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Abstract
Climate policy has become a major source of uncertainty in energy investments.
This paper explores how different instruments of climate policy, such as emissions
trading and taxes, affect heat and power capacity investment decisions. I start here
with an analysis on the role of climate policy instruments in an investment decision process. Secondly, I examine how climate policy instruments affect the key
components of a quantitative investment appraisal and how flexibility can help to
cope with those impacts. Flexibility characteristics of some existing heat and
power generation technologies are discussed. I find that climate policy increases
the value of flexibility in energy investments. There are structural differences in
flexibility between heat and power generation technologies. Whereas some technologies provide managerial flexibility through the option to alter operating scale
and through the option to switch between fuels or products, others provide passive
flexibility (robustness).
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1 Introduction
Climate policy and the regulation of greenhouse gas (GHG) emissions have become a new factor affecting strategy and investment decisions. Heat and power
producers are among those facing the largest changes due to their high emission
intensity (emissions / turnover).
Globally, 4,800 GW of new electric capacity and investments of about 4.6 trillion USD are projected to be required until 2030 (IEA 2004). In addition, other final energy use in residential, services, industrial and agricultural sectors is expected to grow by 16,000 TWh (37%)1 until 2030 (our own calculation based on
IEA 2004), implying an increasing demand for heat only plants. All in all, it is
recognized that “increased investment in the energy sector, from both public and
private sources, is necessary” (EDC 2004). Also, large numbers of power plants
will change hands as a result of acquisition processes in deregulated markets.
The economic lifetime of an investment in heat and power capacity typically
ranges from 20-40 years (OECD NEA/IEA 1998). During the lifetime, various
policy instruments intended to regulate GHG emissions can influence the cash
flows of the plant and thus its viability. Such instruments can range from problemspecific tradable emission permits2 to more general policy instruments, such as
taxation (fuel tax, emission tax) and subsidies (investment subsidy, fixed feed-in
tariff)3.
Climate change related decision-making is essentially a sequential process under uncertainty (IPCC 2001). The development of climate science, climate policy
goals and business-as-usual emissions is uncertain for an investor (“how big
should the emissions reduction cake be?”). Moreover, the negotiation results between various parties, i.e. countries, sectors, and companies, create uncertainty
(“how big is our piece of the emissions reduction cake?”).
Assuming that the future of the energy sector is to a significant extent “carbonconstrained” - which seems to be the case, in Europe in particular - any investment
or valuation should take into account the financial impacts of climate change mitigation (e.g. Vrolijk 2002; de Leyva and Lekander 2003; IEA 2003b). The European Union Emissions Trading Scheme (EU ETS) will be one of the key climate
policy instruments until 2012 (EC 2003). In the medium-term, European utilities
are likely to consider abatement options based on traditional technologies, and be
keen on emissions trading due to the high long-term technological uncertainty
(Söderholm and Strömberg 2003).
Climate policy instruments are often overlapping, i.e. the introduction of a new
instrument (e.g. tradable permits) causes a need to change the earlier instruments
(e.g. taxation). In most European countries several climate policy instruments are
likely to co-exist in the future for many reasons. First, the structure of climate pol1
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icy instruments is already very heterogeneous in many countries (Vrolijk 2002;
OECD/EEA 2003). Second, the United Nations Framework Convention on Climate Change (UNFCCC), the EU ETS, and the plans for tradable green certificate
systems in several countries will enhance the role of currently less influential market-based climate policy instruments in the coming years. Third, climate policy instruments have complementary goals, which implies that they would not replace
each other completely (Johnstone 2003). Finally, a policy mix consisting of several instruments can help to reduce abatement cost uncertainty, overcome technology market failures and increase behavioural responsiveness (Johnstone 2003).
It is, therefore, important for individual enterprises and/or investors to understand the logic of how different climate policy instruments affect their investment
decisions, in order to recognize the structural differences between investment alternatives regarding climate policy instruments, and to be able to make informed
predictions about the impacts of climate policy. At present, companies are not always fully informed about the quality of information and application of decisionsupport technologies (IPCC 2001).
This paper explores the mechanisms through which climate policy instruments
affect heat and power capacity investment decisions. First, I analyze the role of
climate policy instruments in an investment decision process. Second, I examine
how climate policy instruments affect the key components of a quantitative investment appraisal and how flexibility can help to cope with those impacts. Flexibility characteristics of some existing heat and power generation technologies are
discussed and compared.

