
Energy for Sustainable Development 41 (2017) 1–13

Contents lists available at ScienceDirect

Energy for Sustainable Development
Designing auctions for renewable electricity support. Best practices from
around the world
Pablo del Río
Institute for Public Policies and Goods, Consejo Superior de Investigaciones Científicas (CSIC), C/Albasanz 26-28, Madrid 28037, Spain
E-mail address: pablo.delrio@csic.es.

http://dx.doi.org/10.1016/j.esd.2017.05.006
0973-0826/© 2017 International Energy Initiative. Publish
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 3 January 2017
Revised 29 May 2017
Accepted 31 May 2017
Available online xxxx
Auctions have recently been regarded as a useful alternative to other support schemes for the setting of the re-
muneration of renewable electricity (RES-E) worldwide. However, whether auctions will fulfill the expectations
depends on the choice of design elements. The aim of this article is to analyze the advantages and drawbacks of
different design elements according to different criteria. We support our analysis with economic theory and
identify best and worst practices in the design of RES-E auctions from around the world. Our findings show
that a few design elements score better than the alternatives in some criteria, without scoring worse in others.
These “best” practices include a schedule of auctions, volume disclosure, price ceilings, penalties, streamline of
administrative procedures and provision of information to potential participants. Design elements usually in-
volve trade-offs between criteria. Overall, these results suggest that the choice of a specific design element is
not a win-win decision and depends on the priorities of the respective government.

© 2017 International Energy Initiative. Published by Elsevier Inc. All rights reserved.
Keywords:
Design elements
Auctions
Renewable electricity
Introduction

It is widely acknowledged that electricity from renewable energy
sources (RES-E) brings many environmental and socioeconomic
benefits for society compared to conventional electricity. However,
since its costs are still generally higher than those of its conventional
counterpart, it could not penetrate the electricity market in the absence
of public support. This has been the rationale for the public promotion of
RES-E everywhere. However, such support has increased substantially
in many countries around the world, raising the concerns of govern-
ments about the social acceptability and political feasibility of the
policies. These policies have usually been based on administratively-
set feed-in tariffs (FITs) or premiums (FIPs), which guaranteed prices
for RES-E generators, usually without a cap on the total support costs.

In this context, auctions have recently emerged as a useful alterna-
tive for the setting of the remuneration of RES-E projects. The aim is to
induce further investments in RES-E without excessively burdening
the consumers' pockets.

Some advantages of auctions with respect to administratively-set
prices have traditionally beenmentioned: theymitigate the information
asymmetry problemwhen setting remuneration levels, they are partic-
ularly suitable to control costs, expansion and the technology mix and
they are more likely to lead to allocative efficiency (Haufe and
Ehrhart, 2015). Support cost savings can be considerable. For example,
Del Río et al. (2017) show that a harmonization of support schemes in
the European Union (EU) based on a tendering scheme could reduce
ed by Elsevier Inc. All rights reserved
support costs by 5% in 2030 compared to harmonization based on FITs
(16.7€/MWh vs 17.6€/MWh) and by 23% compared to FIPs. However,
whether those savings will materialize strongly depends on the market
conditions in particular countries for particular technologies and on
how auctions are designed. There is some evidence that auctions have
led to reductions in support with respect to previous administratively-
set FITs in Brazil (Elizondo et al., 2014; Wigan et al., 2016), Ontario
(IRENA, 2017) and South Africa (Eberhard et al., 2014), although not
in Germany (Tiedemann, 2015). However, Toke (2015) argues that
costs reductions that are often associated with renewable energy
auctions are not caused by the auctions themselves, but are related
with the general declines in costs of renewable energy technologies.

Many countries around the globe have recently implemented
auctions for RES-E. According to IRENA (2017), 67 countries had held
RES-E auctions as of 2016, up from 6 countries in 2005. In the EU,
competitive auctions will have to be implemented in order to provide
support to all new installations from 2017 onwards (EC, 2014). As
with other support schemes, the devil lies in the details, i.e. whether
auctionswill fulfill the expectations and result in a successful promotion
of RES-E depends on the choice of design elements.

The aim of this article is to analyze the advantages and drawbacks of
different design elements according to different criteria.We support our
analysis with economic theory and case studies from around the world,
identifying best and worst practices in the design of RES-E auctions.

Some analyses of RES-E auctions have been carried out in the litera-
ture. The main features of renewable energy auction schemes in five
developing countries were described in IRENA (2013). IRENA (2015)
aimed to advise policy makers on the implications of different
.
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approaches to RES auctions, offering choices and recommendations to
support optimal decision-making. More recently, IRENA (2017) pro-
vides a brief assessment of some recent experiences with auctions
from around the world. Ragwitz et al. (2014) examine the key condi-
tions for efficient auctions, reflecting on some international experiences
in this area. The authors highlight the most important design features.
Some academic work has also been undertaken. Del Río and Linares
(2014) analyze the functioning of different design elements in auctions
for RES according to several assessment criteria. In addition, academic
work on RES-E auction design has been carried out in the context of
the EU-funded AURES project.1

Compared to the existing literature, this article advances theory and
practice in several fronts. First, an overarching and systemic analytical/
methodological framework is provided. The relationships between de-
sign elements and assessment criteria in order to judge the advantages
and drawbacks of different design elements are outlined. These links are
mediated by the impacts of design elements on bidders and markets.

