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ABSTRACT 

PhoIovoitaics(PV)differsubstantiatlyfromlhecenlraI 
generating stations traditionally employed by utilities. 
PV utilizes aluel which disappears nightly, operating only 
while the sun shines. It has the potential of being highly 
reliable while requiring low levels of operating and 
maintenance attention, and it can be deployed in a highly 
modular fashion close to load. It is precisely these differences 
that give rise to PVs greatest opportunities in successfully 
entering the utility market. 

The purpose of this paper is to explore an emerging 
utility paradigm, the Distributed Utility concept, and how 
utilities might change their current planning and resource 
selection processes to take advantage of it, both to the 
betterment of the PV industry and the utility's customers. 
Out of this exploration emerges the photovoltaics Diffusion 
Model strategy that bridgesthe gap from currently economic 
stand-alone special applications of PV in utility operations to 
bulk power production. 

INTRODUCTION 

Photovoltaic (PV) power plants differ substantially 
from (he central generating stations traditionally employed 
by utilities to meet their customers* electrical needs. PV 
utilizes a fuel that disappears nightly, it is not dispatchable, 
it has the potential of being highly reliable while requiring low 
levels of operating and maintenance attention, and if can be 
deployed in a highly modular fashion close to load. It Is 
precisely these differences that give rise to PVs greatest 
opportunities in successfully entering the utiSty market 

Any successful utility market entry strategy must 
capitalize on photovoltaics' unique characteristics and the 
true value these characteristics produce tor (he utility and Its 
customers. To implement such a strategy, however, we 
must develop an alternative to the traditional central station 
planning paradigm to a view we refer to as the Distributed 
Utility concept. Without this alternative. utility market entry 
will be dependent upon head-to-headcost basedcompetition 
on central station terms; and this is a competition PV could 
not possibly win over the next one to two decades, both to 
the detriment of the photovollaics industry and the utility's 
customers. 

The purpose of this paper is to explore the Distributed 
Utility concept and how utilities must adapt their current 
planning and resource selection processes to take 
advantage of it Our discussion focuses on the implications 
of this concept on PVs future roles in the utility market. Out 
of this exploration emerges a market entry strategy forthe 
introduction and growth of PV In utility applications—a 
Diffusion Modelstrategy that bridges thegapfrom currently 
economic stand-alone special applications in utility 
operations to bulk power production. 

PHOTOVOLTAICS UNDER THE CURRENT UTILITY 
PARADIGM - CENTRAL STATION GENERATION 

Many recent studies (tor example, References 1.2, 
3,4) have characterized the potentially significant future 
energy production role of photovoltaics in utilities. Bulk 
powerfrom PV is a worthy goal, but competing with modem 
combined cycle, coal, nuclear, and even wind power solely 
on the basis of levelized energy cost in a central station 
configuration is currently an unrealistic near- and even 
intermediate-term target. On this playing field. PV has utile 
chance in this decade of producing energy at competitive 
costs. 

What about photovoltaics as a central station had 
following or peaking resource? In many service areas. PV 
output naturally matches load variation requirements weft. 
For example, PG&E's system Is summer peaking and Hs 
daily load profile (on cloud-free days) matches the dally 
changes in capacity output from PV sources very well 
(Figure 1). The current alternatives tor central station 
peaking powerare systemwide load management programs, 
combustion turbines, cycled coal plants, pumped hydro 
storage and. Just emerging.compressedairenergy storage. 

From these competitors arise cost goats of 8 to 
12cents/kWh (1. 5). Though not as far out of reach, 
competing on a central station basis against these 
technologies as load following or peaking plants wilt not be 
an easy path for photovoltaics. For example, as presented 
in a companion paper of this conference, the benefit/cost 
ratio of bulk solar peaking in the PG&E system was 0.55 
and0.6Binthe1996and2001 time frames, respectively (4). 
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Figure 1. PG&E typical summer load profile and measured 
photovoltaic plant output (PV output not to scale). 