2 Investment decision process
Three kinds of factors affect strategic decision processes such as investments: (1)
organization’s operating environment (e.g. uncertainty and complexity), (2) organizational conditions (e.g. internal power structure, past performance, past strategies and the extent of organizational slack) and (3) decision-specific factors (e.g.
impetus for the decision, the urgency associated with the decision, the degree of
outcome uncertainty, and the extent of resource commitment) (Rajagopalan et al.
1993). Environmental factors are macro level variables: they are equal to all investment decisions within the observed investment environment. Organizational
and decision-specific factors influence at micro level and vary between decisions.
The growing importance of climate policy instruments is reflected in all three
categories (Figure 1). Climate policy changes stochastic environmental factors,
such as electricity market price, fuel prices and allowance market price4. Organizations perceive these future changes differently. This implies not only differences
in price forecasts, but also, more profoundly, differences in perceptions of the
problem character: some managers and board members believe that climate policy
is “here to stay”, whereas others expect it to be “a short-term fashion”. The differ4
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ent perceptions most likely result from diverse evaluations and beliefs regarding
both the scientific foundation of climate change research5 and the expected reactions of governments and companies.
Decision-specific factors are linked to location-specific risks, e.g. whether certain climate policy instruments, such as investment subsidies or emission credits,
are relevant in a specific investment context. Within the EU ETS, allocation of
free emission allowances can also depend on the situation on the planned site: e.g.
whether the investment is considered a new entrant or a modification of an existing installation. Climate policy can also change other decision-specific factors affecting the process, such as heat demand and price. Some fuels, such as biomass,
have more location-specific prices than others, such as coal. Climate policy is
likely to improve the availability of bio-fuels for energy generation.
DEVELOPMENT OF CLIMATE POLICY
• Investment-specific subsidies
• Allocation method of allowances
• Emission credit schemes (JI, CDM)

• Taxation and generic subsidies
• Emission caps

ENVIRONMENTAL
FACTORS
• Allowance price
• Electricity market price
• Fuel prices

ORGANIZATIONAL FACTORS

DECISION-SPECIFIC FACTORS

• Perception of climate policy related risks
and opportunities

• Availability of alternatives (Fuels, Heat load)
• Price of heat/cooling
• Opportunity for emission credits / TGCs
• Permits (Construction, Environmental)

DECISION PROCESS

MACRO LEVEL FACTORS

• Decision-making methods in place:
- comprehensiveness
- extent of rationality
- participation/involvement
- duration / length

MICRO LEVEL FACTORS

PROCESS OUTCOMES
• Quality of the investment
• Timeliness, speed
• Organizational learning

ECONOMIC OUTCOMES
• ROI / ROA
• Market share

Fig. 1. Climate policy instruments in the investment decision process (modified from Rajagopalan et al. 1993).

The resulting decision process characteristics, such as the duration of the process and the degree of rationality, help determine process outcomes, such as the
timeliness of the decision and the extent of organizational learning. Process characteristics as well as process outcomes influence economic outcomes.
Decision processes involving evaluation of capital expenditure typically consist
of at least four steps: (1) Identification of spending proposals; (2) Quantitative
analysis of the incremental cash flows; (3) Qualitative issues which cannot be fit5

