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PREFACE
This study aims to answer the question under what conditions does more renewable energy in
Norway reduce global, European and Norwegian emissions. Answering this question is essential
for making an effective policy on renewable investments.
The report does not discuss whether subsidising renewable energy in Norway is a cost-efficient
emissions abatement measure. We do however recognise that a first-best climate policy implying
a common optimal global CO2 price (including all emissions of green-house gases) is not currently
obtainable. Hence, in this report we focus on whether subsidies to renewable energy in Norway
yield additional emissions reductions, with different assumptions about the development of the
regulatory environment.
This document reviews the theoretical and empirical evidence on the market, regulatory and
technology effects that additional RES deployment might have. The structure of the report is as
follows. Chapter 1 summarises the main findings and conclusions. Chapter 2 introduces the
analytical framework that we developed in order to assess the effect of renewable investments in
Norway. Chapter 3 gives an overall evaluation of the channels via which renewable investments
in Norway impact emission. Finally, Chapter 4 concludes with a scenario analysis and a “best
guess” scenario, which presents our evaluation about the likely impact of renewable investments
in Norway on emissions.
The study was commissioned by the Norwegian Ministry of the Environment. The project team
consists of Eivind Magnus, Arndt von Schemde and Berit Tennbakk from THEMA Consulting
Group AS, and Sam Fankhauser and Simon Baptist from Vivid Economics Ltd, with contributions
from Robert Ritz and Philip Gradwell.
Eivind Magnus, Project Leader
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SUMMARY AND CONCLUSIONS

This report aims to analyse under what circumstances Norwegian renewable investments
contribute to local, European, and global carbon emission reductions. While we cannot conclude
with certainty on the extent of emission reductions, we identify a number of mechanisms that
make it likely that Norwegian renewable investments do contribute to a reduction in carbon
emissions.
We analyse the impact of investments in renewables by looking at the dynamics within and inbetween three major transmission or response channels. The channels are the market channel,
the policy and regulation channel, and the technology channel. The analysis starts with the
immediate market effects of an increase in renewable energy in Norway and follows the possible
repercussions of those market effects on investment decisions, policy responses and technology
development in the short, medium and long term. An important aspect of the analysis is the
interplay between the three transmission channels and how developments in one channel may be
amplified by responses in the other channels.
The main findings of the analysis, focussing on renewable electricity, are:


The immediate effect of RES investments in Norway is to (mainly) increase electricity
exports, which replace fossil fuelled generation in adjacent power markets. As such, the
short term effect of RES investments in Norway is similar to the effect of RES investments
elsewhere in Europe: Demand for allowances will be reduced and investments in new
conventional generation capacity will be postponed.



The effect on short term emissions in the EU ETS depends on the effect on market
expectations which in turn depends on the credibility of long-term climate policies and
regulations. Increased RES generation reduces marginal abatement costs. Evidence
suggests that the policy response will be a tightening of the emission cap in the current
and/or subsequent trading periods. Hence, medium term emissions will be reduced.



Short term emissions are likely to be reduced as well. Due to the possibility of banking and
imports of CERs, short term emissions are not fixed even in a cap-and-trade system such
as the EU ETS. Banking of allowances will increase (and or imports decrease) if the
allowance price in this period decrease and/or the future cap is expected to be tighter.



The magnitude of the short term market effect on emissions depends on the credibility of
climate policies. If market participants expect tighter policies, banking will be increased,
investments in fossil fuelled capacities postponed and R&D activities in clean technologies
stimulated.. Subsequently, it will be easier for regulators to tighten the cap. Hence, a
credible long-term climate policy will make it easier to meet expectations; there is a
positive interaction between the policy and market channels.



Generally, the effect of RES investments is likely to be amplified through the interaction
between all three transmission channels. A potent process may be set off by the short
term market effects if carbon policies are credible, spurring increased innovation and
learning, and reduced investments in fossil fuelled generation, in turn reinforcing the
stringency of policies as costs are reduced.



The regulatory response and credibility is central to the potency of channels dynamics. If
market participants do not expect regulations to be tightened in the future, the effect on
emissions via banking, investments and R&D activities will be weaker and in the worst
case negligible or negative.

Increased renewable investments in Norway, although substantial in a Norwegian and Nordic
context, would both in a European and global context be marginal. Nevertheless, it is important to
study these effects on the margin, and to evaluate the tendency of the effects. In essence, it could
be argued that all increases in renewable investments are marginal, but taken together, as we
have argued above, the long term emission reduction effect can be powerful.
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The analysis focuses on additional, i.e. subsidised, investments in renewable electricity
generation. We also briefly discuss to what extent the implications of investments in renewable
heat production and renewable fuel in transportation differ from renewable electricity.
The Market Channel
The starting point of the analysis is the short term market effects of an initial increase in
renewable energy in Norway. The markets we consider are the electricity market and the carbon
market (primarily the European emissions trading scheme). We analyse price, volume, and
demand effects. The markets are affected both in the short term, and in the medium and long
term. The main findings are:


Norwegian renewable investments increase generation in Norway and decrease
Norwegian wholesale power prices. This leads to an increase in power consumption in
Norway and in power exports from Norway. Electricity demand is generally inelastic. For
given inflow levels, Norwegian hydro electricity generation is inelastic as well. Hence,
increased RES generation increases the electricity surplus, and although a small positive
demand response is likely, most of the increase in generation will be exported.



The additional energy provided by renewable electricity generation may be used to convert
energy demand from carbon emitting sources to electricity, for example electric cars or
increased demand from power intensive industries. To what extent demand increases
depends on the costs for renewables and how they are financed. The demand effect also
depends on other policies, such as those promoting conversion and mitigating carbon
leakage.1



Norwegian renewable investments replace conventional thermal generation in Norway and
abroad. The immediate effect is to reduce demand for emission allowances, and thus
carbon prices are reduced. This effect amplifies the decrease in wholesale power prices in
Norway, as carbon costs are reflected in power prices. Reduced carbon prices reduce
power prices on the continent as well. The magnitude of the effect depends on the slope of
the marginal abatement cost curve which in turn partly depends on carbon leakage and
conversion elasticities.



The short term effect on emissions depends on the carbon regime. In a non-capped
regime, increased renewable generation will lead to an immediate reduction in emissions
as electricity exported from Norway will replace marginal, fossil fuelled generation abroad.
In a cap and trade system the short term carbon emissions are likely to be reduced via
increased banking of allowances. This implies that short term emissions are not fixed even
in a cap-and-trade system.



Medium (baseline) emissions are also reduced since renewable generation displace (or at
least postpone) coal and gas power investments. In addition, market participants‟
expectations may be affected. This is linked to the policy response, which we return to
below.

Concerning the effect of Norwegian RES investments on Norwegian, European, and global
carbon emissions, we find that:

1



In Norway it is likely that short term emissions are reduced as renewable generation
replace gas power generation and incentivise increased conversion and electrification.
Direct emissions from industry may increase due to reversed carbon leakage.



The same effect is likely to appear in Europe: emissions in the EU ETS are reduced as
banking is increased and lower power prices induce increased conversion and

By carbon leakage we mean the migration of carbon emissions from one country to another.
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electrification. Even here reversed carbon leakage may increase direct emissions from
industry, but as the total cap is given and banking is likely to increase, total EU ETS
emissions will not increase.


Global emissions are reduced due to reversed carbon leakage. Electricity prices in the
Nordic market are reduced due to increased power surplus and carbon prices are likely to
be reduced at least to some extent. Hence, carbon leakage via the migration of Nordic and
European industry to regions with no carbon regulation (and similar general
competitiveness effects) will be somewhat mitigated.



The international credit market may be negatively affected if global demand for CERs and
ERUs is reduced. However, this effect will also be muted if policies are credible, making
banking of CERs and ERUs more attractive if climate policies are expected to be (even)
tighter in the future.

The Policy and Regulation Channel
The dynamics of the policy and regulation channel capture policy makers‟ reaction to renewable
investments. For example, lower carbon prices in the current trading period are likely to induce a
tighter cap in subsequent periods, as abatements become cheaper. This channel is mostly
relevant in the medium and long term, although it is possible that the cap may be changed as a
response to reduced carbon prices even in the short term. The main findings include:


It is likely that the policy response to lower CO2 prices today will be to reduce future caps
or tighten climate policies, as marginal abatement costs are reduced. Hence, increased
renewable generation today, implies reduced emissions in the future.



There are strong indications that the EU has composed policy measures so as to reach a
specific target price. Hence, measures which reduce the price below the target price are
likely to (eventually) be offset by tightened caps.



If policy makers have a target price, the future CO2 price will not be affected by increased
renewables, but emissions in the cap-and-trade sectors will be lower as the increased
renewable investments in the short term replaces thermal generation for 20-30 years to
come.



If future caps are not affected by current emission levels and prices, increased banking will
postpone some emissions to the next trading period.



Basically, increased electricity exports from Norway to EU markets have the same market
effect as a corresponding increase in renewable electricity generation in the EU. If the EU
does not take Norwegian renewable electricity generation into account in cap-setting, the
policy effect of Norwegian renewables may however be muted or lagged.

In summary, we can conclude that increased renewable generation directly reduce the cost of
future carbon policies and is likely to induce stricter policies in the medium and long term.
The Technology Channel
The technology channel captures how investments in renewable generation foster technology
development. These channels are mostly relevant in the medium to long term. We focus on the
effect on learning, innovation, and research and development. Our main findings are:
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Accelerated technology development within renewable energy generation impacts energy
markets and climate policy costs. Hence, there is a dynamic interrelationship between our
three channels which might amplify the impact of RES investments on emissions.



Both innovation and investment can be accelerated through dedicated R&D policies that
go beyond simply putting a price on carbon. There is evidence that firms respond to policy
signals and anticipate tighter regulation in their investment and R&D decisions. The effect
of Norwegian RES on learning rates and innovation will therefore depend on the broader
technology policy framework.



Technology development requires scale and Norwegian RES investment alone is unlikely
to trigger significant cost savings. The development and dissemination of new
technologies is a common international effort. However, Norwegian investments can have
a multiplier effect, in particular if investments take place in areas where Norway has
competitive advantages.



Developed countries dominate renewable technology R&D, yet the developing world will
drive demand; diffusion could reward innovation and spur the growth of innovating
countries. Foreign Direct Investments (FDI) is considered to be the largest and most
effective form of diffusion, which could have implications for Norway if it is to maximise the
benefit of RES investment. Product innovation provides access to global markets,
especially if innovation occurs early in the development of a market. However, to maintain
a presence in global markets, R&D is unlikely to be enough. In addition, knowledge must
be transferred to key markets through investments of Norwegian production firms, which
are supported by R&D.

In summary, we can conclude that renewables investments contribute in the medium to long term
to reduce carbon emissions via their impact on technological development and learning.
Other renewable investments
This report focuses on renewable investments in the Norwegian power market. But other
renewable investments may also play a role. For renewable energy investments within the EU
ETS the effect depends on how the respective market (e.g. heat) is interlinked with other markets
within and outside the EU ETS. Renewable energy investments outside the EU ETS, such as
bioenergy in transportation, would directly reduce emissions, since these emission are not
capped.
Scenario Analysis
The responses via the three transmission channels are not independent from each other. The
market mechanisms play into policy and regulation and technology, and vice versa. As argued
above, the immediate market effects may set off responses in the policy and technology channels
which may reinforce each other. On the other hand, the possible positive medium and long term
effects on investments and technology development may be muted or counteracted if the positive
policy response fails to happen.
As the potential inter-linkages in terms of time, channel, and geographic dimension is so vast, we
use a scenario approach to analyse which factors in combination impact the extent of emission
reductions stemming from increased renewable investments in Norway.
We have developed two different scenarios which we use to explore the role of important
framework conditions in providing positive and negative dynamic effects of (Norwegian)
renewable investments on carbon emissions. In addition, we include a “best guess” assessment,
which represents the dynamics that we perceive as most likely.
One scenario, the Cascade scenario, is a scenario in which renewable investments foster large
emission reductions: increased renewables in Norway yields an increase in electricity demand
and an increase in electricity exports. Demand for allowances in the EU ETS is reduced, but the
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main effect is increased banking as market participants expect this to trigger subsequent cuts in
the emissions cap. Norwegian exports mainly displace coal power generation and investments
are postponed. In Norway the reduced electricity price yields reduced gas power generation,
reversed carbon leakage and energy conversion. Hence, short term emissions are reduced in
Norway, in the EU and globally. In the medium term caps are tightened as expected, hence
reducing emissions further. Increased renewable generation and R&D and innovation activities
related to renewable energy bring costs down and make long term climate policies even cheaper.
Eventually renewable energy becomes viable on market terms and plays a significant role in
reaching long term emission reduction targets.
The other scenario, Hidden Costs, the costs to Norwegian end-users associated with the increase
in renewables (subsidy and grid costs) are so high that end-user prices in Norway are largely
unaffected by the increase in the power surplus and fall in wholesale prices, i.e. almost all of the
additional generation is exported and there are hardly any effects on Norwegian emissions apart
from a reduction in gas power generation. In Europe, the imports from Norway reduce CO2 prices
as market participants see the fall in demand and EUA prices as a sign that the ETS is not
working. Banking is reduced and emissions increase in the ETS. Politicians fail to adjust and longterm targets remain lenient as well. Lower electricity prices imply increased conversion, but there
is no significant effect on carbon leakage as large emitters are anyway compensated for indirect
carbon costs. The learning and experience curves for renewable technologies prove to be fairly
flat, and due to low electricity prices, renewable costs remain well above market prices. Hence,
R&D and innovation activities by authorities and firms are reduced. Instead, investments are
made in new coal power capacity. Eventually, sometime after 2030, the world realises that urgent
climate reduction action is needed to reduce global warming. The basis for reaching the targets is
however poorer, and the costs much higher. The role of renewables is much less as costs are
high.
The two scenarios illustrate what is important for the effect of renewable investments on carbon
emissions: Politicians must credibly manage climate policies and market participants must
recognise the policy dynamics. Subsidies to renewable generation should be accompanied by
R&D and innovation, and learning and experience curves should be steep. As such, the
interrelationship between the transmission channels, i.e. markets, policies and technology
development may reinforce each other and yield substantial emission reductions in the long term,
stemming from additional renewables investments today. On the other hand, if climate policies
have low credibility, policies are weak and technology developments do not succeed, increased
renewables today may have a negligible or negative effect on short and medium term emission
reductions.
Best guess scenario
In the two scenarios we have tried to outline a best and worst case situation. Our best guess or
most likely scenario is somewhere in-between. We have strong evidence to believe that
renewable investments in Norway will decrease wholesale and end-user prices for electricity in
Norway (and Sweden and Finland). Some of the increased electricity surplus will be exported and
replace thermal generation in adjacent markets, and some will induce increased electricity
consumption in Norway (and Sweden and Finland). Either way, the increase in renewable
generation in Norway reduces the demand for allowances in the EU ETS, and lowers the carbon
price. The demand effect in the EU ETS will be stronger the more exports increase. If there is a
strong reverse carbon leakage effect in Norway, the effect on the EU ETS price will be smaller.
As politicians‟ propensity to tighten the cap in the first trading period seems to be linked to the
EUA price development, the price effect may tip the balance in favour of going from a 20% to a
30% cap. Such a move is however likely to be linked to several other factors, including global and
regional climate policy actions. While we do not expect the regulator to adjust caps in an optimal
way, lower prices in this period and lower baseline emissions in subsequent periods due to
increased renewable generation and reduced costs of renewable generation, is likely to induce a
stricter cap in consequent trading periods. This will also marginally improve the EU‟s position in
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the global climate negotiations and, in case of a break-through in the negotiations, will help
prepare the EU economy for future carbon emission commitments. As for technology, we believe
that renewable investments will also foster innovation and learning (also via the market and policy
channels).
In short, we can conclude that, while there is uncertainty, renewable investments in Norway are
likely to contribute to a de-carbonisation of the economy.
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ANALYTICAL FRAMEWORK

The effects of renewable investments are manifold. For example, investments in renewable
electricity generation impact the generation and dispatch in CO2 emitting plants, and change
investment decisions. Furthermore, effects will be dependent on the type of regulatory regime,
which, in turn, may be dependent on the amount of renewable investments made, etc.
In order to determine the overall effect of renewable investments, it is therefore important to
develop a structured and consistent analytical framework that accounts for the different effects
and mechanisms.
Figure 1 illustrates the analytical framework we developed for this project. It distinguishes the
effect of renewable investments by its time dimension (short term, medium term, long term), and
by the channel (markets, regulation and politics, technology).
Figure 1:

Illustration of the analytical framework; channels and time-horizons

Renewables
effect

Short-term

MediumTerm

Long-term

Market

Policy &
Regulation

Technology

Source: THEMA Consulting Grou p

The effect in different time dimensions
It is obvious to distinguish the effect of renewable investments by its time dimension. For
example, it is often argued that, within a cap and trade system, renewable investments have no
effect as the cap is fixed and any reduction of emissions in one part of the system is off-set by an
increase of emissions in another part of the system. This argument, however, only looks at the
very short term effect of emissions.2 In the medium term, the cap is likely to be adjusted to the
renewable achievements of the previous period. Furthermore, it may even impact the design of
the system itself in the long run. These are issues that we will discuss in Section 3.2.
Thus, we distinguish the effects of renewable investments by the effect in the short term, the
medium term, and the long term. By short term we mean roughly the effect from the immediate to
the next few years (2011-2015), by medium term we mean the effect over the subsequent 5-20

2

Even in the short run, the effect of renewable investments within a cap and trade system may not be neutral, as
investments impact banking of allowances, and the import of credits, an issue that will be discussed in more detail in
Section 3.1.2.
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years (2016-2030), and by long term we mean the effect over the subsequent 21-40 years (20312050).
The effects in the different time horizons are also linked. The short term effects will also propagate
into the medium and long term. For example, the price effects in the short term will impact
investment decision in the medium term, which, in turn, has an impact on the markets in the
medium and long term.
The effect via different channels
We distinguish the effect of renewable investments by the channels through which the effect
manifests itself. The different channels are described in detail in Chapter 3.
We identify three main channels via which renewable investments impact carbon emissions:


Markets: Renewable investments have a direct impact in the market they are placed. For
example, power market investments in Norway add to the power balance, and hence
impact price formation in the power markets. Furthermore, they change or substitute
generation from thermal generation, and investment decisions in these markets.
Another relevant market that is affected by renewable investments is the market for carbon
emission allowances, the European Union Emissions Trading Scheme (EU-ETS). The
greater the investments in renewable, the lower the prices for carbon emissions in the
existing trading period, with possible consequences for the cap and/or climate policies in
the following trading period.