Could there be a (aster road to cost-effective and 
energy significant uses ol photovoftaics in utilities? We 
believe that the answer ties in emerging (rends in utility 
structures and planning, which take full advantage of the 
strengths of small, easily sited, local load matching, and 
environmentally preferred technologies such as PV. Let us 
define that vision of the utility of the future, contrast it with the 
current central station utility paradigm, and then examine 
PVs potential utility system tole in that context. .. 

THE EMERGENCE OF THE DISTRIBUTED 
UTILITY CONCEPT 

We have seen the emergence of much smaller sized 
generation technologies that can now duplicate the 
efficiencies of large units—and these technologies are 
continuing to improve and develop. Coupled with power 
electronics, emerging storage innovaSons, and customer 
efficiency measures, these technology innovations are 
beginning to change the degrees of freedom utility planners 
have in designing their systems. Economies of scale no 
longer dominate planning. The placement of generation in 
the system is becoming important. The cost minimization 
objective lunction.ol the utiSty planner is becoming more 
complex as nongeneratîon cost factors (line losses, 
transmission upgrade costs, reliability, etc.) are no longer 
dwarfed by central station economies of scale. The 
Distributed Utility concept is emerging. 

These changes in technology lead us to picture a 
future utility whose form differs markeoTy from the utility of 
today. Figure 2 contrasts the traditional central station 
do rránatedutintyof today with aconceptual utility of tomorrow, 
which integrates central station power plants with modular 
and attributed generation strategical located within the 
generally interconnected network to low r̂ the overall cost of 
serving customers. 

Figure 2. Central station vs. distributed utility concepts. 

Consideration of the concepts of sustainabilty. energy 
efficiency, modularity, strategic power delivery, andbusiness 
beyond the meter Indicate that investing exclusively in the 
old model of the predominantly central station ufifiy may no 
longer be optimum or desirable. 

ft Is ourthoughl that photovoltaics (andindeed "smaB" 
generaüon,"smairstorage.lc<alrytargetedcuslon»eneigy 
efficiency and focalized load-management programs) could 
prosper in the evolving vision of the utility system. New 
planning concepts may lead to an improved paradigm for 
the utility of the future, which encourages or even features 
technologies with the characteristics of phoiavoteics. & is 
also a model that may be advantageous for enveloping 
nations that have not yet fully adopted the old cental station 
paradigm. 

"BASELOADING"THE TRANSMISSION AND 
DISTRIBUTION SYSTEMS 

Figure 3 shows the PG&E system load duration 
curve and a typical feeder load duration curve plotted 
together. An analysis of virtually any other utility's system 
would show a similar relationship. We currently 
accommodate peaks on the transmission and dstribufon 
system that are much sharper than anything we face on the 
generation side (due to reduced load diversity). In many 
instances, 50% of a typical area's transmission and 
dislributioncapadty is needed only to meet power lows that 
occur less than 15% of the year. 

The utiRty of the future can obtain economies by 
attempting to satisfy some of this demand variabTity at is 
point of origin rather than through central station means. 
New generation and storage technologies are energing. 
including photovoltaics. which, because of their hiçn degree 
of modularity, naturalorcontroltable load following c=pabîlîy. 
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near the end of the distribution system can double the 
benefits offered from Jhatcontributedif energy and capacity 
value only were considered. Depending critically on where 
PVisinstatled.it could provide the benefits of VAR (reactive 
power) support, reduced electrical transmission losses, 
enhanced reliability, and other local values to the utility and 
its customers. 

The possibility of peripherally sited generation 
facilities enhances the utility's ability to provide substantial 
product differentiation. In fact, many specialized services 
become possible, such as enhanced reliability, enhanced 
power quality, uninterrupted power, and DC systems, 
through the installation of photovottaics and other special 
equipment at or near the location of need. The Distributed 
Utility gives new meaning to the old utility goal of serving the 
customer, and new ways to actually be of service. 

Figure 3. PG&E system and typical feeder load duration 
curves. 

and siting acceptance, could efficiently take care of that 
variability at the local level. Meeting localcustomerdemand 
in this way reduces line losses, enhances reliability, and 
eliminates the propagation of system reinforcements up the 
chain, with the consequent magnification of costs. If this Is 
done, central generation can play the role it is best suited 
for—system base load, large quantity power production. 