Previous work on the topic has either not considered assessment
criteria in an explicit manner (IRENA, 2015) and/or included only a nar-
row set of criteria (IRENA, 2013, 2015; Ragwitz et al., 2014). This article
analyzes the strengths and weaknesses of different design elements,
using several criteria which are deemed relevant for this assessment
from a policy-maker point of view. This approach helps to identify best
and worst design practices when a specific goal (criterion) is pursued.

On the empirical front, we draw onmore recent studies on the func-
tioning of auctions for RES fromaround theworld than those considered
in the literature. Given that this is a highly dynamic field, an update of
the more recent experiences provides additional empirical material
from which conclusions can be drawn.

Accordingly, the paper is structured as follows. The next section pro-
vides the Analytical framework. Section 3 discusses the methodology
(see Method). The results of the analysis are provided in Section 4
(see Main results). Section 5 concludes (see Conclusions).
Analytical framework

A crucial starting point in the analysis is that the links between
specific design elements and criteria are mediated by the effects on
bidders and the market. Therefore, these three components and their
interrelationships are described and discussed below.
Design elements in auctions for RES

This section describes the minimum design elements in RES-E
auctions.
Volume
There are three main ways to set the volume auctioned: capacity,

generation or budget.

• Capacity targets: A total quantity in terms of MW is auctioned.
• Electricity generation targets: There is a goal of a total amount of
MWh.

• Budget targets: There is an overall amount of support to be provided.
It can be combined with the other two alternatives.

Whether or not to disclose the volumes is also a relevant design
choice.
1 AURES is an on-going project whosemain objective is to promote an effective use and
efficient implementation of auctions for renewable energy support in the European Union
Member States, especially regarding their cost-efficiency. This paper partly draws from
work carried by the author in the context of this project.
Timing
The length of the period between the announcement of the call for

the auction and the timewhen the actual bidding occurs is a key feature
of the auction, and may be set either too long or too short. Most
importantly, the existence of regular rounds with a schedule is a critical
design element. Setting the number of rounds in a year is a difficult,
technology-specific issue.

Diversity
Policymakersmay bewilling to introduce design elements which in-

crease diversity with respect to technologies, locations, actors and sizes
of the installations for a number of reasons (see Del Río et al., 2015b
for an extensive explanation). Diversity could be promoted in an auction
by organizing different auctions per alternative (e.g., technology-neutral
vs. technology-specific), by includingminimumquota per alternative, by
providing different remuneration levels for different alternatives or
by lowering prequalification requirements or penalties for specific
categories, i.e., small actors.

Participating conditions: facilitation and requirements
Several elements may facilitate the participation of actors in an

auction, while others are rather requirements for this participation:

• Streamlining administrative procedures. Administrative procedures
may severely restrict participation in an auction. Therefore, measures
to streamline them may facilitate such participation.

• Supporting dialog with stakeholders and information provision. In
some countries, policy makers meet with potential bidders to inform
them about auction design and to get their feedback for improving
such design. Providing information (e.g., renewable energy resource
potentials) may also enhance participation in the auction.

• Prequalification requirements. They are required in order to partici-
pate in the bidding procedure and are applied in order to prove the
seriousness of bids. They can refer to specifications of the offered pro-
ject (such as technical requirements, documentation requirements
and preliminary licenses) or to the bidders (providing evidence of
the technical or financial capability of the bidding party) (Held et al.,
2014). Financial guarantees by participants are often required. As
with other elements, the challenge is to set them at appropriate levels
(i.e., neither too stringent nor too lenient).

• Local content rules refer to the requirement to use renewable energy
equipment which is manufactured by local firms.

Support conditions: types and forms of remuneration
Remuneration in an auction can be provided for generation (MWh)

or capacity (MW). In addition, there are several instruments to set the
remuneration for electricity generation, including FITs and FIPs:

• Under FITs, a total payment per MWh of RES-E generated, paid in the
form of guaranteed prices and combined with a purchase obligation
by the utilities, is provided.

• Under FIPs, a payment per kWh on top of the electricity wholesale-
market price is granted. Within FIPs, a main distinction is between
fixed and sliding FiPs. Fixed FiPs are set once and do not alter. The
total remuneration thus depends on the market prices. Sliding FiPs
are set at regular intervals to fill the gap between the average market
price perceived by all generators of a given technology and the strike
price set in the auction.

Selection criteria
Price-only auctions are organized using only one criterion, i.e., the

bid price. In multi-criteria auctions, the price is the main criterion
among other criteria which may include local content rules, impact on
local R&D, industry and jobs and environmental impacts.



Table 1
Description of criteria to assess instruments and design elements in auctions for RES-E.
Source: Adapted from Del Río et al. (2015a).

Criteria Description

Effectiveness Degree to which RES-E instruments and design elements result in deployment of RES-E projects (% realization rate).
Static efficiency 1 (allocative efficiency, direct generation costs). Reaching the target at the lowest possible generation costs (€, €/MWh). An auction outcome is efficient if the bidders

with the lowest generation costs are awarded. The relevant costs here include generation costs and transaction costs.
Static efficiency 2 (indirect generation costs) Balancing, profile and grid costs (€, €/MWh) (see footnote 3).
Dynamic efficiency This refers to long-term technology effects, including impact on innovation and cost reductions over time.
Support costs Average support level per technology (net of generation costs) (€/MWh), total support costs net of total generation

costs (€).
Local impacts Socioeconomic and environmental effects at the national, regional or municipal level (impacts on the value chain,

industry creation, local employment, lower fossil-fuel dependence...).
Actor diversity The participation of small actors could be encouraged for different reasons (see del Río et al., 2015a).
Sociopolitical feasibility Degree to which the design elements and the whole support scheme are socially acceptable and politically

feasible. This partly depends on other criteria, such as minimization of support costs and local impacts.
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Auction format
Depending on whether the auctioned object can be split between

multiple winning bidders, auctions are referred to as single-item or
multi-item auctions. In a single-item auction there is a single product
which is allocated to a single owner and the product cannot be split.
In a multi-item auction the auctioned product is split among different
owners and bids are submitted for only part or the total auctioned
amount (AURES, 2016).