Regulation and Politics: Renewable investments impact the design and rules of the carbon
regime. For example, as mentioned before, lower carbon prices and higher renewable
achievements in one trading period will probably impact the way the cap is set for the
following trading period. Another example is that renewable investments may impact the
public acceptance for conversion to a low carbon economy, and the credibility of carbon
policies.



Technology: Renewable investments foster the development of renewable technology.
The effect can be distinguished by its effect on learning, R&D activity, and innovation.
Technology development and cost reductions for renewable energy are crucial for the role
of renewable energy in the long-term climate solution. Hence, the dynamics realized
through this channel may be the most important for long-term emissions reductions.

It is important to notice that the different channels are also inter-related. For example, the market
effects will spill over into the regulation channel and the technology channel, and vice versa.
Accounting for these inter-relationships is part of the scenario analysis that is presented in
Chapter 4.
The relationship between time dimension and channels
The effect via the different channels will be strongly dependent on the time horizon one is
considering. For example, within a cap and trade system, the cap and the carbon regime is given
in the short term, and will not adjust in the short term. Also technology can be assumed to be fixed
in the very short term, so that renewable investments are not likely to have a direct effect on the
technology in the very short run.
To distinguish the effects by channel and time horizon is also important for evaluating the effect
on accumulated emissions. Relevant are not only emissions in one time period, but the
accumulated effect of emission reductions by the end of the period we consider, i.e. by 2050.
Focus on power market investments in Norway
The channels we investigate are channels that propagate emission reductions for all types of
renewable investments, and are generic. For this report, however, our main focus lies with the
effect of renewable investments in electricity generation. This is motivated by the fact that
renewable power market investments are the most significant renewable investments in volume.
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Understanding the effect of power market investments is therefore essential. Furthermore, power
markets can – to some extent – be simulated using power market simulation models. Looking at
renewable investments in the power markets therefore allows us to at least partly quantify some
of the effects of renewable power market investments, using a partial equilibrium power market
simulation model (THEMA‟s power market model, The Market Analyser, The-MA).

3

EMISSION REDUCTION CHANNELS

3.1 The Market Channel
In this section we analyse the effect of renewable investments via the market channel, i.e. the
power market and the carbon market. A summary of the findings is given in Table 1.
The power market affects the carbon market and simultaneously the carbon market affects the
power market. In order to explain the market effects, we first explain short term price formation in
the Norwegian power market and how changes in Norwegian power generation affect Continental
power markets via interconnections.
Then we explain price formation in the CO2 market and how increased renewable generation
affects CO2 prices, which in turn have repercussions for power generation.
The price effects in the power and carbon market also affect demand, and as such have
implications for carbon leakage and energy conversion. Carbon leakage and energy conversion
have implications for total emissions reductions and the distribution of emissions geographically
and by sector.
After presenting some quantitative results where we try to evaluate how 10 TWh additional
renewable generation affect power prices and the generation mix, we discuss the long term
market implications of renewable investments. We conclude this section with a summary and
discussion of the main findings.
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Table 1: Main findings from the market channel



Norwegian renewable investments increase total electricity generation in Norway and
decrease Norwegian wholesale power prices in the short and medium term. Electricity
exports from Norway increase, although some increase in electricity consumption and
some reduction in gas power generation in Norway is also likely.



The increase in electricity demand may, at least partly, imply conversion of energy
demand from carbon emitting sources, for example in transportation, and increased
demand from power intensive industries, muting carbon leakage effects. To what extent
demand increases, depends on the costs for renewables and how they are financed
and on provisions for carbon leakage compensation. The demand increase is smaller
the higher is the end-user cost and the more directly regulated is energy conversion
and carbon leakage.



Energy conversion reduces emissions in non-ETS sectors in Norway whereas reversed
carbon leakage may increase direct emissions from industry.



Increased electricity exports from Norway replace conventional thermal generation
abroad. The immediate effect is to reduce demand for emission allowances, and thus
carbon prices are reduced. A reduction in the carbon price reduces power prices in
Europe and amplifies the decrease in wholesale power prices in Norway.



The short term and medium to long term effects on emissions depend on the carbon
regime. Whereas in a cap and trade system it is likely that the main reduction effects
will appear in the following trading period via a potentially tighter cap, a carbon tax
system (including a zero carbon tax regime) yields an immediate reduction in carbon
emissions.



Banking of emissions from this trading period to the next is likely to increase, in which
case ETS emissions are reduced in the short term. Non-ETS emissions are reduced
due to energy conversion and global emissions due to reversed carbon leakage.

3.1.1

The Power Market

The discussion of how investments in renewables affect emissions and where emissions are
affected starts with an analysis of the immediate power market effects. This forms the basis for a
discussion of the impact on carbon markets, demand adjustments, and carbon leakage. It also
forms the basis for the long term market implications, the impact on policies and regulation and
the impacts on technology development.
According to the EU impact assessment (reference) and national renewables policies, including
Norwegian renewables policies, it is clear that a large portion of the perceived and targeted
increases in renewable energy must be realised through investments in renewable power
generation. At the same time, there is a complex relationship between the Nordic and European
power markets and between the power market and the carbon market. Therefore, as a starting
point it is important to understand how renewable power investments in Norway affect the
Norwegian and European power market.
The price effect of renewable investments in the Nordic power market
Water values and prices are linked to thermal generation costs
The Nordic power market (Norway, Sweden and Finland) is special in the sense that the system is
dominated by generation from hydro (Norway and Sweden) and nuclear generation (Sweden and
Finland). Only a small fraction of the system is conventional thermal generation emitting CO2. In a
given period in time, hydro generation is limited by inflows to the reservoirs. Nuclear generation is
largely given by available capacities, it has low variable costs and it is costly to regulate. Coal and
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gas power generation has higher variable costs and is not constrained by the availability of fuels.
New renewable generation typically has very low variable costs, and will hence replace more
costly thermal generation.
Although hydro power produces at very low costs, power prices in the Nordic countries are well
above the marginal cost of hydro generation, even in Norway. The reason is the limited availability
of water, which means that the relevant short term cost is the opportunity cost of hydro
generation, sometimes also referred to as water values.
Water values are difficult to calculate, but in essence they reflect the alternative costs of marginal
generation, i.e. the cost of replacing the last unit of hydro generation with other conventional
generation. If, for example, a hydro producer produces 1 MWh less hydro power today, he must
produce 1 MWh more sometime in the future (or spill the corresponding amount of water), and
thus forego the income today. Hence, he will reduce his generation today as long as he expects to
get a higher price in the future. Since Norwegian hydro power is very flexible, but resource
constrained, the hydro power producers will produce as much as possible when prices are high.
Demand has to be covered at all times, and the alternative to the 1 MWh not supplied by hydro
power generation today, must be supplied by some other type of generation. Hence, the market
price is given by the cost of alternative generation capacity. Assuming other water and nuclear
generation as fixed, this would typically imply that Norway would have to import this 1 MWh from
another market, e.g. Denmark, where it would (as of today) be produced in a thermal coal power
plant. In effect, this implies that the water values in Norway are determined by the costs of thermal
coal generation in Denmark.
Figure 2:

The relationship between short run marginal costs for coal generation and power
prices in Norway from 2004 to 2008
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The correlation between water values and the cost of coal power generation is well observed in
the markets. Figure 2 shows the factual power prices in Norway (thick light blue line) compared to
the short run marginal costs of coal generation (grey bars). When we adjust for deviations from
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mean reservoir filling (thin blue line) in order to account for wet/dry year effects, we find that these
two variables explain the power price movements in Norway very well. The explained power price,
using the coefficients found in a regression analysis with coal power costs and reservoir filling, is
shown as the orange line in the graph. The actual coefficient of the short run marginal costs for
coal generation is close to 1, meaning that historically there has been close to a one-to-one
relationship between Norwegian power prices and the short run marginal costs of coal generation.
Renewables add to existing generation and decrease prices in Norway
Generally, adding new low-cost supply to the market, shifts the supply curve, and lowers prices.
The new generation partly replaces existing (expensive) supply and partly increases demand.
Please note that hydropower is not replaced, but the water value is reduced. To what extent a
given increase in low-cost supply increases demand and replaces other generation, depends on
the supply and demand elasticities, i.e. on the fundamentals of the specific market. In the
following sections we will first focus on supply effects, and subsequently on demand effects of
increased renewable generation in Norway.
The important effect is that increased renewable generation to a large extent comes in addition to
the existing power generation in Norway. Since hydro power generation is given by available
water, total hydro generation is not reduced. Norway also has some gas power generation, which
may be replaced by increased renewable generation, but this capacity is already mostly idle or its
generation set by heat obligations. Only under certain unusual market conditions (e.g. dry years)
will this type of generation be reduced by new renewables in Norway.
Thus, in most cases, new renewables in Norway will increase the exports from Norway, while new
renewables in a thermal system replaces flexible thermal generation.
Imports and exports are determined by hourly price differences. If, for simplicity, we assume that
demand is given and disregard any reductions in thermal generation, the increased generation
has to be exported. To achieve increased exports, prices have to adjust downwards. For example,
if one adds an extra 10 TWh to the energy balance, the prices have to decrease in order to
promote more exports (as the exports have to increase by around 10 TWh). In other words, the
water value is reduced.
The price effect of increased exports is illustrated in Figure 3. It shows the price duration curves
for Norway and for a thermal system “outside” Norway (could be e.g. Denmark or The
Netherlands). A price duration curve sorts the prices of a year according to decreasing value.
Since hydro power is flexible, the Norwegian price duration curve is almost flat, whereas the
thermal price duration curve is S-shaped with a large spread. When the thermal price is higher
than the Norwegian price, we have export from Norway to the thermal market, and when prices in
the thermal market are lower, we have import to Norway. In the course of a year, exports minus
imports equal the power balance. If 10 TWh of energy are added to the power balance net exports
have to increase by 10 TWh. This, however, is only achieved if prices in Norway are reduced. The
price reduction will be exactly such that the new export/import numbers reflect an increase in net
exports by 10 TWh. To the extent that demand increases due to the lower prices, the effect will be
somewhat muted. But as long as all additional generation is not absorbed by increased
consumption in demand, exports increase and the price level goes down.
The reason why prices are more distributed in a thermal system is that prices in peak hours are
typically determined by generation costs in high-price peaking units whereas prices in low load
periods are determined by generation costs in power plants with low variable costs (nuclear, CHP,
lignite).
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Illustration of effect of renewable investments on Nordic power prices
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It should be noted that the reason why historical prices vary, is that water values are affected by
changes in market expectations, i.e. fuel price variations and inflow variations. The flat price
structure depicted in Figure 3 represents a normal year without surprises during the year.3
When discussing demand response, it is important to distinguish between wholesale prices (i.e.
market prices, in this case Nord Pool Spot), and end-user prices. The latter are the prices
consumers react to, and they also include tariffs and subsidies.
So far, we have only discussed wholesale prices. When also including tariffs and subsidies, the
effect of renewable investments on end-user prices may not be negative any longer. This is due to
the fact that renewable investments are likely to increase grid tariffs, as renewable investments
require new grid investments, and subsidies, as most renewable investments are not viable under
market conditions without subsidies (this, however, may change with higher fuel prices). We
return to possible demand response effects in Section 3.1.3.
Renewables replace existing, CO2-emitting generation in (thermal) export markets
Focusing on the supply side, we have shown that the main short term effect of increased
renewable generation in Norway is to increase exports. These exports replace thermal generation
in the export markets. The reduced water value means that Norwegian exports become cheaper.
Thermal systems will import more in some hours (cf. Figure 3). Since there are bottlenecks
between the system (in hours where price differences persist) imports will increase in so-called
mid-merit4 hours, i.e. the price level where trade shifts from export to import moves to the right
3

The illustration is, of course, simplified in several ways. In the real world, the effects are more difficult to determine:
Norway has not only one trade partner, the prices are partly un-correlated, etc. Nevertheless, observations from the
markets confirm the theory. It is for those reasons that we use a power market model to quantify the effect of renewable
investments on power prices.
4

The power generation supply curve is commonly referred to as the merit order curve because the supply curve starts
with the generation with the lowest variable costs (best merit) and continues with capacities with increasing costs
(deteriorating merit). Mid-merit generation is usually relatively flexible generation with reasonably high energy efficiency.
In Germany mid-merit generation is typically modern coal power generation, whereas in the Netherlands it is typically
gas power generation. (Low merit is usually base-load generation with low costs and little flexibility, whereas high-merit
or peak-load capacity with high flexibility and high costs.)
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Figure 3. Hence, in the thermal market, the main effect of increased imports (and increased
renewable generation) is to replace existing marginal generation. Another implication of this
supply substitution effect is that the price level in the thermal system does not necessarily change
very much, even in the short run, depending on the slope of the thermal supply curve in the midmerit range.
The generation that is replaced by imports from Norway is thermal generation based on fossil
fuels. Hence, emissions are reduced as well. To what extent total CO2 emissions are reduced
depends on the CO2 policy regime. We will elaborate on this in the following section.
3.1.2

The Carbon Market

The carbon market is not one market. Norway participates in the European Union Emissions
Trading Scheme (EU ETS) which covers power generation, heat generation and some emissionintensive manufacturing industries in the EU (and Norway). The EU ETS is a cap-and-trade
system where emissions are limited by the number of issued Emission Allowances Units, EUA, in
a given trading period. In addition, there is a global market in which credits from projects under
the Clean Development Mechanism (CDM) and Joint Implementation (JI) projects can be traded.
Credits from CDM projects are called Certified Emission Reduction units (CER) and credits from
JI projects are called Emission Reduction Units (ERU). The EU ETS allows imports of CERs and
banking of EUAs.
Increased renewable power generation affects the price of allowances in the EU ETS since CO2emitting thermal generation is replaced by renewable generation. This applies to increased RES
generation in Norway as well, as increased RES generation in Norway is exported to adjacent
markets and displaces coal and gas generation there.
In this section we will discuss the impact of increased RES investments on the price of CO2
allowances, first in the EU ETS and then in the global carbon market. As the effect of increased
renewables generation in Norway is similar to the effect of increased renewables generation
elsewhere in the EU, the analysis presented here does not distinguish between Norwegian
renewables and renewables elsewhere.
Short term price effect of renewable investment in the EU ETS
Essentially, with new renewable generation, carbon emission abatements become cheaper, which
leads to a decrease in carbon prices. Via imports and banking of credits, ETS emissions may
even change within the current trading period.
Figure 4 shows how the short term equilibrium carbon price is affected. The solid curve
represents the initial short term marginal abatement cost in the EU ETS (smac0). We measure
emissions on the horizontal axis and costs and prices on the vertical axis. The short term cap in
the EU ETS is represented by the vertical line labelled “cap”. The cap is equal to the total number
of EUAs issued. If we take into account that imports of CERs are allowed, but limited, emissions
can increase beyond the level of issued EUAs. Hence, the “effective cap” on emissions is the total
available amount of emission allowances. Emissions in the trading sectors cannot be higher than
the effective cap.5
If the import price is lower than the marginal abatement cost in the EU ETS at the effective cap,
the import opportunity will be fully exploited. We assume that the import price increases when
ETS emissions increase, as this indicates higher global demand for allowances (scarcity pricing or
increasing global marginal abatement costs).
The initial EUA price is p0. The corresponding emissions level in the EU ETS is X0. Increased
RES investments shift the short run marginal abatement cost curve to the left, indicated by
5

If emitters fail to submit allowances to cover their emissions in a given year, a penalty applies. In addition, they have to
make up the deficit within next year‟s balance report.
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srmac1. The marginal cost of complying with the effective cap is reduced because renewable
generation replaces fossil fuelled generation (see section on power market impacts).
With the indicated CER price, emissions in the EU ETS are reduced because CER imports are
reduced. The new abatement cost curve allows replacing some import of allowances with
domestic abatements, as these are cheaper than the previously imported credits. Thus, even with
a given cap, the emissions within the EU-ETS can decrease. This, of course, will lead to an
increase of emissions outside the EU-ETS, as there is less need for imports.6 Which of the two
effects dominates depends on the emission intensity of what is replaced within EU-ETS and
abroad.
If the CER price is lower than the srmac1 at the effective cap, this effect is not achieved. The
import opportunity is fully exploited even with increased RES generation. In other words, the
import restriction still presents a bottleneck. Nevertheless, while this would not decrease emission
within the EU-ETS, prices for carbon would still fall.
All in all, we can summarise as follows: First, renewable investments lead to a fall in carbon
prices. Second, if they affect the abatement cost curve such that they lead to a decline in import of
credits, then emissions in the EU ETS are reduced; in this case, emissions outside the EU-ETS
may rise. Renewables cannot lead to an increase in carbon prices, nor can they lead to an
increase in credits or increase of emissions within the EU-ETS.
Figure 4:

Short term price formation in the EU ETS with imports
EUA
price

Import
limit
cap

effective cap

CER
price

p0
p1

srmac0
srmac1
X1 X0

EU ETS
emissions

Source: THEMA Consulting Grou p

Evidence of price effects
Additional Norwegian RES investment will provide a source of low-carbon electricity in addition to
any sources found by the market in response to an emissions trading scheme (ETS). Therefore
RES investment will reduce the demand for emissions allowances as European electricity
demand can be met with fewer emissions. A reduction in demand for allowances will result in a
lower price for allowances (Del Rio Gonzalez 2007; Fankhauser et al. 2010).
Unger & Ahlgren (2005) analyse the combined effect of an ETS and a quota system with tradable
green certificates for the power market in the four Nordic countries. This study also finds that the
6

Compare also Section 3.1.3 for other carbon leakage issues.
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introduction of TGC quotas reduces wholesale electricity and CO2 prices. Also of note is Morris et
al. (2010) who find that a 20 per cent renewable portfolio standard in the US would increase
compliance costs with a cap and trade scheme by 70 per cent but would reduce the permit price
by 21 per cent.
Effects in the current trading period: The role of banking
It is often argued that, as the cap within a cap and trade system is fixed, renewable investments
do not affect carbon emissions in the short run. This, however, ignores the fact that emission
allowances can be imported, as outlined above.
The argument also ignores that allowances can be saved from one trading period into the next.
This banking option can lead to an inter-temporal reallocation of emissions. As for renewable
investments (in Norway and in general), this effect is difficult to evaluate, as it depends on market
expectations. A discussion of the mechanisms is given in the text box on page 21.
Banking introduces inter-temporality into the analysis. On the one hand, as prices decrease today,
banking to subsequent periods increases. This argument does however disregard the effect of
increased renewables investments today on marginal abatement costs tomorrow (in the next
trading period). As the increased renewable generation has a lifespan that exceeds the current
trading period, baseline emissions and abatement costs are reduced in subsequent trading
periods as well. If regulations are fixed for this and future trading periods, the effect of increased
renewable generation may only be to shift emissions forward in time. We discuss the relevance of
the cost reductions if future and/or current climate policies are affected in the section 4.2.
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Excursion: Price formation in the EU-ETS with banking
The analysis above assumes that all available allowances are used for compliance in a given trading period. However, both
EUAs and CERs may be banked and used for compliance in the future. Banking creates a link between future prices
(expectations) and today‟s EU ETS prices. Figure 5 shows price formation if the market expects tighter climate policies in the
future. The alternative value of using an EUA today is to bank it and reap the higher value tomorrow. Banking must pay off,
though. Hence, market participants will discount tomorrow‟s value according to the rate-of-return on capital, adjusted for
uncertainty.
The expected future price in Figure 5 is assumed to be upward sloping. Within a cap and trade system, and if banking does not
affect the future cap, then banking will increase supply of emission allowances in the next trading period, and hence shift the
effective cap then. With the indicated expected price, the current EUA price will be p‟ 0. We will discuss the relationship between
current prices and future cap-setting in more detail in section 4.2.
Figure 5:

Price formation in the EU ETS with banking

Source: THEMA Consulting Grou p
Increased RES investments shift the srmac curve to the left as before. If price expectations are unaffected, lower marginal
abatement costs induce more banking, and emissions are reduced from X‟ 0 to X‟1 in Figure 5.
If future caps are not affected, increased banking due to increased RES generation implies that emissions are shifted in time,
from this trading period to the next. The increase in banking in this period implies a corresponding increase in the supply of
allowances in the next period, as illustrated by the upward sloping future price.
Future carbon prices are, however, additionally affected by the increase in renewable generation. The renewable generation
capacity built today continues to produce renewable electricity for at least 20 years. Hence, baseline emissions are reduced in
subsequent trading periods as well. In other words, the mac curve in the next trading period shifts down as well (as in the first
trading period), thereby reducing the marginal abatement costs for several years. Of course we then assume that the lifetime of
the renewable capacity is longer than the duration of the trading period. The effect is illustrated in Figure 6 below.
Figure 6:

Price formation in the EU ETS with banking and shift in future baseline emissions

Source: THEMA Consulting Grou p
If CERs and EUAs are perfect substitutes and banking of EUAs is profitable, it can be argued that the demand for CERs and the
price of EUAs is independent, or rather that both prices depend on the expected future prices. It will be profitable to buy and bank
(secondary) CERs, too, as long as prices are expected to increase in the future. The use of CERs for compliance in the EU ETS
is still limited, but on the other hand, as long as banking is profitable, it is not necessary to use CERs for compliance. If the
market expects that the use of CERs for compliance will be limited in the future as well, the propensity will be to save EUAs and
use as many CERs for compliance as possible. The risk that CERs may not fully be used for compliance may translate into a
lower expected price for CERs in the future as well.
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The role of CO2 prices for power markets
From the above discussion we conclude that the carbon market effects of increased renewable
investments in Norway do not differ much from the effects of increased renewable generation in
the adjacent thermal markets provided that the markets are integrated. The general effect on
emissions from thermal power generation depends on the CO2 policy regime, however. We
discuss the effect for three different cases: a system without CO2 tax or cap & trade, a regime with
a fixed carbon tax, and a regime with a cap & trade system.


Without a CO2 policy regime, renewable investments lead to immediate emissions
reductions: We have argued that increased renewable generation will replace thermal
generation abroad. This substitution has immediate effects on CO2 emissions if there is no
cap & trade system, as CO2-emitting generation is replaced in the import market.



A carbon tax amplifies the effect on emissions: The generation substituted by the
renewable investments will typically be the most expensive one (for the particular midmerit hour), i.e. it will be the one furthest to the right in the so-called merit order. The merit
order stacks the available generation capacity, sorted after cost (see footnote 4).
A carbon tax has two effects on the merit order. First, it changes the marginal costs of
thermal generation units, hence changing the “height” of the different steps in the merit
order. Second, it may change the order of technologies in the merit order. For example,
without a carbon tax, coal fired generation may be cheaper than gas power generation. A
carbon tax increases the cost of carbon intensive generation more than zero or low carbon
technologies. Thus, a carbon tax may lead to a change in the merit order in which coal and
gas change position.
The fuel switching effect in the merit order curve is illustrated in Figure 7. Without a carbon
tax, coal is cheaper than gas, thus coal technologies are to the left of gas technologies.
With a carbon tax, the marginal costs of generation change. In addition to fuel costs, each
technology bears a carbon cost component, indicated by the height of the blue bars. In
consequence, coal fired generation becomes more expensive than gas fired generation,
and gas and coal technologies swap position, indicated by the new yellow steps in the
merit order.
As a consequence, a carbon tax amplifies the emission reduction effect, as with a carbon
tax it is more likely that increased renewable generation replace generation from a more
carbon intensive technology than without such a tax.
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Within a cap and trade system, the main effects are realised in the coming trading periods:
A cap and trade system imposes a CO2 cost on CO2 emitting generation, and as such the
power market substitution effect is similar to the one under a carbon tax. However, two
issues complicate the analysis. First, the carbon price would react to the renewable
investments in the short term, hence reducing somewhat the amplifying effect of a fixed
carbon price. The reduction in the carbon price will “switch back” some of the coal power
generation, hence cancelling some of the fuel switching effect associated with a higher
CO2 price. Second, the decrease of emissions in the power market will be off-set by an
increase of emissions in another part of the cap and trade system. In the simplified case
where the cap is completely fixed (no imports or banking) the immediate effect may be
zero.
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Fuel switching as a result of a carbon price
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3.1.3

Demand response and Carbon Leakage

So far in the analysis we have focused on the price effects of increased renewable generation in
Norway, and the supply substitution effect which impacts the price effects both in the power
market and in the carbon market. Changes in prices do however also affect demand. In this
section we will discuss the possible demand effects, which in turn affect the magnitude of the
price effects in both markets, with consequence for emissions.
Our above market-channel analysis suggests that increased Norwegian renewables will decrease
the electricity price in Norway (power market channel) and decrease the EU carbon price (carbon
market channel). Taken together, these two channels suggest that increased Norwegian
renewables are likely to lead to a fall in EU carbon emissions relative to the current business-asusual scenario.
Returning to the marginal abatement cost curve depicted in Figure 4, we explain the slope of the
curve by measures that reduce emissions in the ETS sectors. Basically, there are three different
reasons why an increased carbon price reduces emissions:


Direct abatements in the ETS industries



Fuel switching in power and heat generation (supply substitution)



Reduced demand for goods and services produced with inputs from the ETS industries

The first two elements reduce the carbon intensity of the ETS industries, whereas the third
element depends on the demand elasticity of the goods produced by the ETS industries.
Concerns about carbon leakage

7

With realized price effect, we mean the final effect on prices, including the price effect due to shifts in the merit order.
With “full” price effect we mean the price effect that would occur if the one only took into account changes in marginal
costs, but left the order of technologies unchanged.
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“Carbon leakage” is a major concern related to unilateral climate policy. Carbon leakage refers to
a proportion of the emissions reductions achieved in a regulated carbon market by emissions
“leaking out” in the form of emission increases in unregulated regions where there is no price on
carbon. Such leakage can substantially undermine the effectiveness of unilateral actions in terms
of reducing global carbon emissions. It is therefore important to understand the drivers underlying
carbon leakage and the likely impact on a policy such as increase in Norwegian renewables.
A definition of carbon leakage
More formally, the standard definition (see, e.g., IPCC 2007) for carbon leakage

where the denominator
is the emissions reduction achieved by the regulated region (for
example, in the EU) while the numerator
is the emissions increase in unregulated regions (for
example, outside the EU). This measure of carbon leakage is very intuitive. Leakage is positive
(
) if the unregulated regions respond to others‟ climate policy by increasing their emissions.
Leakage exceeds 100% (
) if the emissions increase by unregulated regions exceeds the
reductions achieved by unilateral policy – and global carbon emissions increase as a result. Note
that carbon leakage can be thought of at an economy-wide level or also at the level of an
individual emissions-intensive sector in which some – but not all – firms are subject to
environmental regulation.
Carbon leakage operates through two main channels: a microeconomic channel often referred to
as a “competitiveness” channel and a macroeconomic channel associated with changes in energy
prices.
The first channel: Competitiveness effects
The competitiveness channel is best understood by considering the impact of a carbon price on
an individual firm producing an emissions-intensive good. The starting point is that the firm‟s short
run cost of producing an additional unit of product increases. This cost increase stems from two
possible sources. First, there is a direct effect in that the firm has to purchase (or surrender)
emissions permits to cover the associated increase in its emissions. Second, there is an indirect
effect in that a carbon price typically leads to an increase in the electricity price, and thus
increases the input costs for a firm that uses electricity in its production.
Both the direct and the indirect effects can increase a firm‟s costs significantly. The direct effect is
more relevant for industries such as cement and large parts of electricity generation where
emissions are an integral part of the production process. The indirect effect is important for
industries such as aluminium and the electric arc furnace (EAF) production technology for steel
where electricity is one of the key input factors.
Competitive concerns arise in industries where only some – but not all – firms experience a cost
increase due to carbon pricing, so unregulated firms gain a cost advantage over regulated firms.
This has three main, and interrelated, implications. First, it means that it is difficult for regulated
firms to pass on carbon costs to their customers. Second, regulated firms are likely to lose market
share to their unregulated competitors. Third, unregulated firms typically respond by increasing
their output and emissions (
) – thus leading to carbon leakage.
By contrast, in sectors that are not exposed to “international” competition (such the EU electricity
sector), carbon cost pass-through is typically significant (see, e.g., Sijm, Neuhoff & Chen 2006
who find pass-through rates of 60–117%) and the issue of market share losses does not arise.
In the longer run, the competitiveness channel may also mean that regulated firms decide to
relocate their existing production facilities, and decide to direct new plant investment towards
regions in which carbon remains unpriced.
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The second channel: Changes in energy prices
The second channel refers to a macroeconomic or general-equilibrium effect whereby a carbon
price reduces the energy demand of regulated entities and thus, all else equal, leads to a fall in
global energy prices. Unregulated firms respond to this decrease in energy prices by increasing
their energy consumption. This is associated with an increase in their carbon emissions (
)
and thus also with some degree of carbon leakage. Moreover, firms in unregulated countries may
also respond to the fall in energy prices by adopting less energy-efficient production techniques.
ABC decomposition of carbon leakage
Ritz (2009) shows that the rate of carbon leakage can be decomposed into three basic effects.
First, the relative emissions intensity of unregulated entities compared to regulated entities.
Second, the rate of output leakage from regulated to unregulated entities. Third, the degree of
abatement activity by regulated entities in the form of reductions in their emissions intensity of
production. This decomposition was originally developed to understand carbon leakage at the
level of an individual sector, but is also useful for thinking about leakage more broadly.
The starting point of the decomposition is that carbon emissions can be reduced either by
producing less output or by producing cleaner output. More formally, let
and
denote
respectively the change in the regulated and unregulated entities‟ production of output, and let
and
denote respectively the change in the regulated and unregulated entities‟ emissions
intensity of production (that is, emissions per unit of output). Carbon pricing provides incentives to
regulated entities to engage in abatement activities that reduce their emissions intensities,
. Further, assume that unregulated entities‟ emissions intensity does not change with
carbon pricing,
.
Using these expressions in the definition of carbon leakage yields a simple „ABC‟ decomposition
highlighting three effects8:
A. First, all else equal, carbon leakage increases with the relative emissions intensity of
⁄ . Intuitively, any given output and
unregulated entities compared to regulated entities,
emissions reduction by regulated entities will be counteracted more strongly where unregulated
producers have relatively dirtier production technologies.
B. Second, all else equal, carbon leakage increases with the degree of output leakage,
⁄
(defined analogously). This makes clear that carbon leakage is driven importantly by
the loss of output (and hence market share) to unregulated entities. This effect can be seen as a
way to capture the competitiveness channel underlying leakage; output leakage will tend to be
high if unregulated firms have high market shares and the degree of carbon cost pass-through by
regulated firms is small.
C. Third, all else equal, carbon leakage decreases with the extent of reductions in emissions
⁄ . This shows that environmental-efficiency improvements
intensity by regulated entities,
can play an important part in reducing carbon leakage. However, note that, in the short run, such
abatement activity may be technologically infeasible, or also unprofitable at the prevailing carbon
price.
This simple ABC decomposition provides a useful way to start thinking about carbon leakage (and
its drivers) that is independent of any particular economic modelling approach.
Different empirical approaches to carbon leakage

8

[

In particular, the mathematical expression for carbon leakage becomes
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There is a significant body of literature on the competitiveness effects of unilateral climate policy
that includes some papers that estimate the degree of carbon leakage. It is important to
distinguish between two types of approaches to estimating carbon leakage. First, an ex post
approach that seeks to empirically determine the degree of carbon leakage using information on
the actual changes in carbon emissions due to unilateral climate policy, such as the EU ETS, that
has already been introduced. Second, an ex ante approach that seeks to quantify using
simulations of the degree of carbon leakage associated with unilateral climate policy that has not
yet been introduced – that is, without relying on the availability of historical data on actual
changes in carbon emissions.
The existing literature with estimates of carbon leakage focuses exclusively on ex ante
approaches; we are not aware of any ex post quantification of the actual degree of carbon
leakage from existing unilateral climate policies such as the EU ETS. The paucity of ex post
analyses of carbon leakage is probably due to the difficulty of disentangling the effect of climate
policy on carbon emissions from other factors such as movements in commodity prices and
exchange rates, as well as the challenge of obtaining information on the carbon emissions of
unregulated entities (that is,
).
There are two types of existing ex ante analyses of carbon leakage. The first of these uses
computable general equilibrium (CGE) modelling that emphasises the effect of climate policy on
global energy and factor market prices. The second, and more recent, of these examines carbon
leakage at the level of an individual sector in which only a subset of firms faces carbon pricing,
thus focusing on the competitiveness channel. The general-equilibrium approach has the
advantage that it includes more comprehensive modelling of different sectors in the economy, and
their interaction. Its disadvantage is that emissions-intensive industries are modelled only at a
highly aggregated level, often under an empirically implausible assumption of perfect competition
in product markets. The partial-equilibrium approach, by contrast, presents a more realistic picture
of an individual sector using models of imperfect competition, but abstracts from generalequilibrium effects. Both the industry-level and CGE approaches are useful, and neither obviously
dominates the other.
Empirical evidence on carbon leakage
Unfortunately, the existing empirical literature on carbon leakage yields a very wide range of
estimates for the rate of carbon leakage. Most of the estimates from CGE models of carbon
leakage under the Kyoto Protocol are fairly low, within a range of 5–40%. The main exception in
this literature is Babiker (2005) who augments a CGE model with imperfect competition and free
entry/exit of firms, and finds significant relocation of production facilities to non-OECD countries
together with much higher leakage rates of 50–130%. The main sources of variation in leakage
estimates in the CGE literature appear to derive from (i) different parameter values used for socalled Armington trade elasticities that govern substitution patterns between domestic production
and imports, (ii) different assumptions on the form of competition in product markets, and the
firms‟ ability to relocate their production facilities.9
Industry-level models of competitiveness and carbon leakage have tended to find higher leakage
rates than the CGE approach. For example, Ritz (2009) analyses the market for coated-sheet
steel in the EU ETS, and finds leakage rates of around 75% in the short run when EU steel firms
cannot reduce their emissions intensity of production. However, even fairly moderate reductions in
firms‟ emissions intensities (effect C from the above decomposition) can substantially reduce
carbon leakage to around 30–50%. Similarly, Ponssard & Walker (2008) present a spatialcompetition model of the EU cement sector, and estimate that leakage rates are around 70%.
The bottom line from the existing literature is that it is not clear how large a problem carbon
leakage actually is under the current business-as-usual scenario with the EU ETS. Industry-level
9

See, e.g., the 1999 Kyoto Protocol special issue of the Energy Journal for an overview of this literature.
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analysis suggests that carbon leakage rates may be rather high (often 50% or more), while
general-equilibrium perspectives suggest that leakage is significantly smaller (often 20% or less).
No quantitative ex post analysis of carbon leakage using historical data on the EU ETS since
2005 appears to be available at this stage. These uncertainties make it challenging to quantify
how increased Norwegian renewables might incrementally affect carbon leakage relative to the
current business-as-usual scenario.
Determining whether a sector is “at risk” of carbon leakage
EU policy makers have been very concerned about the possibility of carbon leakage, and this has
been one of the key issues in the design of the second and third phases of the EU ETS. Thereby,
policy analysis has sought to determine whether a sector is “at risk” of carbon leakage by using
two simple metrics on its carbon costs and trade intensity.
Carbon costs captures by how much a sectors‟ cost of production increases due to carbon pricing,
usually expressed relative to its turnover or gross value added (GVA). Sectors with higher cost
exposure are seen to be at greater risk of carbon leakage. (Note that these costs incorporate both
the direct and indirect cost effects, assuming that firms cannot switch to less emissions-intensive
or less electricity-intensive production technologies.) Trade intensity captures how much a sector
is exposed to imports from firms located outside the EU, again usually expressed relative to a
measure of the sectors‟ overall size. Sectors with higher trade exposure are seen to be at greater
risk of carbon leakage. Although these two simple metrics do not directly quantify the rate of
carbon leakage, they are broadly in line with the insights from the existing literature.
Policies to address carbon leakage
Much of the policy discussion in the EU revolves around compensation for firms at risk of carbon
leakage, i.e. firms that are exposed to non-EU competition. Direct carbon costs are to be
compensated by free allocation of emissions permits, but the degree of free allocation is under
discussion. Indirect carbon costs, i.e. the carbon cost component in electricity prices, are likely to
be compensated directly, but the rules concerning such compensation is not yet clear.
Free permit allocations have recently been extended for emissions-intensive, trade-exposed
sectors for which either (i) carbon costs are at least 5% and trade intensity is at least 10%, or (ii)
carbon costs are above 30%, or (iii) trade intensity is above 30%. This list of sub-sectors
satisfying one (or more) of these criteria includes the vast majority of those within the cement,
glass, and steel industries, amongst others. The following graph in Figure 8 (Carbon Trust, 2010)
provides a summary of this analysis:
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EC Classification of sectors at risk of carbon leakage.