We believe that benefits may increase as small 
generation and storage are deployed further (electrically) 
from the core of the utility and closer to the consumer. Of 
course, costs are not independent of location or size. Per-
kilowatt capital costs are lowest in nonurban areas and for 
some larger systems; operations and maintenance costs 
per kilowatlhour are probably much higher in small 
installations. Clearly, cost and value needlo be traded off on 
a case-by-case basis to meet a utility system's specific 
characteristics. 

COUPLING PHOTOVOLTAICS INTO 
THE DISTRIBUTED UTILITY— 

ENHANCING SERVICE OPTIONS 

Photovotl aies' attributes—modularity, no fuel o r wate r 
requirements.kjwmainlenance.enwonmentalcompatibility, 
and natural power output correlation with local loads in 
many service areas—make it an ideal candidate for 
distributed applications. PV can be installed very rapidly 
and expanded as local load grows. It is also a portable 
technology and thus useful in applications where rapid 
relocation has value. 

Placing generation (e.g.. photovotiaics) out at the 
'edges* of the system instead of siting it all at a central 
(electrical, if not geographical) poùi in the system can add 
substantia! benefits. In some instances, generation placed 

INTERCONNECTED UTILITY SERVICE—PG&E'S 
KERMAN SUBSTATION CASE STUDY 

PG&E recently completed a study that quantified the 
benefits of siting a 500-kW photovoltaic system to support 
substations in the central valley of California (6). The 
central valley is a large area containing small and large 
communities interconnected by transmission which spans 
large distances. PG&E has no large central station 
generation of its own In the central valley. In the language 
of the present paper, this was a study of the value ol (+g) 
in an area of PG&E's system likely to have larger "location" 
benefits. The specific example presented here, Herman 
Substation, has aloadthat includes agricultural, residential, 
and commercial components. The results, though not. 
typical across PG&E's full system, are probably 
representative ol 10% of substation locations in PG&E's 
system. 

A PV installation was chosen as the (+g) technology 
because it has a good time correlation with the peak load 
at the Kerman Substation. (Alternative technologies are 
now being considered in a follow-on study.) The [*G) 
benefits, capacity and energy, of this installation are 
independent of ils location, but there are electrical loss 
savings that arise from the proximity of the generation to the 
load. The electrical characteristics of photovoltaics result in 
the installation, providing VAR support for the local area 
instead of the utility having to install capacitors to provide 
reactive power. Furthermore, by generating the power 
locally, the utility avoids the transmission and distribution 
upgrades that would be required to overcome the thermal 
limitations of the system, and reliability of service to local 
customers is enhanced. Reliability benefits to customers 
are difficult to quantify. To quantify these, we used recent 
"value of service" studies and analyzed specific outage 
history on the Kerman distribution feeder over several 
years' time to determine the outage time that would have 
been avoided had local generation been available. Since 
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PV generation produces no air emissions, environmental 
benefits over traditional fossil generation use can also be 
attributed. The value ol these benefits, however, are even 
more controversial than reliability benefits. 

The results of the Kerman Substation study are 
shown in Figure 4.The bar chart shows the system benefits 
attributable to the photovoltaic system contribution to (+G), 
the energy and generation capacity values; to (T), the 
transmission savings; and to local values, which include 
focal support of (D) and which we think of as the benefits of 
(+g). The distributed benefits, including reliability and 
environment, are M/2 times as great as the "traditional* 
energy and capacity value of $275 per kilowatt per year. 
Even disregarding the more controversial reliability and 
environment benefits, distributed benefits come close to 
doubting the value to the utility. The specific placement of 
the photovoltaic generation has a great ellect on its value, 
which could be larger or smaller in other cases. The 
dramatic result here is that photovoltaic generation could 
cost twice as much as conventional central station 

generation, (+G). and still be cost effective in carefully 
selected applications. 

