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Background
Sweden and Norway have had a joint market for electricity certificates (elcertificates) since January 1st, 2012. This common market is based
on the Swedish electricity certificate system, which has existed since 2003. The elcertificate market is a marked based support scheme. The
target for the scheme has been to increase renewable energy production by a total of 28.4 TWh in the two countries combined from 2012 to
the end of 2020, and thus contribute to the countries' targets in relation to the EU Renewable Energy Directive. The common electricity
certificate market is an example of a so-called collaboration mechanism under the EU Renewable Energy Directive.

The theory underlying the elcertificate market is that with falling power prices, elcertificate prices should rise to provide sufficient revenues to
allow wind to be built, i.e. covering the marginal Levelized Cost of Energy (LCOE) range of wind power. That however, has not happened.
Instead, elcertificateprices have been lower and more volatile than expected and have followed the downward movement in the power market.
The reasons have been the falling cost of wind power and the large surplus of elcertificates in the market.

In trust of the functioning of this system many invested early in Swedish wind (mainly local utilities, private investors and farmers rather than
financial investors like today). These pioneer investors are the ones hit the most by the current low elcertificate prices.

In June 2017 Norway and Sweden signed an agreement allowing Sweden to unilaterally extend the elcertificate market with ten years and
increasedthe investment target by 18 TWh to 46.4 TWh. The agreement between the two countries also states that Sweden must implement
a mechanism to end the market, a so-calledstop rule. The design of the stop rule must be in place by the end of 2020.To give the elcertificates
back their initial purpose of making up the difference between the power price and the cost of wind power and thus to stabilize the cash flows
of renewable power projects, it is important that the lawmakersdesign a stop rule that secures market stability and ensures trust to the market.

The Swedish government has instructedtheir regulator the Swedish Energy Agency to analyseand propose a stop mechanism. The regulator
has been commissioned to analyse diverse options, including a volume based stop mechanism, and its advantages and disadvantages
compared to the introduction of a date based deadline. Consequences for the market and the different market participants should be part of
the analysis.

Both the Swedish Energy Agency and the Norwegian Water Resources and Energy Directorate has asked the market participants to present
their views on the design of a stop mechanism. THEMA Consulting Group has thus initiated a multiclient study to investigate the effects of
different stop mechanism. Participants in the study has been OBOS Energi AS, Nord-Trøndelag Elektrisitetsverk AS, TrønderEnergiAS, KGAL
Investment Management GmbH &Co. KG and Aquila Capital.

The analysis presented in this memo is based on THEMAs inhouse developed elcertificate model including our wind database with more than
400 wind projects spread across Norway and Sweden modelled bottom up. A description of the framework used can be found in the appendix.
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What has been studied?
THEMA has studied three different ways of ending the elcertificate market, and included some comments on the effects of a future market
extension withan increased target. The analysed options are presented in Figure 1.

Figure 1Analysedstop mechanisms

Volume stop

A volume stop can be implemented so that no more projects are awarded elcertificates as soon as projects with a normal year production of
46.4 TWh are online. The stop rule can take effect any time between 2020 and 2046, but with significant volumes already committed or being
built and a large volume in the pipeline the target is expected to be met prior to 2030.

Date stop

A date stop can be implemented in the same way as is currently done in Norway, where all projects coming online by the end of 2021 are
awarded elcertificates. As the new target for Sweden is to be reached in 2030 we have set the stop date to 31/12-2030 in the analysis.

Combined volume and date stop

A combination of a volume and date stop has been introduced by the regulator as a possible design of the stop mechanism. Thecombination
is designed so that when certain volume is met, investor get a pre-specified time to complete investments. In our analysis we have assumed
the volume to be 44 TWh and players investing one or alternatively two years after this volume is met are awarded elcertificates.

Market extension with increased target

Sweden might opt for extending the elcertificate market and increase the target again. The reasoning for doing so might be that some sort of
support system is needed for the country to reach their target of being 100% renewable by 2040. Sweden has a history of extending the
elcertificate market and increase the target. We have therefore also briefly discussed a market extension general terms without assuming a
specific length of the extension or a specificvolume increase.
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Volume stop
There are largevolumes coming online towards 2021 when the market is closed for investmentsin Norway. Most of these projects are already
in the construction phase or an investment decision has been made. We assume that further projects are invested in as soon as they have a
positive NPVvaluated on the power price alone. When applying this assumption, the volume target of 46.4 TWh is likely to be met in 2026, 4
years ahead of the target date set by the Swedish government. The expected investment profile can be seen in in Figure 2.

