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Traditional analyses, argues SHIMON AWERBUCH, overestimate the cost of renewable-based electricity and significantly underestimate the projected costs of fossil fuel outlays. This makes the price for conventional generation appear falsely attractive, relative to renewables. He presents risk-adjusted estimates, which clearly suggest that renewables-based electricity is considerably more cost-competitive than has previously been believed, and signals to policymakers that a strategy of continued expansion of gas-based capacity, to the exclusion of renewables and other fixed-cost resources, has dangerous energy security implications. 


Cost-of-electricity estimates for various generating technologies are widely used in policymaking and in regulation. Managers and public policymakers want a simple means of determining what it will cost over the next 10 or 20 years to generate a kilowatt hour (kWh) of electricity using, for example, a wind turbine, as compared to using a combined-cycle gas turbine. Such information helps governments develop energy policies by shaping tax incentives, R&D policy and other measures.

For nearly 100 years, planners have estimated levelized electricity generating costs using engineering economics approaches, under which the present value of future fuel and operating outlays is determined using arbitrary discount rates. The present values are usually 'levelized' (i.e. annuitized) to produce the familiar 'per kWh' cost estimates. As long as the comparisons were between relatively homogeneous fossil-fired technologies, this approach has generally provided reasonably reliable information.1 However, the traditional approach begins to break down when passive, capital-intensive generating alternatives such as PV and wind are compared with conventional, expense-intensive fossil alternatives. These technologically heterogeneous alternatives cannot be properly compared without explicitly accounting for market risk. Modern finance theory provides a set of well established risk-based procedures based on the Capital Asset Pricing Model (CAPM), which, though widely accepted for capital budgeting and project valuation, have not for a number of historical reasons been adopted for electricity planning and cost estimation.2 As a consequence, electricity planners and policymakers do not generally understand the important financial and risk characteristics that differentiate renewables from fossil alternatives. As this article illustrates, standard textbook finance-oriented valuation produces cost estimates for fossil-based generation that are considerably higher than those produced by traditional engineering economics approaches.

The finance approach incorporates market risk, which can be loosely defined as the variability of projected operating and capital cost streams associated with alternative generating technologies. Like any other cost, the cost of market risk must be borne by electricity producers and consumers. All projected generating cost streams exhibit some degree of risk. While projected fossil fuel outlays clearly present the greatest risk, other cost streams, such as projected labour costs associated with O&M outlays are also risky. Compared with traditional methods, the inclusion of risk tends to raise electricity cost estimates for conventional technologies whose principal cost inputs consist of fuel and maintenance.3
Cost outlays for capital-intensive technologies such as wind, PV, and, to a lesser extent, other renewable technologies are largely 'sunk,' which makes them 'systematically riskless' - or nearly so, in a finance sense.4 Although the maintenance costs of renewables technologies are just as risky as those of fossil technologies, they are generally quite small and hence contribute little to overall project risk. Because they ignore these risk differentials, traditional analyses incorrectly overestimate the cost of renewable-based electricity.

Risk elements of electricity projects

For our, purposes we can define financial risk as the periodic (e.g. month-to-month or year-to-year) variability of a particular operating cost stream as statistically measured by the standard deviation. Risky costs, such as spot-based outlays for natural gas, will exhibit a monthly or yearly pattern that is widely scattered around their mean or expected value. Relatively 'safe' cost streams, such as fixed maintenance outlays or the interest payments on long-term debt, do not fluctuate much from one time period to the next. They will therefore cluster more closely around the expected value in each time period.

Traditional analyses incorrectly overestimate the cost of renewable-based electricity 
There is a second aspect to risk: the degree to which the periodic variability systematically coincides with the movement of broad financial market indicators. Fossil fuel is an example of a high-risk cost stream. Fuel prices fluctuate unpredictably over time, but, more importantly, they do so in a negative systematic manner relative to the economy and to the returns on other assets. This important relationship has significant implications for both electricity cost estimation and for energy security as subsequently discussed. Natural gas prices generally tend to be negatively correlated to indicators of economic activity. (Figure 1 shows an example of negative correlation, by tracking the cost of natural gas imports against the Morgan Stanley MSCI Europe Stock Index, a broad performance indicator for the European economy.) The costs of capital-intensive renewables, such as photovoltaics and wind turbines, exhibit low systematic risk - because their costs are almost entirely in the form of upfront capital outlays and their yearly operating costs are small and predominantly fixed.
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FIGURE 1. EU natural gas pipeline import prices and the Morgan Stanley MCSI Europe Stock Index

The implications of fossil price risk for energy security and the economy

Energy security, an important re-emerging issue, is not well understood quantitatively. Although energy security is generally conceptualized in terms of the risks of fuel supply disruption, fuel price volatility probably represents a more important aspect of energy security. Though it represents a subtler security issue, price volatility may well have more profound effects on economic well-being than temporary supply disruptions. The effect of fossil fuel on economic performance needs to be explicitly recognized for its importance as an aspect of energy security.

