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Abstract
Green certificates are the main instrument for promoting renewable electricity (RES-E) in
Sweden. But certificates cover only a limited share of total RES-E production. Under partial
coverage, crowding out may arise whereby costly new RES-E replaces inexpensive old RESE. Granting certificates to all of RES-E production improves efficiency, but leaves windfall
rent to otherwise profitable facilities. We also analyze transaction costs in the permit process
for new RES-E in Sweden. Municipalities veto socially desirable projects because of
asymmetrically distributed investment costs and benefits. We propose market-based permit
fees rather than limited veto rights as a solution to this NIMBY problem.
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1. Introduction
Sweden has decided to increase the renewable share of total energy consumption to 50 per
cent by 2020. A means to achieve this objective is to promote production of electricity from
renewable energy sources (RES-E). The ambition is to expand RES-E production by 17 TWh
in 2016 relative to 2002. In comparison, total electricity production was 143 TWh in the
baseline year 2002. Green certificates are the main policy instrument for stimulating RES-E in
Sweden.1 Producers earn one certificate for every MWh certified RES-E they generate. The
certificates are sold mainly to retail companies that are obliged to cover a share of final
consumption by certified RES-E. Certificates represent an extra source of income in addition
to the revenue producers earn on selling the electricity itself, which should stimulate RES-E
production; see Section 2 for a description of the Swedish electricity market and its certificate
system. We reexamine the Swedish RES-E policy and explore the consequences of (i) a green
certificate system which only covers a part of total RES-E production; (ii) transaction costs in
the investment decision.
Contrary to many other countries with certificate markets, RES-E accounted for a large share
of Swedish production even prior to the introduction of certificates. Hydro power alone stood
for 46 per cent of total production in 2002. The certificate market covers only a small share of
RES-E production, approximately 15 per cent in 2010. An inefficient crowding out effect
arises in certificate markets with partial coverage. Increased production of certified RES-E
lowers the electricity wholesale price and renders all types of non-certified production, even
renewable, less profitable. As RES-E production from new facilities and capacity expansions
is more expensive than old RES-E production - it would not be in need of economic support
otherwise - partial coverage leads to inefficient substitution of new for old RES-E.
Crowding out can be relevant even in markets where RES-E production was limited when the
certificates were introduced. Many certificate schemes are constrained in the sense that
production receives certificates for a shorter period than the economic lifetime of the plant.
Certificate supply falls when old plants are phased out of the system. Subsequently, certificate
prices increase, which stimulates investment in new capacity. If RES-E production without
certificates is unprofitable, then crowding out arises whereby RES-E in new plants replaces
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Green certificates, or renewable portfolio standards, are now a common policy instrument for promoting RESE production in Europe, the US and beyond (Fischer and Preonas, 2010).
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RES-E production in current non-certified plants. Sweden is an interesting case in point. In
2013, 80 per cent of bio-fueled combined heat and power (CHP) capacity loses its right to
certificates. These plants stood for more than half of certified RES-E production in Sweden in
2010. The industry predicts RES-E production to fall significantly in plants no longer eligible
for certificates.
A simple way to improve efficiency would be to include all RES-E production, old and new,
in the certificate system. But full coverage implies windfall rent to RES-E facilities that would
have been profitable anyhow. Certificates thus incorporate a trade-off between efficiency and
windfall rent.
Crowding out implies that the net potential for renewable electricity is smaller than its gross
potential. A reasonable assessment of the net potential for RES-E prior to the introduction of a
certificate system increases efficiency and reduces windfall rent. A modest quota obligation
lowers certificate demand and the certificate price. With a low certificate price, only the most
cost effective investments are undertaken and all renewable electricity earns a lower rent.
In Sweden, all plans to build new power plants must be approved by the local municipality
before they can be realized. The industry claims that municipal veto rights, non-transparent
decision criteria and long lead times in the decision process represent significant transaction
costs which limit investments, especially in onshore wind power. Most of the proceeds of the
investment (electricity and certificate revenues) are pocketed by the owners while there can be
significant costs (e.g. landscape degradation, noise) to the local community of hosting the
power plant. This asymmetric distribution of the investment costs and benefits is the source of
the well-known Not In My Backyard (NIMBY) phenomenon whereby local authorities use
their political power to block projects they disapprove of. We argue that municipal fees can be
an efficient tool for overcoming local resistance to wind power (and other projects). In theory,
negotiated fees should internalize the costs and benefits associated with the project and lead to
a socially optimal decision. Market-based fees would probably lower transactions costs as the
decision criteria become more transparent, and lead times would fall as municipalities now
have little to gain from stalling the decisions. Competition for wind power permit fees would
limit the exercise of municipal market power and drive the fees down to the competitive level.
Most of the literature assumes that all RES-E production is entitled to certificates and that the
rest is non-renewable production (e.g. Amundsen and Mortensen, 2001; Jensen and Skytte,
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2002; Morthorst, 2003; del Río, 2005; Unger and Ahlgren, 2005; Söderholm, 2008;
Amundsen and Bergman, 2012). Fischer (2010) allows for partial coverage, but assumes that
all non-certified RES-E is large-scale hydro power in constant supply and profitable even
absent certificates. Böhringer and Rosendahl (2010) mention in passing that green certificates
may lead to reduced supply of renewable electricity not included in the certificate system.
None of the above papers discuss efficiency properties related to crowding out or any tradeoffs between efficiency and windfall rent. Nor do they discuss the circumstances under which
crowding out is likely to be substantial, or possible solutions to the problem.
Our finding that building permit fees negotiated between investors and municipalities can
improve efficiency is just an application of the famous Coase theorem. There are two reasons
why we discuss fees. First, Swedish municipalities have in some instances demanded this type
of compensation; fees are thus part of an emerging market for wind power projects. Second,
these fees are controversial. Critics draw a parallel to corruption and argue against forcing
investors to pay municipalities for the permits. From our viewpoint, market-based fees are one
way to overcome the NIMBY problem.