UTILITY PLANNING UNDER THE NEW PARADIGM 

The value of such technologies as photovoltaics, 
which can be economically installed'in small increments, 
can be maximized by siting them at carefully targeted 
locations, such as on existing substation property. This 
deployment approach, however, turns the planning criteria 
for a utility inside out. Most generation planning tools 
developed fortheold utility "central station" paradigm focus 
on systemwide energy and capacity demand and allow one 
to calculate what size plants need to be added when, to 
meet this demand. When employed by utilities the size of 
PG&E, these models typically handle minimum system 
increments of several hundred megawatts and cannot 
address substation issues. They can be utilized only for 
assessing the Impact of the aggregate production of multiple 
PV plants. 
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Figure 4. Benefits vs. costs for PV in T&D systems. Results of one case: Kerman Substation. 
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In the hypothesized utility of the future, the most 
important planning data may come from the sublevéis 
missed by today's generation planning models. Planners 
will benefit from knowing the customer mix on each feeder, 
and planning their system additions to efficiently serve the 
/öca/demand curves. For true cost minimization, the utility 
planner of tomorrow must deal with an objective function of 
many dimensions to find a solution that optimally combines 
central generation to take advantage of system diversity, 
while simultaneously utilizing local generation to maximize 
overall system (including T&D) utilization and value to the 
customer. The first application of this process, known as an 
"integrated plan," was recently performed at PG&E for a 
case study using demand-side management (7). 

The true value of distributed generation can 
(presently) be determined only through detailed and 
cumbersome "manual" analyses such as those used by 
PG&E to study the Kerman Substation example above. 
There are currently no off-the-shelf planning toolsto assist 
in the design of the generation system while taking into 
account the multivariate needs of the distribution system or 
the stability of the transmission system. Current planning 
models, though complex, do not handle naturally varying 

- output nondispatchables (such as photovoltaics) well if at 
all, and the incorporation of distributed storage is even 
more difficult. And yet it may be that much of the future 
needs of utility customers can and should be supplied by 
distributed generation, storage, and locally motivated load 
management 

Photovollaics is currentfyundervalued using existing 
utility planning models because it is considered too small 
per site to bother with, receives no value for its "natural" 
dispalchability, and contributes much of its value through 
local siting that is "invisible'to these models. If the Distributed 
Utility with PV is to become a reality, new utility planning 
tools must be developed. It isourcontention that developing 
"distributed" planning tools is an area of significant 
importance to utilities, and critical to the energy-significant 
use ot PV in utility applications. This could be done by 
adapting existing toots, but the task will still be difficult. For 
example, standard utility models were used (or the Kerman 
evaluation (6). 

PV UTILITY MARKET DEVELOPMENT IMPLICATIONS 

For photovoltaics to be considered an energy-
significant option, utilities will have to be able to purchase 
a nd install PV sysle ms with the same surety as they do now 
with conventional equipment (e.g.. transformers). That 
means nearly total confidence in the hardware anasupp tiers 
andoperalion ot the equipment. They must have confidence 
that the hardware has been carefully designed, thoroughly 
tested, and very successfully operated for several years by 
several utilities (preferably their own). The supplierÁnstaller 
should be well known to the utility, and firanciafly and 

technically capable of standing behind the hardware (or the 
duration of the warranty (if not beyond). The utility's staff 
should have many years of experience with the hardware, 
and the utility system planners and operators must be 
confident enough to respectively propose and depend on 
the technology. All this being said, it must also compete In 
cost with other options providing the same value. 

Thus, energy significance will noieomefrom summing 
up demonstration facilities or even from the first large PV 
powerplant installation. It must rather come from strategies 
emphasizing: 

1. market-driven technology development (e.g., 
competitive and affordable costs for the value 
provided) 

2. steady market growth 

3. growth of an Industry infrastructure able to serve 
utilities 

4. a broad and successful utility experience base with 
strong institutional learning 

5. timely introduction of cost-eflective utility photo-
vottaics 

THE DIFFUSION MODEL 

A three-part (but potentially parallel) process shown 
in Figure 5is proposed to take photovotta;cs from its current 
technology development stage to energy significance. It 
combines the attributes described above and may serve as 
a useful road map to consider if the utility industry is serious 
about PV. 