Source: Carbon T rust, 2010

The revised Directive (Article 10a(6)) offers the possibility for Member States to compensate the
most electricity-intensive sectors for increases in electricity prices due to the passing on of CO2
costs, in order to mitigate such risk of carbon leakage. The Commission has announced that the
state aid guidelines will be modified to this end. The adoption of the new rules is foreseen for
2011.
Commitments to free permit allocations and carbon cost compensation may prevent the relation of
existing production facilities to unregulated regions outside the EU. However, it is less clear to
what extent free permits can counteract the short run competitiveness effects in the form of
increases in unit costs. The reason is based on the economic concept of opportunity cost: even if
a firm has been given its emissions permits for free its unit costs have nonetheless increased; an
additional unit of output requires surrendering an emissions permit that could otherwise have
been sold. Therefore, regulated firms even under free allocation will tend to lose market share to
unregulated firms in the short run, although free permit allocation will, of course, mitigate (or even
offset) the negative impact of carbon pricing on firms‟ profits.
Another, more direct policy to address carbon leakage involves border tax adjustments. Such
taxes are designed to “level the playing field” between regulated and unregulated firms, at least in
terms of costs of selling product in the regulated firms‟ home market. Although this policy
instrument has received considerable discussion, it does not seem to have been used in practice
to date.
Impact of increased Norwegian renewables on carbon leakage
In summary, it is not clear how large a problem carbon leakage actually is under the current
business-as-usual scenario with the EU ETS, particularly if we take the provisions adopted to
mitigate carbon leakage into account. The existing literature and policy analysis however offers
some guidance on the conditions under which carbon leakage is likely to be more significant at
the sectoral level.
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In particular, carbon leakage rates will tend to be higher where carbon pricing leads to a larger
increase in production costs, where competition between firms is more intensive, and where firms
have a higher degree of non-EU trade exposure. These conditions are likely to be associated with
a lower rate of carbon cost pass-through, greater output leakage, and higher losses of market
share to non-EU firms. Leakage rates tend be decreased by environmental-efficiency
improvements by regulated firms and, to some extent, by free emissions permit allocations,
compensation schemes for indirect carbon costs and border tax adjustments.
The incremental effect of increased Norwegian renewables on carbon leakage (relative to the
current business-as-usual scenario) may be favourable, although it is also likely to be modest. In
particular, more renewables and lower electricity prices (power market channel) in Norway may
have a beneficial effect in terms of reducing carbon costs and the overall emissions-intensity of
production in trade-exposed sectors such as aluminium and steel that rely heavily on electricity as
an input to production. This would lead to an improvement in the overall environmental efficiency
of such sectors, and thus reduce the risk of carbon leakage. The magnitude of this effect,
however, is likely to be modest for many sectors given the small share of Norwegian electricity as
input to EU-wide industrial production. However, it is probably significantly larger in the case of
the aluminium industry where Norway represents a large share of overall EU production.
A final note on an additional “rebound” effect
Our analysis suggests that increased Norwegian renewables will lead to a decrease the EU
carbon price (carbon market channel). It is worth noting that such a decrease in the carbon price
may in some cases deter EU entities from investing in and switching to less carbon-intensive
production technologies. Although the overall EU-wide emissions cap will still be met, this effect
may mean that the environmental-efficiency of EU production is not improved by as much as it
otherwise would have been (that is, without Norwegian renewables). Although it is not clear how
quantitatively significant this effect may be, it could, in principle offset some of the beneficial
effects of increased (Norwegian) renewables on global emissions and carbon leakage.
3.1.4

End-user prices are important, not wholesale prices

We have argued that increased investments in renewable electricity have a double pricedecreasing effect on Norwegian (and Swedish and Finnish) electricity prices, directly via power
markets and indirectly via carbon prices which are reflected in the power prices. Hence, the
reversed carbon leakage effect may be stronger in the Nordic market area than on the Continent.
However, the demand response to renewables in Norway depends on the effect on end-user
prices, and not solely on the wholesale price. Hence, the demand response depends on the
financing of subsidies to renewables and the impact on grid tariffs in addition to the wholesale
price.
Figure 9 shows the composition of end-user electricity prices in Norway. Wholesale prices are
determined by fuel prices and carbon prices, and renewable investments. As explained above,
extra renewables in Norway decreases the wholesale prices, visualised by the “-” in the
illustration.
In addition to the wholesale prices, all end-users face grid tariff charges. The grid tariffs reflect
infrastructure costs and electricity distribution costs. If renewables increase the need for grid
extensions and re-enforcements, new renewables lead to an increase in tariffs, visualised by the
“+” in the illustration. Finally, end-users may have to cover renewables subsidies via the electricity
bill. This is for example the case if the proposed green certificate scheme is adopted. The
resulting increase in per kWh cost is visualised by the “+” in the illustration.
The magnitude of each cost element varies among end-users. As power intensive industry is
likely to be exempt from paying any subsidy for renewable investments, it is the wholesale price
plus tariffs that is the relevant end-user price for power intensive industry. In addition, the power
intensive industry pays lower grid tariffs than other electricity consumers. Hence, it is more likely
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that the total price effect is negative for the part of consumption that is more price elastic, and
hence, more exposed to risk of carbon leakage.
Figure 9:

Illustration of price composition in the Nordic power market
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3.1.5

Quantitative estimates for the power markets – A partial equilibrium analysis

In order to quantify some of the above mentioned effects, we employed The-MA, a newly
developed power market simulations model with hourly time resolution, advanced representation
of both hydro assets and thermal generation plants, and inclusion of transmission bottlenecks
across national borders. The geographic focus of the simulations employed for this project was
North-Western Europe.
We would like to emphasise that The-MA is a partial equilibrium model, i.e. it only models the
power market, not the EU-ETS or other energy markets. Furthermore, we assume that the short
term demand for electricity is given, and we do not model any demand response as a result of
short term prices changes. The results presented from the model simulations should therefore be
treated with some caution, and should only be used as a starting point for a full analysis.
Nevertheless, they give an indication of the size of the immediate and partial effects of renewable
investments in the power market in Norway.
We focus primarily on the price effect of renewables in the Nordic system, and the supply
substitution effect, i.e. the replacement of thermal generation by renewables in Norway, which
also takes place outside Norway and outside the Nordics via the interconnection of the Nordic
system with other countries in North-West Europe.
For this project, we modelled the year 2015 under different assumptions, and looked at the effect
of an extra 10 TWh renewable investments inside Norway under some different circumstances.
The cases we cover are:
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The year 2015 modelled with a high CO2 price, evaluating to what extend the results
depend on the emission costs (High CO2 Price).



The year 2015 modelled with a low CO2 price (Low CO2 Price).



A high coal price for 2015 (High Coal Price).

The latter three scenarios aim at understanding the role of CO2 and fuel prices for the outcome.
Please note that fuel and CO2 prices typically impact the merit order (and order of plants within
the merit order), with consequences for trade and the substitution effect.
We would like to emphasise again that the numbers presented in this subsection do not reflect a
prognosis or a best guess, but are aiming at understanding mechanism and relationships.
The price effect
Increasing renewable generation in Norway adds to the power balance in the Nordics, by which
we mean Norway, Sweden, Finland, and Denmark. This, as explained above, reduces Nordic
power prices, in order to keep the correct import/export balance.
We modelled the four different cases with and without an extra 10 TWh renewable generation in
Norway. The price effect for the different scenarios for the year 2015 is shown in Figure 10. The
simulations indicate a significant change in power prices in Norway and the Nordics. The effects
on Continental prices are negligible. (Please observe that the CO2 price in the simulations does
not change when we add renewables in Norway.)
The price effect varies significantly with the respective assumptions on fuel prices and CO2
emissions prices. The main observations are:


The power price effect is larger in Norway than in the rest of the Nordic area. Thus,
renewables in Norway have the largest effect on domestic power prices.



High CO2 prices lead to generally higher power price. In order to export the extra 10 TWh
renewables in Norway, the prices have to react more strongly than in the reference case.



Low CO2 prices and low coal prices reduce power prices compared to the reference case,
and power prices do not react as strongly on extra renewable surplus.
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Figure 10:

Renewables and Emissions: The Effect of Norwegian Renewable Investments on Carbon Emissions

Power price reduction in 2015 as a result of an extra 10 TWh renewables
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Please note that the average price effect of 10 TWh of renewables in Norway for the Nordic power
prices lies around €4 per MWh, which is in line with the scenario study “Challenges for Nordic
Power: How to handle the renewable electricity surplus” conducted by THEMA and Econ Pöyry.
Substitution effect in generation
Besides the price effect of renewable investments in Norway, which may impact demand,
renewables have a direct substitution effect as they replace thermal generation. Since Norway
has only limited thermal generation in form of gas, which is mostly idle due to low power prices, or
inflexible, due to heat obligations, the substitution takes place outside Norway. This is reflected in
the numbers presented in Figure 11. The respective numbers, together with total emissions, can
be found in Table 2. The total emissions reported are those for the Nordic countries, plus
Germany, The Netherlands, Poland, France, UK, Belgium, Austria, Switzerland, and the Baltic
states.
We would like to emphasise again that these numbers are estimates from the partial equilibrium
model simulating the power markets. As renewable investments would lower carbon prices, this in
turn changes how different plants operate. In tendency, a lower carbon prices would favour coal,
and would increase carbon emissions in the power markets. This rebound effect is not taken into
account in the results presented.
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Figure 11:

Renewables and Emissions: The Effect of Norwegian Renewable Investments on Carbon Emissions

Emissions reduction in 2015 as a result of an extra 10 TWh renewables. NB! Partial
equilibrium results.
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As with the price effect, the partial effect on emissions from power varies with the assumptions.


The effect of 10 TWh renewables in Norway varies between 5 million tons CO2 per annum
and about 7 million tons CO2 per annum. Thus, on average, 1 MWh of renewable
generation in Norway replaces between 0.5 and 0.7 tons CO2. This compares to an
average emission factor of 0.4 tons CO2 per MWh of gas generation, and ca. 0.8 tons CO2
per MWh of coal generation. The figures also indicate that most emission reductions stem
from reductions within the Nordics, while reductions in Norway as such are negligible.



High CO2 prices decrease the effect. But the higher CO2 prices lead to initially lower
emissions than compared to the reference case. This is due to the fact that the high CO2
prices already lead to a substantial substitution effect. The marginal reduction of additional
renewables is reduced. The opposite is the case for low CO2 prices.



Low coal prices make coal more competitive, and total emissions in the power sector are
higher than in the reference case. As a consequence, renewables replace foremost coal
generation in this case, leading to a high substitution effect.

Table 2:

Emission reductions and total emissions with 10 TWh extra renewables (mill tons
CO2 per annum)
Norway
Other Nordic
Outside Nordic
Total Emissions

Reference Case
0.0
2.7
2.7
780

High CO2 Price
0.0
2.6
2.4
694

Low CO2 Price
0.0
4.3
1.5
791

Low Coal Price
0.0
5.3
1.3
784

Source: THEMA Consulting Grou p, based on T he -MA model simul ations

It can be concluded that the substitution effect of renewables is higher the more dominant coal is
in the generation mix in the surrounding countries and regions. This argument is also based on
the fact that coal generation is more carbon intensive than gas generation.
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Conclusions from the model simulations
The model simulations confirm the reasoning from the previous sections. Firstly, renewables in
Norway reduce power prices in Norway and the Nordics as they add to the power balance, which
leads to a decrease in prices in order to obtain the correct trade balance with the surrounding
countries. Secondly, we observe that – in the framework of the partial equilibrium model renewables in Norway decrease emissions in the surrounding and neighbouring countries.10
As emphasised earlier, our results are from a partial, short term equilibrium point of view. Thus
the numbers should be treated with some caution, as the model ignores both any potential
demand response to the prices, and as the model ignores the impact on the EU-ETS and the
rebound effect on the power markets. The initial displacement of CO2 emitting generation does
however support the allegation that increased renewable generation in Norway reduces the
demand for allowances in the ETS and hence, EUA prices.
In Section 3.2 we discuss possible policy responses related to cap-setting. One hypothesis may
be that politicians set the caps so as to reach a targeted CO2 price. If this is the case, then
increased renewable generation in Norway will not affect the CO2 price, instead, the cap will be
reduced so as to restore the target price. In that case, the results found by the above model
simulations would apply in full.
Conversion of energy demand may absorb part of the additional energy
We have not modelled demand response. As mentioned above, the demand response depends
not only on changes in the wholesale price (which we model), but on how renewables affect total
end-user prices (see Section 3.1.3).
Figure 12:

Illustration of Price and Volume Effect in the Norwegian Power Market
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However, if renewable investments do in fact lead to a decrease in end-user prices, the additional
electricity may incentivise conversion of energy from fuel emitting sources to electricity, such as,

10

In this respect it should also be noted that it is not necessary to build new transmission lines in order to achieve a
substitution effect abroad. In the case we modelled, we did not assume any of the planned interconnectors to be
established by 2015. How new transmission lines would alter the substitution effect lies outside the scope of this study.
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for example, increasing conversion from fossil fuels to electricity in transportation. Figure 12 below
shows the shift in the power supply curve (including tariffs and subsidies) as a result of renewable
investments in Norway (the carbon price decrease would lead to another downward-shift, omitted
in the graphs). As a result prices decrease from p0 to p1, while demand increase from D0 to D1.
Such conversion effect would have a direct effect on emissions, as transport is currently outside
the EU-ETS. It is not clear, however, whether the price effect of renewables will be sufficient to
promote this kind of conversion. Alternatively, such conversion may be enforced by setting targets
and standards, or by governmental support. Hence, with direct regulations, the price effect of
renewables would not affect conversion. On the other hand, the price effect of renewables could
reinforce the incentives provided by other conversion incentives.
Admittedly, the price decrease could also be absorbed by new demand that is carbon neutral, or
by demand that increases carbon emissions. For example, if the lower prices simply lead to
increased consumption at home (for example, larger cabins as power is less expensive, less
investments in abatements at home) the result will in the worst case be an increase in emissions.
Please note again that, in order for market mechanisms to foster conversion to electricity, not only
the wholesale prices, but the end-user prices have to decrease. Alternatively, the extra system
costs imposed by new renewable investments may be imposed on inflexible demand in order to
promote conversion, or in order to avoid “negative” conversion from electricity to carbon emitting
energy sources.
This demand increase would lead to a decrease in available power for export, hence reducing the
substitution effect abroad, and hence also reducing somewhat the carbon price effect. Whether
conversion from other energy sources to electricity would be more efficient in terms of carbon
emission reductions than replacing thermal generation abroad is not clear.
3.1.6

Medium and long term market effects

The effects discussed above concern the short run market effects. But increased renewable
investments today also have market effects in the medium and long term. First, the renewable
investments made today are still in the market in 10 or 20 years. Hence the short term effects of
renewables are still at work in the medium term horizon.
For medium to long term emissions, the most important effect of renewables is their impact on
investment decisions in the power market. The additional power exported from Norway will lead to
less need for new investments abroad, depending on where the power is exported to. In case of
strong demand growth in Norway, it may also replace domestic investments in e.g. gas fired
power. This displacement effect hence impacts the emissions from the power market in a similar
way as the short term substitution effect on existing generation.
Furthermore, changes in price expectations affect potential investments in abatements in the EUETS, or other investments, such as investments in the energy conversion in the medium and long
term. In an isolated market approach, increased renewable generation yields lower CO2 prices in
subsequent periods and hence increase the competitiveness of coal power generation and reduce
the incentive to invest in CO2 abatements within the EU ETS. As long term climate policy
regulations are not fixed eternally, we would argue that the most important implication of
investment decisions today, is to postpone the need for investments in new conventional
generation capacity.
Which way the investments are affected, however, would also depend on the regulation regime,
and how policy makers adjust caps in reaction to the market effects of increased renewable
generation. This is discussed in more detail in Section 3.2.
Medium and long term adjustments via the global emissions market
Generally, increased renewable generation reduces the demand for credit imports in the EU ETS.
This effect may not be very strong – or even significant – in the short term, at least as long as
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CER prices are below EUA prices and below expected (discounted) future prices. In the longer
term, however, it can be argued that reduced demand for CERs will reduce the supply of CERs
and hence, reduce emissions reductions in the rest of the world.
There are four sources of CER demand:
-

Imports for compliance in the EU ETS

-

Imports for compliance in the non-ETS sectors in the EU

-

Imports to other regions

-

Banking for the future

If the number of CERs is fixed in the short term, reduced demand from the EU ETS means that
the price will decrease and the demand from the three other demand categories will increase,
including banking. Credits that are not banked are used for compliance in non-ETS sectors in the
EU and in other regions. Hence, some of the reduced imports (if the demand for CERs is indeed
reduced) displace other abatement efforts in these sectors and regions.
Excursion: Medium term market response in the EU-ETS with banking
We have argued that a lower EUA price is likely to induce more banking. It will however still be profitable to use imported CERs
for compliance as long as the current CER price is lower than the discounted future EUA price. Given the limit on using CERs for
compliance and the uncertainty about future limitations, market participants are likely to prefer to bank EUAs, which future use
will not be limited, and use as many CERs as possible for compliance in this trading period.
Above we have argued that policies are likely to respond to changes in EUA prices by tightening the cap, if not in this period, then
most probably in the medium term (next trading period). If market participants expect such a response, pricing, banking and
emissions in this period will be additionally affected. This is illustrated in Figure 13 below. The expectations about a further
tightening of the future cap shift the future price expectation curve up. The price in this period increases to p 2, and banking is
increased. Emissions in this period fall to X‟2.
The way Figure 13 is drawn, an increase in renewable generation in Norway yields a price increase in the EU ETS because
market participants immediately take into account a tightening of future caps. Given the uncertainty pertaining to future cap
setting and other framework conditions, it is not likely that the immediate market response would be as strong as indicated in
Figure 13. Hence, Figure 13 is an illustration of a possible market dynamic. As argued in the above section, a slightly more
positive or negative view on future policy frameworks, will probably not have a very strong effect on current investment decisions,
including banking, in view of the substantial uncertainty in the market. Over time, however, as policies react and become clearer,
such a dynamic could materialize.
Figure 13: Illustration of the role of policies and expectations in the EU ETS

Source: THEMA Consulting Grou p.
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Longer term, changes in CER demand will impact the supply of CERs. In the CER market, the
long term supply (of abatements) is determined by the price, i.e. increased demand yields more
abatements and reduced demand yields less.
But similar to the policy response in the EU (see Section 3.2), it may be argued that lower CER
prices reduce the price of stricter climate policy action globally or in other regions. Hence, there
might be a mitigating effect of contributing to stricter targets in the medium and longer term.
Naturally, such effects are difficult to quantify or document, but there is little doubt that the
strictness of climate polices are affected by the perceived costs to the economies of carrying out
such policies.
3.1.7

Concluding comments and summary of price and market effects

A basic insight from the above analysis is that when we have a cap-and-trade system, changes in
one market immediately affect the other market as well. We have shown that increased renewable
generation shift the supply curve in the power market and thereby the supply curve in the carbon
market. Shifting the supply curve in the carbon market affects generation costs in the power
market and shifts the supply curve in the power market again. Hence, increased renewable
generation has both a direct and an indirect effect on short term power prices.
Increased renewable generation affect the profitability of existing thermal generation and affect
investments in the market as well. The utilisation of older generation capacity is reduced and the
need to invest in new capacity is postponed. Hence, even in a fixed cap-and-trade system without
demand response, emissions are shifted in time.
However, future caps are not fixed yet. We discuss the extent to which future caps are linked to
developments in marginal abatement costs in section 3.2.
All in all, we can summarise the market effects and the consequences for carbon emissions as
illustrated in Table 3. The table also compares the effect of Norwegian RES investments with RES
investments in other parts of Europe (e.g. Germany).
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Table 3:

Renewables and Emissions: The Effect of Norwegian Renewable Investments on Carbon Emissions

Summary of market effects

Local Power Price (wholesale)

Carbon Price

Effect of RES Norway

Effect of non-Norwegian RES

Norwegian price decreases

Limited effect

↓

-

Carbon price decrease

Carbon price decrease

↓

↓

Demand for Electricity and Depends
on
costs
and
Energy (conversion)
financing. Likely to increase if
inelastic demand carries costs.
Demand increase off-sets
power price decrease.