This is well illustrated by the existence of industrial organizations like the Global Climate
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ted into the cash-flow calculus; and (4) Making the decision (Shank 1996). The
importance of the identification of values and objectives as generators of creative
alternatives for phase 1 has also been highlighted (Keeney 1994; Clemen and
Reilly 2001). In this paper I assume, for simplicity, that decision-makers aim at
maximizing their long-term financial performance without taking into account any
other objectives they might have.
Decision processes vary according to their extent of rationality and comprehensiveness. Human behaviour in organizations is intentionally rational, but only
boundedly so, which means that human decision-making is non-optimizing in
practice (Simon 1997; Selten 2002). An organizational decision is therefore
deemed rational if it is orientated towards the organization’s goals (Simon 1997).
Three types of rationality have been proposed as drivers of investments in energy
capacity: (1) economic viability, (2) understanding of the business model of the
investment, and its fit to the corporate strategy, and (3) the impact on the operational performance (Sandoff 2003). Comprehensiveness has been defined as the
extent to which organizations attempt to be exhaustive or inclusive in making and
integrating strategic decisions (Fredrickson and Mitchell 1984). In heat and power
capacity planning, comprehensiveness has been pursued through large energy
models in order to overcome the deficiencies of individual techniques, such as optimization, simulation and decision analysis. This “model synthesis” has been
criticized as an elusive and ultimately impractical objective (Ku 1995). In line
with this argument, for example, the record of US model-based energy forecasting
yields evidence that the models have given biased estimates (Laitner et al. 2003).
The results of energy models, such as energy prices, have been used as inputs
in the strategic investment appraisal. Standard approaches to strategic investment
appraisal include quantitative methods such as payback, internal rate of return
(IRR), return on investment (ROI), and discounted cash-flow (DCF) methods. In
addition to these, an expanded DCF-based framework and a number of other analytical techniques, such as strategic cost management (SCM), the multi-attribute
decision model (MADM), value analysis, the analytical hierarchy model, and the
uncertainty method, have been developed in literature6.
Perhaps the most important complement to the standard approaches is the real
option theory and its applications, which have been strengthened by a substantial
body of research during the last two decades7. The key reason for this interest has
been the notion that standard approaches are inadequate in that they cannot properly capture management’s flexibility to adapt and revise later decisions in response to market developments. Standard approaches are based on “decisioneering”, which assumes that the future is probabilistic and an optimal course of
action can be found by comparing payoffs in scenarios (Lessard and Miller 2001).
The standard approaches implicitly assume “expected scenarios” of cash flows
and presume management’s passive commitment to the selected operating strategies.

6
7
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The proponents of real options or “managerial approaches” assume the future
indeterminate, where outcomes are not only difficult to assess but depend on exogenous events or endogenous processes that can lead to multiple possible future
states (Lessard and Miller 2001). Hence, the standard approaches should be extended to take the value of new information into account by modelling flexibility
for contingency (Ku 1995; Trigeorgis 1995). Two kinds of flexibility can be identified corresponding to two ways of responding to uncertainty: active flexibility, a
state of readiness such as the ability to react to change, and passive flexibility (often referred to as „robustness“) as a state of being, such as a resistance or an immunity to change (Ku 1995).
A key impact of the real option theory in the context of this paper is that it
opens up a new perspective to the evaluation of an investment appraisal. The traditional valuation tools do not work well, if there is a high uncertainty about the future and options available (Amram and Kulatilaka 1999). Climate policy has significantly increased uncertainty in the business environment through the value of
tradable emission permits, the number of free emission allowances, and the impacts on subsidies and taxation. This results in a higher value for flexibility. The
decision context and various energy technologies hold characteristics that need to
be taken into account in order to end up in (organizationally) rational decision
outcomes.

3 Quantitative investment appraisal
A quantitative investment appraisal can be broken down into sub-problems from
the Net Present Value (NPV) framework: the initial investment, the annual cash
flows and the discount rate. I will go through them one by one and discuss the role
of climate policy instruments in each case. The following analysis is limited to financial implications.
3.1 Initial investment
The initial investment cost (Ic) of a plant with an output capacity Pout is given by

I c = Pout ⋅ ic = Punit ⋅ n ⋅ ic ( Punit , t )

(1)

with Punit being the characteristic unit size (in MW) of the technology in question;
n the number of units required to generate Pout; and ic the specific investment cost
(in €/kW) for a given level of Punit at time period t. Punit differs significantly between technologies: in particular, nuclear and coal plants tend to have large unit
sizes, whereas renewable energy plants have small unit sizes. Typical unit sizes
range from 455 - 1460 MWe for nuclear power, 120 - 800 MWe for coal and 250 750 MWe for a combined cycle gas turbine (OECD NEA/IEA 1998). The average
wind turbine size in the largest single market in Germany was 1.4 MW in 2002
(EurObserv’ER 2003).
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The specific investment costs ic for energy production technologies vary by
technology, and typically show fairly strong economies of scale. ic also tends to
decrease in time as a result of technological innovation, if quality requirements
remain the same. This is generally modelled in a formulation, in which each doubling of experience (e.g. cumulative capacity) reduces ic by a certain percentage
called the learning rate. Importantly, both changes in experience and learning
rates differ by technology (McDonald and Schrattenholzer 2001).
Climate policy can affect the rate of experience accumulation for technologies
and thus change ic. Additionally, climate policy may change any regional investment subsidies available for different technologies. Let us denote this investment
subsidy as a percentage (k) of the total investment. Then the effective specific investment cost ieff at time t for the investor is8:

Ct
)
Co
= (1 − kt ) ⋅ ic,t = (1 − kt ) ⋅ ic ,o ⋅ (1 − r
)
ln 2
ln(

ieff , t

(2)

with ic,t being the specific investment cost at time t, r being the learning rate, and
Ct being the experience measure (e.g. the cumulative capacity) at time t. Combining Equations 1 and 2, we get:

Ct
)
Co
⋅ (1 − r
)
ln 2

(3)

ln(

I c ,t = Punit ⋅ n ⋅ (1 − k t ) ⋅ ic , o

Equations 1 to 3 formalize the concept of modularity: in an uncertain environment, modularity enables the operator to implement the investment in several
phases, i.e. it provides an option to staged investment (e.g. Dixit and Pindyck
1994, p. 51-55; IEA 2003a, p. 29). In addition, each investor also has an option to
wait: either to invest in one of available alternatives or to postpone and to wait for
more favourable conditions (e.g. McDonald and Siegel 1986). An exception might
be a situation in which the existing thermal capacity is running out (e.g. in a district heating system). Combined, these two options seem to create a situation,
whereby a higher uncertainty delays capacity additions, but also makes those additions larger when they do occur (Pindyck 2001; Kort et al. 2004).
3.2 Annual cash flows
When the regulator applies economic climate policy instruments, cash flows of
energy projects during a period can be simplified as follows:

8

Equation 2 is deterministic. See Murto (2003) for a stochastic case.
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(4)
R − C = Ptot ∑ Sx + R f , CO 2 − C f


1
γ
= Ptot ∑ αη (γ )
p e + η (γ )
p h + rCO 2 − µ c v − cCO 2  ⋅ x + R f , CO 2 − C f
γ +1
γ +1



with R being the revenue (in €) and C the total cost (in €). Ptot denotes the thermal
capacity of the plant and S the spark spread i.e. the difference between the unit
price of energy and the variable production cost of the plant (in €/MWhth). x denotes the number of full-load operating hours during the period. Rf,CO2 (in €) is the
corresponding climate-policy related fixed revenue, such as the value of free emission allowances, and Cf is the corresponding fixed cost (in €). pe is the average
market price of electricity (in €/MWhe), γ is the power-to-heat ratio and η(γ) is the
thermal efficiency of the plant for a given power-to-heat ratio. α is the production
profile factor of the technology in question during the period: if the technology
can systematically benefit from output price fluctuations during the period, then
the production profile factor exceeds one (α > 1) and vice versa9. The price of
heat delivered is denoted by ph (in €/MWhh).
Revenue per unit from any climate-policy related products, such as tradable
green certificates, is given by rCO2 (in €/MWhth) and cCO2 is the climate-policy related variable cost (in €/MWhth), such as an emission tax or the market price of a
surrendered emission allowance. cv is the average “normal” variable cost including
fuel costs (in €/MWhth).
Corresponding to α, µ is the consumption profile factor. If the technology can
systematically benefit from fuel price fluctuations during the period, then the consumption profile factor undercuts one (µ < 1) and vice versa.
There is no multiplier for rCO2 or for cCO2 in Equation 4. Tradable emission
permit markets do not have a similar basis for a systematic daily and monthly
price fluctuation as compared to the electricity market, since compliance is required only on an annual basis10. In power exchanges, the market needs to be settled every hour.
Variables of Equation 4 may all be affected by climate policy. I will first take a
look at revenues and then move to the cost side.
Market price of energy products (pe, ph): Economic theory suggests that market price of energy products will increase due to emissions trading or taxes. This
results from increased production costs in utilities (see below), which are reflected
in output prices. The effect is similar in heat production. Heat suppliers are even
more likely to transfer increased production costs into prices due to the monopolistic character of the business.
In the power sector, theory and studies suggest that the price increase in pe reflects the emission factor of the power plant on the margin, which often is a condensing power plant due to the merit order of technologies. For this reason, the
9

Note that α is not necessarily constant in time.
Note that prices can still fluctuate systematically for other reasons.

