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Problem: The governance of Renewable Energy Sources for Electricity (RES-E) in The impacts of design elements are

Europe beyond 2020 is still under debate. The European Commission has only assessed in terms of the following
indicated that national level targets will be abolished beyond 2020, and that three performance indicators:
most RES-E support schemes should take the form of competitive bidding. It * Policy effectiveness, measured as
still remains to be seen whether these choices will lead to the desired policy Develop goals: : the average cost of subsidy in
outcomes such as competitiveness, affordability, and sustainability in the long- »  objectives, Eur/MWh over the total lifetime
term. constraints of the simulation.

The research objective is to develop a structured approach to the st v * Change in welfare for the

design and assessment of policies for the stimulation of RES-E in producer, government, and

Select |——» consumer, and consequently the
total social welfare, measured
over the entire lifetime of the
simulation.
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Europe.

(1) to identify a set of necessary and sufficient policy design
elements to incentivize RES-E in Europe, and

(2) to introduce a modelling framework for analyzing the impact Design space
of the policy design elements on the socio-technical system. Figure 1: PO/iC)/ Design
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(3) to assess the impact of policy choices related to Renewable . L
Energy Sources — Electricity (RES-E) support schemes on social /e oo Frqmework based on |hstalle<?l at each tick in the
oDy Sources THECICly TR stpport seemes on o680 NI Design Theory (Herder and simulation.
-------------------------------------- Stikkelman, 2004) and the
The design elements (policy Institutional Analysis and
A choices) assessed are Development Framework
e price Warranty versus Generation Mix, (Ostrom, 2005).
quant./t%/ warranty, Change in spot Scenario Guide
o * electricity market revenue market signal Price vs. Electricity
I accounted for ex-post or ex- ' : | Goals: Objectives Quantity market
ante, N Figure 2: Community Rules- " Community and constraints Scenario Warrant price Technology
e and technology specificity 5p€CIfICC7tIOn of Policy Maker in-use ' Producer Name y setting specificity
I I I versus technology neutrality Poli . v
olicy Design Framework Outcome:
for RES-E Support Collective Action Arena Operational Action Arena Investments in Price Ex-ante Technology
* Price Warranty - Decide on: - Power Plants P Ante warranty price setting neutral
e Quantity Warranty e Technology Type 7y a
* Contract type (risk * Location . . Price Ex-ante Technology
allocation) © Size Policy Design P_AnteTS warranty price setting specific
e Cost burden Space -

Price Ex-post Technology
P_Post warranty price setting neutral

Price Ex-post Technology
P_PostTS warranty price setting specific

Figure 3: Class Structure of an

Agent Based Model

based on Design Elements

Quantity Ex-ante Technology

The Policy Design Framework is essentially a design framework, represented in bold clear Q_Ante warranty price setting neutral

- boxes in Figure 1, whose different steps are informed by components of the Institutional .
Government RES Suppert dchins ; 8 g : -y P ce . Quantity Ex-ante TGChﬂO'Ogy
: . Analysis and Development (IAD) Framework, depicted in grey boxes in Figure 1. The main ) ] i
Location R St 2 steps in the design process involve: Q_AnteTS warranty price setting specific
RES-E support scheme o 3 1. Identify design goals and constraints: Specified usually by the policy maker, in this

- 0.1~ -1.* — Dtl Element Quantity Ex-post Technology

warranty price setting neutral

case, for instance, RES-E targets.

Organize subsidy payments 2. Identifying the design space: The action situation in the IAD framework outlines Q_Post
potential actions that participants can take, and outcomes an action could lead to ]

3. Tests: Agent based modelling is used to simulate patterns of interactions between Quantity Ex-post Technology
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Organize subsidy payments Organize subsidy payments
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Figure 3 above is a structural representation of the agent-based model by means of a UML class
diagram. The structure of the model indicates the main agents are the energy producer and the
government (or regulator). It also shows that RES-E Support Scheme is a class, whose attributes are the
design elements identified in the previous step. Different representations of the RES-E Support Scheme
can be inherited, and contain processes that are functions of the design elements.

the participants, based on design objectives, constraints and design variables Q_PostTS warranty price setting specific
- The main algorithms in the model comprise a market clearing algorithm, and an investment

discerned in the previous steps.
algorithm.

4. Outcomes and Selection: The outcomes from the simulation help identify whick
- Agents make short term decisions as bidding into the market, and long term decisions such as Figure 4: POllcy Cost EffECtiveness measured in Eur/MWh

configurations of design variables (design elements) lead to what outcomes.
investments, based on NPV evaluations for each investment. across the lifetime of the simulation for each policy scenario
- The model runs for 50 ticks, each tick representing a year.
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u S 90 - measured by comparing with a No Policy Scenario.

* Quantity-warranty schemes are more cost-effective than price-
warranty schemes, unless there are interconnections or
storage in the power system.
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* Ex-ante accounting for expected electricity market prices accrues greater subsidy costs than
accounting for electricity prices ex-post. This however is sensitive to the accuracy of

Figure 6:Generation POI’th/iO shows the capacity of expectations of future electricity prices, and the risk-rate which agents attribute to uncertainty O

each technology in GW across time, the ticks representing years in future electricity prices.

[2015 to 2055] * The design element configuration that leads to the highest increase in social welfare is the combination of

quantity-warranty, ex-ante accounting for electricity prices, and technology-specificity.
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