profiles are modified to account for
varying levels of PV penetration by using the codeA PVHOUSE. The USEM program
combines PVHOUSE output and hourly utility demand to construct load duration curves
with and without PV penetration and coAmpute the yearly energy output and fuel costs
for ea;ch generating plant in the utility system. The program then computes the
reduced energy outpﬁt and fuel costs for each individual plant and for the total utility.

The USEM code is described more tully in Section 2.0.

3.5 UTILITY IMPACT RESULTS

3.5.1 Preliminary Observations

A key parameter in the study is array area per residencé. Given the fixed
parameters in Table 3-2, which define the PV unit characteristics, the arréy area
dictates the amount of PV generated energy consumed by the average residence and
dumped or fed back to the grid. These values are shown in Table 3-6 for the various PV
units considered in this report, where the numbers represent the fraction of total house
demand (28,525 k\‘/h/)’l’). For PV units either with or without storage, the backup
energy required decreases and the excess PV energy increases as the array area-

increases as expected.

The array area parameter when coupled with the number of PV units defines the
PV penetration. These penetrations are delineated in Table 3-7 for combinations of

array area per residence and number of PV units.

An important observation is the complex interrelationship of the PV array
out‘put, house aemand, and utility loaa. The house demand and PV array output profiles
for a week in July are shown in the bottom portion of Figure 3-5. The PV array output
corresponds to that of an &0 Mz area unit. The PV energy output below the house

demand curve is consumed by the residence; the output above the house demand is
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Table 3-6. Fractional Energy Values Due to PV Unit Operation

(House Energy Demand = 28,524 kWh/Yr)

Array Areal No Storage Storage = 32.6 kWh
(M2) Backup Excess Backup Excess
40 .72 . 04 .69 0
80 .60 .24 .44 .016
160 .53 . 82 .29 . 474
Table 3-7. PV Penetration (Percent Conventional Capacity) as a

Function of Array Area and Number of PV Units

Numher of Array Area -
PV Units 40 M2 80 M2 160 M2

50, 000 2.7 5.5 11.0
100, 000 5.6 11.0 22.0
200, 000 11.0 22.0 44.0

excess PV energy which is also shown separately. The height of the PV array output
curve is.proportional to the array area, i.e., the height of this cufve is doubled for PV
units with 160 M2 of collector area and halved for PV units with 40 l\'i2 of collector
area. The excess PV energy does not have this simple relation'ship With array area; the
values for excess PV energy in Table 3-6 show that excess PV energy rises sharply as
the array area is increased. The impact on the utility of PV equipped residences is
shown on the top group of demand profiles. The upper curve represents the unmodified
utility demand; note that the daily peak occurs at approximately the same time as the

daily insolation peak occurs. The middle curve indicates the resulting utility demand
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when 100,000 PV uni;s, each with 80 M2 ot cdllector area, are in operation. Note
that the daily peak is reduced; which means that the most expensive energy is being
displaced by operation of the PV units. The bottom curve in the upper portion of Figure
3-5 is the utility demand that results when excess PV energy is fed back- into the grid.
The value of the additional fuel displaced by excess energy fed back is lower (on a per
kWh basis) than the fuel displaced when PV energy is directly consumed by the

residence.

A set of proﬁles for a seven day period in January is shown in Figure 3-6, The
house demand profile is considerably ditferent in the winter or heating season months
from that shown in Figure 3-5. In the winter there is a morning peak and an evening
peak with a valley centered at approximately noon in between. The utility has a similar
demand profile as indicated by the upper (curve in Figure 3-6. The PV output is seen to
occur mostly during the low house demand period with some output occurring during the
morning peak. The effect of 100,000 PV units with 80 M2 of collector area per unit is
to shave the utility morning peak and aeepen the midday valley as indicatea by the
upper two curves in Figure 3-6. The imbact of the'excess PV energy fed back to the
grid is to further deepen the utility demand valley as shown by the loweét of the upper
set of demand profiles. The excess PV energy occurs during the middle of the day when
the house demand 'is lowest and, even though there i; less insolation in the winter, the
excess PV energy is greater than during the summer months. Since the excess PV
energy occurs during the off-peak portion of the utility demand profile, the incremental
value of this energy when fed back to the grid is less than the incremental value of fuel

displaced when PV energy is directly consumed by the residences.

The curves shown in Figure 3-7 demonstrate a change in impact when storage is
included in the PV unit. Note that the peak is shaved in the evening as well as in the
morning. This occurs because the excess PV energy which occurs during the middle of
the day is put into storage for use later in the day when the PV array output cannot,
meet the house demand or is not operational following sunset. Because of the presence
of a battery, there is little or no excess PV energy generated for arrays of 80 l\/l2

area, but excess PV energy would be available to be fed back to the grid for larger
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array areas. The PV array output, house demand and uti}ity demand profiles are shown
in Figure 3-8 for a week in July; no excess PV energy is generated during this week due
to the high house demand and battery storage. The effect of fhe battery is to displace
fuel consumed later in the day; this fuel has a lower incremental cost because utility

demand is lower.

Similar curves can be constructed for various combinations of array area,
storage capacity and number of PV units. However, the impacts of PV units are more
precisely displayed in other ways as discussed in the following sections. The key points

to be gained from the four sets of profiles are the following:

e The impact of PV arrays on the utility demand is seasonally dependent.

(] Array area is an important parameter, since the amount of PV energy fed

back to the grid or put in storage is proportional to collector size.

° When PV units have storage subsystems, high incremental cost energy is
‘displaced later in the day during the winter months. During the summer

months, lower incremental cost fuel is displaced later in the day.

The above considerations can be summarized on an annuai basis by comparing
the utility load duration curves with and without PV units in operation. In Figure 3-9
the original load duration curve is shown along with the modified curve for 100,000 PV
units with 80 M2 array area and no storage for the case in which excess PV energy is
dumped. It is clear that the PV units displace some combustion turbine, oil, and coal
generation. When excess PV energy is fed back instead of dumped, additional
generation is displaced as shown in Figure 3-10. Similar load duration curves are shown
in Figures 3-11 and 3-12 for 100,000 PV units having 160 M2 array area and no
storage. The modified curve in Figure 3-11 is for the case when excess PV energy is
dumpea and is almost identical to the modified curve in Figure 3-7. This comparison
points out that the utility realizes no additional benefit in terms of displaced generation

when the PV unit arrays are oversized with respect to the house load if excess PV
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energy is dumped. When the excess energy is fed back to the grid, there are relatively

large energy displacements as shown in Figure 3-12.