10

The Impact of Climate Policy on Heat and …

9

projected price increases can be significant. It has been projected that the EU ETS
can raise wholesale power prices from 15% to 60% (de Leyva and Lekander 2003;
Ernst&Young 2004; Reinaud 2003).
Combined heat and power (CHP) extraction plants with simultaneous excess
capacity in heat production have a switching option due to product flexibility. This
means that during a period of high power prices, a CHP extraction plant can produce more power and shift the corresponding heat production into heat only plants
and vice versa. Thus the switching option due to product flexibility is reflected in
the operator’s ability to optimize the power-to-heat ratio (γ) between [γmin, γmax] in
Equation 4. Backpressure plants do not typically have this option: the power-toheat ratio is constant.
Revenue from climate policy related products (rCO2): Investments can gain
additional revenues due to new climate policy instruments in several forms:
•

•
•

Tradable green certificates: in some countries, such as the Netherlands
and Sweden, national trading schemes for green certificates have been established.
Higher feed-in tariffs or tax subsidies for green electricity are used in
many countries, such as Germany and Austria.
GHG emission reduction credits: heat and power capacity investments in
one of the signatory states of the Kyoto Protocol may obtain additional
financing through joint implementation (JI). A host country approval is
always required, and in the EU countries, a JI project affecting installations within the EU ETS may be implemented only, if an equal amount of
allowances is cancelled from the registry of the host country (EC 2004).
In the developing countries investments complying with the relevant
rules and modalities and with approval from a host country may similarly
obtain additional financing through the clean development mechanism
(CDM).

Fixed revenues related to climate policy (Rf,CO2): Within the EU ETS, utilities
obtain at least 95% of the emission allowances for the period 2005-2007 and at
least 90% for the period 2008-2012 free of charge. In an investment analysis, this
asset transfer may be considered a fixed - but uncertain - annual cash in-flow for
the plant. The transfer is linked to a simultaneous obligation to surrender emission
allowances during the same period, i.e. RCO2 is linked to the introduction of cCO2.
Free allowances are obtained regardless of whether the plant is used during that
period or not. The fixed revenue for subsequent periods may change due to the selected operating strategy in the preceding periods, i.e. RCO2, t+j may depend on xt,
with j being, for example, between 1 and 5 periods.
Full-load operating hours (x): of a technology depend on the characteristics
of demand and the technology in question. Operators of thermal plants have an option to alter their operating scale if the market turns out to be unfavourable, i.e. if
the spark spread S is negative, the plant can be turned down taking into account
the physical constraints, such as lead times, and switching costs (McDonald and
Siegel 1985; Tseng and Barz 2002). This implies that:
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R − C = Ptot

∑ MAX

[Sx − C sw ,u , − C sw ,d ] + R f ,CO 2 − C f

(5)

where Csw,u and Csw,d are the (potential) switching costs in start-up and shutdown
(in €/MW). Power plants that rely on flowing resources (e.g. wind and run-of-river
hydro power) or base load plants with heavy initial investments and low fuel costs
(e.g. nuclear power) also have this option, but its value is negligible: in normal
circumstances the optimal decision is to run the plant as much as possible. For
wind and run-of-river hydro power plants, the number of operating hours is a stochastic variable depending on weather conditions and technical availability – not
on managerial judgment.
Conventional variable cost (cv): In thermal power plants, fuel costs constitute
the bulk of the variable costs. Climate policy instruments can indirectly change
fuel prices. The magnitude of this impact is not necessarily defined within the fuel
market context only, since coordination with the tradable emission permit market
might occur (Hagem and Mæstad 2002; Holtsmark 2003). It has been estimated
that the producer price of coal would decrease by 7-10% and the price of oil by 2
% within an (unreachable) 100% implementation11 of the Kyoto Protocol
(Holtsmark and Mæstad 2002). Most analysts project an increase in natural gas
prices due to the EU ETS (e.g. Ernst & Young 2004; de Leyva and Lekander
2003; Reinaud, 2003).
Many thermal heat and power producers have a switching option due to process
flexibility. They are able to burn two or more different fuels and switch between
them, or ex-post conversions are relatively straightforward and inexpensive (Kulatilaka 1993; Söderholm 2000). For this reason, Equation 5 can be modified as follows for multi-fuel plants:

[

]