↑
Effect on emissions
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Depends
on
costs
and
financing. Likely to increase
somewhat if inelastic demand
carries costs.

↑

Depends on demand effect.
Likely to decrease as a result
of negative leakage (energy
conversion,
prevention
of
industry migration) if inelastic
demand carries cost burden.

Depends on demand effect.
Likely to decrease as a result
of negative leakage (energy
conversion,
prevention
of
industry migration) if inelastic
demand carries cost burden.

↓

↓
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3.2 The Regulation and Policy Channel
The main effects of renewable investments via the policy and regulation channels are:
Table 4: Main findings from the policy and regulation channels



It is likely that the policy response to lower CO2 prices today will be to reduce future caps
or tighten climate policies. Hence, increased renewable generation today, implies
reduced emissions in the future.



There are indications that the EU has composed policy measures so as to reach a
specific target price. The current price is probably lower than that target price.



If policy makers have a target price, the future CO2 price will be the same, but emissions
in the cap-and-trade sectors will be lower.



If future caps are not affected by current emission levels and prices, the effect of
increased banking is to postpone some emissions to the next trading period.



Basically, increased electricity exports from Norway to EU markets have the same market
effect as a corresponding increase in renewable electricity generation in the EU. If the EU
does not take Norwegian renewable electricity generation into account in cap-setting, the
policy effect may be muted or lagged.

3.2.1

Introduction

In the medium term regulators may react to the reduction in both electricity and EUA prices that
additional Norwegian renewable generation is likely to induce. They may also be influenced by
changed competitiveness effects and leakage rates. In this section the impact of such price
changes on regulatory policy is considered, with a focus on how the level of the cap in the EU
ETS may be affected.
3.2.2

The normative theory of emissions cap-setting

The normative theory of cap-setting suggests that the cap will tighten in response to renewables
investment. However the price and quantity changes will be reduced by rebound effects.
Increased renewable investment will reduce global emissions, although the reduction in emissions
will be less than those directly saved by the construction of new renewable energy generation.
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Excursion: The normative theory of cap setting
Figure 14 presents a model which captures how the cap should be set over time, in a dynamic setting where policy-makers
respond to changes in renewable generation in linked jurisdictions. The figure depicts marginal changes, although the intuition
extends to non-marginal policy shifts, such as the move from a 20 to 30 per cent emissions target in the EU.
Emissions are initially at BAU0 with the marginal abatement cost of achieving a given level of emissions given by MAC0 and the
marginal external cost of producing those emissions (i.e. the marginal benefit of reductions) is given by MEC (marginal emission
cost). The optimal cap should be set at Cap0 giving a supply of allowances of S0 and an allowance price of p0.
Now introduce into this model an increase in the supply of renewable energy which causes the MAC to decrease from MAC 0 to
MAC1 for any given level of emissions (this corresponds to additional RES equivalent to BAU 0-BAU1 units of emissions). In the
short term the cap is still fixed at Cap0, and so initially there is a decrease in the allowance price to p1. However, the new optimal
cap has now changed as a result of the lower abatement costs: the cap should be tightened from Cap 0 to Cap1.
Therefore the total reduction in the cap if policy-makers were acting optimally would be Cap0-Cap1. Note that this change in the
size of the optimal cap is lower than the increase in RES; i.e., new RES results in a tightening of the optimal cap, but also
displaces abatement elsewhere. The gap between the emissions directly saved by the new renewable and the change in the size
of the optimal cap is larger the steeper are the MEC or MAC curves.
After regulators tighten the cap to Cap1 in response to increased investment in RES, the allowance price will change. The smaller
cap means that more abatement must be undertaken and so the marginal abatement cost, and thus the allowance price, will rise.
Figure 14, demonstrates this price rise from p1 to p2, and the net result is that both emissions and the allowance price are lower
than initially.

Figure 14:

Partial equilibrium analysis predicts changes in the emissions cap and price

Source: Vivid Economics

In the EU, current discussions focus around whether emissions should be reduced by 20 or 30 %
on 1990 levels by 2020, with a 20 % unilateral cut being proposed unless there is a significant
global deal to reduce emissions, in which case the EU would move to a 30 % reduction. The
connection between this policy choice and increased renewable generation depends upon the
relationship between the proposed 20 and 30 % cuts and the optimal caps shown in Figure 14.
House et al. (2008) model the proposed global reduction of 25 % by 2050 suggested by the Stern
Review, and find that it is on a plausible path which could lead to eventual stabilisation at between
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500 and 600 parts per million of CO2. Therefore, depending upon the time trajectory of cuts (see
Dietz and Stern, 2008, for a discussion), it is possible that the 20 % reduction in 2020 could
correspond to Cap0 in Figure 14. If this were the case, then the reduction in abatement costs
induced by additional renewable generation in Norway would provide a material incentive to
reduce that further to 30 per cent.
Alternatively, it may be that EU regulators are targeting a particular allowance price and will adjust
the cap so as to attempt to achieve this price; for example, at a level which is deemed sufficient to
induce desired abatement activity or to make particular investments profitable. UK policy-makers
argue fairly explicitly along those lines (Committee on Climate Change 2010). Returning again to
Figure 14, in the initial stage the regulator has revealed that a price of p0 is being targeted. When
there is a shift in abatement costs from MAC0 to MAC1, the regulator will wish to restrict the cap to
q0 in order to restore the desired allowance price. Note that this corresponds to a lower level of
emissions than Cap1, the response of the regulator when there is no price targeting, and also that
this level of abatement is higher than is optimal. Price targeting removes the rebound effect
discussed above and so, under this condition, expansion of Norwegian renewables will induce a
larger reduction in global emissions.
The above analysis assumes that the relevant investment in Norway has a marginal abatement
cost which is higher than p0. This seems the most relevant scenario given that any additional
renewable generation which would be profitable at an allowance price of p0 should proceed
without any need for government intervention.
In summary, there may be three kinds of policy targets:
-

Optimal emissions, i.e. MAC = MEC, in which case increased RES investments moves the
cap to Cap1

-

Volume target, in which case the cap is kept at Cap0

-

Price target, in which case the cap is moved beyond Cap1

One obvious objection to the normative theory is that it is difficult to decide what the optimal cap
is. There is a lot of uncertainty about the MAC curve, and even more about the MEC curve. This
may explain why, instead of setting an optimal cap according to theory, real politics prefer to set a
volume target or a price target.
Another objection is that political targets are not optimally set, but rather influenced by different
interest groups, political beliefs and lobbying. We discuss this in the next section.
3.2.3

The positive theory of cap-setting

A different angle on the medium term problem is positive rather than normative, and concerns the
political economy of regulation. This approach asks how regulators and firms will react to external
factors, rather than how they should react.
More specifically, the question is how the lower carbon and energy prices, and the reduced risk of
leakage, will influence, first, European regulators and, second, European firms. The literature
offers some clues, but no direct answers to this question.
The question of regulatory response is dealt with by Hahn (1990) and Keohane et al. (1997),
although they look at the political economy of instrument choice (e.g. taxes vs permits) rather than
regulatory stringency. Their model is structured as a regulatory market place. There is demand for
regulation (from pressure groups, consumers and industry) and supply for regulation (from
legislators), which in turn is a function of electoral and ideological opportunity costs (Aidt, 1998,
employs a similar approach).
In this framework a lower carbon price and leakage rate would reduce the opportunity cost of
stricter emission targets for legislators (who face less opposition from voters) and hence would
increase the supply. At the same time the demand for regulation from environmental pressure
groups and green industry would go up, making stricter targets more likely. A manifestation of
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these factors may be seen in a recent letter to the Financial Times by the climate change and
environment ministers of France, Germany and the UK. In the letter they call for a move to the
EU‟s more ambitious 30% target on the grounds that after the recession this is barely more
expensive than the original 20% target was expected to be. Elsewhere Pearce (2006) contains an
instructive discussion of how lobbying from affected firms turned the UK Climate Change Levy
into an uneven energy tax.
The question of firm response is addressed indirectly by the Committee on Climate Change
(2009). Their analysis shows how the optimal investment profile from an investor perspective
(factoring in policy risk and higher costs of capital) is much more carbon intensive than the profile
that a social planner would recommend. Newell et al. (2005) also assume that short term price
fluctuations (such as the drop caused by increased RES) have an undesirable effect on firm
behaviour. Drawing on the monetary policy literature of rules vs. discretion (Kydland & Prescott,
1977), they ask how regulators can engender trust in the regulatory framework and overcome
issues of time inconsistency. They argue that a credible long term price signal is necessary to
overcome the potentially negative effect of lower prices in the short term. Forward looking
investors will then factor these regulatory expectations into their investment decisions.
The question is how, if at all, increased renewables investments affect firm‟s expectations. One
could argue that the more credible policies are the smaller are the medium term impacts of RES
investments today. On the other hand, the same would be true if the credibility is low. On the
other hand, subsidies to RES investments today could be interpreted as a sign that politicians are
willing to incur costs to bring emissions down. In that case, increased RES investments could
increase the credibility of long term climate policy commitments.
How firms expect future climate policies to be, and how they expect market changes to affect
future climate policies may have an impact on investment behavior. Examine Figure 13 above.
There we argued that increased banking would make firms expect lower EUA prices in the future.
If market participants expect the policy response to lower prices today to be stricter policies
tomorrow, however, the future expected price curve would shift upwards, hence inducing even
more banking and a higher price today.
How strong this effect may be, depends on the credibility of future cap-setting and policy choices.
The larger is the uncertainty, the smaller is the impact of changes in expectations on banking and
investment choices. The discount rate will be higher, and hence, future costs and revenues will
count for less in firm‟s current decisions. The uncertainty plays a role, e.g. investors will be more
likely to invest in generation capacity with low capital intensity and shorter life time when the risks
pertaining to future market conditions are high. A (slightly) more negative or more positive view of
the future will then tend to play a lesser role.
3.2.4

Empirical evidence of cap-setting behaviour

Historical experience in cap setting shows that regulators systematically do not set the cap in an
optimal manner.
Increased RES generation would certainly result in lower prices, but regulatory dynamics point to
an uncertain impact on the cap. In most existing cap and trade schemes there has been
systematic over-allocation, even in schemes where the cap has been updated over time as
regulators learn about abatement costs. However, experience of cap and trade schemes to date
is relatively limited, and so it may be that past responses may not persist.
Caps have been significantly higher than actual emissions in a number of cap and trade schemes;
such as phase I of the EU ETS, the US Acid Rain Program, the Chicago Emissions Reduction
Market System, and the Los Angeles Regional Clean Air Markets. Low prices are often the result
of this over-allocation rather than lower than expected abatement costs (McAllister, 2009). This
implies that a lower than expected abatement cost will result in further over-allocation as the
optimal size of the cap falls. Early over-allocation can also create an expectation amongst
regulated sources that it will always be possible to purchase significant quantities of allowances at
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low prices, thereby reducing abatement activity and resulting in the cap being breached should it
bind (e.g. in the LA scheme in California‟s electricity crisis of 2001). There is also evidence from
existing schemes that direct action by regulators to reduce emissions causes prices to decline
(and vice versa); for example, when the US EPA announced enforcement lawsuits against a
number of power stations due to high sulphur emissions, allowance prices for SO2 fell (McAllister
2009).
Thus there is likely to be a systematic setting of the emissions cap to be higher than is optimal,
and increased RES generation could cause a collapse in the price of allowances unless the cap is
tightened appropriately. In phase II of the EU ETS caps were reduced by more for those countries
(e.g. in Eastern Europe) which had the largest over-allocation in phase I; thus there is some
evidence that regulators are becoming increasingly aware of the biases in cap setting.
Past experience is instructive in trying to understand why such biases have occurred, as the
Norwegian Government may wish to ally its approach to RES with the implementation of a set of
institutional structures which can maximise the desired impact.
Uncertainty and lobbying are the two key factors which mean that caps are systematically set too
high relative to the true marginal abatement cost curve. Historic evidence is that there is both
inherent and systematic uncertainty in the setting of caps in the EU ETS (Grubb and Ferrario,
2006). The inherent uncertainties in the forecasting of economic growth, oil prices and associated
parameters results in uncertainties of +/-2 per cent each year in forecasts of emissions. These
inherent uncertainties are difficult to eliminate and should not systematically bias the cap.
However, in addition there is evidence of a systematic bias of +1 per cent each year; since, for
example, industry lobbying and consultation reduces the risk of a downward error in projections,
yet, due to information asymmetries, there is no corresponding dynamic to prevent an upwards
error. These uncertainties increase as caps are defined at less aggregated levels. In the EU ETS,
covering only the manufacturing industry and power and heat markets, the forecast errors in
phase II were estimated at between -5 and +15 per cent.
When the cuts relative to projected emissions are small, these errors can have significant price
effects, even to the extent that the cap becomes non-binding and prices collapse. This pattern has
been seen in both the EU ETS and the RGGI scheme in the USA (Ellerman and Joskow, 2008).
Good institutional arrangements can make the setting of stringent caps easier and more likely; the
case of the UK is instructive in this respect. The UK Climate Change Act of 2008 defines legally
binding carbon budgets of five years each on the way to a 2050 target of -80 per cent; budgets
are recommended and progress is monitored by an independent body, the Committee on Climate
Change.
Carbon budgets are recommended through an evidence-based process, taking into account the
overall target, the international and EU context and compliance costs (Committee on Climate
Change 2008, 2010). This process has recognised external factors, such as the impact of the
recession on carbon prices and emissions; for instance the Committee on Climate Change is
calling for a carbon price floor to correct recession effects. In addition the potential and constraints
from renewables are recognised: a change in renewable capacity or cost is very likely to affect the
stringency of future carbon budgets. A lowering in compliance costs, such as through investments
in renewables, would deterministically result in lower caps under this kind of institutional setting.
The recommended budgets, resulting in a 34 per cent reduction by 2022, are widely accepted as
a result of the independent recommendation and institutional underpinning. However, despite
institutional innovations a step change is still needed in terms of actual policy implementation.
A relevant question regarding investments in RES generation in Norway is to what extent the
impact on European emissions is factored in in the cap-setting process in the EU. RES
investments in Norway do not replace carbon emitting generation in Norway, but rather in other
(EU) countries via increased exports. With Norway not being an EU country, and with the
interaction between the Norwegian power market and adjacent power markets poorly understood
in Brussels, one might expect that the impacts of Norwegian RES investments are not taken into
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account. This means that RES investments in Norway contribute to an additional overestimation
of emissions that will only be corrected with a lag. In that respect, RES investments in Norway will
have a different impact on future caps than RES investments in e.g. Germany or the UK. The
market impact will be (largely) the same, but the policy impact on an EU level will be muted or
lagged.
3.2.5

Interactions in a multi-policy environment

The analysis in this report focuses on the impact of increased renewables investment in the
context of an emissions trading scheme. This focus is because a comprehensive emissions
trading scheme still appears the most likely way in which Europe will tackle greenhouse gas
emissions. However, in practice, emissions trading is increasingly combined with other policies
that are implemented at the same time (Fankhauser et. al., 2010).
Norwegian policy could also have an impact in the absence of a cap and trade scheme. In
particular, renewable energy portfolio targets may be important even if there is no cap and trade
scheme (cf. Section 3.1.2, page 22). Many countries which have had difficulty in implementing a
comprehensive cap and trade scheme nonetheless have relatively stringent renewable energy
policies; for example, China, the US and Australia. In Australia, the national renewable energy
target is equivalent to a carbon price of around US$36 a tonne, while a sub-national cap and trade
scheme has an allowance price of just under US$6 a tonne. In the north-eastern states of the US,
a cap and trade scheme covering electricity generation has an allowance price of around US$2.50
per tonne, while renewable energy targets imply a price of around US$4.20 per tonne (Vivid
Economics, 2010b). These estimates indicate the greater political acceptability of renewable
energy targets as compared to emissions trading schemes (i.e. a high, general emission price or
tax); while the EU is currently pursuing an emissions trading scheme as the primary, but not the
only, instrument to address climate change, it is plausible that the emphasis could shift
increasingly towards a renewable energy target in the future.
Under a scenario with a stricter renewable target, the impact would be similar to that outlined in
Figure 14. The optimal level of emissions would still be Cap0 (initially); however, government
policy would face the challenge of trying to meet this target with the correct set of sector-specific
policies rather than allowing the market to determine the lowest cost set. Within the renewable
energy sector, the slope of the marginal abatement cost curve, and therefore the additional
abatement induced by Norwegian RES, would depend upon the distribution of renewable
abatement options along the MAC curve. In general, assuming that policy continued to be set with
some reference to the optimal level and composition of abatement, then Norwegian investment
would lower costs which would imply a tighter cap.
Renewables targets allow policies to accomplish abatements which would otherwise be harder to
achieve, given that it is politically difficult to set caps sufficiently strict for many reasons. By
subsidising RES investments, investments in conventional carbon-intensive capacity are
displaced and allowance prices are reduced. By balancing the mix of policies, the political cost of
climate policies and carbon leakage may be muted.
In a multi-regulation environment there may be a risk that emission reduction in one part of the
economy “leaks” to other parts of the economy. If for example, the main target for the EU is the
total emissions from non-ETS and ETS sectors, increased emission reduction in the ETS may
make it possible to accept higher emission in non-ETS sectors. However, the general argument
still holds, i.e., regulators will tighten regulation - either through the cap, higher carbon taxes or
stricter regulation – if the cost of doing so goes down.
The mixed policy case may be more relevant in relation to EU climate policies than to global
climate policies.
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Implications for Norwegian RES

The regulatory response in Europe to additional Norwegian RES is crucial in the causality that
links Norwegian renewables with lower greenhouse gas emissions. Without a tightening in the EU
ETS cap (or other carbon policies) in response to lower price and competitiveness pressure, the
impact of Norwegian RES on European emissions could indeed be small.
Environmental economic theory is unequivocal that lower mitigation costs in Europe, as a
consequence of Norwegian RES, should lead to lower European emission levels.
In reality the political economy of carbon regulation will be more complicated and involve complex
regulatory games between regulators and firms. Basic political economy models again suggest
that Norwegian RES will make it easier for Europe to tighten its emissions cap. The political and
economic costs of doing so have been lowered.
Solid empirical evidence to underpin these theories is, however, rare. There is some anecdotal
evidence that policy makers might respond, for example from the UK, but also from the EU debate
about moving from a 20 per cent to a 30 per cent target.
One thing that the empirics make clear is that any move to tighten the EU emissions cap would
primarily correct for past leniency. At the outset, emissions caps are almost always too loose.
Firms will also look for clear signals of policy credibility before committing long term capital to lowcarbon investment.
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3.3 The Technology Channel
The main effects of renewable investments via the technology channels are:
Table 5: Main findings from the technology channel



There is evidence that increased investment in renewable energy has powerful learning
effects that help bring costs down. The move down the learning curve is reinforced by
additional R&D and innovation, but the interaction between innovation and learning
effects is complex and not fully understood.