3.5.2 COil Conservation

A significant impact of the introduction of on-site photovoltaic units is the
reduction in conventional fuel consum[;tion. Of particular interest is the conservation
of oil. The oil savings resulting from increasing numbers of PV residences (no energy
storage) is illustrated in Figure3-13 . These curves are for the case where excess
energy generated by the arrays is dumped. In Figure 3-14 it is demonstrated that for a
given array area, the oil savings are even greater when excess PV energy is fed back to
the utility grid. Of considerable importance is the magnitude of the oil savings
achievable. For the postulated utility and residential PV configuration, oil savings of

approximately 4 to 20 million barrels per year are indicated for 50,000 PV residences.

Examination of Figures 3-13 and 3-14 indicates that oil savings do not increase
in proportion to the number of PV units when more than 100,000 units are considered.
As more PV. units are added, the energy displaced increasingly comes from the more
cost efficient plants (i.e., non-oil burning units) in the utility mix. Similarly, it is noted
that the oil savings increases, but in a decreasing proportion to the increase in array
area per unit for a fixed number of PV units. Again, the increased array area results in

additional energy displacement, but mostly from the more cost efficient plants.

Similar results are realized for residences with electrical energy storage
subsystems. The increases in oil savings that result from an increase in the number of
PV residences including storage are shown in Figure 3-15. The increase in energy
savings when excess energy is ted back to the grid is shown in Figure 3-16. For
residences with the "optimum" PV units (array area of 80 M2; storage capacity of 32.6
kW-hour; no sellback), there is approximately a 2 percent increase in savings. This
relatively small increase must be expected because the optimization of this PV
configuration from the homeowner's perspective maximizes the PV energy supplied to
the residence and minimizes the excess. As before, the savings decrease in proportion

to the PV penetration when the number of PV units exceed 100,060 or the array area is
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units are put into operation. The aifference between the unmodified fuel cost and the
reduced fuel cost is the fuel cost differential. Considering PV units without energy
storage, shows utility fuel cost differentials as shown-in Figure 3-18 versus the number
of PV-equipped hours for four collector area cases. The results are similar to those
noted for oil generation savings; the fuel cost differential does not rise as fast as the
number of PV units. increases, or as the array area increases for a given number of PV
units. For a given penetration (array area 'ti'mes the.number of PV units), the fuel cost
differential increases as the number of PV units increases. The fuel cost differential is
greater when excess PV generated energy is fed back to the grid, as shown in Figure
3-19. Similar results for PV units with electrical energy storage are shown in Figures
3-20 and 3-21.

The results of the fuel cost differential calculations are summarized for two
cases in Figure 3-22. For both collector areas considered, the fuel cost difterential
increases when storage capacity is included and excess energy is dumped. This result is
expected because excess energy that is dumped can be stored in a battery for use later
in the day. A different result is noted for the case in which excess PV energy is fed
back to the grid. For 100,000 PV units, each with 80 M2 of collector area, the fuel
cost differential decreases from $47 million to $45.4 million per year when a battery
with 3z.6 kWh storage capacity is added. This result appears to conflict with the
results shown in Figure 3-17 where the oil generation savings increase (from 1075 to
1110 gigawatts) when a 32.6 kWh battery is added to each array in the excess energy
feedback case. However, the coal-generation savings (not shown in Figure 3-17)
decrease for this case, and the fuel-cost value of the decreased coal-generation savings
is greater than the fuel cost value of the increased oil-generation savings. Therefore,
the net fuel cost differential decreases when energy storage is added to the PV units for

- the excess energy feedback case.

The fuel cost differential can increase when on-site storage is present and
excess energy is fed back as is the case for 100,000 PV units with 160 M2 array -area
per unit. As shown in Figure 3-22, the differential increases from $82.5 million to $83

million per year when a 32.6 kWh battery is included with each PV unit. For this case,
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there is an increased oil generation savings as shown in Figure 3-17, and decreased coal
generation savings (not shown). The fuel cost value of the increased oil generation
savings exceeds the fuel cost value of the decreased coal generation savings and thus
there is a net increase in the fuel cost differential when 32.6 kWh batteries are
included. When the storage capacity is increased from 32.6 to 65.2 kWh, the situation is
reversed as shown in Figure 3-22, with the fuel cost differential decreasing due to
storage. The oil generation savings decrease as shown in Figure 3-17, and the coal
generation savings increase. The net effect, after accounting for the value of the fuel

costs involvea, is a decrease in the fuel cost differential.

The main thrust of the above discussion is to indicate that the value of the fuel
cost differential is dependent on the amount and type of fuel displaced by the operation
of PV units. This is especially relevant when considering the impact of excess energy
fed back to the grid. The addition of storage subsystems to PV units can result in an-
increaséd or decreased fuel cost differential. depending on the number of PV units,

collector area and storage capacity.

Another point to consider is the fuel cost differential realized by the utility if
the utility reimburses the PV owners for the excess energy they feed back to the grid.
Consider the case of 100,600 PV units, each with 80 M2 of collector area and no
’storage. From Figure 3-22, the utility realizes an additional $14.5 million per year
($47 million with feedback minus $32.5 million with no feedback) when excess energy is
fed back to the grid. If the utility fully reimburses the additional fuel cost differential
to the PV owners for the energy fed back to the grid, the utility realizes a net fuel cost
differential of $32.5 million per year. It may seem logica'l and obvious that the utility
would fully reimburse the PV owners for the additional fuel cost differential realized
when energy is fed back to the grid. However, the operation of PV units plus the
feedback of excess energy results in less kWh generation by the utility's plants and the
utility must then amortize its fixed costs over fewer kWh. Therefore, the excess
energy fed back to the grid may‘ add some cost to the utility operation as well as
réducing fuel costs. The question of payment for energy fed back to the grid is

aadressed in detail in the following section.
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3.5.4 Residential Rate Implications

The fuel cost differential realized by the utility depends on several factors
including whether energy is fed back to the grid, what fraction of the fuel cost
differential is reimbursed to the PV owners, the size of the PV arrays, and the amount
of energy storage. Interesting and significant results of these analyses are the potential
impact that the savings derived by the utility may have on residential energy rates for
backup electricity and for the rate at which excess electricity is purchased by the
utility. In this section, the results of the fuel cost differential analyses are integrated
into a simplified rate model to determine an appropriate rate to be paid by the
homeowner for backup electricity and a rate to be paid by the uﬁlity to the homeowner

for sellback electricity.

