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ABSTRACT 

Renewable energy technologies, such as solar thermal electric, photovoltaics 

(PV), and wind energy, have made significant gains in cost and performance in the past 

decades. As a result, there have been high expectations on the part of the public for these 

sources to play a major role in future energy supply, especially as environmental 

concerns about conventional sources increase. Despite these past gains and high 

expectations, the global potential of renewable energy technologies still remains largely 

untapped, principally because of issues of industrialization and user acceptance. There is 

increasing recognition that government energy programs must incorporate a broader 

strategy than the traditional basic research role if they are to address these issues. 

Essential elements of this strategy are affordable technology, a healthy industry, 

sustained market growth, user acceptance, and equitable policy and financial 

environments. The U.S. Department of Energy (DOE) programs in solar electric 

conversion have already started the development of the required broader-based effort. 

This paper presents the status of that work, utilizing the U.S. National Photovoltaic 

Program as a case study. 

INTRODUCTION 

Renewable energy technologies are gaining in acceptance, but they are not 

gaining as rapidly as may be necessary to impact the energy needs of the coming decade. 
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In the last decade, this lack of growth might have been attributed to technical immaturity 

and the need for a "breakthrough." This is not the case today. Wind energy and solar 

thermal trough technologies have proven their reliability through hundreds of megawatts 

of installed cost-effective systems. Solar thermal central receiver technology has 

demonstrated that it has all of the elements necessary to field a cost-effective system. 

Likewise, the challenge facing PV is not in discovering some new technology but rather 

in the industrialization and manufacturing development resulting in the production 

capacity needed to meet today's demands. The realization that purely technical factors no 

longer dictate the progress of a technology indicates that energy research programs 

cannot assume that simply sponsoring more and more basic research will achieve their 

goals. The successful programs will be those that evolve with the growing maturity of 

the technology. Factors such as manufacturing process development, development of 

phased markets, product standardization, user education and awareness, infrastructure 

development, as well as policy and financial equitability must now be considerations in 

government programs. These obviously require the building of partnerships among 

government, industry, users, policy makers, and the financial sources. This is the 

challenge facing today's energy program managers. 

Such an evolution has begun within the U.S. DOE's Office of Solar Energy 

Conversion. A power sector strategy, now in preparation, acknowledges the 

interrelationship among the technical, financial, and policy aspects of a successful 

renewable energy development program, as indicated in the diagram in Figure l.[l] This 

draft strategy, entitled SOLAR 2000. centers on three major elements: (1) technology 

development and validation, which assures that proven technology is available and the 

necessary data bases are accessible to the user community; (2) market conditioning, 

which is directed at improving the understanding of the range of benefits of renewable 

energy options and identifying any discriminatory factors in the existing policy and 
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regulatory framework; and (3) project development, which is directed at overcoming 

the barriers related to project funding by leveraging existing resources. Within DOE's 

PV program many of these activities have begun, and some of the necessary partnerships 

have been identified and initiated. Therefore, examination of these efforts can serve as a 

valuable case study in the approach needed for renewable energy programs to reach their 

potential. This paper reviews the current status of the U.S. National Photovoltaic 

Program and the activities it has under way to help the technology achieve the promise it 

holds for becoming a significant source of power on a global scale. 

PHOTOVOLTAICS: TECHNICAL PROGRESS AND GROWING USE 

Modern PV technology began with the development of the silicon solar cell by 

Bell Laboratories in the early 1950s. But it was initially very expensive and limited to 

applications as a reliable, lightweight source of power for satellites. Since the early 

1970s, the U.S. government has invested nearly US$1 billion into PV research, while 

private industry has spent more than US$2 billion. As a result, PV energy costs have 

declined by a factor of 200 over the past 20 years, dropping from about US$60/kWh in 

1970 to US$l/kWh by 1980 to US$.25 - US$.30/kWh today. Crystalline silicon PV 

module prices have dropped from about US$500/W in 1972 to about US$4 - US$4.50/W 

in 1990. Efficiencies have continued to increase, with modules of 11-percent to 17-

percent efficiency commercially available today, and experimental cells in the laboratory 

demonstrating efficiencies above 34 percent. Commercial module reliability has also 

improved significantly, with current products providing lifetimes of 20 years or more. 

