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Interest in renewable energy arises from several concerns. Many renewable energy technologies 

impose less burden on the environment than emissions from fossil fuel combustion. Persons 

concerned with long-term scarcity of nonrenewable energy sources like oil and natural gas also 

see in renewables a means of mitigating that eventuality—though there is more controversy on 

this point.  

In this presentation, I deal with the use of renewable energy in the country’s electric power 

generation—a key economic activity for which an expanded role for renewables is thought to 

have particular promise. My focus is on renewables other than hydroelectric power, which is 

currently the dominant renewable resource, accounting for roughly 10 percent of the nation’s 

electricity generation. As Congress has recognized, hydro is a mature, low-cost technology that 

raises policy issues different from those raised by other renewable energy sources.  Those other 

sources involve emerging technologies that face barriers which are primarily economic in nature. 

And large-scale nonelectric applications of renewables are potentially important but more 

speculative at this time. 

I would like to address three questions: (1) What is the emerging and prospective contribution of 

renewables to electric power production? (2) To what extent has that contribution lived up to 

expectations? (3) What policy initiatives could promote greater penetration of renewables in 

electric power generation? While my remarks are based on research conducted at Resources for 

the Future, the views expressed are entirely my own.   

                                                           
* Resources for the Future, 1616 P Street, NW, Washington DC 20036 (email: darmstad@rff.org). 

Resources for the Future is a nonprofit, nonadvocacy research and educational organization specializing 

in problems of natural resources and the environment. 



Testimony by Joel Darmstadter, Resources for the Future February 28, 2001 

 - 2 -  

Current and Prospective Status of Renewables 

Table 1 provides a broad perspective on how renewables fit into the recent fuel and power 

picture in the United States. It is immediately apparent that the relative magnitude of renewable 

energy is very small, economywide, and even more negligible in electric power generation alone. 

(Outside the electric power sector, the balance of renewables use is concentrated in industrial 

biomass utilization—much of it in the form of wastes in wood processing and in pulp and paper 

mills.) Nor is this picture likely to change appreciably over the next several decades, at least if 

the most recent analysis of the U.S. Department of Energy’s Energy Information Administration 

(EIA) is considered. In its Annual Energy Outlook, released in December 2000, EIA projected 

that the use of nonhydro renewable energy resource (essentially wind, solar, geothermal, and 

biomass) would increase by approximately 1% annually to the year 2020 in the “reference” 

case—an exceedingly low rate of growth, considering the low absolute base from which this 

growth is measured (U.S. DOE 2000). In an alternative “high renewables” case using 

assumptions embodying a less probable but still arguable course of events, EIA projects that 

nonhydro renewables would grow at about 6.5% annually, with two-thirds of the increment due 

to expansion of wind power capacity. Still, installed renewable capacity would not exceed 4% of 

the nation’s aggregate electric generating capacity. Moreover, the more one contemplates 

plausible alternative scenarios for the future of renewable energy, the more one needs to be sure 

that such conjecture is rooted within an economic setting that comprehends a range of competing 

technologies and resources, both renewable and nonrenewable. It is in that broader perspective 

that one’s judgment about the prospective role of renewables must be circumspect. I will touch 

on this caveat again a bit further on. 

A Scorecard on the Performance of Renewables in Recent Years 

Despite the optimism regarding the emergence of renewables dating from the energy market 

upheavals of the 1970s, and notwithstanding considerable policy support over the years (as 

described below), the reality is sobering: nearly 30 years later, renewable energy systems have 

not succeeded in emerging as a significant factor in the country’s electricity infrastructure. Does 

this mean that renewable technologies have been such a great disappointment that continuing 

public policy support is misguided?  
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As a basis for probing that elusive and surprisingly complex question, several of my colleagues 

at Resources for the Future and I recently analyzed what went right and what went wrong in the 

evolution of renewable energy inputs into U.S. electric power generation over the past quarter-

century (McVeigh et al. 1999). We evaluated five technologies used to generate electricity: solar 

photovoltaics, solar thermal, geothermal, wind, and biomass. A principal aim of our study was to 

see how the actual performance of renewable energy technologies in the 1990s compared with 

specific goals of cost reduction and market expansion of earlier projections. Many observers 

(both independent analysts and unabashedly proactive advocates) in the 1970s and 1980s had 

judged these goals to be attainable with the help of accommodating public policies. 