Auction type
A main distinction is between static (sealed-bids) and dynamic

auctions. Under sealed-bid auctions, project developers simultaneously
submit their bids with an undisclosed offer of the price at which the
electricity would be sold. An auctioneer ranks and awards projects
until the sum of the quantities offered covers the volume of energy
being auctioned. Under the multi-round descending-clock auction, the
auctioneer offers a price in an initial round, and developers bid with
offers of the quantity they would be willing to provide at that price.
The auctioneer then progressively lowers the offered price in successive
rounds until the quantity in a bid matches the quantity to be procured.
Hybridmodelsmayuse the descending clock auction in afirst phase and
the sealed-bid auction in a second phase, as in Brazil (IRENA, 2013).

Pricing rules
There are basically two differentways to set support levels in sealed-

bid auctions. Under uniform pricing all winners receive the strike price
set by the last bid needed tomeet the quota or the first bid that does not
meet the quota. Thus, either the highest accepted bid (HAB) determines
the award price or the lowest rejected bid (LRB) determines the award
price. Under the pay-as-bid (PAB) alternative, the strike price sets the
amount of generation eligible for support and each winner receives
his/her bid.

Price ceilings
In order to limit the costs of support, the auctioneer can set a ceiling

price for each technology, above which projects are not considered
(IRENA, 2013). Again, setting the ceiling price at an “appropriate” level
is not a trivial exercise. A main decision is whether or not to disclose
this price.
Table 2
Main indicators for the effects on bidder, market and system level.

Type of effect Subcategory

Effects on bidder level Participation risks
Participation costs
Expected benefits: bid levels minus generation costs

Effects on market level Number of bidders
Diversity of bidders
Market concentration

Effects on system level Regional distribution of deployment
Realization period
Deadlines are needed to build the projects which have been

awarded contracts. How long this period should last for is a key issue,
with a risk of too long or too short periods.

Penalties
Penalties can take different forms: they can forbid participation in

successive auctions, reduce the level of support, reduce the length of
the support period by the time of the delay, lead to the confiscation of
bid bonds and result in penalty payments.

Assessment criteria

Defining “success” in the choice of design elements is certainly not a
trivial issue. Assessment criteria are used for this purpose. Our starting
point is that these assessment criteria are contained either explicitly
or implicitly in policy documents. In addition, other stakeholders have
their own views on what are desirable assessment criteria, which are
not necessarily contradictory to those of policy-makers. Accordingly,
the identification of relevant assessment criteria for RES-E auctions
has been based on a combination of different information sources,
including official national documents, country case studies published
in energy and energy policy journals, which provide a relevant source
of information on the challenges perceived by policy-makers, reports
from international institutions, EU-funded projects with a specific
focus on assessment criteria of energy and climate policies and the
gray literature. Although effectiveness and static efficiency are the
most common criteria used in the assessments, several contributions
expand the set of relevant criteria to include other aspects, such as
dynamic efficiency, social acceptability and political feasibility (see Del
Río et al., 2012, 2015a; IRENA, 2014). However, there is no a priori un-
ambiguously preferred ranking of criteria in the literature. In principle,
a proposed design element is better than the alternative in specific
circumstances when it scores better in most of the aforementioned
criteria. Table 1 describes the criteria considered in this article and
illustrates how they can be measured with relevant indicators.2

Static efficiency refers to the minimization of the (system) costs of
RES-E generation. System costs can be disaggregated into direct and in-
direct costs. The former include installation, operation andmaintenance
of renewable energy technologies. Indirect costs refer to balancing,
profile, grid and transaction costs.3
2 Full details on the description of these criteria aswell as on how theywere derived are
provided in Del Río et al. (2015a).

3 Balancing costs occur due to deviations from schedule of variable RES-E power plants
and the need for operating reserve and intraday adjustments in order to ensure system
stability. Profile costs are mainly back-up costs, i.e., additional capacity of dispatchable
technologies required due to the lower capacity credit of non-dispatchable RES-E. Grid
costs are related to the reinforcement or extension of transmission or distribution grids
as well as congestion management, including re-dispatch required to manage situation
of high grid load (Breitschopf and Held, 2013).



Fig. 1. Relating different components in the assessment of design elements in RES-E auctions.
Source: Own elaboration.
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Market, bidders and system effects

The impact of design elements can take place at different albeit
interrelated levels, depending on the aggregation considered, from
micro (bidders) to meso (system) and macro (regional) (Table 2).

Design elements affect the participation of bidders in the auction by
influencing the costs, risks and expected benefits of participation. In
general, the higher the costs, the higher the risks or the lower the
expected benefits, the lower the number of participants. The impact at
bidders' level translates into market effects, which include the number
of bidders in the auction, the diversity of those bidders and their market
concentration. In turn, these aspects have consequences on the
functioning of the auction. Finally, there might be relevant effects at
the system level, including impacts on the regional distribution of
deployment.
4 A detailed discussion on the interrelationships, overlaps and links between those com-
ponents is provided in Del Río (2015).