The rate model of the utility is based on the following assumptions:

1. The residential rate structure is simplified and is independent of the

amount of energy consumed and time of day.
2. Rates are directly related to costs incurred or avoided by the utility.

3. All houses are identical (i.e., demand and PV units).
In addition to these assumptions, the normal (i.e., non PV) residential cost of electricity
is assumed as $.0403 per kWh which has been inferred from data in Ref.3-5. If
revenues are directly related to costs as assumed above, then any change in costs is

equivalently reflected as a change in revenues. That is,
A Costs = ARevenues : : (3-1)

Note that utility costs consist of -fixed plus operating costs. The fixed costs are the
sum of capacity and non-capacity costs; the operating cosfs are made up of fuel and
non-fuel costs such as operators, maintenance, etc. When PV units are in operation,
fuel is saved but non-fuel operating costs do not change significantly. Similarly,
non-capacity costs related to fixed charges such as for transmission and distribution

equipment or general plant as well as billing costs and so on do not change. Therefore,

A Costs = ACapacity Costs + AFuel Costs (3-2)
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Assuming zero capacity credit for the PV units, A Capacity is set equal to zero, and

from Equations (3-1) and (3-2),
A Costs = A Fuel Costs + ARevenues , v - (3-3)

The A Fuel Costs term in the above equations is the fuel cost differential value
discussed in the previous section. The ARevenues term in Equation 3-3 ijs
mathematically expressed in terms of two important parameters, the backup ratio and
the sellback ratio. The backup ratio, b , is the ratio of the rate paid by PV owners for
backup energy to the normal residential rate. Similarly, the sellback ratio, s, is the
ratio of the rate paid to the PV owners for excess energy fed back to the grid to the

“normal residentiél rate. The algebraic equations for b and s as well as the expressions
for ARevenues and associated mathematics to solve for b and s are found in Appendix
C. The backup and sellback ratios for the no-storage case are shown as a function of

PV penetration in Figure 3-23.

- The backup ratios are found to vary slowly with increasing PV penetration and
they range from approximately l.l to l.3. The backup ratio increases with increasing
PV penetration (i.e., either increasing array area or increasing number of PV units)
because fewer kWh of energy are required from the utility's plants and the utility has to
amortize its fixed costs over fewer kWh. Note that the increase in the backup ratio is
a smaller then than any increase in PV penetration. For eiample, when the array area
is doubled from 80 M2 to 160 M2 for 100,000 PV units, the backup ratio only
increases from 1.20 to 1.27, less than 6 pe;cent increase in b. The sellback ratio also |
varies slowly with PV penetration; however, there is an inverse relationship between s
and penetration. As the number of PV units or the array area is increased, the value of
the aaditional fuel displaced by the PV energy fed back to the grid is decreased.
Therefore, the rate at which the utility reimburses the PV owners for energy fed back

decreases and the sellback ratio is thus decreased.

Similar results are obtained for the on-site storage case as shown in Figure

3-24. Both the backup and sellback ratios increase slowly with increasing PV
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increased. The oil generation savings are greater for increasing PV penetration when

the increase is caused by an increase in the number of PV units.

A comparison can be made for oil savings between the cases with and without
on-site energy storage. The curves shown in Figure 3-17 demonstrate that the greater
o.il savings are realized when on-site storage is present. For the case when excess
energy is dumped (labelled as DUMP in Figure 3-17), it is obvious that the oil savings
will sharply increase, because much of the energy that is dumped when no storage is
present is now stored in the battery for use later in the day. The oil savings do not
increase as sharply when a 32.6 kWh storage subsystem is included and energy is fed
back to the grid. As previously discussed, one impact of storage is to displace evening
peak energy during the winter months; this energy normally is generated by oil fired
plants. However, the 70 percent round-trip efficiency of the storage subsystem reduces
the amount of oil savings. Increasing the storage capécity can result in a cecrease in
oil savings when excess energy is fed back to the grid. As shown in Figure 3-17, the oil
generation savings decreases from 1840 to 1700 gigawatts when the storage capacity is
doubled. Excess energy, which is displacing oil-generated ehergy, is put into the larger
sizea battery and, given that the energy in the first 32.6 kWh segment of the battery
displaces a large amount of oil-generated energy later in the day, displaces mostly

coal-generated energy.

Betore any attempt is made to generallze the above results, it should be nuted
that: it is not clear to what extent the specific characteristics of the modeled utility
are unique; the economics implications as perceived separately by the homeowner, the
utility, and the aggregate of the two are not apparent; the peculiarities of the insolation.
and load profiles have not been explored; operating inefficiencies such as increased
spinning reserve requirements have not been included; and the impact on generating

capacity requirements has not been assessed. -

3.5.3 Fuel Cost Differential

The other key figure of merit is fuel cost differential. The utility fuel cost

without PV units is $520 million per year in 1985. The fuel cost is reduced when PV
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penetration; b increases ana s decreases with increasing penetration. A comparison of
backup and sellback ratios for PV units with and without storage for array areas of
80 Mz and 160 M2 as given in Figure 3-25. For both collector areas, the backup
ratios are greater when storage is present. This result is expected, since more utility
generation is displaced with storage than without; the utility thus realizes a greater
cost (i.e., amortizing fixed costs over fewer kWh generated by the utility's plants), and
the cost for backup energy increases. The sellback ratio is also greater when storage is
included although the advantage is smalier for the larger sized arrays. As discussed
previously, the net value of the fuel displaced when excess energy is fed back to the
grid is greaier when storage is added. However, when the storage capacity is increased,
the sellback ratio can become smaller than the value for the no storage case. For a
. collector area of 163 Mz, and storage capacity of 65.2 kWh per unit, s is smaller
slightly smaller than the no storage case value for 200,000 PV units as shown in Figure
3-25. For the 65.2 kWh storage capacity, the net value of the fuel displaced by energy

fed back to the grid decreases as the number of PV units increases.