In general, market penetration has been markedly lower than projections from the 1970s and 

1980s. However, the cost of renewable technologies has also been lower than projected, even 

taking into account the seemingly optimistic forecasts of renewable energy advocates. Whereas 

1980s wind power projections of generation costs a decade hence assumed roughly a 64% 

decline, to reach a level of 5.7 cents per kilowatt hour (kwh) by 1995, costs actually declined by 

an estimated 67% to a level of approximately 5.2 cents/kwh. (Here and in the paragraphs that 

follow, costs are expressed in constant 1995 prices.) By contrast, although the volume of wind-

generated electricity did show steadily rising absolute numbers in the course of the 1990s (from 

an almost zero level in the 1980s), it remained an inconsequential part of the nation’s electricity 

system. Only at the end of the 1990s and in 2000 did we see signs of some meaningful 

momentum in wind power capacity expansion.  

One can argue about which of the two measures (market penetration or cost) has greater 

relevance in evaluating the performance of renewable energy resource programs. To the extent 

that public sector support was particularly driven by the need for and pursuit of cost reductions, 

the cost outcome seemed to us particularly important. Indeed, the cost outcome seems quite 

remarkable, because renewable technologies have not seen the large-scale investment and 

volume of output that can contribute to significant technological development or economies of 

scale in production, as many people had anticipated when forming their cost projections. 

Evidently, the characteristics of several renewable energy systems—high capital intensity, 

uncertainty about interconnections with the electric grid, variability in availability (the 

intermittency of wind and sunlight)—that have frequently been viewed as major barriers to 

economic viability have not precluded significant reductions in the reported cost of producing 
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power. It is likely that the rapid deployment of renewable technologies in areas outside the 

United States has supported continued technological improvements over the last decade.  

The failure of renewables to emerge more prominently in the nation’s energy portfolio is 

intimately linked to the concurrent decline in the cost of conventional generation. Consider that 

in 1984, the Energy Information Administration projected nationwide electric generation costs to 

rise from 6.1 cents/kwh in 1983 to 6.4 cents/kwh in 1995; in fact, they declined to 3.6 cents/kwh. 

That 41% decline, though less in percentage terms than what was achieved by wind power, 

nonetheless preserved a sufficiently large margin of advantage for conventional over wind power 

as to foreclose more than a minute niche for the latter. Indeed, because wind and solar generation 

are dependent on the weather and cannot always be dispatched to meet load, cost-per-kwh 

comparisons may understate the economic challenge faced by these technologies. 

Several factors have contributed to keeping down the cost of generation from conventional 

technologies. They include, for example, the emergence of more competitive energy supply 

markets, productivity improvements in oil and gas exploration and coal production, the 

successful deregulation of railroads (a major factor in reducing the cost of coal shipping), and 

technological progress in conventional generation itself (such as gas-fired combined-cycle power 

plant systems). Notwithstanding the current problems facing California, the ongoing 

restructuring of the electricity industry also has put downward pressure on cost.  

Although changes in the regulation, technology, and market structure of fossil fuels have thus 

been mostly beneficial for electricity consumers, they have hindered the development of 

technologies for renewable energy resources, which have had to compete in this changing 

environment. In other words, supporters of renewables have had to fix their sights on what has so 

far been a steadily receding target. Nor is that competitive tension likely to abate in the years 

ahead. Future gas prices will play a critical role in setting the bar for renewables: unlike the 

situation for other generation technologies, where capital costs are the dominant component in 

levelized costs of generation, fuel costs drive the cost of power from gas-fired units. With 

favorable gas price developments, the combined-cycle technology I have mentioned apparently 

has a good chance of embodying improved technology that could drive real generating costs 

down by as much as 25% over prevailing levels during the next two decades.  
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Since discussions of renewable energy frequently refer to experience elsewhere in the world, it 

may be worth mentioning briefly that few other countries have so far fared much better than the 

United States in the extent of electricity market penetration by renewables (IEA 1999). A few 

heavily forested places (for example, Austria and the Nordic countries) have had some success 

exploiting fuelwood resources—aided, in some cases, by extremely favorable tax treatment and 

other subsidies. Denmark is developing a notable presence in wind energy. But, as in the United 

States, competition has not been kind to investment in renewables projects. And not surprisingly, 

the competitive realities and policy dilemmas that face the United States are precisely those that 

arise when impediments to renewables are considered elsewhere. 