2. The Swedish electricity market and certificate system
Sweden, Denmark, Finland and Norway form the Nordic electricity market.2 A key feature of
this market is its reliance on hydro power; see Table 1. Hydro power amounts to half of
installed capacity and is located predominantly in Norway and Sweden. Finnish and Swedish
nuclear power constitutes ten percent of total generation capacity. Thermal capacity other than
nuclear power accounts for roughly thirty percent of capacity, two-thirds of which is CHP.
Only Denmark and Sweden have significant amounts of wind power.
Table 1: Generation capacity (GW) in the Nordic market 2010
Denmark

Finland

Norway

Sweden

Total

Hydro

-

3,1

29,9

16,2

49,2

Nuclear

-

2,7

-

9,1

11,8

Other thermal

9,7

10,9

1,1

8,2

29,9

Wind

3,8

0,2

0,4

2,2

6,6

Total

13,5

16,9

31,4

35,7

97,5

Source: NordREG (2011)
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In addition, the Nordic market is interconnected with Estonia, Germany, Poland, Russia and The Netherlands.
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75 per cent of production in the four countries is traded on the common power exchange,
Nord Pool. Bilateral contracts between producers, retailers and end consumers make up the
rest. More than 200 producers sell their electricity on Nord Pool. No single producer owns
more than 20 percent of total generation capacity (NordREG, 2011).
Transmission bottlenecks regularly partition Nord Pool into geographically separate markets,
or price areas. Figure 1 shows the average annual (nominal) price in Sweden and some
adjacent price areas between 2001 and 2010. System refers to the price that would prevail
under full integration, i.e. absent any transmission constraints. The price has increased
steadily over the period in all price areas. In Sweden, for example, one MWh electricity cost
2.5 times more in 2010 than 2001. Electricity is more expensive in Sweden than in Southern
Norway (price area Oslo), but cheaper than in Denmark East. This means that Sweden
imports electricity from Southern Norway, while Southern Norway and Sweden both export
electricity to Denmark.
Figure 1: Average annual electricity and certificate prices (Euro/MWh) 2001-2010
Euro/MWh
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Source: Nord Pool (www.nordpoolspot.com), Svenska Kraftnät (www.svk.se)