A comparison of backup and sellback ratios with respect to PV penetration is
shown in Figure 3-26. The graph on the left shows that the sellback ratio is greater for
all array areas at constant penetration of 16 x 106 (number of PV units times array
area) when storage is present. However, the sellback ratio for the storage case
converges to the non-storage value of s as the array area increases. The graph on the
right shows that the sellback ratio is greater for lower penetrations, that is, as the
penetration increases, the value of the fuel displaced by excess energy fed back to the
grid decreases. The curves in both graphs show that the backup ratio is greater when
the utility generates less energy, either by adding storage to the PV units or by

increasing the PV penetration.

3.5.5 Dispersed Sources

The energy load associated with a given residence significantly depends upon
the life style and energy management practices of the occupants of the residence. In
the present study, these variations are modeled by statistically varying the residence

load profile both above and below the reference or average value as.discussed in
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Section 3.2.3. In Table 3-8, savings to the utility for various numbers ot PV units with
the same array area per house (80 Mz) are compared. The important results noted

from the table are as follows:

° The fuel cost differential for a set of average houses is the same as that

for a set of diverse houses when excess energy is fed back to the grid.

° When excess energy is dumped, the fue!l cost differential for the diverse

sources is smaller than for the average house.

° In the above case, the difference in fuel cost differential between the

diverse and average houses is not significant.

The second result is caused by the residences with load pro’ﬁles lower than the
load profile for the average house. The PV units for these residences will generate a
larger amount of excess energy, which when dumped, does not contribute to utility fuel
cost savings. The third result implies that the impact of size-diverse sources as
modeled in this study is essentially identical to that observed for the average house.

Similar results are also obtained when examining oil savings.

Table 3-8, Comparison of Fuel Cost Differential for Average and
Dispersed Sources (Array Area = 80 M2 and No Storage)
(106 $/Year)

Number of Excess Energyﬂbumped Exéess Energy Fed Back“*
PV Units Dispersed Average Dispersed Average
50, 000 17. 5' 17.8 25.0 25.0
100, 000 34.3 34.9 48.0 48.0
200, 000 64.7 65.6 88.2 88. 2
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3.6 CONCLUSIONS AND RECOMMENDATIONS

)

3.6.1 Conclusions

The conclusions delineated below must be viewed from the proper perspective.
That is, the conclusions apply specifically to the boundary conaitions, assumptions and
parameter values chosen here and may vary in validity for other locations, utilities,

economic parameters and so on.”

Oil Conservation

On-site photovoltaic units achieve oil conservation by means of a gross enyet.'gy
displacement effect even though much of the generating capacity was coal or nuclear.
In addition there is a generation mix impact caused by the phasing between the solar
insolation profile and the utility demand profile. The impact of the latter effect is

highly site and season dependent.

Storage and Sellback

- Oil savings are impacted by both storage and. sellback. In terms of oil
conservation, -more barrels of oil are saved when excess PV generated energy is fed
back to the grid. This impacf is enhanced when on-site storage is added; however,
beyond a critical value of storage capacity, the amount of oil conserved when energy is
fed back decreases and approaches the amount conserved when excess PV enefgy is
dumped. Similar trends are noted in terms of fuel cost differehtial. From the utility
point of view, the net influence is a function of the storage inefficiencies, the
prevailing rates for sellback and backup energy and the alteration in the demand profile
caused by the partiéular storage - logic employed. Storage and sellback tend to be
counteractive in that the benefit resulting from their combination is less than the sum

of their individual benefits.

Modelled Sellback and Backup Rates

The utility sellback rate decreases with increasing PV saturation and with array
areas for the larger sizes, because the incremental excess energy displaces -

incrementally less valuable conventional fuel. The backup rate increases with
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increasing solar penetration,' both array area and saturation, because the capacity
factor of the conventional generators is thereby reduced resulting in less efficient
utilization of the fixed capacity.. The effect of energy storage is to further increase
the backup energy rate and the sellback rate. The sellback rate decreases for very

large array areas as the storage capacity increases.

Coupled Analysis Needed

The site owner and the utility company will often have opposing economic
motives. Previous studies have concentrated on only one of the parties with consequent
losS of economic representation for the other. System acquisition decisions must
involve coupled analyses in which the preferences, and constraints of both groups are

considered.

3.6.2 Recommendations

The main recommendation is to develop a "coupled" analysis in which the
values, preferences and constraints of both the on-site owner and the utility company
are simultaneously considered. Studies to date have taken only one point of view, but

the ultimate resolution of integration issues will certainly reflect both positions.
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APPENDIX C

DERIVATION OF BACKUP AND SELLBACK RATES

First, necessary parameters are defined as follows:

e
N
b
s
URR(x,y,z)

X

i

Normal (i.e., non PV) residential rate; $/kWh

Number of houses with PV units

Ratio of rate for backup energy to normal rate; dimensionless
Ratio of sellback rate to normal rate; dimensionless

Utility residential revenues from houses with PV units; $/kWh

“Array area; M2

PV energy storage capacity; kWh

Flag denoting sellback; no sellback (z=1), sellback (z=2)
Normal residence energy consumption; kWh/year

Fraction of house load not provided by the PV unit; dimensionless

Ratio of sellback energy to house load; dimensionless

The parameters b and s characterize the impact of the PV units on the residential rate

structure and equations in terms of b and s are developed below.