R − C = Ptot ∑ MAX MAX f ( S f x − C sw, f ) − C sw,u ,−C sw,d + R f ,CO 2 − C f

(6)

with MAXf (Sf x-Csw,f) referring to the opportunity of the producer to optimize the
operating cost through fuel selection taking into account the potential related
switching costs (Csw,f ).
Climate policy related variable costs (cCO2): Similarly to revenues, climate
policy related costs potentially accrue in many forms, such as in taxes and in the
value of surrendered allowances. Emissions are determined by the energy output,
the emission factors of the fuels used and the heat rate of the plant12. Emission factors can generally be considered constant in a long-term investment analysis, although some uncertainty concerning global warming potentials (GWPs) of different greenhouse gases, for example, can be taken into account.
11
12
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Hoff and Herig (1996) point out that “the decision to build any polluting generation source includes the plant owner’s decision to give a valuable option to the
government. The option gives the government the right (but not the obligation) to
change emission standards or impose externality costs (i.e. environmental taxes)
associated with environmental damages at any time.” In fact, this option applies
for all plants, not only for directly polluting plants. In the context of climate policy, it is, however, more likely that the government will raise standards for emission intensive plants.
In terms of Equation 4, having an emission free plant 1) determines cCO2 to zero
and 2) gives the holder of the plant an opportunity for climate-policy related revenues (rCO2) for the entire lifetime of the plant. Interestingly, the option hold back
consisting of having a less emission-intensive plant is comparable to the notion of
“robustness” or passive flexibility (see Chapter 2 or Ku 1995). A robust investment can also be regarded as an “insurance investment”. An insurance investment
reduces exposure to uncertainty, but with a cost or “insurance premium” (Amram
and Kulatilaka 1999).
Fixed costs (Cf): Some climate policy instruments will increase the fixed costs
of power plant investments through transaction costs. For example, in order to obtain climate policy related revenues from JI and the CDM, companies need to pay
for preparations up-front (i.e. rCO2 increases Cf). These costs are not strongly dependent on project size (e.g. Fichtner et al. 2003; Krey 2004). Empirical data on
15 Indian CDM projects suggest transaction costs ranging from USD 60,000 to
USD 480,000 (without monitoring and verification) (Krey 2004). The Prototype
Carbon Fund (2003) reports transaction costs of USD 265,000 for JI and CDM
projects (without verification). It is estimated that even with simplified procedures
and modalities the annual value of emission reduction must exceed USD 180,000
in order to keep the relative transaction cost at a sustainable level (CDCF 2004).
Within the EU ETS, installations are also subject to annual monitoring and
verification. This will similarly cause additional transaction costs.
3.3 Discount rate
In standard financial theory, a dollar today is worth more than a dollar tomorrow.
This implies that the future expected payoffs should be discounted by the rate of
return offered by comparable investment alternatives, i.e. the opportunity cost of
capital. In practical applications, the opportunity cost of capital is often either the
cost of equity or the after-tax weighted average cost of capital (WACC), which
additionally takes into account the cost of debt and the marginal corporate tax rate.
The cost of equity has been commonly estimated through the Capital Asset
Pricing Model (CAPM) by Sharpe (1964) and Lintner (1965)13. The model suggests that in a market equilibrium, the value-weight asset market portfolio is
13