Figure 5. Diffusion Model of PV utility applications. 
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I Encourage and install early utility uses ol 
photovoltaics in currently cost-elfective "remote" 
applications (10 W to 10 kW per site). 

HA Instan photovoltaics (as one of several technology 
options) to provide local utility grid support (100 kW 
to 3 MW per site). 

and/or 

118 Install photovoltaics (as part of hybrid systems 
containing fossil backup and/or batteries) at remote 
villages, islands, etc., for stand-alone power (10 kW 
to 1 MW per site). 

and/or 

HC Install rooftop photovoltaics in grid-connected 
systems for residential and commercial applications 
(1 kWto 100 kW per site). 

Ill Begin and continue scalable photovoltaic centrat 
power peaking plant design and test activities, such 
as PVUSA (leading to 10- to 100-MW systems). 

Type I installations pay for themselves in S months 
to 2 years in most cases and, if done by a good fraction of 
utilities worldwide, would provide a strategically significant 
first step toward utility familiarity and successful experience 
with photovoltaics (S, 9). It also provides a small but stable 
and growing market for the currently infant photovoltaic 
industry and encourages mass production and, hence, 
lower costs. It promotes the formation of a true vendor 
relationship with utilities, albeit on a very small scale; 
vendors learn utility quirks and buying practices, utilities 
learn which suppliers and integrators to trust. (Worldwide 
market estimate: 1 to 3 MW/year in the early 1990s.) 

Type II is the PV market's critical link between the 
Type I remote utility installations and Type III central station 
power. Such PV systems might not provide the lowest cost 
systemwide ene rgy or power, but might provide high enough 
local value to utilities to pay for themselves. These benefits 
are not yet captured in current central generation utility 
planning models because (1 ) such calculations are 
extremely site-specific and complicated, and (2) there is 
tittle need to consider such benefits because cost-effective 
distributed technologies are not readily available. 

Using photovoltaics for grid support (IIA) is a novel 
utility application. Use olclistributedgenerationtechnologies 
to support the local energy, capacity, reïabifity, and voltage 
needs may be beneficial in many instances. If the local 
solar resource is coincident with local peaking needs, PV is 
a natural choice due to its low operations and maintenance 
costs and inherent modularity (10,11). 

Type HB systems (village or island power) have 
been installed throughout the world, but not always as part 
of the local utility. To be an effective link to central station 
power, these isolated systems should become the 
responsibility ol local utilities to develop the needed 
organizational learning and to provide the necessary 
technical assistance, support, and maintenance. 

Rooftop systems (DC) are most appropriate where 
land would otherwise be a large part ol the expense of the 
systems. Such systems could be installed and financed by 
the local utility (or qualified contractor) and serve the dual 
purpose ot customer powerproduction and systemsupport 
(similar to IIA). 

Type HA projects may be ot greater value In the 
developed countries, and IIB in the less developed world. 
Once again, as utility experience expands and markets 
develop, stronger vendors will compete and mass produce 
to reduce costs. Utility planners and operators will participate 
and take note ol the successes (or failures) ol designs and 
operation of the miniature power plants. 

The Type III application is the challenging system 
peaking power PV market. Costs must drop to nearly 
to cents/kWh, and these systems will have to be predictable 
andretiable.OI course.the utility system peak mustcorrelate 
very well with ample sun availability. 

Bulk power (i.e., energy undifferentiated by time or 
location) is by far the least valuable energy to utilities. It will 
also take the greatest amount of confidence for utility 
planners and operators to provide via novel technologies. 
While bulk power is a worthy goat In the authors' opinions, 
work leading exclusively to this market is at best premature 
and at worst a waste of effort. It is far preferable to start from 
the cost-effective end of the spectrum and let photovoltaics 
diffuse into markets for which it is more naturally suited. The 
diffusing allows steady increasesin production capability to 
match ever expanding markets. 