Accelerated technology development within renewable energy generation impacts energy
markets and climate policy. Hence, there is a dynamic interrelationship between our three
channels which could amplify the impact of RES investments on emissions.



Both innovation and investment can be accelerated through dedicated R&D policies that
go beyond simply putting a price on carbon. There is evidence that firms respond to
policy signals and anticipate tighter regulation in their investment and R&D decisions. The
effect of Norwegian RES on learning rates and innovation will therefore depend on the
broader technology policy framework.



Technology development requires scale and Norwegian RES investment alone is unlikely
to trigger significant cost savings. The development and dissemination of new
technologies is a common international effort. However, Norwegian investments can have
a multiplier effect, in particular if investments take place in areas where Norway has
competitive advantages.



Developed countries dominate renewable technology R&D, yet the developing world will
drive demand; diffusion could reward innovation and spur the growth of innovating
countries. Foreign Direct Investments (FDI) is considered to be the largest and most
effective form of diffusion, which could have implications for Norway if it is to maximize
the benefit of RES investment. Product innovation provides access to global markets,
especially if innovation occurs early in the development of a market. However, to maintain
a presence in global markets, R&D is unlikely to be enough. In addition, knowledge must
be transferred to key markets through investments of Norwegian production firms, which
are supported by R&D.

3.3.1

The role of technology

By speeding up the process of making renewables competitive with fossil fuels and by reducing
the overall cost of de-carbonisation of energy supplies, technology development is a precondition
for an early transition to a low carbon energy system. Technology development is therefore
considered crucial for achieving long term climate goals.
Achieving the 2C goal calls for fundamental changes in power generation. In the IEA‟s 450 ppm
Scenario (EIA, 2010), low-carbon generation must account for over three-quarters of global power
generation by 2035, a four-fold increase on today‟s levels. For renewables to become the energy
source of choice a decrease in costs is essential. Support to renewable energy is therefore an
important measure in EU‟s climate strategy and in most member countries.
Evidence suggests that increases in capacity provide learning opportunities that allow costs to be
lowered. The literature also suggests that too little R&D occurs due to externalities known as
knowledge „spill over‟. Energy R&D and demonstration activities are currently less than 1/15th of
expected annual energy supply infrastructure investment each year to 2030 (IEA, 2008b, and IEA,
2009). Government action can induce R&D effort to correct R&D market failures.
Investments in renewable production in general and in Norway in particular, impact emissions via
the technology channel to the extent that they contribute to innovation and learning effects. But
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the relationship between investment in renewables on one hand and learning effects and
innovation on the other is uncertain, and the benefits in terms of technology development would
probably differ according to the technological competence and industrial basis of the country in
which the investments take place.
There is stronger evidence that tighter regulation may, in the longer term, accelerate innovation
and technological change. Several studies have linked the pace of patenting in the clean
technology and energy efficiency sectors to price and regulatory signals. There is also a sizeable
literature that demonstrates the learning effects of additional investment and estimates the “move
down the learning curve”. Although there are conceptual issues about the causality between
higher investment and costs, this literature suggests that additional RES investment may, over
time, increase the commercial viability of renewables, leading to their more widespread use and
reduced emissions. These effects are global, rather than national, and therefore depend on the
worldwide dissemination of renewable technologies.
Technology effects will only be felt in the long term. Over time Norwegian RES investment (and
the tighter cap it may have triggered) provides an increase in RES deployment and experience,
and supports the development and spread of RES knowledge. Increased experience provides
learning opportunities, which may lower the costs of RES investments and, given the scale of
planned investments, early reductions in costs can yield a significant pay-off. As the global
benefits of lowering costs are likely to be high, there is also a case for government directed
research and development (R&D). Evidence suggests that environmental technologies respond
well to both price and regulatory incentives as well as to direct R&D funding. A Norwegian
economy strong in RES knowledge early in the global RES investment program will be wellplaced to diffuse innovation when late-starting economies make efforts to meet their emissions
targets.
3.3.2

Learning effects

For many new technologies, decreases in unit production costs as the technologies mature have
been observed. These cost reductions are due to several factors, but one of the most important is
the learning, or experience, gained through production. This learning effect can be described in
the form of learning or experience curves. A learning curve states that a technology‟s costs will
decline as its production and utilisation, and thereby the experience of using it, grow. The learning
curve can be considered an empirical operationalisation without any thorough theoretical
foundation. The basic idea is that the more one engages in development of a technology, the
more opportunities exist to reduce costs and improve the product. Experience curves, were
introduced in the 1970s by Boston Consulting Group (BCG, 1973). The main argument for
introducing these curves is that learning-by-doing (LBD) does not only occur as an improvement
in labour productivity, but also in associated R&D, overhead, advertising and sales expenses.
These efficiency gains can yield cost reductions that can be characterised by a curve with the
same functional form as the learning curve.
A learning curve states an empirical connection between costs and accumulated production, but it
does not explain this connection. The mechanisms for learning-by-doing are numerous; for
instance, experience gained by individuals, improved functioning of organisations, and economies
of scale. It is important to keep in mind that an experience or learning curve shows a long term
development path, but it cannot predict when and how the costs will fall. It may still be a useful
tool when assessing the cost reductions necessary to make a technology commercially viable. It
has been noted that “the experience curve is a long range strategic rather than a short term
tactical concept. It represents the combined effects of a large number of factors (…) it cannot be
used reliably for operating controls or short term decision-making. But in the formulation of
competitive strategy, the experience curve is a powerful instrument, indeed.”11

11
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It has long been observed that experience provides opportunities for cost-reduction (BCG, 1970;
Dutton & Thomas, 1984; Argote & Epple, 1990). This observation is described by an „experience
rate‟, which is defined as the percentage reduction in costs associated with a doubling of output.
Experience rates are also known as learning rates in some of the literature. The occurrence of
experience rates in energy technology has been confirmed (IEA, 2000) and concerns over climate
change have motivated a focus on the experience rates of renewable technology (McDonald &
Schrattenholzer, 2001).
Renewable technology has exhibited experience rates that are at least as high as those for fossil
fuel technologies, as Figure 15 illustrates. Figure 15 also illustrates the convergence across
technologies of experience rates of 20 per cent; that is a 20 per cent cost reduction for a doubling
of output. Experience rates of 20 per cent have become a „rule-of-thumb‟ (Jamasb & Kohler,
2007).

learning rate (per cent reduction in cost per
doubling of output)

Figure 15:

Learning rates for renewables are on a par with those of fossil-fuel technologies
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However experience rates are susceptible to definitions of technology and experience and
experience rates vary as these definitions vary. If a technology is narrowly defined, for example
the cost of a wind turbine is just the turbine but not foundations and cabling or operation and
maintenance (O&M), then costs, narrowly defined, may change at a different rate to the total costs
of generating electricity.
The definition of experience is pertinent to the definition of a technology. The hypothesis of
experience curves is that experience provides opportunities to reduce costs; however not all
forms of experience provide opportunities for all components of a technology. An increase in the
number of installed solar panels does not necessarily provide an opportunity to reduce O&M costs
as the solar panels may not be used. The experience that matters for O&M costs is the increase
in mega-watt hours (MWh). So the relevant metric of experience is defined by the expansiveness
of the technology definition. The relevant experience is also important in determining the
broadness of the technology definition. If the requirement of a RES investment program is to
increase electricity output then it is the contributors to the levelised electricity cost (LEC) that are
important, and therefore the technology under consideration should include not just the physical
technology but installation and O&M as well.
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Neij et al. (2003) demonstrate the impact on experience rates of different definitions of technology
and experience. The experience rates of wind turbine manufacturers in Europe were between +11
and -17 per cent while the experience rate for the levelised production cost of electricity from wind
in Denmark was +17 per cent. These two statistics illustrate the issues of experience and
technology definition. The experience rates for manufacturers are lower than the experience rate
based on electricity produced, and indeed costs may increase for manufacturers, resulting in
negative experience rates. The falling experience rate as the technology definition expands from
just turbines to include installation and O&M costs, also shows that the costs of components does
not fall uniformly.
Experience rates face issues beyond those of technology and experience definition. The foremost
critique is that experience rates illustrate correlation rather than demonstrate causation; it is
possible that cost reductions lead to greater deployment of a technology rather than greater
deployment leading to a reduction in cost (Clarke et al. 2006). Furthermore, few studies have
taken into account the effect of changes in input price, the price of substitute goods and
economies of scale (Soderholm & Sundqvist, 2003). Nor have many studies considered the effect
of other cost-reduction activity, such as R&D. When the impact of R&D on cost reductions has
been assessed alongside experience rates, in so called „two factor‟ experience rates, then
experience rates tend to fall, but often not too significantly. For example Jamasb (2007) found that
experience rates would fall from 15.7 per cent to 13.1 per cent for onshore wind, with this
magnitude of reduction common across technologies, although solar thermal power experience
rates fell from 22.5 per cent to 2.2 per cent when the role of R&D was considered.
In addition to the uncertainty over whether experience rates explain costs or just identify a trend,
there is also doubt over whether policy has any impact on experience rates (Junginger et al.
2008). Studies, such as Neij et al. (2003) have attempted to quantify this and find no significant
relationship between policy action to increase experience and changes in experience rates.
The uncertainties surrounding experience rates may be great enough to discourage assuming
that policies to support experience in renewable energy technology will lead to declines in cost.
However, the literature acknowledges the need for market-pull support for emerging technologies
(Vivid Economics, 2010c) and the correlation between increases in experience and reductions in
cost is strong. Therefore a pragmatic conclusion may be that renewable energy technologies,
currently being some way from competing with fossil fuel technologies, need, in the face of market
failures, public support. Support in the form of increased capacity appears to help although the
exact mechanism by which innovation is driven is unclear. This suggests that multiple channels of
support are utilised, which may include research and development that can be directed through
policy, as discussed in section 4.3.
The size of the investment required to meet the European renewables directive means that any
reduction in costs achieved before the majority of investments are made would be of great benefit.
For instance the installed capacity of offshore wind in Europe is forecast to rise from 2 GW now to
40 GW by 2020 and 150 GW by 2030 (EWEA, 2009). Given that it can cost up to €4 million per
MW of offshore wind capacity (Carbon Trust, 2008) any investment that achieves even a small
reduction in costs is likely to yield a substantial return. Indeed such a reduction in cost may do
more than just save money. Access to sufficient capital has been identified as a significant barrier
to offshore wind investment (Green Investment Bank Commission, 2010); a reduction in costs
would ease the capital requirements and therefore may be instrumental in getting offshore wind
projects off the ground.
Overall the key messages of technology-based learning is that for technologies that are close to
commercialisation an increase in experience may reduce costs, sometimes substantially,
however, assessments of the magnitude of cost reduction should be considered critically and it
may not be possible to identify the cause of cost reductions; furthermore, it will be hard to attribute
reductions in cost to government policy. Despite these caveats there is a substantial prize for
lowering the costs of renewable energy technology, especially considering the size of the
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European renewable energy investment program and the envisaged role of renewables in
meeting the global 2C target.
3.3.3

Innovation and R&D

Reducing emissions does not just require a carbon price to correct an environmental externality. It
also requires policy to achieve optimal research and development (R&D) in the face of innovation
market failures. Innovation market failures are described as „spillovers‟ as the benefits of
innovation spill over to parties other than the inventor due to the public good nature of knowledge.
This means that innovators are not incentivised to generate new knowledge to the extent needed
by society, but just to the extent that they can benefit from their work. However this market failure
can be overcome through government intervention.
There is sufficient evidence to argue that there is currently too little R&D occurring in the energy
sector, especially given the magnitude of the general energy and specifically low carbon
investments that will take place in the coming decades. Around US$50 - 70 billion is currently
spent on energy sector R&D and demonstration activities per year (IEA, 2008b). The private
sector provides US$40 – 60 billion of this, which is just 0.5 per cent of revenue. Much of the
private sector R&D budget is concentrated in the oil and gas sector (Newell, forthcoming). The
magnitude of projected investment versus current R&D suggests there is an undersupply of
innovation. This is well established in the literature, with studies finding marginal social rates of
return to R&D of between 30 and 50 per cent against private rates of return of 7 to 15 per cent
(Popp, 2010). An obvious solution to a lack of private R&D is to increase public R&D budgets.
However governments may not be willing to devote scarce public resources to R&D, which may or
may not produce useful innovations. Furthermore, government R&D programs may not be able to
„pick winners‟ as well as the market due to the lack of a strong financial reward for success.
Fortunately there are ways in which governments can direct private sector R&D effort. There is
evidence to suggest that energy sector R&D activity responds to both higher energy prices and
environmental regulation.
Dechezleprêtre et al. (2008) and Johnstone et al. (2010) take patent activity to be a metric of R&D
activity. Climate related patent activity is compared across countries between 1978 and 2005.
There are two key findings. Firstly, patent activity follows the oil price until the 1990‟s when
countries facing environmental regulation increase patent activity; secondly, for major innovators
that do not face as stringent regulation, such as the US, patent activity continues to follow the oil
price. Figure 16 shows the decoupling of patent activity from the energy price as environmental
regulation is introduced in the 1990‟s.
UNEP (2010), in a major study of clean energy technology patents, finds that patenting rates in
the technologies considered have increased at around 20 per cent per year since 1997, when the
Kyoto protocol was signed. Further findings are that clean energy technology patenting rates have
been greater than the patenting rates of fossil fuel and nuclear energy, and that the countries
which lead clean energy technology patenting also tend to be the countries with the most stringent
environmental regulation.
Analysis of patent information can not only ascertain a link between energy price increases or
environmental regulation and increased energy R&D; the speed with which R&D activity changes
in response to price changes or regulation has also been assessed. Popp (2002) and Newell et al.
(1999) find that within 5 years of an energy price increase, most of the impact on patent activity
will have occurred; response to environmental regulation is even faster with Popp (2006) finding
an almost immediate response to clean air regulations in the U.S., Japan and Germany.
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The share of climate-related innovation in global innovation followed the oil price
until environmental regulation in the 1990’s increased activity

Source: Deche zle prêt re et al . 2008

These findings are important because they suggest that technological change is endogenous and
therefore can be directed. Recently, endogenous technological change has been incorporated
into climate-economy models (Kohler et al., 2006). This allows an assessment, albeit a model
based assessment, of the benefits of directing technological change. Work so far shows that low
carbon R&D policies reduce the costs of compliance, especially if those policies are adopted
early. The best results in terms of welfare occur when both carbon prices and R&D support are
implemented. However the extent to which R&D contributes is debated. For example Popp (2006)
finds that a carbon tax alone achieves 95 per cent of the welfare gains that a combination of a
carbon tax and R&D support policy achieve, while others, such as Schneider and Goulder (1997)
and Acemoglu et al. (2009) find greater benefits of R&D support. Models also found that delaying
R&D support can increase the total cost of a scenario, for instance Acemoglu et al. (2009) show
that a scenario where R&D support is delayed by 10 years suffers 6 per cent less consumption
than a „best-timed‟ policy (with a discount rate of 1 per cent).
It should be noted that the inclusion of endogenous technological change in climate-economy
models is relatively recent; however the findings so far that policy support is effective in increasing
the deployment and research of low carbon technology substantiates an important theoretical
hypothesis that there is a current „path dependence‟ on fossil fuels as they are cheaper to deploy
and research than low carbon technologies are. As a result profit driven actors will not switch until
renewables become competitive and therefore renewables are unlikely to have the support of
profit driven actors to make them competitive. A framework for analysing how investments could
spur innovation is the concept of innovation systems. The concept is used to analyse the network
of actors interacting in a technology under a particular institutional infrastructure and involved in
the generation, diffusion and utilisation of technology. An innovation system can be described by
its three main components: actors, institutions and their relationships. The quality of an innovation
system is dependent on the functions of the innovation system, which could include elements
such as


Entrepreneurial activity – are entrepreneurs present and active?



Knowledge creation – are there R&D activities?
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Knowledge diffusion through networks – to what extent is knowledge diffused through the
networks?



Guidance – to what extent are expectations and goals expressed?



Market formation – are there mechanisms to create market possibilities for new
technologies?



Resource formation – to what extent are human and financial resources mobilised?