Policy Choices 

Although some might question their adequacy, numerous public policies have been introduced in 

support of renewable energy over the past quarter-century. Rather than providing an exhaustive 

account of these measures, I will mention and illustrate four principal ways in which the federal 

government has sought, or is seeking, to promote the development and use of renewables: 

various kinds of research and development (R&D) support, the role of the 1978 Public Utility 

Regulatory Policies Act, the use of other financial incentives, and the prospective role of a 

“renewable portfolio standard.” (A 1998 report from the Energy Information Administration 

provides additional information about renewables programs [U.S. DOE 1998]). Although federal 

policies have dominated, states have introduced some significant initiatives as well. In the 

discussion that follows, I will not try to independently assess how these policies have shaped 

energy markets. But I will add some brief remarks regarding alternative approaches designed to 

give renewables a fairer shake in the marketplace.  

R&D Support 

For various reasons—excessive risks, long time horizons, limits to capturing the returns from 

successful outcomes, nonmarketability of external benefits—industry is commonly believed to 

underinvest in basic science and technology. Therefore, a federal role to augment private efforts 

in advancing basic science and technology is widely accepted. In the case of renewable energy, 

that role largely involves R&D activities conducted at or supported by the U.S. Department of 

Energy (DOE) and its national laboratories, such as the National Renewable Energy Laboratory 

(NREL) in Colorado.  
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The U.S. General Accounting Office (GAO) reported in 1999 that for the 20-year period 1978 to 

1998, $10.3 billion (in current prices) was thus disbursed (U.S. GAO 1999). Solar photovoltaic 

technology was the leading beneficiary of this program. Over the 20-year period, photovoltaics 

received about $2 billion and wind power $1 billion. During fiscal year 1999, the respective 

funding was $72 million and $35 million. In both cases, GAO sees program objectives having 

gradually shifted away from fundamental research to enhanced market opportunities, both 

domestic and international. As just one example of a recent wind power initiative, DOE’s 

Turbine Verification Program has provided for cost sharing with utilities to facilitate the 

development and deployment of wind turbines. 

In critical comments on the GAO analysis (included in the GAO report), DOE questioned 

GAO’s characterization of a programmatic shift emphasizing market potentials. Whether GAO 

or DOE is more on the mark in this dispute, a chastening point does perhaps emerge. Programs 

whose start-up rationale puts major stress on precommercialization challenges—basic science, 

research, and early developmental barriers—may, subtly or not, slide over into terrain dominated 

by sales prospects. The labels “research” and “development” are broad enough to allow such 

slippage.  

PURPA  

The federal Public Utility Regulatory Policies Act (PURPA) of 1978 was a major instrument that 

encouraged a shift from conventional energy to renewables. Under this statute, utilities were 

mandated to purchase power from nonutility producers at prices that were supposed to represent 

the “avoided cost” that utilities would otherwise have had to pay to produce power using 

conventional resources, such as petroleum; these avoided-cost prices were calculated by 

regulators within each state. However, numerous beneficiaries of this policy lacked technical 

expertise in alternative energy production (renewables and certain other innovative categories), 

and avoided-cost projections in some states overshot actual avoided costs by a wide margin, 

resulting in significant costs to consumers as utilities passed through the costs of PURPA power. 

Although PURPA demonstrated that nonutility generation could be accommodated in electricity 

systems, it is widely judged to have fallen far short of its objectives in promoting real market 

penetration by renewables.  
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Other Financial Assistance 

Overlapping with PURPA, and continuing to the present, the federal government has provided 

significant direct financial benefits to renewable energy producers. Both solar photovoltaics and 

wind power benefit from investment tax credits, and under the Tax Reform Act of 1986, wind 

power was accorded a depreciation life of five years—much shorter than the depreciation life of 

conventional power supply investments. One provision of the Energy Policy Act of 1992 

(extended in 1999) provided an inflation-adjusted 1.5 cents/kwh production tax credit for 

generation from wind and closed-loop biomass plants (by 1999 the credit had increased to 1.7 

cents/kwh). Until very recently, these tax advantages were not large enough to overcome the cost 

disadvantages of wind power.  