Green certificates were introduced in Sweden in 2003 as a support scheme for renewable
electricity. The aim is to increase RES-E production in Sweden by 17 TWh in 2016 relative to
2002. Generation companies receive one certificate from the state for each MWh of certified
RES-E they produce. Producers sell the certificates to retail companies and to industrial
consumers legally bound to cover a share of their consumption by certificates. The revenue
from selling the certificates adds to the value of selling the electricity and therefore raises the
5

value of investing in renewable electricity production. As Figure 1 shows, certificate prices
now represent a significant source of income to producers of renewable electricity and have
risen steadily since the introduction in 2003.
Electricity supply can be divided into two groups in a certificate system. Certified production
constitutes all renewable electricity generation which has been approved by the authorities to
receive certificates. Renewable electricity is produced from peat, biofuels, geothermal-, solarand wave energy, plus hydro power and wind power. Certified production increases can come
from new plants, capacity expansions in old plants and decommissioned plants that have been
reopened. Non-certified production includes, but is not restricted to, electricity produced from
non-renewable sources like fossil fuels or nuclear. Even some renewable electricity falls in
this category. The main exemption from the certificate system is large-scale hydro power,
which only receives certificates for the part of production stemming from capacity upgrades.
Figure 2: Certificates to new facilities 2004-10

Source: Swedish Energy Agency (2011)