The crucial question is then; would investments in renewable in Norway strengthen existing
innovation systems by enforcing such functions or processes? One could argue that most of the
functions described above could be strengthened by investments. But we can hardly argue that
this always will be the case. The effects on innovation would probably depend on the resource
base, the industrial environment and the competence in the research institutions at the outset.
Hence, in order to optimise the innovative effects of investments and increase the probability of
success (i.e. a significant positive effect), they should be channelled into technologies where
Norway already has a good position.
3.3.4

Diffusion of technology and green growth

Developed countries dominate renewable technology R&D, yet the developing world will drive
demand; diffusion could reward innovation and spur the growth of innovating countries.
The international production and flow of low carbon knowledge is currently concentrated in the
developed world. Dechezleprêtre et al. (2008) find that 95 per cent of global climate inventions
between 2000 and 2005 flowed either between or from OECD countries. However, it is the
developing world that will be the greatest consumer of low carbon technology. Therefore any
attempt to maximise the benefits of low carbon innovation must consider how knowledge can
diffuse across borders to reach the largest markets. In addition, it is not implausible that regulation
in low carbon countries will limit or tax the import of goods from high carbon economies. Therefore
countries ready with mitigation solutions will be carbon competitive exporters and also facilitators
of trade between high and low carbon economies through the sale of technology that reduces the
footprint of traded goods.
Evidence so far has shown that early movers in renewable energy technology have succeeded in
gaining a significant share of the global market (Pew Center, 2010), despite not necessarily
having any competitive advantage outside the ability to innovate. For example Germany, which
has employed substantial policies to support both solar and wind power, manufactured 5 per cent
and 19 per cent of 2009 global solar PV cell and wind turbine output respectively (GTM Research,
2010, &, REN 21, 2010), despite high labour costs and relatively low levels of sun and wind.
Germany however ranks 3rd and 2nd in solar PV and wind energy patents respectively (UNEP,
2010). It is likely that this innovation maintains the country‟s competitiveness in renewable energy
technology manufacture.
The speed with which renewable energy is taken up depends in part on the institutional structure
in the energy market. The general suspicion is that powerful incumbent firms may slow down or
even block the advent of “structurally disruptive” new technologies (Foxton et al., 2005; Foxon &
Pearson, 2007; Jacobson and Lauber 2006). However, Stenzel and Frenkel (2008) show how
different strategic approaches by incumbent utilities shape the uptake of renewables. They
highlight the proactive approach taken by Spanish utilities, which leads to a virtuous circle
between firms‟ capacity development and regulatory change and helped Spanish utilities to
become major players in the global market. This contrasts with the UK approach, where
incumbents treated renewable energy requirements as an issue of regulatory compliance.
Innovating countries may wish to go further than innovation and manufacture for export by
transferring knowledge to other countries. This can be motivated by the promise of revenue from
greater access to new markets, licensing or the utilisation of economies with lower manufacturing
costs, or due to obligations to transfer technology as part of global climate change agreements.
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The broad channels through which diffusion occurs are research collaborations, global trade,
foreign direct investment (FDI), licensing and international patenting. For the transfer of
knowledge through these channels to be effective, the country that is learning must also have an
adequate absorptive capacity.
Research collaboration is considered to have a limited ability to pass on technology specific
knowledge because the innovations transferred will not be demand led but rather more general
types of knowledge. Despite this, research collaborations may raise the absorptive capacity of an
economy, which will aid it to take advantage of more direct technology transfer. The effectiveness
of international trade in transferring knowledge depends on absorptive capacity as firms must be
able to discern the knowledge embedded in imported products. Transfer of knowledge via trade is
also significantly hampered by tariffs and import restrictions (Dechezleprêtre et al., 2009),
although tariffs on renewable energy technology are currently relatively low (Jha, 2009).
FDI is considered to be the largest and most effective form of diffusion (World Bank, 2010). FDI
involves not just the transfer of knowledge, as research collaboration does, or the transfer of
product, as global trade does, but provides both in addition to expertise on bringing the product to
market. FDI also overcomes the greatest perceived barriers to technology transfer, which are a
lack of financial resources and high investment costs (UNEP, 2010), as shown in Figure 17. FDI
also provides the opportunity for local firms to learn by doing and to expand their industry by
supplying components and offering servicing.
When FDI cannot be achieved, either due to government restrictions or a difficult investment
environment, licensing and international patenting often act as substitutes. These require local
firms to have capital and good absorptive capacity and as these are often lacking licensing and
patenting may not be as successful as FDI. Furthermore, innovators may be loath to share
information in countries with weak intellectual property rights for fear of theft. However evidence
on the impact of intellectual property rights on the transfer of knowledge is varied (Dechezleprêtre
et al., 2009).
Figure 17:

A UNFCCC survey of barriers to technology transfer to non-annex one parties found
that lack of capital was perceived as the greatest barrier, suggesting that FDI is the
most effective channel for technology transfer

Source: UNFCCC (200 6) in UNEP (201 0)

That FDI appears to be the strongest channel through which to transfer technology has
implications for Norway if it is to maximise the benefit of RES investment. Product innovation
provides access to global markets, especially if innovation occurs early within a market‟s
development. However, to maintain a presence in global markets, R&D is unlikely to be enough,
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knowledge must be transferred to key markets through the investments of Norwegian production
firms, which are supported by R&D.
There is a growing body of evidence that technology transfer to key markets is required if
renewable energy producers are to remain competitive (IEA, 2010). For instance, although the
causality is not certain, the World Bank (2010) shows that the top five wind firms tend to have
R&D centres in the countries that also have the greatest production facilities. The complexity of
managing both R&D and production efforts across global markets suggests that action in this area
should be undertaken by private firms that can better focus on market signals. This makes the
case for Norway to explore ways to direct technological change through energy prices or
regulation, rather than just invest in greater public R&D, as explored in Section 3.3.3, and to
support renewable energy supply deployment in Norway to allow Norwegian firms to gain an early
foothold in the growing renewable energy technology markets.
3.3.5

Prioritisation process for state support to clean technology in Norway

In a separate study done for the Ministry of Environment in 2009/2010, Econ Pöyry proposed a
strategy for state support to clean technology. A summary of the proposed strategy is given in
Figure 18. The report states:
“To ensure that decisions regarding prioritisation are made on a well-informed and independent
basis, it makes sense to develop a robust and transparent framework,(.....). It is important that the
framework which is established a priori is neutral, meaning that no technological areas are given
preference to start with, but that those technology areas with the best scores in relation to the
established criteria are prioritised ex post. For a sensible allocation of resources, the process
leading to a decision needs to include a large number of actors, while being as independent as
possible from specific technological solutions and special interests.“
Further details can be found in Econ Pöyry (2010).
Figure 18:

Prioritisation process for state support to clean technology
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3.3.6

Highlights

To sum-up:
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channels which could strengthen the impact of RES investment, as indicated in Figure 19
below.


There is evidence that increased investment in renewable energy yields powerful learning
and experience effects and can help to bring costs down, although there are definition
issues and the causality between higher investment volumes and cost reductions is not
always clear. The move down the learning curve is reinforced by additional R&D and
innovation, but the interplay between innovation and learning-by-doing is complex and not
fully understood.



Both innovation and investment can be accelerated through dedicated R&D policies that
go beyond simply putting a price on carbon. There is evidence that firms respond to policy
signals and anticipate tighter regulation in their investment and R&D decisions. The effect
of Norwegian RES on learning rates and innovation will therefore depend on the broader
technology policy framework.



Technology development requires scale and Norwegian RES investment alone is unlikely
to trigger significant cost savings. The development and dissemination of new
technologies is an international effort. However Norwegian RES investments can have a
multiplier effect, if public investment support is accompanied with R&D activities and
Foreign Direct Investments.

Figure 19:

The link between RES Investments, learning effects and innovation and future energy
markets and climate change politics

Source: THEMA Consulting Grou p
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3.4 Other Renewable Investments
So far we have concentrated the discussion on the effect of investments in renewable electricity in
Norway. Other renewable investments may also play a role, although it will not be completely
parallel to the effects of renewable electricity. We may distinguish between two types of
renewable investments other than electricity:
1. Renewable energy investments within the EU ETS, such as renewable heat (RES H). As
RES H is not traded in national or global market, there would not be a market price effect
of RES H in Norway corresponding to the effect of investment in RES E. RES H
generation would directly replace other sources of heat, either direct fossil fuelled heating
(outside the ETS) or electrical heating (inside the ETS). If RES H replaces electrical
heating, the effects in the power market would be similar to the effect of increased RES E
generation in Norway. If RES H replaces heating based on fossil fuels, e.g. oil heating,
short term emissions will be reduced corresponding to the replaced oil emissions, as
consumption is moved from a non-ETS sector to an ETS sector without affecting the cap.
2. Renewable energy investments outside the EU ETS, such as bioenergy in transportation,
would directly reduce emissions, since these emission are not capped.
Supporting renewable electricity generation particularly implies that electricity becomes cheaper
compared to other renewable energy sources, both directly via the market effect and indirectly via
the increased technology development efforts and learning. The general results and dynamics
described in the above sections do not depend on whether we assume that RES E is supported
separately, or whether there is a general support scheme for renewable energy. If other forms of
renewable energy are supported as well, it is however likely that the emission reductions are
higher.
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SCENARIOS

4.1 Aim of the scenarios
In order to analyse the transmission channels further, and to evaluate the relationship between
transmission channels across time and geographic dimension, we developed two scenarios: One
in which renewables contribute significantly to emission reductions (referred to as the Cascade
scenario), and one in which the impact of renewable investment on emissions is limited (referred
to as the Hidden Costs scenario).
The aim of the scenarios is not to make prognoses, nor do they reflect any assessment as to how
likely these outcomes are. The aim is rather to underline and emphasise the relationships
between transmission channels and which factors in composition may lead to a significant or
limited effect of emission reductions.
For example, CO2 price and emission volume effects of renewables in the power markets may
lead to lower caps in the following trading period. Hence, the primary effect on investments is to
postpone investments in conventional generation capacity. The secondary effect is how market
participants‟ expectations are changed. If investors anticipate a tighter cap in the future, and if the
regulator is in fact reactive in setting the cap, the short and medium term effect on investments
may be substantial. This, in turn, may then also lead to adjustments in technology investments in
the long run. If on the other hand, market participants expect lower CO2 prices in the future, the
secondary effect may be a relative increase in investments in coal power generation.
Understanding these relationships and understanding the combination of factors necessary to
achieve emission reductions is essential in understanding the effect of renewables on emissions.
Also, we do not follow the conventional scenario approach in which one identifies two major
uncertainties (“two-axis approach”) along which one distinguishes the scenarios. The reason for
this is that the uncertainties are so manifold and equally important that it would be
counterproductive to emphasise only two uncertainties.
The analysis focuses on likely developments to 2030 and 2050, but in all cases aiming at the long
term target of keeping global warming below 2˚C. Thus, we do not distinguish the scenarios by
how much carbon emissions are reduced in the long run, but by which role renewables play in
meeting this long term reduction, and by the trajectory towards the 2˚C target.
Figure 20 illustrates how the IEA estimates the role of renewables in achieving the carbon
emission reductions. It can be seen that the IEA foresees a significant role of renewables in
meeting the 2˚C target. In general, the abatements can be distinguished by three types:
1. Conservation: Increased efficiency
2. Conversion: Increased use of renewables and other carbon neutral sources in the energy
mix
3. Capture: Carbon capture and storage
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Carbon emission reductions by source according to IEA

Source: W orld Energy Outlo ok 2009

4.2 Scenario description and assessment
Table 6 gives an overview over the main drivers and uncertainties that influence the effect of
renewables investments on CO2 emissions, grouped by transmission channel.
The scenarios cannot simply be constructed by grouping the positive elements in one scenario
and the negative elements in the other, it is essential to group uncertainties in a consistent
manner. For example, intensified R&D activity is only likely if market players expect renewables to
play a larger role in the future, and if the EU pursues a credible climate policy.
As there are many factors playing a role in how renewable investments impact carbon emissions,
neither the scenarios nor what is covered in the scenarios is exhaustive. But they reflect the main
factors that in combination may determine the impact of renewable investments on carbon
emissions.

Page 58

THEMA Consulting Group
Øvre Vollgate 6, 0158 Oslo
www.t-cg.no

Report 2011-2

Table 6:

Renewables and Emissions: The Effect of Norwegian Renewable Investments on Carbon Emissions

Selection of main drivers and uncertainties

Market

Policy



Price expectations: what fuel
prices, power prices, and CO2
prices do agents expect in the
future?



Regulation
expectations:
carbon regime is expected?



Carbon leakage and leakage
sensitivity: How strongly do industry
and other demand react to changes
in power and CO2 prices?



Demand/Conversion: What is the
potential for conversion to electricity
from other sources?





what

Infrastructure: What will happen in
terms of new transmission cables?



Abatement costs: How much do
carbon prices react to renewable
investments, i.e. how steep is the
abatement cost curve?



Future
of
markets:
What
implications have the renewable
commitments for how markets will
work in the future? Will there be
capacity markets?



Future of ETS and ETS rules:
Will the ETS continue in the
long run, and if so, what rules
will apply and which sectors
will be included? Will CDM be
included
Caps
and
adjustment
mechanisms: Will there be
transparent rules for how caps
are adjusted in the following
trade periods? Is the system
credible?



Global regulation: Will a global
carbon regime come into
place? What will it look like?



RES
policies
and
RES
support: What will be the
support for RES? Will there be
market mechanisms (Green
certificate), feed-in tariffs, or
other
forms
of
volume
obligations?



What is the level of public
acceptance for the RES and
carbon regime?

Technology


Steepness of learning curve:
how steep is the learning
curve?



Innovation in non-RES but
carbon neutral or carbon
negative technologies: Will
CCS or some other form of
carbon neutral generation be
available in the medium to
long term?



R&D intensity: How will R&D
intensity in renewable or
carbon neutral technologies
develop over time?



Technology transfer: Will there
be technology transfer to
emerging markets or other
markets? Can Norway export
its hydro knowledge? How will
foreign direct investments
(FDI) develop?



Global abatement costs: How
will the global abatement cost
curve develop over time?

Based on the scenarios we will discuss the local Norwegian, the European, and the global
emissions reduction effects of renewable investments in Norway.
4.2.1

The Cascade Scenario

The Cascade scenario is constructed to identify the characteristics of a scenario where the
combined responses and framework conditions amplify the effects of Norwegian renewable
investments on carbon emissions. A summary of the mechanisms is given in Table 7. The effects
for carbon emissions are summarised in Table 8.
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Transmission Channels and Framework Conditions in the Cascade Scenario

Renewables
effect

Market

Policy &
Regulation

Technology

MediumTerm

Long-term

Still lower power
price Norway
Lower CO2 price
Market players with
foresight; investment
adjustments

Conversion
RES become
viable

fixed

Efficient and
transparent cap
regulation

No subsidies
required
Easier to set cap

fixed

increased R&D
activity
Steep learning
curve

Export of
knowledge
around RES

Short-term
Large power price
effect Norway
Substitution abroad
Limited CO2 price
effect due to banking

Source: THEMA Consulting Grou p

What happens in the short term (2010-2020)
Renewable investments in Norway add to the power balance. This has two main effects: First,
power prices in Norway decrease; second, the surplus energy is exported to surrounding
countries, leading to a substitution of generation abroad. The substitution within Norway is limited
to dry years. The main reaction in the market is to increase banking, as market participants
anticipate that reduced demand for allowances in this period will lead to a tightening of future
caps. Hence, carbon prices only fall slightly, and a fair amount of coal power generation is
replaced by the imports from Norway. 12
As carbon prices are only slightly adjusted, the reverse carbon leakage effect is small in the
European markets. EU ETS emissions are reduced in the short term due to increased banking,
and the imports of CERs are not affected as it is still profitable to use CERs for compliance. (The
demand for CERs may fall if the market expects import limits to be tightened in the long term as
well.)
Infrastructure costs related to renewable generation are fairly low, and both investments in
renewables and the necessary grid developments in Norway are financed by either lump-sum
taxes or by imposing a tariff on inflexible demand. The effect for end-user prices is that the enduser prices for flexible demand are decreasing.
The end-user price effect means that there is a reverse leakage effect in the Nordic market
(Norway, Sweden and Finland). This means that direct industry emissions in the Nordic area,
including Norway, increase. As most of the reversed leakage reduces emissions in non-EU
countries, global emissions fall by at least as much. As Nordic power intensive industries are not
(in this scenario) receiving compensation for indirect carbon costs, the reverse leakage effect may
be substantial. Furthermore, the reduced end-user prices foster demand conversion from emitting
energy sources to electricity in Norway, Sweden and Finland, and to a lesser degree in Denmark
(e.g. el-transport, electric boilers).

12

Alternatively, policies react immediately by moving from 20% to 30% reduction on 2005. Then the effect will be even
stronger as banking is not increased, hence fewer allowances are available in the medium term (next trading period).
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What happens in the medium term (2020-2030)
The EU maintains the EU-ETS, and tightens the cap. Transparent and efficient rules on cap
adjustments lead to an efficient cap reduction as a result of the extra renewable investments in
Norway. As market players have anticipated the tighter caps, investments are adjusted
accordingly and R&D activity related to renewables is increased. The adjustments in investment
decisions and R&D activity occur both within Norway and in Europe. In Norway, the support to
renewables is combined with R&D support to “Norwegian” renewable technologies such as
offshore wind and hydro power, i.e. technology areas where Norway has a competitive
advantage.
The power prices in Norway are still somewhat lower than what they would have been otherwise,
as not all additional surplus is off-set by additional demand. Also the carbon prices in the following
period are somewhat lower than it would have been otherwise, while the cap is tighter. All short
term effects therefore are also apparent in the medium term.
We assume that the learning curve for renewables is steep. Thus the increased activity and R&D
in renewables as a result of the previous renewable investments bring down the costs for
renewables.
What happens in the long term
The steep learning curve and the increased R&D in renewables make renewables viable without
subsidies. This gives a real boost to conversion from other energy carriers to electricity, as the
renewables do not have to be financed by additional subsidies any longer. Prices in Europe are
reduced and renewable electricity proves crucial in reaching climate goals.
Renewables subsidies in Norway, coupled with R&D support and spurring innovation activity in
firms, lead to a dawn of knowledge in renewable energy sources in Norway. This allows Norway
to increasingly diffuse its knowledge about renewable technologies through direct investments
(FDI) other countries, in particular developing countries. This leads to carbon emission reductions
abroad.
Overall the costs associated with European climate policies fall. This may in turn strengthen the
European efforts and commitments in the global climate negotiations. Reduced costs of
renewable technologies coupled with diffusion of renewable technology through FDI in developing
countries may also sway developing (and other industrial) countries into accepting emission
reduction commitments more easily.
In the short term global (non-European) emissions are reduced due to reverse carbon leakage.
Longer term, as noted above, reduced costs of renewable technologies and a more potent
European energy policy regime, increases the probability of a global carbon regime and reduces
the cost of deploying larger shares of renewable energy.
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Table 8:

Renewables and Emissions: The Effect of Norwegian Renewable Investments on Carbon Emissions

Summary of effects in the Cascade scenario

Short term
Norway

Europe

World

Total

4.2.2

Medium Term



Reduction as result from
energy conversion



Reverse leakage may
increase local emissions



Some gas replacement
in dry years



Decrease in the Nordic
and European power
sector



Decrease
banking



Decrease due to reverse
leakage



due

Emission
reductions

Long Term



Same as in short-term; in
addition, lower carbon
prices support effects



Renewables
also
become
commercially available in Norway
and lead to emission reductions
as they allow energy conversion
to electricity