5 Interested readers are directed to Klemperer (1999, 2004), Cramton (2009), Menezes
and Monteiro (2005), Milgron (2004), for an overview of auctions theory and to Maurer
and Barroso (2011) for a more energy-sector-specific analysis.
Linking the components

Fig. 1 illustrates the main links between market/bidder/system ef-
fects and assessment criteria. The links between components are both
empirically-based and theory-based. The incentive to participate in
the auction, which depends on the expected benefits, costs and risks,
takes a central role in this analytical framework because it affects a
critical element, competition, which has both a quantitative and a qual-
itative aspect. The design element may induce greater participation,
making collusion more difficult (positive quantitative impact on com-
petition). But it may also increase the diversity of actors and encourage
the participation of stronger bidders insteadofweaker ones. These qual-
itative aspects positively affect competition (Del Río et al., 2015a; Kreiss,
2016). A greater and better competition positively affects static efficien-
cy, since the cheapest technologies/locations are selected and support
costs (given lower bid levels). Design elements may also influence in-
vestors' risks directly and, thus, generation costs: greater LCOE results
from higher capital costs due to greater risks, with a detrimental impact
on allocative efficiency and support costs, since higher risks are factored
in higher bids. Other criteria are influenced by thosemechanisms. Effec-
tiveness, which is affected by those design elements with an impact on
investors' risks, competition and bid levels, is a main one. A higher level
of competition induces more aggressive bidding and, eventually,
underbidding and underbuilding. In turn, effectiveness positively affects
other criteria: local impacts and dynamic efficiency. This is so because
socioeconomic and environmental benefits depend on the actual
deployment of RES-E projects. On the other hand, the prospect of a fu-
ture market encourages R&D investments, and deployment triggers
learning effects and investments in the renewable energy supply
chain. Local impacts may be directly influenced by design elements
through, e.g., local content requirements. Dynamic efficiency is, in
addition to effectiveness, also positively influenced by elements with a
positive impact on innovation: a higher competition and a higher
support level, since higher profit margins may be partially reinvested
on R&D (see Menanteau et al., 2003). Sociopolitical feasibility is
positively affected by other criteria: lower support costs, higher static
efficiency, higher actor diversity and local benefits. Deployment may
also bring negative environmental impacts, and affect social acceptability
(NIMBY syndrome). Finally, indirect costs are directly influenced by de-
sign elements (e.g., geographical diversity).4
Method

The analysis of the advantages and drawbacks of different design
elements in RES-E auctions draws on several complementary methods.
First, economic theory has been used to assess the impact of different
design elements on bidders and the market and, thus, on the assess-
ment criteria. This paper applies economic theory to the analysis of
the functioning of auctions in different countries with respect to differ-
ent design elements. Auction theory is elaborated and summarized in
many books and journal papers.5 In turn, the analytical framework
draws heavily on the work of the author and colleagues carried out in
the context of the EU-funded AURES project (see Del Río et al. (2015a,
2015b), Del Río (2015) and Haufe and Ehkhart (2015)).

In addition, those theoretical relationships have been supported by
empirical findings. The empirical assessment of the strengths and
weaknesses of different design elements for RES-E auctions has been
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based on several sources of information of past and current schemes
from around the globe:

1. Top academic energy, energy policy and climate policy journals.6

Terms such as “tender”, “auction” or “bidding” were inserted in the
journals' internal search engines. The corresponding articleswere fil-
tered manually in order to discard those which were not directly re-
lated to RES-E auctions. Thirty articles on auctions for RES-E support
were initially selected. However, most of these articles did not focus
on the design of auctions for RES-E but focused on the comparison
between auctions and other alternatives for RES-E support, namely
administratively-set support such as FITs or FIPs. Indeed, only 6 arti-
cles addressed the issue to some extent, focusing on old experiences
with auctions for RES-E in the U.K. (Mitchell, 1995; Mitchell and
Connor, 2004) and China (Yu et al., 2009;Wang, 2010) and prequal-
ifications (Kreiss et al., 2016). A review of best practices before 2012,
which did not cover all the schemes, was carried out by Del Río and
Linares (2014).

2. Reports with an extensive coverage of auctions for RES-E from inter-
national institutions such as IRENA (IRENA, 2013, 2015) or theWorld
Bank (Maurer and Barroso, 2011), EU projects (Held et al., 2014) and
others (Ragwitz et al., 2014; De Lovinfosse et al., 2013; Factor, 2017).

3. Gray literature. In addition, a Google search has been performed,
using relevant terms, including “tenders for renewable energy”,
“auctions for renewable energy” or “bidding for renewable energy”.
Documents on the design of auctions in particular countries were
identified.

4. The paper also draws heavily from empirical research on auctions for
RES carried out in the EU-funded AURES project. Sixteen country
case studies on auctions from around the world were undertaken
in this project, some of them by the author of this article. They are
publicly available at the AURES project website (http://www.
auresproject.eu). These case studies were carried out using a combi-
nation of data sources, including official documents and interviews
with key stakeholders in each country.

The analysis has considered 30 international experiences from
around the world, with different temporal and technology scopes
(Table 3).

Main results

This section reports the results of the analysis of the advantages and
disadvantages of different design elements according to different
criteria, identifying best and worst practices from around the world.
Fig. 2 indicates which design element has been most often used.