Renewable Portfolio Standard 

A policy position developed by the Clinton administration during 1999 embodies provisions for 

a so-called renewable portfolio standard (RPS; see U.S. DOE 1999). Its goal is to ensure that 

some minimum percentage of generation originates with nonhydro renewable energy sources. An 

RPS target for 2010 called for 7.5% of electricity sales to be based on renewable energy 

resources. (Separately, bills introduced in the last Congress call for RPS shares ranging from 4% 

to 20%.) If the RPS were implemented as conceived, the means envisaged for meeting the 7.5% 

target represent a much more economically efficient route to stimulating renewables-based 

electricity than PURPA does. That is because RPS incorporates a tradable permit system that 

encourages renewable power production to take place in the most cost-effective location. In 

addition, it would impose a ceiling on the increment to overall electric power costs that result 

from the mandate. The RPS proposed by the Clinton administration would also provide credit for 

the use of biomass “cofiring” at existing coal plants, which does not qualify for the production 

tax credit. Cofiring could use existing biomass from the agricultural and forest product sectors 

and also create opportunities for the cultivation of biomass energy crops, overcoming the 

“chicken and egg” problem that arises when new fuels and new plants must be added 

simultaneously.  

Electricity restructuring programs at the state level have also incorporated some elements to 

encourage renewables. Competition itself creates an opportunity to market “green power” to 

consumers who are willing to pay a premium to ensure the presence of renewables in their 
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electricity mix. Some states have provided additional subsidies to promote renewables, while 

others have established their own RPS requirements, generally at levels less ambitious than those 

proposed by the Clinton administration. It is too early to judge the success of such efforts. One 

element of uncertainty is that even if these measures result in new investment in renewables 

generation, it is possible that existing facilities may be prematurely retired because of 

competitive pressures (Palmer 1999).  

Nonrenewables versus Renewables: The “Level Playing Field” Issue 

The legitimacy of the kinds of policy support I have cited is closely related to the question 

whether renewables deserve to command a premium price for their favorable environmental 

properties. That is, with minimal pollutant emissions compared with fossil fuel combustion, is it 

not entirely proper that they be credited—via a public subsidy or similar financial benefits—for 

their nonpolluting character? The question is a fair one, but it raises several complicating points. 

First, to the extent that fossil fuel combustion imposes costs on society not fully governed by the 

Clean Air Act or other measures, the appropriate course would be to tighten such standards to 

further reduce these so-called external costs. That, of course, is more of a conceptual than a 

pragmatic answer, so the next question relates to what might be the second-best approach of 

rewarding renewables for social damages averted through their use.  

The first difficulty here is the determination of the dollar value of such damages, an issue that is 

complicated and controversial. We can illustrate the problem by referring to estimates from a 

study conducted several years ago by researchers at Resources for the Future to monetize 

environmental damage throughout the entire fuel cycle, from resource extraction to final use. 

(For an analysis and interpretation of some relevant findings emerging from the study, see 

Krupnick and Burtraw 1996.) Comparing coal with biomass, these researchers found that the 

former energy source imposed greater social costs. The difference was reckoned at about 7 

mills/kwh (that is, 0.7 cents/kwh). However, more than 90% of the differential (about 6.4 

mills/kwh) reflected imputed values—however crude—of the impact of increased global 

warming from fossil fuel use. This imputed value is on the order of $18 per ton of carbon emitted 

to the atmosphere, well within the range of plausible values derived from existing assessments of 

global warming risks. Nonetheless, these kinds of calculations are controversial. And the 

estimates underscore that except for potential benefits from reduced global warming, biomass 
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offers little environmental benefit over coal—certainly not enough relative to the current cost 

differences in the technologies to justify a major expansion of biomass use. Other renewable 

technologies certainly have less environmental impact than coal or biomass. However, these 

technologies also have more substantial cost differences relative to coal or gas technology. For 

example, as I have already noted, there is still a cost premium for the use of wind power, 

especially if the nondispatchable nature of wind is taken into account. This complicates the head-

to-head comparison of conventional and wind or solar technologies. 

Aside from problems in calculating social cost differences, the approach of subsidizing 

renewables versus increasing environmental performance from conventional technologies raises 

other concerns. This approach encourages excessive electricity consumption from all sources by 

underpricing electricity, and it encourages manipulation of damage estimates by different interest 

groups in support of renewable or conventional systems. 