DYNAMICS OF THE DIFFUSION MODEL 

At a recent worldwide executive conference on the 
future ol photovoltaics lor utility applications, the Diffusion 
Model was accepted as the major unifying concept of the 
meeting, capable ot clarifying most ot the market forces and 
providing at least a tentative plan tor photovoltaics to 
expand their application in utilities (3,12). 

The process of diffusion requires a gradient to serve 
as its forcing function. Of course, the relationship between 
cost and benefit is the ultimate driver of market development. 
PV costs and benefits are in rapid transition, and both are 
strongly dependent upon climate and detailed siting 
parameters. 
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PV cost is changing because of rapid technology 
advancements; it also depends upon the quality ot the local 
solar resource, but its benefits are even more site-
dependent. Current "central station" planning perspectives 
only value the photovoltaic energy and capacity on a 
system basis; for some technologies this approximation is 
fine, but for small, modular, environmentally preferred 
generation, this misses the mark. New utility planning tools 
and fresh conceptual thinking will more accurately calculate 
the benefits ot photovoltaics and enhance the diffusion 
rate. In some parts ol the world, PV's value can already 
exceed its costs on isolated villages and islands. Likewise, 
where land is expensive or distributed power at buildings 
has high value, rooftop systems will grow in Importance 
more rapidly. 

Beyond cost reductions and utility planning revisions, 
five other forcing functions will tip the Dilfuslon Model 
toward energy-significant use of PV by utilities: 
(1) environmental or externality values of renewable 
generation; (2) fuel diversity/security values affecting the 
risk of investment in plants requiring non-indigenous fuels; 
(3) increasing costs of traditional T&D supply options (due 
to equipment and labor price escalation, and new 
requirements for underground construction); (4) difficulty in 
acquiring rights-of-way and sites for transmission lines and 
substations due to environmental and electromagnetic 
field concerns; and (5) the removal of regulatory and 
governmental "subsidies* that favor low-capilal-intensive 
energy sources to the detriment of photovoltaics. 

The Diffusion Model also provides a road map for 
manufacturers to make prudent investment decisions about 
capacity additions. As the gradient provides markets, 
increased mass production reduces costs in technologies 
such as photovoltaics, leading to even greater product 
demand. 

SUMMARY AND CONCLUSIONS 

Today's photovoltaic-based power plants cannot 
compete head-lo-head with more traditional forms ol central 
station generation. Though the cost position of photovoltaics 
is improving steadily, its competitive use in central station, 
bulk power applications is one to two decades away. This 
paper builds the case for an alternative utility market entry 
approach lor photovoltaics that creates value through use 
of the techno logy'sunique'distributeddeptayroenrqualities. 

Using the Kerman Substation case study as an 
example, ouranalysis has shown that "strategic" location of 
photovoliaics can, under proper condition, double the 
central station value ot the technology to utilities. Under 
these conditions, photovoltaic systems vr.Z soon be cost 
competitive. However, lo use PV systems in high value 
T&D areas requires utility planners lo ircorporale the 

Distributed Utility paradigm into their conceptual view of a 
practical utility system. This process will likely be difficult 
No! only do conceptual views need revision, but new 
planning tools and generation procurement systems must 
be developed to assist the utility planner and regulator in 
coping with the added evaluation complexity. Supporting 
research to validate photovollaic's value "at the substation" 
and developing the planning tools necessary should be a 
high priority for those interested in advancing the utility 
application of photovoltaics. 

Not all substation locations have distributed 
generation values as high as Kerman Substation. Summer 
peak utilities the size ot PG&E, however, have ample 
opportunities to build a significant PV utility "niche" market. 
Perhaps more importantly, exploiting this niche market will 
build utility PV experience and also create the demand to 
move up the technology manufacturing curve and thus 
reduce costs. In turn, lower costs will further expand the 
size of the distributed utility niche market and progressively 
move photovoltaics closer to a competitive position in 
central station peaking and bulk power markets. This 
progression is the basis of the Diffusion Model, which 
provides some Insight into the process by which PV can 
make an energy-significant contribution to our energy 
needs. 
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