Volume

If the emphasis is put on effectiveness and renewable energy targets
are set in relative terms (i.e., as a percentage of electricity demand),
then a generation-based volume target would be preferable, since
compliance would be more predictable. However, ensuring that a
generation target is exactly met becomes more difficult than with the
other two alternatives (capacity-based or budget-based). Although a
level of generation cannot be ensured under capacity-based targets,
because this depends on the quality of the renewable energy resource,
effectiveness could be assessed at an earlier stage, i.e., when the plants
are deployed, rather than having to wait until the end of the remunera-
tion period, as with generation-based targets (Del Río et al., 2016).
Capacity-based auctions are the most widespread option (Fig. 2). The
amount of capacity installed or electricity generated is uncertain under
6 We identified top academic journals in the energy, energy economics, energy policy
and climate policy areas with an impact factor in the Joint Citation Reports (JCR) of
Thompson-Reuters.
budget-based volumes. For example, in Poland, the budget caps may re-
sult in low levels of generation (if there is a large share of high bids)
(Kitzing and Wendring, 2016) and, in the Netherlands, the budgets are
structurally underused (Noothout and Winkel, 2016). Notwithstanding,
the differentmetrics do not affect the realization rate of projects effective-
ly winning in the auction.

If the goal is to minimize support costs, then a budget-based volume
would be preferable since it ensures a given level of support costs.
Capacity-based volumes would be the least recommendable in this re-
gard, since support costs (which depend on the amount of generation
times the winning price) would be uncertain.

While no discernible differential impact can be expected on allocative
efficiency, grid management would be easier under generation-based
targets (lower indirect generation costs). Capacity-based volumes are
preferable for dynamic efficiency since they provide the strongest signal
to equipment manufacturers on the relevant market size for the future,
whichmay encourage innovation and supply chain improvements (Del
Río et al., 2016). The incentive for innovation by technology and
equipment suppliers partly depends on the size of the market where
they can sell their products (Del Río et al., 2015b). Themarket for equip-
ment manufacturers would be uncertain in generation-based targets
and a proper signal for equipment manufacturers would be absent in
budget-based targets.

The sociopolitical acceptability of the threemetrics depends onwhich
is themain political priority; if support costs, then a budget-based target
would make more sense; if effectiveness, then a generation-based
target would be better. Capacity-based targets would be preferable if
building a local supply chain is the main goal.

Setting the appropriate volume level represents a main challenge. If
it is set too high, as in Italy (Tiedemann et al., 2016) and France (Förster,
2016), lack of competition and high bids are more likely, although this
problem can be mitigated with a ceiling price.7 The size and readiness
of the local renewable energy market in the first round of the auction
in South Africa, in 2011, were initially overestimated, resulting in too
large volumes, limited competition and high bids (Eberhard, 2013;
IRENA, 2015). In Peru, the volume auctioned for biomass in the first auc-
tion was 813 GWh/year and only 143 GWh were awarded, i.e., it was
too large from a static efficiency and a support cost perspective (Del
Río, forthcoming-c).

If volumes are too small, then more aggressive bidding, underbid-
ding and ineffectiveness may result. In Spain, a moratorium on RES-E
support since 2012 led to a pipeline of 10 GW of wind projects. This
was 20 times higher than the 500 MW which were auctioned in the
first auction, probably leading to underbidding and, thus, ineffective-
ness (Del Río, 2016c). Volume reductions can be considered when a
specific design element lowers competition.

A main issue is whether the volume, which is a main variable to es-
timate competition, should be disclosed. Revealing the auction volume
provides certainty, transparency and reliability for potential bidders,
leading to lower risks and, thus, higher participation and competition
and lower bids and support costs. A hidden volumemay induce allocative
inefficiencies due to the higher risks (higher financing and capital costs)
and also if bidders underestimate the competition level and submit less
aggressive bids. Equipment manufacturers benefit from information on
themarket volume, which encourages innovation andwould be benefi-
cial for dynamic efficiency. However, some countries decided not to
disclose volumes in order not to provide too much information and
discourage strategic behavior and collusion. This was the case in Brazil
(Förster and Amato, 2016). In South Africa, not revealing the volumes
was thought to encourage competition since it prevented the strategic
behavior which could have led the auction to end up prematurely
with high support levels (Del Río, 2016a).
7 Also note that a higher volume increases the probability ofwinning andmakes itmore
attractive for potential bidders to participate. This higher incentive to participatewould in-
crease competition levels (Kreiss, 2016).

http://www.auresproject.eu
http://www.auresproject.eu


Table 3
RES-E auctions around the world considered in this study.
Source: own elaboration.

Europe America Africa Asia Oceania

Spain 2016-WN, B BRAZIL 2007–2009, W, H, B, South Africa 2011–2014 all RES India 2010–2014 PV, CSP Australia (Australian Capital
Territory, ACT) 2012–2016, PV, WDenmark 2005–2015, WF, W nearshore California 2011–2015, all RES Zambia 2016 PV China 2003–2007 WN

France 2012–2014, PV Peru 2009–2015 all RES Morocco 2011–2013WN, PV, CSP UAE (Dubai) 2012–2016 PV
Germany 2015-ground-mounted PV Chile 2015—all RES Uganda 2015—small PV (b5 MW)
Ireland 1995–2003. W, H, B Argentina 2016—all RES Ghana 2015–2016 PV
Italy 2013–2015, W, H, G, B. Mexico 2016—all RES (nuclear and

cogeneration).
In reality, solar PV and wind won.