From Equation (3-3) and the above definitions, the reduction in utility revenue

due to operation of PV units and no sellback of excess PV energy is expressed as

AURR = URR(0,0,1) - URR (x,y,1) (c-1)
where URR(0,0,1) is the normal utility residential revenue. That is,
URR(0,0,1) = (N) (e) (NRE) (C-2)



Also, URRI(x,y,l) can be expressed as

URR(x,y,1) = (N) (b) () (B) (NRE) e
Combining equations (3-4) and (3-6), '
bB =1 - AURR (3-7)
i} URR(0,0,1)

Similarly, the reduction in utility revenue due to operation of PV units with sellback of

excess energyis given by
AURR* = URR(0,0,1) - URR(x,y,2) (3-8)

where . (
URR(x,y,2) = (N) (b) (e) (B) NRE - N (s) (e) (¢) NRE

which, after some algebra, is equivalent to
URR(x,y,2) = URR(0,0,1) [bg - sa] = (3-9)
Therefore, by substituting Equation (3-9) with (3-8),
| AURR” = URR(0,0,1) [1-bB +s0] = - (3-10)
Further, by solving Equation (3-7) for AURR, |
AURR = URR(0,0,1) [1-bA]
Thus, Equation (3-10) is rewritten as
AURR™ = AURR + URR(0,0,1) s&
and solving for s¢o,

¥* A .
_ AURR - AURR |
so = URR(0,0,1) (3-11)

Values for AURR " and AURR are taken directfy from Tables 3-10 and 3-11 for
a given number of PV units. The URR(0,0,1) term is calculated from Equation (3-5)
where e is $.0403/kW-hour and NRE is 28,524 kW-hours per year as previously noted;
therefore URR(0,0,1) equals $1149.50 times N, where N is the number of houses with
PV units. The backup energy and PV excess energy fractions, 8 and ¢ respectively,
are delineated in Table 3-6 for various combinations of array area.and numbers of PV
units. Values of b and s for various PV configurations and numbers of PV units have
been calculated using the above equations and are shown in Table 3-12. The results are

discussed below.
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FART Ill. RATE STRUCTURES FCR ON-SITE FHOTOVCLTAIC UNITS
1.0 INTRCDUCTION

This section describes the results of a brief task whose objective was to assess
" current activities concerning rate .structure studies, practices, rationales, and
experiments as they affect the use of on-site photovoltaic power units. A telephone
survey was conducted of several active researchers, utilities, and Government agencies,

and the available litéerature was used to compile an information base on this subject.

In order to understand the rate structures which utilities would apply to solar
technologies such as on-site photovoltaic power units, the basis of rate structure
formulation shall first be reviewed. A good summary of this process is contained in

Ref. |, and is quoted below:

"For the design of rate structures, electric utilities will generally undertake
fully distributed cost studies that analyze past operations for a given périod and
allocate the revenue requirement among the various classes of service. Initially, the
revenue requirement is functionalized into generation, transmission, and distribqtion
costs. The functionalized costs are then classified info groups bearing a relationship to
a cost-defining characteristic of the services renderea. Typically, these classifications
are demand, energy, and customer. Demand or capacity costs are those that vary with
the kW of demand imposed on the system by customers. Energy costs vary with the
number of kWh produced to serve customer usage, and include fuel, operation, and
maintenance costs associated with converting fuel to electric energy, and possibly the
costs to purchase power from neighboring systems. Customer costs are those related to

the existence of specific customers and vary with the number of customers served.

The functionalized and classified costs are allocated to customer classes. The
three primary customer classes are industrial, qommercial, and residential.
Energy-related costs are allocated on the basis of consumption by each class. Customer
costs are allocated in accordance with the customer-related facility, metering, and
billing costs associated with each class. Demand costs can be allocated in any of

several methods. The peak responsibility method allocates demand costs on
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the basis of each customer class's aemand at the time of the system peak. Another
method, the noncoincicent peak methoa, allocates demand costs proportional to the

peak demand of the individual class regardless of when that demand occurs.

If it is desired to create a rate structure based on time-&ifferentiated costs,
additional steps are involved. Rating periods are selected and can be seasonal, resulting
in rates differing between diurnal on- and off-peak periods. Two generally accepted
principles are observed: (l) periods of greater system load have associated with them a
greater portion of fixed costs per unit of demand and (2) periods of greater system load
have associated with them a greater portion of variable costs per unit ot consumption.
Rates are generally designed with demand and energy costs higher for the seasonal and

possibly daily peak period than for the corresponding off-peak period.

If rates are to be designed on the hasis of marginal costy iscey the cost of adding
an additional unit of output, a different costihg approach is used by the utility. Under a
marginal cost pricing scheme demana, energy and customer costs are derived and can
be non-time-differentiated, time-aifferentiated by season, or time-differentiated by
time of day. Economists and some regulators contend that, ideally, consumers ought to
pay a price equal to the marginal cost of the service on the basis that marginal cost

pricing results in economic efficiency and optimum allocation of resources."



2.0 FACTORS AFFECTING RATE STRUCTURE

2.1 OWNERSHIP

The rates which a utility will charge a customer, or pay a customer for
electricity generated at the customer's residence, is dependent upon ownership. 1f the
utility owns the photovoltaic unit, the cost of power production will probably be treated
as a supply of usable energy to the entire service area just as if it were produced at a
central generating facility. The capital cost of the solar unit would be rolled in and
treated as a rate base investment. Operating and maintenance costs would presumably
be shared by all customers just as the operating and maintenance costs of central
station units are sharea by all customers. Under this concept both the cost andAbeneﬂts
of the energy generated in the service area would be captured by all consumers. The
utility might treat solar acquisition as an element in the planning of new power
production and consider the overall effect of these systems on an aggregated basis. If
the customer owns the solar facility, however, the rate structure must consider the
impact on utility capacity, requirements, capacity utilization, system operations, the
time-of-day value of sellback energy, special interconnection and metering costs, ana
changes which occur as a result of increasing penetration of photovoltaics in the overall
system. The utility rate base would not include the photovoltaic power production
investment although the investment in distribution (excluding any interconnection
eqhipment), transmission, capacity and general plant required to provide backup power
would continue to be included in the rate base. The net of costs avoided (fuel plus
capacity) and extra costs incurred would be credited to the solar unit owner presumably
without an allowance for income to the utility. Customer ownership is assumed in the

discussions and analysis which follow.