As a result of significant progress, PV is less costly today on a life-cycle basis 

than alternative sources in an increasing number of applications where conventional 

utility power is not readily available, especially when fuel supply and operation and 

maintenance (O&M) costs are considered. Thousands of PV systems worldwide are 

providing reliable, cost-effective power for communications, lighting, home power, 
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water pumping, water purification, vaccine refrigeration, navigational aids, 

environmental monitoring, and a host of other military, utility, commercial, residential, 

and recreational uses. [2-3] The modularity of PV allows small system needs of this type 

to be met more reliably and economically than with engine-generators. For larger load 

requirements, the combination of PV (and other renewable energy technologies such as 

wind and microhydro generators), diesel generator, and battery storage into "hybrid" 

configurations can provide higher system reliability and availability at a more reasonable 

cost than would be possible with any one technology alone. 

Larger-scale PV systems without storage presently deliver energy at a cost 

(US$.25 - US$.30/kWh) which is a factor of two to four times higher than baseload 

electricity from new conventional baseload plants and two or three times higher than the 

current cost of peaking generation. In many utility service areas, the solar resource 

coincides with the seasonal and daily demand peaks for utility power, making PV a good 

near-term match for meeting higher cost peaking load demand. Utilities have also 

recently begun to explore the additional high-value-added benefits that PV can provide in 

distribution line support and demand-side management. [4] Utilities and rural 

cooperatives servicing small, dispersed loads are finding that PV systems can offer cost-

effective customer service options today. Stand-alone PV systems for water pumping are 

being supplied to ranches by power supply authorities in the western U.S. today in lieu of 

line extension because it is more cost-effective than installing and maintaining an under

utilized power line.[5] While there is significant potential for growth in both the stand

alone or remote power applications and the utility or power sector applications, the 

industry will need to respond aggressively to these markets. 

The PV industry has grown by more than a factor of ten over the past decade due 

to increased use in small-power consumer products and the rural and remote power 
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applications markets. Total worldwide production of PV in 1980 was about 4 MW but 

has increased to about 46.5 MW in 1990. Few industries have enjoyed or sustained the 

growth rates experienced by PV over the past ten years and few share the tremendous 

potential for future growth. However, the industry is still small and has been struggling, 

with mixed results, to gain profitability during these early years of initial growth. The 

cumulative installed energy capacity of PV is still only a small fraction of the installed 

capacity of solar thermal electric and wind electric technologies. Providing globally 

significant quantities of energy with PV will require much larger industry production 

capacities, which can also be expected to yield additional cost reductions through volume 

production. Building the healthy, profitable industrial base needed for this growth will 

take time and patience on the part of investors, will require development and refinement 

of manufacturing techniques for volume production of quality modules at lower cost, and 

will demand aggressive market development to drive and sustain profitable industry 

growth. Creating the necessary environment is the goal of the SOLAR 2000 strategy. 

TECHNOLOGY DEVELOPMENT AND VALIDATION 

The ability of industry to meet the challenge of the next decade requires 

aggressive building of new capacity and a large infusion of capital; however, this cannot 

be done blindly or without regard for the incorporation of the best available technology, 

experience from past systems, or the needs of the users. This is recognized by the U.S. 

DOE's strategy, as indicated in Figure 1. The technical aspect of the three-element 

strategy requires the partnership of the research, industrial, and user communities to 

achieve the goals of the strategy. The technical part of the program can be divided into 

activities directed at four major objectives: 

(1) Assuring availability of affordable technology. 

(2) Developing a healthy industry. 

(3) Identifying sustainable markets. 
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(4) Addressing the needs of an informed, willing consumer. 

To achieve these objectives, the U.S. program employs a strategy of cooperative 

initiatives in cell research and development; manufacturing technology development; 

systems testing, evaluation, and development; and technical assistance and market 

development. All of these activities are in some way related to providing energy at the 

lowest possible total cost to the consumer. 

The first of these objectives is closest to the historic role of national energy 

programs; however, factors such as low-cost, environmentally benign manufacturing 

technology must be explicitly included. In addition, activities under this first objective 

must also include programs purposely directed toward transferring the technology to the 

industry. In the cell technology area, both Sandia National Laboratories and the National 

Renewable Energy Laboratory (formerly known as Solar Energy Research Institute) 

work cooperatively with industry in material characterization, process development and 

analysis, and device measurement to assure that the results of research are rapidly and 

effectively made available to industry. This utilizes these laboratories not just as contract 

administrators or sites for in-house research but as effective resources for the industrial 

community. Sandia's Photovoltaic Device Fabrication and Device Measurement 

Laboratories are examples of some of the resources currently available as part of the 

laboratories' technology outreach in renewables. 