Netherlands 2011–2016, all RES
(also RES H&C)

Quebec 2005–2009 W

Portugal 2006–2008 W, B Panama 2011–2014 wind hydro, PV
U.K. NFFO 1990–1998, all RES Uruguay 2006–2013 WIND, biomass,

hydro, PV
U.K. CfD 2015—all RES
Poland 2016—all RES
Russia 2013—small H, W, PV

W: wind; WN: Wind on-shore; WF: Wind off-shore; PV: solar photovoltaics; CSP: concentrated solar power; B: biomass; H: hydro; G: geothermal; H&C: Heating and cooling.
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Timing

A too short period between the announcement of the auction
and the deadline for bid submission may restrict participation and
negatively affect competition. This has been the case in several
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countries. In Portugal, the lead time has been deemed a short one (Del
Río, 2016b). Short time spans between the auction announcement
and the deadlines for bid submissions discouraged competition in
South Africa (Montmasson-Clair and Ryan, 2014; Yuen, 2014). Lower
competition leads to higher support costs.
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Most importantly, a long-term schedule for regular auctions published
with sufficient anticipation (i.e., 3 years, depending on the technology)
decreases investor risks and encourages participation in the auction.
Frequency at fixed dates in California led to high participation (Fitch-
Roy, 2015). The lower risk improves financing conditions and reduces
generation costs (higher static efficiency). Furthermore, the expectation
that there will be more rounds mitigates the risk of underbidding since
bidders do not need to bid so aggressively in a given round, with a pos-
itive impact on effectiveness. In addition, a schedule facilitates the devel-
opment of a robust supply chain because equipmentmanufacturers can
plan their investments accordingly. The certainty given to technology
developers regarding the existence of a future market for their technol-
ogy encourages technological progress (Del Río and Linares, 2014).
For example, with periodic auctions providing a steady stream of
newly contracted wind power projects in Brazil, the wind equipment
industry flourished (Elizondo et al., 2014). This leads to a higher
dynamic efficiency.

There are numerous examples of the detrimental consequences of
auctions at irregular intervals or infrequent ones. The low frequency of
auctions in Poland has probably led to underbidding since losing in an
auction means a long waiting time (Kitzing and Wendring, 2016).
The irregular intervals in Ireland, without a long-term schedule, led
to high investor risks and financing costs and low effectiveness
(Steinhilber, 2016a). The lack of a schedule led to only one participant
in the DanishAnholt tender (Kitzing andWendring, 2015), to underbid-
ding in the recent U.K. auction (Fitch-Roy and Woodman, 2016) and to
the absence of a competitive market in the U.K. NFFO in the 1990s
(Butler and Neuhoff, 2008; Del Río and Linares, 2014). The lack of a
schedule in Spain has led to high risks for investors and has negatively
affected effectiveness and the supply chain (Del Río, 2016c). If the prior-
ity of the government is to have a control on the costs of support, then
the choice for regular or stand-alone auctions is not so clear. Although
regular auctions are likely to reduce the risks for investors (lower
bids), stand-alone auctions would allow governments to retain flexibil-
ity to adjust the auctioning schedule in response to changes in market
conditions (IRENA, 2015).8 Thismight explainwhy they aremorewide-
spread (Fig. 2).

Diversity

Policy makers may be willing to introduce design elements which
increase diversity with respect to technologies, plant sizes, actors and
locations for several reasons (see Del Río et al., 2015a). In general, a
problem with increasing diversity in RES-E auctions is market segmen-
tation, which could lead to few bidders and low competition in a given
contingent, resulting in higher bids and higher generation costs (lower
allocative efficiency and support costs). We focus on technology and
geographical diversity.

Technological diversity
Technology-differentiated support, which is more widespread than

technology-neutral support (Fig. 2), aims to encourage the local indus-
trial value chain (an argument in China, Brazil, France, Portugal and
South Africa), system integration (California, France) and participation
of small actors/social acceptance (Denmark, France). Technology-
neutral auctions would lead to stronger competition than technology-
specific auctions due to a potentially higher number of participants.
Projects with lowest costs would be awarded a contract and lower
8 A different, yet challenging issue is to determine the optimal number of rounds and
the volumes.More roundsmay create a “narrowmarket” problem in one round. Large vol-
umes auctioned in one specific roundwould stifle completion in that round. The “optimal”
number of rounds depends on the technology and situation of themarket. In general, few-
er rounds would be more suitable for technologies with potentially fewer actors (offshore
wind) and more frequent rounds could be recommended for technologies/bands with
more participants (roof-top solar PV). Thus, volume and frequency are related to some
extent.
bids and support costs would result. This was the expectation in the
technology-neutral auction in the Netherlands, where technological di-
versity and, thus, dynamic efficiency, have been negatively affected
(Wigan et al., 2016). Similarly, the more expensive technologies
were not promoted in the UK, where waste-to-energy and onshore
wind dominated (Mitchell and Connor, 2004; Lipp, 2007). Biomass-
anaerobic digestion or offshore wind projects were not commissioned
in the Irish AER (Finucane, 2005).