Sweden is well on its way to reaching its 17 TWh target. Certified RES-E production had
increased by 11.6 TWh in 2010 relative to the reference year 2002. 1210 new power plants
were set into operation during the period and were responsible for 5.6 TWh, or close to 50 per
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cent, of the production increase. As Figure 2 illustrates, most of the production in the new
facilities is wind power and bio-fueled CHP. The remaining 6 TWh of the production increase
were from capacity expansions in old plants and reopened facilities (all numbers are from the
Swedish Energy Agency, 2011). An additional 6.5 TWh production available prior to the
introduction of the system has been awarded certificates on an annual basis. One reason for
including existing production, mostly CHP and small scale hydro power, has been to secure
liquidity in the certificate market already from the outset. This production will be phased out
of the certificate system from 2013 and onwards.
Judging by the above numbers, the certificate system has been a success in promoting new
renewable electricity. But how large share of the production increase can really be attributed
to the certificate system? With current price levels as a reference, many of the new facilities
would probably not have been built absent an RES-E support scheme. Nyström et al. (2011)
estimate the average costs of onshore wind power and bio-fueled CHP at above 60 Euros per
MWh. In comparison, the average annual electricity price has not risen above 60 Euros per
MWh any single year since 2001; see Figure 1.3 Measuring the impact of certificates on
production increases in old facilities is more problematic. The cost of expanding capacity in
an existing facility or reopening a decommissioned plant is probably substantially lower than
the cost building a new facility. Electricity prices more than doubled between 2001 and 2010;
see Figure 1. If price increases were anticipated, it is likely that some of the production
increases would have happened anyhow. Moreover, producers should only be given
certificates for real production increases. Hydro power production fluctuates significantly
from year to year depending on rainfall. Benchmark production, which is needed to assess the
real magnitude of production increases, is a matter of judgment and based upon information
from the producers. Producers are likely to underestimate benchmark production to maximize
the allocation of certificates. If so, official data exaggerates production increases in old
facilities.
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Wind, and to a certain extent CHP, are intermittent sources of electricity. Wind power plants only generate
electricity and revenue when the wind blows. The average annual electricity price is relevant only if there is no
systematic time variation in wind speed. If, for example, the wind is relatively stronger at off-peak hours, a
comparison of the average annual electricity price and average cost exaggerates the profitability of wind power;
see Joskow (2011) for an illustration of this point. Electricity is produced jointly with heat in CHP plants, and
production is higher in winter when heat demand is higher. In Sweden, the electricity price peaks during winter.
The profitability of investing in CHP thus is higher than the average annual electricity price seems to suggest.
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3. An economic analysis of RES-E policy in Sweden
3.1. Partial coverage of the certificate system
Figure 3 illustrates the economic consequences of green certificates on electricity production.
Production and consumption are on the horizontal axis, while the vertical axis depicts the
wholesale price of electricity. To simplify the analysis, assume that demand is insensitive to
price and given by x. Assume also that the market is competitive. The supply of certified
RES-E then is characterized by its marginal cost curve Sc. The corresponding marginal cost
curve of non-certified electricity is Snc. Moving (right) left to (left) right in the figure is
associated with higher production of (non-)certified electricity. Absent a support system, the
market clears at price p, where the marginal costs of certified and non-certified electricity are
equated. Certified electricity production is q at equilibrium, and the rest of consumption, x-q,
is covered by non-certified production. Non-certified electricity is supplied by nuclear power
and non-certified renewable electricity, like large-scale hydropower, up to the capacity ceiling
x-k. From thereon, fossil fueled power plants take over. These are coal, gas or oil-fired power
plants. Fossil fueled power plants have a relatively high marginal cost, not least due to the
cost of emission permits. Hence, only a small part, k-q, of equilibrium production stems from
fossil fuel sources. Most of electricity production is nuclear or renewable even absent any
renewable support scheme.
Figure 3: An electricity market with green certificates
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Consider now the introduction of a certificate system with the purpose of increasing certified
production from q to s, and to lower non-certified production from x-q to x-s. To achieve the
desired reduction in non-certified production, the electricity price must fall from p to ps. For
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certified production of s to be profitable at an electricity price equal to ps, the price of the
certificate must equal a. The owners of certified production gain because of windfall rent
(ps+a-p)q on current production and because of the expansion in production from q to s. The
producers of non-certified electricity lose because of a windfall loss (p-ps)(x-s) on current
production and due to the output contraction, s-q. The effect on consumers is ambiguous.
Consumers are now forced to purchase electricity certificates at total cost as. On the other
hand, the price of electricity falls from p to ps at a total cost saving of (p-ps)x. The net cost to
consumers is as-(p-ps)x. The introduction of the certificate system is more likely to be costly
to consumers if the certificate system is ambitious (s is large) or the supply of non-certified
electricity is price sensitive relative to the supply of certified electricity. In this case it takes a
small drop in consumer prices to reduce the output of non-contractible electricity by s-q, i.e.
(p-ps) is small, whereas a large certificate price, a, is required to increase the production of
certified production from q to s; see e.g. Fischer (2010). Note also that the net cost of the
certificate system varies across consumers. The energy intensive industry is exempted from
the quota obligation and therefore benefits from the drop in electricity prices from p to ps
without having to pay the certificate price a. Some industries reap an additional gain because
they are net sellers of certificates. Many pulp- and paper manufacturers in Sweden operate
bio-fueled CHP plants in their production process, the electricity production of which is
entitled to certificates.
In a competitive market for emission permits, the market price of emission rights reflects the
marginal social cost of emissions. Under these conditions, Sc and Snc represent the marginal
social costs of the different production technologies, even fossil fuel electricity production.
Then, the market equilibrium (p,q) is efficient. Introducing certificates on top of an efficient
emission trading system creates price distortions which increase the abatement costs of the
emission target. In the domestic market the distortion materializes as the replacement of cheap
non-certified production by costly certified production. The efficiency loss amounts to the
marginal cost difference aggregated over the volume of substituted production, s-q, i.e. the
sum of the light-coloured triangle A and the darker area B in Figure 3. An additional distortion
arises abroad which is not captured in the figure. The price of emission allowances falls in the
international market as higher renewable electricity production at home shifts the demand for
emission permits downward. The price falls until the market clears and emissions abroad have
replaced domestic emissions. The total amount of emissions remains unchanged, as set by the
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