CAPM has been a simple and attractive tool for practitioners, although model tests have
shown it to be insufficient. Beta has been found unable to explain average returns alone
(see e.g. Fama and French 1993; Wang 2003).
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mean-variance efficient. This implies, firstly, that beta (β), the slope in the regression of a security’s return on the market return, is the only risk needed to explain
expected return. Secondly, there is a positive expected premium for β risk. Beta
measures the systematic risk of the asset and it can be estimated as the co-variance
of the asset value with the value of the market portfolio divided by the variance of
the market portfolio.
According to many authors (e.g. Beaver et al. 1970; Ismail and Kim 1989;
Young et al. 1991) the volatility of a company’s earnings or cash flows compared
to the volatility of the overall economy-wide earnings/cash-flows, its accounting/cash flow beta, is an applicable concept for predicting stock betas. If the annual cash flows between different technologies differ and have low mutual correlations, their stock betas should consequently be different as well. In oil projects, a
high volatility in oil prices has been empirically found to be associated with a
higher cost of capital (IEA 2003a, p. 53).
Risk sources of annual cash flows of various energy technologies differ significantly (IEA 2003b). For example, cash flows of thermal power plants depend on
spark spreads, whereas those of hydropower and wind power mainly depend on
electricity prices and hydrological / meteorological conditions. In addition, fuel
prices do not correlate fully.
In the evaluation of heat and power capacity investments, a single discount rate
(with a potential sensitivity analysis) is often selected for all investment alternatives, implying that they share the same systematic risk (e.g. OECD NEA/IEA
1998). If discount rates differ, high discount rates are typically used for new technologies, due to their inherent uncertainty (IPCC 2001).
Taking into account the discussion above, the existing practices may turn out to
be too simplified. As different technologies have different characteristic emission
factors, climate policy and, in particular, the market-based instruments seem to
modify the risk related to annual cash flows. However, it is not self-evident what
exactly the impact is on discount rates for different technologies. GHG-emissionfree power plants, such as renewable energy and nuclear plants, are insured
against changes in climate policy related costs, whereas plants using fossil fuels
remain either fully or partly exposed to climate policy risks. However, even renewable energy plants remain exposed to climate-policy-related volatility in revenues.
3.4 Comparison of technologies
As discussed above, energy production technologies provide different kinds of
flexibility regarding the financial impacts due to climate policy instruments. These
are roughly summarized in Table 1.
Thermal power investments provide an option to alter the operating scale, if the
market conditions turn out to be poor. Multi-fired power plants have an option to
switch between fuels, whereas CHP extraction plants can provide an option to
switch between products. The rate up to which a technology is insured against
changes in climate policy related costs is reflected through the relative emission
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factor (in kgCO2/MWh) of the plant. Fossil fuels remain either fully or partly exposed to climate policy cost risk.
Table 1. Flexibility regarding climate policy: comparison of technologies (+ = option available/significant).
Source of flexibility

Technology
Thermal plants
Multi- CHP Coal Gas
fired extraction

Other
Oil

Bio- Hydro Hydro Numass with
(run-off- clear
reservoir river),
wind
+
+
+
+

Active
Option to +
+
+
+
+
flexibility wait
Option to +
+
+
+
+
+
+
alter operating scale
Option to +
switch between fuels
Option to +
switch between products
Passive
Robustness Fuel Fuel 0% 40% 17% 100% 100 %
flexibility to changes (mix)- (mix)in climate dedepenpolicy re- penden dent
lated costs1 t
1
Defined as the relative emission intensity of the fuel (Coal = 0 %)

-

-

-

-

-

-

100 %

100 %

4 Discussion and conclusions
This paper has explored the impact of climate policy instruments on heat and
power capacity investment decisions. Climate policy changes environmental, organizational and decision-specific factors in capacity investment decision
processes. The quantitative investment appraisal is modified through an influence
on the initial investment, the annual cash flows and, potentially, the discount rate.
Climate policy increases uncertainty in the business environment and, as a consequence, the value of flexibility, which is not fully captured with standard methods
of quantitative investment appraisal.
Heat and power generation technologies show significant structural differences
in flexibility to stochastic changes in climate policy instruments. Whereas some
technologies provide managerial flexibility through the options to alter operating
scale and to switch between fuels or products, others provide passive flexibility
(robustness).
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Managerial flexibility can be taken into account in the investment decision
process through a real options analysis using partial differential equations, dynamic programming or simulation (Amram and Kulatilaka 1999). Robustness, on
the other hand, either creates upside potential in annual cash flows or provides insurance against the downside risk. In many cases, there are multiple, interactive
options and robustness present in the investment problem, which requires a joint
valuation of different sources of flexibility.
This setting is interesting for the quantitative investment appraisal that is more
or less comprehensively applied in all investment decision processes. While it is
obvious that the value of climate policy related robustness depends on the prospects of climate policy, we may ask how large the climate policy related uncertainty must be in order to compensate for (in many cases) higher investment costs
on the one hand, and worse managerial flexibility (in comparison to thermal
plants) on the other hand. Also, the value of robustness can, in some circumstances, be reduced by the risk of windfall taxation: if it is perceived that some
technologies receive sudden increased profits “without effort”, the regulator may
pursue “not to distort the market” and to prohibit this phenomenon through an additional tax. From the flexibility perspective, biomass-fired co-generation projects
with a multi-fuel option seem ideal, since they provide both robustness (if the
emission factor of the fuel-mix is significantly lower than with fossil fuels only)
and managerial flexibility.
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