Figure 2 Investment profilewith a volume stop

In our modelling approach elcertificate prices will stay positive if there exist a probability of a future scarcity of elcertificates, i.e. that

P(banked elcertificates + produced elcer tificate s in ye ar x de m a nd fo r elcer tificate in ye ar x) > 0

When applying this approach, it is not necessarily a problem that the target is met before 2030 if we apply a volume stop. The reason is that
we might have a probability of scarcity in the future even when the target is met, resulting in a positive elcertificate prices.

As can be seen in the middle part of Figure 3 we will, given the investment path show in Figure 2, have a small probability of scarcity around
2020 and a higher probability of scarcity from 2040 onwards. The potential scarcity comes from two factors:

1) Investment profile vs. quota curve
2) Potential deviations from normal year production and consumption due to weather deviations (wind, precipitation and temperature)

Due to this probability of scarcity the elcertificate price stays positive all the way to 2045, as can be seen on the right-hand side of Figure 3.

Figure 3Elcertificatesurplus in different weather scenarios, expected surplus vs probability of scarcity, price vs expected surplus with a volume stop
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As we have showed, a volume stop is likely to result in positive elcertificate prices. To investigate how robust a volume stop is, we have also
tested the volume stop rule with a slight overinvestment of 1 TWh. Reasons for such an overinvestment could be:

1) The last projects getting elcertificates might be large, so that normal year production exceeds46.4 TWh
2) The government wants a slight overinvestment to be certain to have reached the target

If we overshoot the target by 1 TWh probability of scarcity around 2040 decreases, but stay positive. With a probability of scarcity elcertificate
prices stay positive also in this scenario, as can be seen in Figure 4.

Figure 4Elcertificate prices with a volume stop and various investment volumes

Adjustment of the quota curve with a volume stop

It can be argued that the market should be closed before 2045, if the volume stop takes effect before 2030, as the investors only get
elcertificates for 15 years. As the target is met in 2026 inour analysis and we have also analyseda scenariowhere we adjust the quota curve
so that there is no elcertificate demand beyond 2040. The volumes deducted in the 2040-2045 period is added with equal shares from 2025
to 2040, so that the total elcertificate demand stays unchanged, which is in line with current regulation. As can be seen in Figure 5this scenario
also yields a probability of scarcity around 2040 and positive prices for the systems entire lifetime.

Figure 5Demand curvebefore and after adjustment, expected surplus vs probability of scarcity, price vs expected surplus with a volume stop
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Based on the analysis we can conclude the following for a volume stop:

The RES target will be met

There will most likely be a probability of scarcity resulting in elcertificate staying positive (but not necessarily high)

Price development is dependent on weather patterns, but is likely to stay positive given investment volumes close to the target

The results shown are robust to

Changes to investment profiles

Small overinvestments

Liquidating the market 15 years after the final investment is completed

An additional point to be mentioned is that elcertificate prices might increase significantly in years with scarcity. How high prices can go is
difficult to predict and difficult to capture in a model. Prices can skyrocket as buyers increasingly bid higher and higher to get the last elcertificate
available. This will hurt consumers who must pay for elcertificates over their electricity bill. If prices go to extreme levels it might call for price
stabilising measure to be introduced.

A volume stop can be efficient, but transparency must be improved

A key challenge with a volume stop is the uncertainty it poses for the investor when we are close to the volume target. When an investment
decision is made the investor might not know if his project is likely to be among the first 46.4 TWh invested in and thereby be awarded
elcertificates. Wetherefore think it is necessary to improvetransparency by starting a prequalificationprocess. With a prequalification process
theinvestors will know before the investment decision is made if the project is awarded elcertificates. Some key questions should be considered
when designing a prequalification process:

Should investors be obligated to build if they are prequalified?

Can investors decide not to build and let somebody else get the volume?

Should there be a penalty if the investors withdraw their project after it has been prequalified

If so, how high should the penalty be?

It is essential that the rules are set out to minimise the potential for speculationand market abuse.

A summary of the effects of a date stop for different parties can be found in Figure 6.