2.2. SCLAR SYSTEM CHARACTERISTICS

Since the utility generally bases its rate structure on energy use, capacity

requirements, and operational efficiency*, the solar unit characteristics and output as

- * Most residential rates are highly simplified ana do not explicitly identify these
considerations. Operational efficiency refers to the use of-a power factor-related
charge.



well as the nature of the customer demand are both important to the determination of
an appropriate rate structure. The nature of the insolation on an hour-by-hour basis
relative to the load is important, as well as the amount of storage present in the
photovoltaic unit. This can be illustrated by referring to Figure 2-1, which shows the
results of an hour-by-hour simulation of residential demand for an all-electric home in
Madison, Wisconsin. For this case it was assumed that the bhotovoltaic unit would have
no stcrage, but that parallel generation could be used. It Ais seen that for a photovoltaic
collector area of 100 square meters, the unit has the potential of displacing 40 percent
of the energy originally supplied by ‘the utility, The dotted, shaded area of the curve
represents the amount of demand satisfied directly by the solar unit. The vertical
stripe portion represents a trade between the customer and the utility. This is energy
which is greater than the amount needed by the home at the time i.t is generated and
sold to the utility, and at other times is purchased from the utility to meet demands in
excess of the solar unit capability (e.g., after sundown or on cloudy days). If the sale
price and purchase price of this energy are the same, then the solar design assumed in
Figure 2-1 (e.g., without storage) may be appropriate. If, however, the utility buys back
energy at a price that is much less than the price at which it sells to the customer,
energy storage may be appropriate for the photovoltaic unit in order to minimize the
net energy cost. Finally, in Figure 2-1 there is a crosshatched area representing two
months during which the solar output is greater than the demand which would permit a
het sale to the utility. In the Madison, Wisconsin area chosen for this example, the
utility is winter-peaking and the photovoltaic surplus occurs in the summer. The price
which the customer would receive might be quite different from that received in a

summer-peaking area.

2.3, UTILITY CHARACTERISTICS

As discussed above, the summer versus winter peaking characteristics of a
utility could have a profound effect on the rate structures which are appropriate for
photovoltaic systems. Another characteristic is the demand profile and weather

sensitivity experienced by the utility and the aggregate size of the photovoltaic
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RESIDENTIAL DEMAND/SUPPLY FOR AN ALL-ELECTRIC HOME
IN MADISON, WISCONSIN
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Figure 2-1, Simulation Results for a Photovoltaic Residential Installation
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demang relative to the total load. As is discussed subsequently, there is a trend toward
basing utility rate structures on net avoided costs. Net avoided costs will be made up
of cost reductions less cost increases. The principal cost reductions are expected to be
derivec from fuel savings, especially near-peak hours, and some reduction in installed
capacity requirements. (Analyses indicate that there should be some capacity
displacement that is less than the rated capacity on the on-site units even though
periods of little sunshine are expected to occﬁr.) Unit energy cost increases may occur
from a need 1o use units that consume higher cost fuels per unit of energy output more
fi'eqtjently, to maintain larger spinning reserves, and to provide for special metering,

status monitoring, maintenance, safety, or power quality provisions.
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3.0 SURVEY SUMMARY

3.1. SURVEY DEVELOPMENT

The survey began with a review of recent literature on rate structure
development, especially those stuaies which address solar units. These included a
number of time-of-day studies initiated by EPRI, and documentation of special rates
developed by utilities in anticipation of solar unit employment. ERDA and DOE-funded
studies were also reviewed, including those by SERI, ICF Inc., anc Clark University
(Feldman and Anderson). Studies, policies, and regulations of various state and federal
agencies were reviewed in depth, especially the recommendations of the Office of
Technology Assessment, the requirements of Section 210 of the Public Utility
Regulatory Policy Act (PURPA) of 1978, and the Federal Energy Regulatory
Commission (FERC) response to that act, RM-55. Although there were a large number
of literature items identified initially or during the telephone survey, a larger literature °
base is believed to exist that could not be identified or reviewed in the time allocated

to the study.

After the initial literature review, telephone interviews were held with four
researchers active in the field of utility rates, ICF, Stone & Webstef, Criterion
Analysis, Dr. Richard Weissbrod (JHU), four utilities (Los Angeles Department of Water
& Power, Southern California Edison, Wisconsin Electric Power Co., and Public Service
Company of Colorado), the California PUC, and EPRI. These interviews confirmed that
there were few completed studies which were applicable directly to the problem of rate
making for photovoltaic systems, but revealed that some were now underway.
Abstracts of several pertinent studies and their implications regarding rate structures

for photovoltaic units are summarized below.

3.2. SUMMARIES OF RELEVANT STUDIES

EPRI Studies (Ref. 2): This is a set of electric utility rate cesign studies

| originally requested by the National Association of Regulatory Utility Commissioners
(NARUC). The original NARUC resolution called for a stuay of the technology and
cost of time-of-day metering and electronic methods of‘controlling peak period usage
of electricity, and also a study of the feasibility and cost of shifting ;arious types of

usage from peak to off-peak perioas. Although no specific study of photovoltaic units
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was conaucted, the time-of-use studies and experiments, and the development of rates
using marginal costs are techniques which should prove useful in rate design for

photovoltaic units.

Johns Hopkins University Study (Ref. 3): This study by Richard Weissbrod, et

al., is a review of field experiments for electric rate redesign decisions in all states
where these have been taking place. The general conclusion of the study is that the
data generated as part of many of the rate experiments conducted in the 1975-1977
period were not of sufficient quality to be useful in assessing the impact of time-of-use
rates. Since there is even less experience with on-site solar units with sellback, it can

be concluded that solar rates cannot yet be based on experimental data.

Feldman-Anderson Study (Ref. 4): This study, funded by ERDA, reviews,

assesses and critiques existing research and on—going activity in the interface between
the public utility industry and solar energy units for buildings. Of the ten items
recommended for future research, the two which would most apply to photovoltaic units
are (1) "Producing a set of econometric models for market penetration accounting for
marginal energy and capacity costs and prices for electric and gas utilities," and (2)
"Research the effect of legislation on the solar-utility interface". The intent of this
work was not to resolve specific issues but to contribute to their identification and

qualitative understanding.