These activities extend beyond the cell research area to collector development 

activities. The Photovoltaic Manufacturing Initiative (PVMaT) is a cost-shared program 

with industry to identify and improve manufacturing processes that will lead to cost 

reductions in commercial modules. This initiative will result in three to six multiyear, 

multimillion-dollar contracts with die goal of accelerating manufacturing technology 

progress on commercial products. In a related activity, eight contracts (four cell and four 
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collector) are in place to speed the development of concentrator systems for utility-scale 

applications. Concentrators do not enjoy the same early markets as one-sun modules and 

hence have been somewhat slower in the evolution of commercial product. Both of these 

activities are directed at bridging between the first two objectives—assuring that the 

"affordable technology" research products are rapidly and effectively transferred to the 

industry to help them achieve a "healthy" status. In this case, a healthy industry is 

considered to be one which is capable of continued investment in product evolution. 

The objectives of sustainable markets and user acceptance are the responsibility 

of the systems and market development segments of the DOE National Program. It is 

certainly true that marketing to the customer is the responsibility of industry. Therefore, 

this goal is actually one of working to gain acceptance for the PV technology rather than 

for a specific product. The activities in this area consist of identifying potential markets 

as a guide to component development; providing objective user assistance to help in the 

mitigation of perceived risk; and educating and communicating the true nature, 

properties, and developmental status of the technologies to decision makers to help them 

make informed choices. 

The National Program has realized that a key aspect of user acceptance, 

especially for the larger utility systems of the future, is direct experience by the user. As 

a result, the program has worked with users in the development of prototype systems, 

both by providing technical assistance as well as funding for cooperative experiments. 

The largest example of the latter is the Photovoltaics for Utility-Scale Applications 

(PVUSA) project, which was initiated in 1986 and is a joint effort among the U.S. DOE, 

Pacific Gas and Electric, the Electric Power Research Institute, the California Energy 

Commission, and various other utility and PV industry participants. This project is 

currendy a major area of focus for evaluation of PV within the U.S. utility sector and is 
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providing mutually beneficial experience and data for the utility and PV industry 

participants by establishing a utility-scale testbed with which to conduct comparative 

performance assessments of various PV technologies. The project expects to complete 

the installation of the 1-MW-capacity Phase-1 utility-scale (US-1) test field by late 1991 

or early 1992. Additional emerging module technology (EMT) test fields are also in the 

process of being installed and tested. Phase-2 of PV USA will involve additional utility-

scaleable system procurements and expanded involvement by more of the nation's 

utilities during the 1991-1995 period. 

In a related activity, Sandia National Laboratories, on behalf of the DOE National 

Program, expects to institute the Photovoltaics for Utilities Program which will foster the 

establishment of a sustainable utility market. This will be achieved by identifying and 

sponsoring development of applications ranging from today's cost-effective utility uses, 

such as sectionalizing switches and cathodic protection, to high-value grid-connected 

applications. Related to the latter, efforts are now under way to obtain the evaluation of 

potential utility operational sites for medium-scale distributed line support pilot projects 

to be jointly funded by the National Program and host utilities within the next two years. 

Similar projects are expected to investigate the impact of distributed generation as a 

demand-side management option. 

In addition to the work with utilities, DOE sponsors user outreach programs to 

other sectors through the services of Sandia's Design Assistance Center. The Center 

provides potential users and user groups access to the staff directly involved in the 

systems research activities. The Center's services range from technical assistance on 

specific major projects to large workshops for groups such as National Forest Service 

planners and Department of Defense procurement personnel. These services are 
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available to federal, state, and local government agencies, major institutions, utilities, 

industry groups, or other major domestic or international users. 

MARKET CONDITIONING 

As concern grows over the risks and damaging environmental effects of 

conventional energy sources, governments and regulatory agencies are experiencing 

increasing pressure to quantify and incorporate the environmental and social "externality 

costs" into the cost of utility power production in order to reflect the true cost to society 

of providing energy services. Environmental mandates, such as the Clean Air Act 

recently passed by the U.S. Congress, are putting increasing demands (under threat of 

penalty) on utilities and other energy producers/users to take actions and make 

expenditures needed to reduce the damaging environmental impact of their operations. 

As these external costs are factored into the effective cost of conventional energy supply 

options, the value and economic viability of environmentally clean renewable energy 

technologies will only increase. Several states in the U.S. have or are now considering 

the implementation of regulations that mandate the consideration of renewable energy 

technologies by utilities for generation capacity expansion projects and make cost 

allowances for the environmental benefits gained. The major challenge for policy 

makers is to overcome the biases against solar energy inherent in the rules that have 

developed within the energy supply economy and institutions that currently favor fossil 

and nuclear sources. For example, national taxes and subsidies tend to encourage 

exploitation of fossil fuels and favor recurring operating costs over long-term 

investments. In the international area, import duties on renewable energy products serve 

to further discourage their use and effectively encourage greater use of fossil fuels, which 

are also often imported. Such tax, subsidy, and import duty biases against renewable 

energy sources should be eliminated or at least restructured to be more balanced. 
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Before renewables can be an effective part of any of these changes, the policy 

makers must understand the capabilities of the technologies. As noted earlier, the second 

aspect of the SOLAR 2000 strategy is market conditioning which is directed at 

improving the understanding of die range of benefits of renewable energy options and 

assuring that the regulatory and environmental framework is not unduly discriminatory. 