Why should policymakers concern themselves with fossil price volatility? Is price volatility not a part of any commodity market? Fossil prices differ from many commodity prices in an important respect: their negative link to broad measures of economic activity is explained above. Indeed, a growing body of economic evidence clearly indicates that when fossil prices rise or become more volatile, economies decline.5
Although energy security is generally conceptualized in terms of the risks of fuel supply disruption, fuel price volatility may be more important 
The relationship between oil price movements and economic activity has been studied in most western countries,6 beginning with the seminal work of Hamilton who found that oil price increases are responsible for almost every post-World War II US recession.7 More powerful recent results suggest that oil price movements even affect the performance of financial markets.8 Combined, this evidence convincingly implies that oil prices have profound negative effects on employment, output and stock market performance. Quite simply, 'Higher oil prices [yield] subsequent recessions in oil consuming nations as oil prices are negatively correlated to economic activities.'9
While the statistical evidence is complex and based on advanced econometric techniques that are less than transparent to most, public policymakers - using their own experience of the devastating economic affects that past oil shocks have produced - seem to recognize this relationship, which to some seems intuitive. For example, US Energy Secretary Spencer Abraham tied the recent US economic slowdown to rising energy prices:

This nation's last three recessions have been tied to rising energy prices and there is strong evidence that the latest crisis is already having a negative effect. Rising energy costs are hitting every family's checkbook, primarily affecting those who can afford it the least.10
Abraham clearly illustrates fossil price risk: fuel costs will be relatively high during bad economic times. Because this risk is systematic and not diversifiable, it affects everyone more or less and produces the worst possible set of circumstances for businesses and households: high fuel prices hit people when they are already feeling recessionary pressures - low incomes, layoffs and depressed property values - thereby exacerbating their economic situation.

Fossil price risk cannot be diversified. Renewables, however, offer a direct means of dealing with it. Two decades ago, the noted economists Robert C. Lind and Kenneth Arrow concluded that renewables represent a form of 'societal insurance' against high fossil prices, since they will pay off during times of high energy costs, which are also bad economic times:

'Our models predict that higher energy costs will result in a lower GNP,' which creates 'a reasonable presumption' that the benefits of renewables (and energy efficiency) 'will correlate negatively with GNP.'11
This is an important 'energy security' consideration. Energy is a basic input into the economy of IEA and EU countries, and fossil price volatility has a greater impact on national income than other risky commodity prices. The real risk of volatile energy prices is not simply that they are unpredictable, but that they cause economic activity to decline.12 This effect becomes newsworthy and politically important only when energy prices 'spike' significantly, as has happened at least three times in the last quarter century. However, the negative effect does not go away in between the spikes, when energy costs are less noticeable. Those 'quiet' periods are marked by political and general indifference to fossil prices. Yet even during the 'quiet' periods, when energy price fluctuations are smaller and not a constant topic of conversation, they likely still produce a statistically measurable negative impact on economic activity.

The real risk of volatile energy prices is not simply that they are unpredictable, but that they cause economic activity to decline 
The mystery about all this is why policymakers have not exploited the obvious connection between the enormous costs imposed by fossil volatility and the potential for mitigating these costs offered by renewables. The recent G8 Report on Renewables13 estimates that accelerating their deployment might require 'learning investments' in the order of US$100 billion. A single 10% oil price increase might create economic losses in the range of hundreds of billions of US dollars in IEA member countries,14 enough to finance the required 'learning investments' several times over.

The implications of fossil risk for estimating 'present value' fossil fuel costs

The negative relationship between oil prices and economic activity has powerful implications for the valuation of fossil-based generating alternatives. In this context it clearly implies that traditional electricity cost estimates significantly understate the present-value magnitude of projected fossil fuel outlays for generating electricity. The negative relationship between fossil prices and macroeconomic activity has microeconomic consequences: it implies that financial betas of fossil prices must also be negative. Indeed, negative fossil-price beta estimates have been published by a number of researchers.15
What does this mean? If, as the evidence suggests, fossil price betas are very small or possibly even negative, then discount rates for fuel outlays must be at or below the risk-free rate - about 3-4% pre-tax in today's market. The problem is that energy planners tend to discount projected fuel outlays at arbitrarily selected rates that are much higher: often 5%, or 7%, or even 10%.16 This significantly underestimates the present value cost of fossil fuel. And while some analysts make reference to capital market theory, they dismiss it out of hand. For example, in The Cost of Generating Electricity, analysts from the IEA, NEA and OECD assert that there is no generally accepted method for proper discount rate estimation - an assertion that would astonish any finance student.