ICF Study (Ref.5): This on-going study contracted.by the Department of Energy
1s a case study analysis of the regulatory and economic factors involved in designing and
implementing rates for residential customers who own solar energy units. The analysis
is being conducted for five utility systems where the potential for solar market
penetration is significant and where some regulatory action on tariff issues has been
undertaken. The principle purposes of the study are to (l) "analyze the potential'
impacts of alternative rate designs for auxiliary electricity on the design, operation and
cost effectiveness of active solar space and water heating systems to residential
customers, (2) analyze the impacts which the demands for auxiliary electricity may
have on utility costs, revenues and operating characteristics, (3) study the interaction

of these impacts within a regulatory environment, and (4) prepare a set of practical .



guidelines which will assist regulatory authorities and uﬁlities in the consiaeration and
possible implementaton of rates for solar auxiliary power." Other studies by ICF (Refs.
6 and 7) have addressed the development of rates for supplying electricity to residential
solar customers. These studies, however, do not address the question of sellback by the

customer, an option which could be available to customers with photovoltaic units.

OTA Study (Ref. 8): In a study of the application of solar technology to today's
energy needs, the Office of Technology Assessment recogniz'éd that Federal policies
would be needed for promoting ana regulating on-site solar energy. Policies which we_ré
recommended included (1) exemption of on-site equipment by regulation from Public
Utility Law, (2) establishment of the rights of owners of on-site energy equipment to
purchase power from existing utilities at fair rates, (3) establisl;mment of the right of
owners of on-site enérgy equipment to sell energy to utilities at fair rates. These
recommendations were subsequently incorporated in the Public Utility Regulatory
Policy ‘Act of 1978 (Refs. 5-9). Recent rule-making by the FERC has set up specific
rate-fnaking requirements for qualifying facilities, and photovoltaic units appear to
come under the small power production rules. The details of the PURPA and FERC

rule-making are discussed in the last section.of this chapter.

SERI Study (Ref. 1) This study examines the legal interactions between
utilities and decentralized solar technologies. Electric utility costs and rate structures
are reviewed, and the effect of rates on solar unit economics examined. The impact of
solar units on electrical utilities is also discussed, and examples are given of existing

and proposed solar and wind rates.






4.0 EXISTING SOLAR RATE STRUCTURES

4.1. SOLAR BACKUP POWER RATES

Sixteen utilities in twelve states have developed electric rates which are
explicitly available to residential customers who own solar space ana/or water heating
units and who use electricity as a backup to these units. A listing of these rates is
presented in Refs. 6 and 7. The rates include traditional declining block rates, energy
charges varying with time of day, demand-énergy rates, and controlled service tariffs.
In most instances these rates are identical in structure and in level to those offered to
all-electric customers. In a number of cases these rates have been incorporated to.
overcome exciusionary clauses. For example, some total electric schedules specify that
electricity must be the primary or sole source of heating; a special rate or rider would

be necessary for solar owners to be eligible for this tariff.

Many of the solar rates contain specific provisions indicating that the utility
may monitor the auxiliary loads of the sclar customers. Also, many of these rates are
designated as experimental to limit the number of customers served until the impact of
solar customers on the utility system can be determined. They also emphasize that the

rates are temporary and the structure of the rate may be subject to change.

The use of all electric rates as a model for experimental solar rates appears
 consistent with the use of only one conventional external energy source to serve the
site. However, all electric rates typically include lower unit energy charges due to the
larger number of kWh normally supplied by the utility. The larger number of kWh
provides adequate revenues to cover both fixed and variable costs even though the unit
kWh rates are less than for non-all electric rates. Since on-site solar units will require
backup and may involve sellback and special interconnection equipment, many of the
fixed utility costs will be unchanged. The backup energy will be less than that delivered
to a non-solar site. A proportional reduction in variable costs may result but the
existence of unchanged fixed costs implies that the rate for baékup energy should be
higher than normal energy rates rather than lower as is the case for all electric rates.

Fortunately PURPA has provided* a - philosophical basis for establishing solar



rates by specifying that such rates reflect cost avoidance. Although there are a large
number of factors and alternative approaches to calculating costs, guidance now exists

for structuring work to estimate such costs.

4.2, PARALLEL GENERATION RATES FOR SCLAR

Many states are now studying special rates with sellback provisions for on-site
photovoltaic units and wind machines. States with such filings already adopted include
California, Michigan, Montana, and New York. Table 4-1 shows typical rate structures
developed for this category. The first two, located in New York, were originally
developed for windmill customers. They provide for an energy credit equal to the
average cost of fuel per kWh, but impose a "demand" charge, either as a minimum or
fixed value per kilowatt of capacity. The LADWP rate schedule does not have a
demand charge and provides energy credits which are different for on-peak and
off-peak usage (although the values shown in the table are the same for either usage).
The rates for the Southern California Edison Company are the most liberal of all, with
no demand charge, and an energy credit equivalent to the energy charge except that the
net energy cost cannot be negative. This rate implies a subsidy for the solar unit and

does not appear to reflect the relative costs of service.

It is instructive to calculate the approximate reduction in purchased energy
cost for the demand shape and assumed photovoltaic system of Figure 2-1, using the
various rate structures in Table 4-1. If the required capacity is assumed to be 10 kW,

the following reduction results.

% Reduction in Cost of
Furchased Energy for

Rate Structure the House of Figure 2-1
Central Hudson Gas & Electric Corp. ' 18
Consolidated Edison Co. of N.Y. 30
L.A. Department of Water & Power 32
Southern California Edison Co. ’ 40
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Table 4-1.

Examples of Current Rates for Parallel Generation

Utitity

Classification/
Date

Energy Charge

Special Charges

Lnergy Credit

Central Hudson Gas &
Electric Corp (NY)

Consolidated Edison
Co. of New York

Los Angeles Dept. of
Water and Power (CA)

Southern California
Edison (o.