Lower
carbon
reduce leakage

prices



Since
renewables
are
commercially viable, decrease in
emissions by market forces



Decrease due to reverse
leakage



FDI and investments abroad lead
to emissions reductions



Steep learning curve makes
renewables
cost
effective
internationally



Likelihood of global
regime increases

to



Emissions
reductions



carbon

Emissions reductions

The Hidden Costs scenario

In this more “negative” scenario, renewables do not live up to their promise, and the effect of
Norwegian (and other) renewables peters out over time. High costs of renewables in Norway do
not lead to a decrease in end-user prices. This prevents significant energy conversion, and
migration of industry is not reversed. This means that power exports from Norway increase more
than in the Cascade scenario. The carbon price effect is substantial. Hence, the competitiveness
of coal power generation increases in the short term. The market expects policies to stay lenient
and does not internalise future cap cuts. Banking is reduced and emissions increase in the short
term. Gas power is marginalised and some coal power investments are realised. In the long term,
other technologies, such as CCS and nuclear, contribute most to the de-carbonisation of the
economy.
What happens in the short term
The isolated wholesale power price effect in Norway of additional renewables in Norway is similar
to the one in the Cascade scenario. However, the renewable infrastructure turns out to be much
more expensive than expected, as the Norwegian TSO has had to build mostly underground
cables to accommodate new renewable generation, due to large public protests. The same
protests also lead to the political decision that all demand groups have to finance the renewable
investments and the infrastructure. As a consequence, end-user prices in Norway do not
decrease, but are rather unaffected, which prevents reverse carbon leakage and increased
energy conversion.
Norway thus exports a substantial amount of electricity, and, due to the demand “decrease”, the
export is larger than in the Cascade scenario. As in the Cascade scenario the exports displace
thermal generation in continental markets, the CO2 price falls and the competitiveness of coal
power generation increases relative to gas. Gas power generation is to a large extent
marginalised and mostly used for peak shaving.
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As market participants see the fall in CO2 prices as a sign that carbon policies are weak and the
EU ETS does not work, banking is reduced and short term EU ETS emissions increase. However,
there is a significant electricity price and conversion effect, but if conversion mainly implies that
renewable or non-emitting transportation fuels are substituted for electricity, the emission
reduction effect in the non-ETS sectors is small. As indirect carbon costs for industries at risk of
carbon leakage are anyway compensated, the main effect is to reduce indirect carbon costs and
thus the necessary compensation, and not to reverse carbon leakage. Thus, the effects via the
carbon market are limited. Imports of international credits are likely to be reduced as well, as
EUAs are cheaper and future carbon prices are expected to be low.
As end-user prices in Norway are not much affected, there is no significant effect on CO2
emissions in Norway. As wholesale prices are reduced, however, gas power generation becomes
less attractive, even though carbon prices fall. The negative effect on the Nordic wholesale price
is larger than the fall due to the lower EUA price. Swedish and Finnish power intensive industries
benefit more from the electricity price effect, hence some reverse leakage effects may accrue
there (due to the wholesale price effect).
Table 9:

Transmission Channels and Framework Conditions in the Hidden Costs Scenario

Renewables
effect

Short-term

MediumTerm

Long-term

Market

Large substitution
effect abroad
Lower CO2 prices;
increased export from
Norway
Higher end-user
prices for power in
Norway:No demand
converson

Uncertianty
among market
players; lower
CO2 price in
previous period
lead to coal
investments

Other technologies
dominate decarbonization
efforts

fixed

Intransparent cap
policy
Caps too lenient
Uncertainty

Cost of carbon
policy increases
Urgency leads to
high cost of decarbonization

fixed

flat learniing curve
Excitement about
RES R&D muted

Other
technololgies than
those promoted
originally (e.g.
CCS, 3rd
generation bio)
dominate

Policy &
Regulation

Technology
Source: THEMA Consulting Grou p

What happens in the medium term
The negative scenario assumes that carbon policies are indeed weak, as anticipated by the
market. Hence, the market will favour coal for gas in power generation, and some coal power
investments will be profitable within a continued lenient cap. Such investments increase the cost
of carbon policies and emission reductions in the medium and long run. The reduction in carbon
prices mutes the excitement about additional R&D activity in renewables. Also in Norway, after
observing the cost explosion, industry and institutions are rather sobered regarding renewable
investments.
The learning curve for those renewables invested previously turns out to be relatively flat, and
there is no major break-through that would make renewables viable without subsidies.
As in the Cascade scenario, the EU maintains the EU-ETS, but caps continue to be too lenient,
and climate policies generally largely impotent.
Otherwise, market effects are still similar to those in the short run, both in Norway and Europe.
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What happens in the long term (2030-2050)
If we assume that the world eventually realises that powerful policies must be put in place in order
to mitigate global warming, there will be a sense of urgency overcoming politicians and markets
after 2030. But the energy sector will be in a less favourable position in order to cut emissions:
Renewables are more expensive, there is more coal power generation in the system and less
abatement measures have been realised. It is likely that renewables will play a lesser role in
meeting the global 2050 target, and that the solution will require a stronger emphasis on other
technologies, such as CCS and nuclear. The overall costs are likely to be higher, and tougher
energy efficiency efforts will be required as carbon prices are higher. While the power market is
still central as it is in the Cascade scenario, renewables within the power sector are rather
marginalised.
Those renewable technologies that do play a role (for example, second and third generation bio)
are different from the ones supported originally in Norway (e.g. wind, hydro)
Table 10:

Summary of effects in the Hidden Costs scenario

Short term
Norway

Europe

World

Total



Stable end-user prices
prevents
energy
conversion



Some gas power in dry
years is replaced, thus
lower wholesale prices
decrease average gas
generation



Overall slight decrease



Reduced banking lead to
increase



Limited effect via carbon
channel otherwise due
to
carbon
cost
compensation



Decrease
in
credit
imports lead to increase



No reductions; at
worst increase

Medium Term


Similar to short-run



Similar to short-run



increased coal generation
may imply increase if cap
is adjusted sub-optimally



Same as short-run



No reduction,
worst increase

at

Long Term


Renewables are not viable; other
technologies contribute mostly to
de-carbonisation



RES originally
marginalised



Renewables are not viable; other
technologies contribute mostly to
de-carbonisation



Renewables are not viable; other
technologies contribute mostly to
de-carbonisation



supported

are

No reduction; increased
costs
of
emission
reductions

Source: THEMA Consulting Grou p

4.3 What can we tell?
The scenarios explore the many uncertainties surrounding the effects of Norwegian renewable
investments. Both scenarios are relatively extreme, with the Cascade scenario describing a world
where additional investments in Norwegian renewables have a significant emissions reduction
effect, and the Hidden cost scenario a world in which the effort is largely futile and may be
counterproductive, i.e. lead to increased emissions in the short term and increased costs in the
long term. As usual, the outcome will probably turn out to be somewhere in-between. In this
section we present our current “best guess scenario”.
We discuss the likely impacts of a significant (not marginal) increase in renewable electricity
generation in Norway, e.g. 10 TWh.
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Short term implications (2010-2020)

What happens in Norway?
Investments in renewable energy are financed via the green certificate market, i.e. by giving endusers an obligation to buy green certificates. The power intensive industry is exempt from the
green certificate obligation.
The increase in renewable electricity generation deems it necessary to invest in infrastructure,
potentially increasing grid tariffs. However, increased bottleneck revenues on interconnectors
more than compensate the increase in grid costs.
The wholesale electricity price in Norway (and Sweden and Finland) is reduced, directly due to
increased power surplus and indirectly due to reduced EUA price.
In total, end-user prices are reduced. The reduction is largest for power-intensive industries
because they are not obliged to buy green certificates. (Even if the power intensive industry is
compensated for the CO2 cost in power prices, the “CO2-free power price” will be reduced and so
will the grid tariff.)
All in all, electricity demand in Norway increases.
There is some supply side substitution in Norway as gas power generation in existing gas power
plant is displaced.
Reduced wholesale prices induce conversion from other fossil fueled energy use to electricity,
including transportation and electrification of offshore installations.
Electricity consumption in the power intensive industry is sustained as industry production is
largely maintained. If there is any effect on power consumption in the power intensive industry, it
is positive. If carbon leakage compensation is provided, the reverse effect on carbon leakage in
industry is probably negligible. If carbon leakage compensation is not provided, the reverse
carbon leakage effect may be significant.
Emissions in Norway are likely to be reduced:


increased conversion and electrification reduce emissions



reversed carbon leakage (in industry) may increase direct emissions (depends on the
strength of carbon leakage)



reduced gas power generation reduce emissions

What happens in Europe?
The main short term impact in the European market is the increase in the electricity imported from
Norway (in addition, reduced demand for allowances in Norway – due to increased offshore
electrification and reduced gas power generation – contribute to the reduction in the EUA price).
Power prices in Europe are by and large not directly affected by Norwegian imports because
thermal generation adjusts to the increased imports. There is however an indirect effect via the
reduced demand for allowances which induces a reduction in the EUA price.
The exception is Sweden and Finland, and perhaps to a smaller extent Denmark, as increased
Norwegian renewables investments reduce power prices in the common Nordic market with
Sweden and Finland, too.
Imports from Norway displace marginal thermal capacity in Europe. In the Nordic market, coal
power generation, mainly in Finland, is likely to be displaced. With a given cap, the export of
renewables will to a large extent displace gas power generation in the rest of Europe. The higher
the exports the larger is the effect. (The primary effect is displacement of thermal capacity. The
secondary effect is fuel switching from gas to coal in the remaining thermal generation.)
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The reduced power price (due to lower EUA price) reduces abatements (somewhat) in other ETS
sectors, reverses carbon leakage and stimulates conversion from non-ETS to ETS products. With
no carbon leakage compensation in Sweden and Finland, the reversed carbon leakage effect
could be substantial.
The demand for allowances and the EUA price are reduced. How much the price is reduced
depends on the slope of the abatement cost curve. We believe that increased renewables will
have a small, but significant negative impact on the EUA price based on earlier model results
(reference to Eurelectric report). The use of CERs for compliance is not affected, but banking of
EUAs increase.
The effect on banking depends on the market participants‟ expectations about future prices. The
effect on banking is stronger if the market participants do not expect that the future price (or
abatement costs) is affected by the price/emission today. All in all we believe that reduced
demand for allowances in the 2013-2020 trading period will increase banking of EUAs.
Since banking increases, the emissions in the ETS are reduced. Reduced power price means
increased conversion and reversed carbon leakage. Hence, emissions outside the ETS are
reduced as well. If we assume that there is an implicit cap on total European emissions, this may
means reduced imports of CER and ERUs to non-ETS.
What happens in the rest of the world?
Reversed carbon leakage means that emissions in the rest of the world are reduced. A possible
mitigating effect may be a reduction in power prices, but a) power generation based on coal is not
necessarily much reduced in Europe and b) the global supply curve for coal is probably quite flat.
A significant effect on gas prices would make gas power more competitive, reduce global
emissions and reduce the EUA price even more.
Reduced CER demand from non-ETS sectors may induce a lower CER price which may impact
global CER supply, but we believe this effect is small in the short term.
4.3.2

Medium term implications (2020-2035)

European policy response
In the short term, i.e. from 2012 to 2020, it is possible that a lower EUA price increases the
probability that the EU will tighten the cap between 2013 and 2020, cf. proponents of such a move
arguing on the basis of the level of the current EUA price. It is however a long stretch to argue
that the investments in renewable electricity in Norway will be the trigger for such a move.
If we assume that the cap is not tightened in the third trading period, the situation in 2020 will be
that baseline emissions are lower – since there is more renewable generation in the system – and
that a larger amount of banked allowances are available than otherwise.


If the emissions trading scheme and other climate policies are carried forward as today
(emissions trading in Europe, no global climate agreement, etc.): It will be cheaper to
tighten the cap, and we get lower emissions in the EU. Alternatively – if the future cap is
not affected – the EUA price is lower and carbon leakage a lesser problem. In that case
we get the same emissions in the EU and lower global emissions.



If a global climate agreement is reached: The EU is in a better position to commit to and
fulfil stricter requirements, and it will be cheaper to reach targets.



If the EU terminates emissions trading because the rest of the world does not follow suit:
Then renewables constitute a larger share of the power generation park, and emissions
from the power sector are lower.

Power market response in Norway and Europe
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Increased imports from Norway displace thermal generation in Norway and Europe in the long
term as well as the short term. The need for investments in new conventional generation capacity
is postponed, i.e. there will be a weaker incentive for investments in new thermal power
generation generally.
Reduced carbon prices improve the competitiveness of new coal power plant compared to new
gas power plant. Investment decisions will however mainly be based on expected future prices
and costs. Investments in new coal generation in the short term will have an impact on emissions
from power generation in the long term. So, to the extent to which new investments are carried
out, a relevant question is whether the reduction in EUA prices will induce relatively more
investments in coal power capacity:


If generators believe that a lower EUA price today means a lower future EUA price (more
renewable capacity and increased banking), investments in new coal power capacity
appears more attractive.



If generators believe that a lower EUA price today means a stricter cap or climate policies
in the future (unchanged or higher EUA price), this effect is not realised.

We believe that what is crucial for investment decisions in new power generation capacity today is
the uncertainty about future framework conditions, and the threat of stricter carbon regulations.
Hence, the generators will postpone investments (real option value) and have a propensity to
invest in gas power generation, if in thermal capacity at all. (In addition to being less carbon
intensive than coal, gas power is less capital intensive and more flexible in operation, both
characteristics that are attractive in a market with high uncertainty and a large share of
intermittent renewable generation.)
The main effect on investments is to postpone investments in thermal capacity. Hence, such an
investment decision can be made at a later stage when information about climate policies and
regulatory framework conditions are improved.
Carbon market effects
What happens with the medium term carbon price (if we still have an emissions trading market)
depends on the policy response. It is likely that the cap is tightened, but the long term allowance
price may still be somewhat lower than it would be without subsidies for renewable electricity (cf.
the discussion on the optimal cap). If politicians attempt to steer the EUA price towards a
predetermined level, investments in renewable generation in Norway imply a tighter cap even in
the medium term perspective.
If the longer term allowance price is not (significantly) affected by renewable generation in Norway
(or elsewhere), and neither has an impact on the prospects of reaching a global climate
agreement, the main effect on carbon leakage will materialise in Norway, Sweden and Finland.
This result requires that the electricity price surplus in the Nordic market area remains, that
carbon leakage compensation is not granted (or is imperfect) and that carbon leakage would
otherwise be significant. If a global climate agreement is reached or emissions trading
abandoned, carbon leakage will not be an issue.
Emissions in Norway, Europe and the rest of the world
Emissions in Europe are reduced since the emissions cap is tightened. Emissions in Norway may
increase if there is a significant reverse carbon leakage effect (direct emissions from industry).
However, this possible increase will be counteracted by the postponed need for new gas power
generation and continued increased incentives for conversion and electrification. Reversed
carbon leakage implies that emissions in the rest of the world are reduced (at least) as much.
Technology development
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Increased support to renewable generation increases the expectation that renewable generation
will play a significant role in the future carbon-free energy sector. As investments in conventional
capacity become more risky and less necessary in the short term, firms turn their attention to
renewables. Increased generation and attractive support schemes in Norway as well as the rest of
Europe imply increased learning and experience with renewable generation, both when it comes
to operation and system characteristics, and the costs come down. Norwegian investments may
play a positive role especially when it comes to offshore wind power and small-scale hydro. The
cost reduction effects may reinforce the political acceptance as the cost of climate policies is
reduced. Although it is difficult to predict technological progress and “pick the winners” a priori, we
believe it is well documented that balanced technology development efforts (R&D and innovation
activities) coupled with actual generation experience, increases the likelihood of success.
4.3.3

Long term implications (2030-2050)

In the long term we assume that the 2 degree target must be met. Hence, the difference between
different scenarios (increased RES in Norway, positive or negative dynamics) is linked to the role
of renewables as part of the long term solution and the cost of reaching the target.
The long-term implications on emissions and the cost of emissions reduction depends on the
scenario as well. In the positive scenario where investments in renewable generation contribute to
short and medium term emission reductions and reduced costs for renewable energy in the longer
term, the cost of reaching long term climate policy targets will be lower because the abatement
costs are lower and because the concentration of green-house gases will be lower due to the
support to renewable energy in Norway today.
Even in a future where it turns out that other technologies or solutions are preferred in the long
term low-carbon society, the short to medium effect on the concentration of green-house gases in
the atmosphere would be beneficial. In such a scenario, renewable energy sources would
primarily play a role as transitory technologies on the road to the future low-carbon energy
system.
4.3.4

Concluding remarks on emission reductions

In the short term global emissions are reduced because of reversed carbon leakage and
electrification, and increased banking of allowances. European emissions are reduced as well. In
Norway emissions from gas power generation and non-ETS sectors are reduced. Direct
emissions from industry might increase due to reverse carbon leakage, but this effect is reduced if
carbon cost compensation is implemented.
Emissions are reduced further in the medium term via the same channels. The reason is that
climate policies in Europe will be tighter because baseline emissions are reduced and banked
allowances increase.
In the medium and long term the effects are amplified by the increase in R&D activity and the
likely acceleration of cost reductions for renewable generation.
Conclusion in short: It is very likely that increased investments in renewable energy in Norway
both postpone and reduce emissions in Norway, in Europe and globally.

4.4 What have we learned?
The future is uncertain, and we cannot tell today what potential future will manifest. Furthermore,
the above scenarios only span a small part of the potential futures.
What can we learn from the scenarios?
The scenarios are not meant to predict, but to underline the importance of certain framework
conditions that support the effect of renewable generation investments on carbon emission
reductions.
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Overall, we can make the following main observations:


The effect of increased renewable generation in Norway depends on the responses in the
market, in policies and regulations, and in technology development. Norwegian renewable
support can have a significant positive effect on emissions reductions.



Credible long term carbon policies and market participants‟ expectations are crucial for the
outcome. An efficient and transparent regulation that administers the rules of the EU ETS
is important. Caps in subsequent period have to adjust price and volume changes (in, for
example, power markets) in a somewhat foreseeable way. Only this ensures that market
participants can also make the necessary adjustments for their investments and
generation portfolio. This would also prevent that long term abatement investments are
postponed due to lower current CO2 prices. A foreseeable carbon tax instead of a cap and
trade system may be a way to circumvent these difficulties.



The outcome depends on the combination of regulations imposed: How fast a global
carbon regime can be implemented, what kind of global carbon regime is implemented,
the scope of emissions trading in Europe, direct regulations regarding carbon leakage,
energy conversion and energy efficiency, etc.



Provided that energy conversion to electricity shall contribute to carbon emission
reductions (without enforcing this by law or regulation), it is important the new renewables
do not lead to an increase in end-user prices and prevent such conversion. Therefore,
renewables should be financed by imposing tariffs and subsidy contributions on inflexible
demand, or be financing via a lump-sum tax.



Technology plays an important role in how renewables impact carbon emissions. Which
technologies will prevail cannot be said today, but renewable energy is will play a
significant role in the foreseeable future. Whatever technological solution is the winner it is
important that policy makers foster innovation in markets by creating an efficient market
framework. One element of an efficient framework is that there is no a priori sanction or
exclusion for certain technologies.
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