Fossil fuel is an example of a high-risk cost stream 
It is irresponsible to contend, as does the NEA/IEA/OECD, that the 'extensive published literature' does not provide a 'consensus view' of discount rate estimation. While financial economists may differ in their empirical estimation of certain CAPM parameters,17 this has little impact on the estimation issues affecting generating projects. And even if it did, the magnitude range of the controversy is hardly large enough to support a 5%, let alone a 7% or 10% discount rate for projected fossil fuel outlays.18 Yet such rates are widely used to discount all project cost streams, including fuel.

Arbitrary discount rates create enormous distortions in estimated fossil-based generating costs. Higher discount rates produce lower present values. Traditional electricity costing procedures therefore significantly underestimate the value of the fossil fuel outlays, which makes fossil alternatives seem considerably less costly than they actually will be over a projected 30-year period. This makes them appear attractive relative to capital-intensive renewables.

For example, at a 7% discount, the rate used in IEA's widely regarded World Energy Outlook, the projected 30-year fossil fuel outlay for a gas combined-cycle generator is about US$1500 per kW of installed capacity. At the 10% discount used in The Cost of Generating Electricity, present-value is even lower: $1030. These estimates have no economic interpretation19 - they are simply the result of a mechanical present value calculation using an arbitrarily chosen discount rate.

Capital market theory gives us a very different picture of the present value fuel costs. Based on recent historic EU fossil fuel price volatility, finance-oriented models estimate that the present-value of the 30-year gas outlay must be no less than $3200, over three times the value used in the WEO! (See Table 1.)20

TABLE 1. Estimated gas combined-cycle fuel costs. 'Present value' of projected 30-year natural gas purchases per kW of installed capacity

 
Basis for 'present value' estimate
 
Arbitrary
Finance (capital market) theory
 
(I) Traditional
(II) Historic natural-gas price volatility
(III) Forecast prices can be contractually guaranteed
Implied discount rate
7%
2.3%
3.9%
Present value of 30-year fuel purchases
$1500
$3200
$2400
Finance theory does not confine us to making estimates based on historic fuel price volatility. For example, we can ignore the historic fossil price movements and instead develop a present-value cost estimate based on the assumption that gas-based generators will be able to obtain 30-year gas contracts at the prices that the IEA and other important energy planners currently project. In essence, we are assuming that today's forecast natural gas prices can somehow be contractually guaranteed to electricity producers. Under this extremely favourable assumption, the present-value fuel cost estimate is a little over $2400 per kW of capacity - still nearly two thirds higher than IEA's WEO.21
The conclusions of this simple illustration are inescapable: in spite of substantial clear-cut evidence to the contrary, energy planners continue to use inappropriate cost models, conceived around the time of the Model-T Ford, and long since discarded in other industries. The models energy planners use ignore not only the empirical evidence regarding fossil price risk, they also ignore simple, fundamental CAPM discounting principles that are applicable, as this section illustrates, without resorting to complex empirical analysis.

The next section presents a set of risk-adjusted cost-of- electricity (COE) estimates for various conventional and renewable technologies that are based on the assumptions outlined above. These estimates, which have clear economic interpretations, can help guide energy security policy. They clearly suggest that when market risks are considered, the cost of gas and other fossil generation is relatively high as compared to a number of renewable options. This should signal to policymakers that a strategy of continued expansion of gas-based capacity, to the exclusion of renewables and other fixed-cost resources, has dangerous energy security implications.22
Illustrative risk-adjusted estimates for cost of electricity

This section presents a set of illustrative COE estimates that reflect the market risk associated with all project cost streams, including fuel outlays, fixed and variable maintenance and the (relatively low-risk) depreciation tax shelters. Two sets of estimates are shown; these differ only with respect to how future fossil risk is conceived. The first illustration assumes that historic fossil risk patterns are a guide to future spot prices. This case corresponds to the results in column II of Table 1.

The second case estimates electricity costs on the basis that projected annual fossil prices will materialize precisely as forecast, and, moreover, that generators can costlessly obtain firm 30-year fuel contracts at these projected prices. This corresponds to the results in column III of Table 1. In a sense, these two estimates provide an upper and lower bound of reality, although the first case is probably more meaningful from a national or societal perspective.