SC-1, Prov. 1,2/
10/10/77

SC-2, GS, Prov. G/
377177

XD-PG/12/10/78

D-PG/1/1/79

First 12 kWh or less
Next 60 kWh

Next 78 kWh

All over 150 kWh

First 10 kWh or less
Next 890 kWh
All over 900 kWh

On peak
Off peak

First 100 kWh
Excess kWh

$2.70

$.07552/kWh
$.05653/kWh
$.0389%/kWh

$4.96
$.0810vkWh
$.074 5¥kWh

($.07361 + ECABF)/kWh
($.016%5 + ECABF)/kWh

No additional
($.02423 + ECABF)/kWh

Demand charge of $2.50 per

kW of capacity
Meter charge of $1.00

Min. charge of $6.80 per
kW of capacity

Reverse flow meter charge

of $1.00

Minimum charge of $6.00

Customer charge of $6.92

Average cost of luel
per kWh

Average cost of fucl
per kWh

On-peak $.0170/kWh
Off-peak $.0170/kWh

Same as energy charpe
hit net energy cannot
be negative

ECABF = Energy Cost Adjustment Billing Factor




Note that the CHG&E rate results in a low reduction due to the significant demarnd
charge, while the SCE rate shows a large reduction, since the energy credit is at the
same rate as the energy charge. If a negative net energy charge were allowed, the SCE

rate could result in a maximum energy bill reduction of 41.3% for the conditions

illustrated in Figure 2-1.



5.0 THE FUTURE OF SOLAR RATES

Most of the existing rate tariffs offered for solar are experimental in natur‘e,
and few residential customers have signed up for these' rates. Utilities and regulatory
ager%cies are moving to have the rates in place before substantial penetration of solar
occurs. As the market penetration of solar with sellback potential increases, - the
experimental rates will be converted to more permanent rates. Since these rates can
be strongly affected by Federal and state regulatory policies, it is important to examine

these policies in detail in order to anticipate the new trends in rate making.

5.1 PURFA REQUIREMENTS FOR RULE MAKING

Public Law 95-617, the Public Utility Regulatory Folicy Act (PURPA) of 1978,
(Ref. 9) was passed on November 9, 1978 as part of the Federal Energy Act. Section
210 of this Act required that the Federal Energy Regulatory Commission (FERC)
prescribe rules for encouraging cogeneration and small power production. A small
power production facility was defined as one which produces electric energy solely by
the use of tenewable resources such as appllcations of solar, wind, or geothermal
energy, and has a capacity which is not greater than & MW. Residential on-site
photovoltaic units would qualify as a small power production facility under this
definition. . Within one year of enactment, the Act directed the FERC to develop rules
which would require electric utilities to offer to sell and purchase electric energy from
small power production facilities. It further prescribed that the rates for such sales and
purchases (1) shall be just and reasonable to the electric consumers of the electric
utility and in the public interest, and (2) shall not discriminate against qualifying
cogenerators or qualifying small power producers. It also prescribed rules under which
these qualifying facilities would be exem'pted in whole or in part from the Federal
Fower Act, from the Public Utility Holding Company Act, and from certain state laws

and regulations, provided the facility was smaller than 30 MW.

In response to FURPA, a set of proposed rules were issued on 18 October 1979
(Ref. 10). Comments from interested parties were due by | December, and a final

rule-making will be promulgated soon thereafter. By 30 June 1980, cost avoidance



data pertinent to these rules are to be proviaed by the utilities, and a year from the
rule-making, the Public Utilities Commissions of the various states are required to
implement these rules.

5.2 DETAILS OF THE FERC RESFONSE TO FURPA

The initial response to tl;e PURFA Was published as a staff paper under docket
number RM-79-55 on 3 July 1979, and revised rules were proposed on 1& October 1979.
The latter had the benefit of responses by Public Utility Commissions and utilities to
the initial staff paper. The proposed rules provide that "Electric utilities must purchase
electric energy and capacity made available by qualifying cogenerators and small power
producers at a rate reflecting the cost that the purchasing utility can avoid as a result
‘of obtaining energy and capacity from these sources, rather than.generating an
equivalent amount of energy itself or purchasing the energy from other suppliers. To
enable potential cogenerators and- small power producers to be able to estimate these
avoided costs, the rules require electric utilities to furnish data with regard to present

and future cost of energy capacity on their system".

In regard to photovoltaic cells, the Commission made the following observation

"...photovoltaic cells...have the general advantage of providing their maximum power

coincident with the system peak when used on a summer peaking system. The value of |

such power is greater to the utility than power delivered during off-peak periods. Since
the need for capacity is based on system peaks, the qualifying facility coincidence with
the system peaks should be reflected in the allowance of some capacity value and an

energy component that reflects the avoided energy costs at the time of the peak".

In regard to size, the rules require that each electric utility, upon request of a

qualifying facility, establish a tariff or other method for setting forth standard rates

for purchases from qualifying facilities with a design capacity of 10 k¥ or less. The

rules further require that the electric utility offer to operate in parallel with a
qualifying facility. In addition to parallel generation, the electric utilities are required
. to provide the follo‘wing t‘ypes of service: (1) supplementary power, (2) backup power,

(3) interruptable power, and (4) maintenance power.

«
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In the sale to a qualifying facility, the utility rates are required to not
discriminate in comparison to rates for sales to other customers served by the electric
utility. The rates for sale shall be just and reasonable and in the public interest. Each :
eléctric utility shall provide electric energy and capacity and other services to any
qualifying facility at a rate at least as favorable.as would be provided to a customer
who does not have his own generation. Other sections of the FERC rules treat the
problem of interconnection, and clearly assign costs of interconnection, both for

purchasing and selling electricity, to the qualifying facility rather than the utility. °

5.3 AREAS FOR FURTHER STUDY

A comparison of the current solar rates described in Section 4.0 of this chapter
with the above rule-making proposed by the FERC results in some significant
discrepancies, since most of the current rates do not reflect the avoided costs t‘o‘ the
utilities in their buy-back prices. The following represent areas recommended for
further study: (1) continue to monitor Fublic Utility Commissions and utilities as they
respond to the FERC rule-making, (2) continue impact studies to determine the
aggregate effect._ of solar photovoltaic units on utilities in order to develop a
quantitative understanding of costs avoided and additional costs incurred as a result of

on-site power units with sellback which may be used as a basis for future rate-making,

(3) explore the effects of these new rate structures and the interconnection costs on

market penetration of solar photovoltaic systems as a function of different regions and

utility loaa types.
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