This means that the environmental, social, financial, and technical benefits of the 

technology need to be objectively communicated to prospective users, investors, and the 

general public without being oversold. PV has successfully demonstrated its credibility 

and benefits in numerous rural and remote applications. Further experience and 

confidence in the technology gained through today's cost-effective applications will 

increase the acceptability and credibility of the technology as the larger-scale 

applications develop and markets expand. This information, generated by the technical 

part of the program, must be communicated to decision makers in a forum that allows 

open discussion and confidence building. This is currently being done through meetings 

and workshops organized by industry, DOE, and users. 

In addition, an effective program must analyze the impact of the policy 

environment in which it operates. For example, current utility planning techniques 

assign the same financial risk to all options. The resultant high discount rates favor the 

low-capital-cost, high-operating-cost technologies over the high-capital-cost, low-

operating-cost options such as PV. However, applying more modern economic models 

and accounting for the highly volatile price of fossil fuels, there appears to be an 

argument for utilizing a lower discount rate for renewables than conventional sources. 

At the present time, U.S. DOE's National Photovoltaic Program is funding analysis in 

this area. In a related activity, the program is working with the State of New York and 

the Niagara-Mohawk Utility to analyze independent power producer bidding documents 

to determine if there are hidden prejudices against renewables such as PV.[5] 
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PROJECT DEVELOPMENT 

The last element of the strategy depicted in Figure 1 is the financial element. 

This has been designated as the project development activities in DOE's SOLAR 2000 

strategy. From the viewpoint of the government program, this area focuses on 

overcoming the barriers related to project funding, especially as it relates to the first few 

pilot systems. All renewable energy technologies are replacement technologies. This 

means that they usually address applications for which some other generation source is 

already available. As such, there is a natural barrier to the introduction of these 

technologies, usually due to a desire to avoid the "risk" of using an unfamiliar 

technology. This is exacerbated with new technologies because price may also be 

initially unattractive. It is not reasonable to assume that initial PV plants will be installed 

at the final desired price, but cost reductions will come with increasing sales to new 

markets. Furthermore, there are higher engineering costs on initial systems in any sector. 

In order to avoid this classic "chicken and egg" paradox, some programs must be 

established to foster die introduction of the new systems. 

The program's activities in diis area range from funding pilot projects, such as 

those resulting from PVUSA, to working with industry and regulators to determine new 

approaches to overcoming the financial barriers to initial systems. Because this area is 

somewhat sequential with the other two areas of the strategy, it is less well defined than 

the others. However, efforts are now under way to determine appropriate target 

applications and host utilities and to build the partnerships necessary for project 

initiation. The key to these activities is identifying those pilot projects which will result 

in sustained market growth rather than just a "one of a kind" installation. Any important 

effort is to determine the impact of policy decisions on system economics and benefits 

and transmit this information to the utilities and regulators to help lessen the perceived 

economic risks. Obviously, these activities are closely related to those in the policy area 
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and build directly on them. The Solar Energy Industries Association (SEIA) is working 

closely with DOE in these activities on a program called SUN-UP. SEIA, with support 

from DOE, is working with regulatory bodies to investigate methods to foster utilities' 

interest in prototype systems and to determine financing methodologies that allow 

installation of such systems without impacting ratepayers in the long-term. The interest 

on the part of regulators and utilities is due to the legislative environment mentioned 

above. However, without a program to foster project development, this opportunity for 

renewables could be significantly decreased. 

SUMMARY 

This paper has presented the evolving structure of the U.S. DOE's National 

Photovoltaic Program as a case study in renewable energy development. Similar changes 

are taking place in each of DOE's renewable energy technology areas as they face the 

challenge of the new decade. Renewable energy programs must address technical, 

policy, and financial issues if they are to be successful. To a great extent, the speed and 

degree to which the nations of the world make energy policy changes to enhance the 

introduction of renewable energy technology will directly impact how quickly and 

broadly PV and other renewables can penetrate die utility-scale markets to become truly 

"energy significant" on a global scale. 
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FIGURE 1. A Diagram indicating the three principal elements of the expanded 
renewables strategy, and the principal participants in each area. The lines joining the 
different groups are two-way communication links. 