Figure 6Effects of a volumestop om different players
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Date stop
With a date stop it is possible to invest until a certain date. With the new target in Sweden being set for 2030 the regulator likely sets the date
stop to 31/12-2030. With this date stop the target will likely be overshoot. As was showed under the analysis of a volume stop, the target of
46.4 TWh is expected to be met in 2026. If there exist projects with a positive NPV evaluated on the power price alone, more investments will
be realized between 2026 and 2030 leading investments totalling46.4 TWh, as can be seen in Figure 7.

Figure 7 Investment profilewith a datestop shows target to be exceeded

How far above the target we will be in 2030 is dependent on1:

1. How fast wind power cost decreases –we have assumed a yearly cost decrease of 0.95% in this analysis
2. How power prices develop in the long term –we have assumed power prices to gradually increase from 2020 onwards, reaching 38

EUR/MWh in 2030 and 41 EUR/MWh in 2040

Based on the assumptions above we do not get any scenarios with a probability of scarcity beyond 2020 if we apply a date stop in 2030. The
elcertificate market will therefore collapse shortly after 2020 as the market participants see that the probability of scarcity disappears.

Figure 8Elcertificate surplus in different weather scenarios, expected surplus vs probability of scarcity, price vs expected surplus with a date stop

1 Please note that under different assumptions for example:
1. The costs decrease in capex is eaten up by even faster increase of interest rate levels, i.e. an increase in the financing costs
2. Power pricesstay low

the target might not be met, leading to scarcity in many years resulting in a lengthy periodwith potentially very high prices hurting consumers
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We can conclude the following for a date stop:

A date stop will most likely lead to the target being significantly overshoot with no probability of scarcity beyond 2020

Under different assumptions we could also end up with investments below the target

A date stop will lead to elcertificate pricespotentially going to zero, or alternatively very high

A summary of the effects of a date stop for different parties can be found in Figure 9.

Figure 9Effects of a date stop om different players
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A combined volume and date stop
A combined volume and date stop is assumed to work in the followingway:

1. A volume is decided (in our analysis we have assumed 44TWh)
2. When investments reachthe predefined volume, investors get a certain time period to complete further investments (in our analysis

1 or 2 years)

The 44 TWh target will likely be met in 2025. When the predefined volume is met, the key question is how long time period investors get to
complete further investments. If the period is too long we would likely see an investment rush with total investments going above the target. In
the first example below, we have assumed a 1-year period from the volume stop is met to the market is closed for investments. In this case
we get a probability of scarcity in the later years of the system resulting in positive elcertificate prices.

Figure 10Elcertificate surplus in different weather scenarios, expected surplus vs probability of scarcity, price vs expected surplus in the case with a combined
volume and date stop

If we instead assume two years between the 44 TWh volume is met and date stop we will most likely get an overinvestment and collapsing
prices as a result. This is shown in Figure 11. We have in this analysis assumed no lead time on investments and investments coming into the
market as soon as they have reached a positive NPV evaluated on the power price alone. Hence, on could conclude that if the time between
the predefined volume is met and date stop is too long we will overshoot the target and elcertificate price might collapse.

Figure 11Price development with 1 and 2 years between 44 TWh is met and market is closed for investments, expected surplus and probability of scarcity in
the two scenarios
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We can conclude the following for the case with a combined volume and date stop:

With a combined volume and date stop the time between the volume stop is met and the market is closed for investments will
determine if we get to little or too much investments

If the time period is too long the elcertificate price might collapse irrespective of weather patterns

If the time period is too short the elcertificate price might skyrocket as the market might be short

A summary of the effects of a date stop for different parties can be found in Figure 12.

Figure 12Effects of a combined volume and date stop om different players

Market extension
Swedehas never considereda stop rule as the preferredoption has been to increase the RES target and extend the market. With the Swedish
government having aRES target of 100% in 2040 one might think that theyalso this time would extend the market. A further market extension
would likely lead to elcertificate prices going to zero. How fast it would happen would depend on how fast the wind power cost fall and if we
are to see increasing power price. For new investors with low cost projects the development will likely not mean too much, while for earlier
investors the price fall will hit their profitability.
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Summing up
We have analysed four different alternatives for the stop rule. Based on the analysis it seems clear that a volume based stop rule is the only
option securing stable market conditions and re-establishes trust in the elcertificate market. We do however also recommend that some sort
of prequalification process is established so that investors know if the will be awarded elcertificates at the time the investment decision is
made.

If a date stop or a combination of a volume and a date stop is chosen we will see an unstablemarket where prices couldcollapseoralternatively
skyrocket.

Figure 13Conclusions
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Appendix - methodology
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