Geographical diversity
A priori, compared to geographically-neutral auctions, geographical

diversity would lead to higher generation costs and, thus, a lower
allocative efficiency and higher support levels. It could also involve
additional government resources in order to identify appropriate sites.
For example, the project sites were pre-selected by the government in
China, with a lower static efficiency than in a geographical-neutral
auction (Steinhilber, 2016b). In Mexico, the locational signal in the
first auction did not encourage the location of projects in the places
with the best solar orwind resources (Del Río, forthcoming-b).9 Howev-
er, although the aforementioned signals had a negative effect on
allocative efficiency, they tried to encourage the location of newprojects
where they would most benefit the power system, as indicated by
expected congestion prices obtained from a long term system simulation.
Every package bidwas adjusted: the “good” locations (where nodal prices
are high) were rewarded and the “bad” ones (those with lower nodal
prices) were discouraged for bid comparisons in the auction (IRENA,
2017, p.14). Therefore, from an overall efficiency (system cost) perspec-
tive, the locational signal may not be so detrimental. Furthermore, the
reduction of the risks of administrative permits under geographical diver-
sity would reduce the risk of non-compliance by freeing the investors
from the liability of securing land, obtaining environmental permits,
carrying out resource assessments and securing access to the grid
(IRENA, 2013). The lower participation costs and risks increase
participation and competition (lower bids and support costs), (partially)
offsetting the higher bid prices from market segmentation and the non-
minimization of generation costs.

Geographical diversity may increase social acceptability, as in
Portugal (Del Río, 2016b), lower the risk of excessive remuneration in
the best sites, ensure proximity to the grid and/or loads, leading to
fewer grid restrictions, and reduce the risks of administrative permits.
When the grids are underdeveloped, as in many countries in Africa, it
makes sense to organize auctions for projects at preselected sites in
order to minimize system costs, even if the location of those projects
is not optimal from an allocative efficiency perspective. This has been
the case in Uganda and Zambia (Eckhouse and Hirtenstein, 2016; Del
Río, forthcoming-a).

Participation conditions: requirements and facilitation

Streamline of administrative procedures
Burdensome administrative procedures can lead to lower levels of

participation and, thus, competition, higher bids and support costs but
also to a lower effectiveness. For example, project realizationwas severe-
ly reduced in Ireland due to a misalignment between spatial planning
and the auction scheme (Steinhilber, 2016a). Acknowledgement of the
high transaction costs stemming from burdensome administrative
requirements in South Africa led to streamlined procedures in round 4
(Allen and Overy, 2015; Eberhard et al., 2014). Streamlined procedures,
one-stop-shop for permits and an integration of the permitting
9 Regional adjustment of bid prices (hourly adjustment factors per zone)were included.
These adjustments rewarded or penalized those zones where new capacity is needed or
where production overcapacity exist, respectively. The locational signal was weakened
in the second auction as the auction focused instead on the quality of the resources
(IRENA, 2017).



10 One of themost important selection criteriawas the development of a wind industrial
cluster. This did not guarantee that the sites selectedby thewinddeveloperswere optimal,
but that the chosen developers had the economic capability to create a large industrial in-
vestment (Del Río, 2016b).
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procedure, as in Denmark (Held et al., 2014), can increase participation
and the effectiveness of the auction. They also reduce costs for investors,
which leads to a higher allocative efficiency. Those winning in the first
auction in Mexico did not have the certainty that they would obtain
the interconnection (Del Río, forthcoming-b; POYRY, 2016). Since
players are not obliged to demonstrate acquired land rights, there is a
risk that not all projects will be implemented as planned (IEA, 2016,
p.51). Both have a detrimental impact on effectiveness. This suggests
that the auction procedure and the interconnection process should be
homogenized, as recommended by Del Río and Linares (2014).

Supporting dialog with stakeholders
Supporting the dialog with stakeholders would increase participa-

tion and competition and reduce bid levels (lower support costs). For
example, an open dialog with stakeholders has led to broad support
for the program in California (Fitch-Roy, 2015). Investors were not
able to discuss the auction conditions before submitting the final offer
in the Danish Anholt auction, which was a factor behind low participa-
tion in this auction (Kitzing and Wendring, 2015). The Danish Energy
Agency has organized meetings with pre-qualified bidders to discuss
auction conditions before submitting their bids. While this reduced
investors' risks, it also weakened the competitive nature of auctions
(Wigan et al., 2016, p.15). In South Africa, a conference is initially
organized, allowing the government to communicate any changes to
all market agents equally (Del Río, 2016a; Toke, 2015).

Transparency, clear rules, information provision and stakeholder di-
alog have been clear facilitators of participation in Mexico, by reducing
the risks and costs of participation. In turn, this has had positive effects
on competition and bid prices (Del Río, forthcoming-b). Simplicity and
transparency are considered main strengths of the auctions in Peru by
many stakeholders (Del Río, forthcoming-c). Different types of actors
have been attracted, particularly foreign ones, leading to healthy levels
of competition. Risk reduction has to be weighted with reductions
in the competitive character of auctions and the potential allocative
inefficiencies that may result. For example, project sites were pre-
selected by political actors in China, with detrimental effects on
allocative efficiency (Steinhilber, 2016b).

Prequalification requirements
Prequalification criteria are crucial for effectiveness. They aim to en-

sure the seriousness of bids and sort out projects with low realization
probability (see Kreiss et al., 2016 for a theoretical analysis). But they
may discourage the participation of actors by increasing the costs of
participation, leading to lower levels of competition and higher bids
and policy costs. On the other hand, they increase the probability that
stronger bidders participate, leading to higher quality of bids (Kreiss,
2016). Competition in the auction increases also if weaker bidders are
replaced by stronger ones (Haufe and Ehrhart, 2015; Kreiss, 2016). In
particular, strong requirements can deter smaller participants (Moore
and Newey, 2013), negatively affecting actors' diversity.