Concluding Comments 

All projections are conditional and inherently uncertain. One of the less uncertain ones, however, 

is that in support of economic growth, particularly in developing parts of the world, the demand 

for electricity will increase substantially for many years to come. A growing worldwide 

electricity market would facilitate scale economies and learning curve experience, and would 

thereby enhance prospects for greater penetration of renewables. However, progress on the part 

of more traditional energy systems is sure to parallel further development of renewables, and 

there is no reason to expect that dynamic state of affairs to flag in the future. Thus, even as the 

size and technology of wind turbines improve and their costs decline, or as longer-term 

technological improvements overcome the prevailing limitations of storage and dispatchability 

that hamper a fuller potential for renewables-based electricity, nonrenewable systems aren’t 

standing still. Efficient gas turbines have recently been the technology of choice for new 

generating plants (though high gas prices currently temper that enthusiasm), and in most 

projections gas turbines, in either a single cycle or a combined-cycle configuration, capture the 

vast majority of capacity additions over the next decade. Fuel cells, other distributed systems of 

power supply, across-the-board realizable improvements in energy efficiency, and even the 

emergence of advanced (and publicly acceptable) nuclear technology (even if currently unlikely) 
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are all possibilities to be reckoned with. Each could be a prospective competitor to power 

systems based on renewable energy sources. 

These considerations argue for retaining a wide range of options in the nation’s overall electricity 

and energy portfolio. Although the marketplace remains the ultimate and dominant arbiter of 

competitively successful outcomes, the complementary role of government in representing the 

broad public interest is scarcely trivial. Policies should be sought that, as far as possible, put 

primary emphasis on economically and socially efficient resource use and the overcoming of real 

market failures, not just market barriers from high costs. Prudently targeted programs in long-

term R&D—with particular stress on the basic research part of that duality—represent an 

important and legitimate component of such public policy initiatives. In voicing its rationale for 

substantial federal R&D support for renewable energy, the 1997 study by the President’s 

Committee of Advisers on Science and Technology (PCAST 1997) observed, 

Opportunities exist for important advances in wind-electric systems, 

photovoltaics, solar-thermal energy systems, biomass-energy technologies for fuel 

and electricity, geothermal energy, and a range of hydrogen-producing and 

hydrogen-using technologies including fuel cells.…[T]he increased support for 

these renewable-energy technologies would focus on areas where the expected 

short-term returns to industry are insufficient to stimulate as much R&D as the 

public benefits warrant. 

That judgment, I believe, holds true today and deserves the continuing and earnest 

consideration of the Congress.  
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Table 1. Role of Renewable Resources in U.S. Energy Consumption and Production, 1999  

 
In electric generation (quads) 

 
3.94 

Conventional hydro 3.17 
Geothermal 0.38 
Municipal solid waste 0.25 
Biomass 0.09 
Solar (thermal and PV), wind 0.06 

In nonelectric consuming sectors (quads) 2.76 
Residential wood 0.41 
Industrial biomass 1.97 

Commercial biomass 0.08 
Industrial hydro 0.18 
Ethanol in transportation 0.12 

Total renewable resources (quads) 6.70 (a) 
 Share of U.S. energy production  9.1% 
 Share of U.S. energy consumption  7.0% 

Nonhydro renewable resources (quads) 3.35 
 Share of U.S. energy production  4.6% 
 Share of U.S. energy consumption  3.5% 
 Share of electricity generation  2.2% 

Note: 1 quad = 1 quadrillion (1015) Btu. 

Source: Annual Energy Outlook 2001. December 2000. U.S. DOE, Energy Information Administration.  The figures in quads 
appear in Table A18.  The calculation of percent shares shown in the last three lines of the table is based on total energy 
production and consumption (73.35 quads and 96.14 quads respectively) shown in Table A1 and total resource inputs into electric 
generation (35.78 quads) shown in Table A2.  

(a) Slightly exceeds the 6.59 quad total shown in Table A1 of the cited source.  The higher figure includes, the lower figure 
excludes, the ethanol portion of gasoline-ethanol blends (“E85”) where such blends represent less than 85% of the total fuel.  

 