Case 1: COE based on historic price risk

Figure 2 shows a set of post-tax, risk-adjusted cost estimates for a range of fossil and renewable technologies. For reference, these estimates are compared with traditional analyses such as IEA's WEO2000, a highly respected source of energy cost data. The COE estimates of Figure 2 are empirically derived using the historic price risk for coal and natural gas.23
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FIGURE 2. Risk-adjusted cost of electricity estimates (Europe/IEA countries) based on historic fuel price risk

The risk-based cost estimates (Figure 2) for fossil generation are considerably higher than the corresponding WEO2000 cost figures. This is primarily the result of fuel price risk, which, when properly incorporated, raises present-value costs. Fuel price risk is more noticeable for gas generation and less pronounced for coal, where the relative fuel outlay is roughly half that of natural gas. The general message of Figure 2 is that risk-adjusted cost estimates for fossil-based technologies will be higher than those produced by traditional models.

For capital-intensive, fixed-cost technologies (these include wind, geothermal and hydro), the risk-adjusted COEs are generally lower than the traditional estimates used in IEA's WEO2000. This result is driven by the relatively high proportion of invested capital coupled with the effect of taxes: depreciation tax shields represent a greater proportion of total present value cost for these technologies.

Fossil prices are widely expected to continue their volatility into the future.24 Therefore, assuming that past price volatility serves as a guide to the future, the risk-adjusted results of Figure 2 suggest that with the possible exception of solar thermal power in Europe, the RET group is generally cost-competitive with the best fossil alternatives. Solar thermal power, with direct costs slightly over US 7 cents per kWh, is about one cent higher than a simple gas turbine.

The COE estimates can be interpreted as the fixed cost at which a contract for future delivery of electricity would trade, given perfect markets. For example, Figure 2 indicates that a firm, 30-year fixed contract for gas-fired combined-cycle generated electricity would trade for about US 7.0 cents per kWh. Such a contract would have no re-openers or other clauses. This is not to say that future prices will materialize at this level. Rather, the 30-year COE estimates reflect investor expectations, which, in turn, are based on historic fuel price risk. Such market expectations represent the best available estimate of the present value of a future stream of fuel and maintenance outlays. They are relevant for electric consumers who are not investors.

Case 2: no-cost, long-term contracts

Fossil-based generators balance their spot market purchases with long-term contracts, although terms as long as 30 years (which corresponds to the life of the fossil assets) do not generally exist. As a counterpoint to the historic risk estimates, Figure 3 provides fossil COE estimates under a No-cost contract fuel scenario, which assumes that fossil-fired generators can obtain long-term, 30-year fuel contracts at the annual prices forecast in the WEO-2000. In practice, it is quite unlikely that 30-year fixed price contracts, if they were to exist, would be offered at no premium or cost.25 This set of COE estimates, therefore, though it does not reflect market reality, presents a lower bound of reasonableness that provides a counterpoint to the historic-risk estimates of Figure 2. The hypothetical no-cost contract fuel results offer the most optimistic set of COE estimates for the given input costs.
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FIGURE 3. Risk-adjusted COE estimates, assuming that projected fuel prices can be obtained as firm contract prices (30-year 'no-cost' contract fuel)
The fuel contract represents a debt-equivalent obligation.26 Since fuel prices are contractually secured in this scenario, fuel price risk is reduced to the equivalent of the default risk on the firm's debt. Projected fuel outlays are therefore discounted as debt-equivalent obligations, at the post-tax cost of debt. This produces present-value fuel costs that are lower than the historic risk estimates. The intuition for this is straightforward: under this scenario, the generator can expect fuel deliveries at the specified price with relative certainty. Present-value fuel costs and resulting fossil COE estimates will therefore be lower than the estimates of Figure 2.

Conclusions

Energy planners today are faced with a wide range of available technologies, including capital-intensive, fixed-cost renewables. Technological choices are no longer homogeneous: they differ significantly in terms of cost structures and inherent market risks. This set of circumstances calls for a review of traditional methods used to estimate the cost of electricity.

A principal barrier to greater market penetration for renewables has been the perception of high costs. But as financial investors recognize, cost can be properly understood only in terms of its risk. Applying capital market theory and the CAPM to adjust for risk, this article provides illustrative but theoretically defensible COE estimates for renewables and conventional technologies in IEA member countries. The results suggest that renewables-based electricity is considerably more cost-competitive than previously believed.

The CAPM analysis highlights some important implications of the negative correlation between energy prices and the economy, suggesting a broader conceptualization of energy security that reflects the deleterious economic effects of fossil volatility. These effects can be measured and reduced by incorporating technologies such as wind, geothermal and PV, whose underlying costs are uncorrelated to fossil prices. Fossil price risk can be mitigated only through such diversification.
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