As with other design elements, setting them at appropriate levels
represents a crucial challenge. Too strong prequalification requirements
reduce participation and, thus, competition, leading to higher bids and
support levels and a lower allocative efficiency. For example, in France,
only 60% of the submitted bids were eligible, likely due to unclear
and/or inadequate documentation requirements (Förster, 2016), lead-
ing to lower competition and higher bids. In Peru, strict compliance
rules severely limited participation in the 2009 auction (IRENA, 2015;
Del Río, forthcoming-c). In Uganda, technical specifications have been
too strict. Narrow requirements for individual components, rather
than for the quality of power produced, have prevented developers
from choosing the least cost option to meet requirements (Castalia,
2016). Although prequalification requirements can help reduce the
risk of underbidding (IRENA, 2015), too strong requirements may lead
to too aggressive bidding behavior, i.e. underbidding, because some
costs of prequalification will be lost if the bidder is not successful in
the auction and winning becomes more important to the bidder
(Rosenlund, 2016).

If they are too weak, ineffectiveness may result, as in Ireland and
Panama. After high non-realization rates in the initial rounds in
Ireland, bidding projects were required to have secured planning per-
mission. Later auction rounds also required bidders to provide cash
flow statements showing that the proposed project could break even
(DMNR, 2003; Steinhilber, 2016a). In Panama, low financial guarantees
and the absence of other prequalification requirements has led to weak
bidders participating in the auction and low effectiveness (Factor,
2017). In Chile, guarantees pledged have been deemed rather insuffi-
cient (Muñoz and Galetovic, 2017) and the financial guarantees will
increase from 14,800 to 29,600€/GWh in the next auction (EnergyNews,
2017).

Local content rules (LCRs)
LCRs are aimed at enhancing the local economic development op-

portunities in the country, which may increase the local impacts and
the social acceptance of the scheme. For example, government officials
in South Africa see LCRs as a way to boost local manufacturing in an
underdeveloped sector (Eberhard et al., 2014). Proponents of the policy
claim that significant socioeconomic benefits are derived (South African
Government, 2015). However, McDaid (2014) argues that the impact
on local manufacturing and sustainable local economic development
have been modest. This has also been the case with LCRs in Uruguay
(Factor, 2017). In general, while it is true that the local innovation-
supply chain would be supported, it is unclear if this is beneficial
from a wider perspective (Del Río and Linares, 2014), i.e., the impact
on dynamic efficiency is unclear.

The drawbacks of LCRs might be the reason for their limited imple-
mentation (Fig. 2). They include fewer bidders, given the higher costs
and risks for investors, lower levels of competition and higher adminis-
trative costs due tomonitoring and verification of the local content. This
would end up in higher generation costs, bid prices and policy costs. For
example, there were two auctions in India, one with LCRs and the
other without. The local content sub auction received half as many
bids as its open counterpart (700MWvs. 1470MW) and resulted in sig-
nificantly higher bids (Khana and Barroso, 2014). In Russia, onerous
LCRs were one of the reasons for the low interest of project developers
in the auction (Rice et al., 2014). In South Africa, opponents of the LCRs
argued that they resulted in higher bids because local components were
not cost-competitive with those sourced abroad (Del Río, 2016a). The
Portuguese case shows that the creation of a local wind industrial
cluster took place at the expense of greater support costs and a lower
allocative efficiency (Del Río, 2016b).10 LCRs led to higher costs for
RES-E projects in Uruguay (Factor, 2017).

In addition, the projects can be delayed if LCRs are too stringent,
negatively affecting the effectiveness of the scheme. For example, delays
in the first wind auction in Brazil were caused by the requirement to
have 60% of the cost of equipment spent locally, as only one manufac-
turer was operating at the time (IRENA, 2013). The lack of a competitive
domestic RES-E industry and manufacturing capacity in South Africa
made the LCR a bottleneck for projects, and increased the costs and
risk of failure in the construction phase (De Lovinfosse et al., 2013).
However, there has been considerable competition in South Africa de-
spite the implementation of LCRs (Del Río, 2016a). Likewise, in China,
competition has not been negatively affected by LCRs because China is
large enough to have some competition even among its domestic indus-
try players (Steinhilber, 2016b). Therefore, the situation of the local
market with respect to the technology in question should be considered
when implemented LCRs. Non-existent or low-quality local
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manufacturers would result in a bottleneck for the successful comple-
tion of projects.

Finally, LCRsmay violate theWorld TradeOrganization (WTO) rules.
This issue was a major point of contention in India, as the United States
filed an official complaintwith theWTOagainst India's LCRs (Khana and
Barroso, 2014). This was also the reason that China ceased to apply LCRs
since 2009.

Information provision
Providing information to potential participants (e.g., resource as-

sessments) can be justified for effectiveness because lack of information
on the characteristics of the resourcemay lead to excessively optimistic
bids and underbidding. Information provision would encourage actor
diversity since smaller actors are likely to suffermore from this informa-
tion problem. Information provision would reduce the risks and costs
for bidders, which would encourage higher participation and competi-
tion and lower bids (lower support costs), as it has been the case in
Uruguay (Factor, 2017). It would also improve allocative efficiency if it
contributes to deploy RES-E in the best sites, although this would be
(partly or totally) offset by the higher administrative costs.

Support conditions

Remuneration type (energy or capacity-based)
The remuneration granted and the functioning of the plant are not

connected under capacity-based remuneration and, thus, there isn't a
lower incentive to run the plant efficiently.11 Therefore, generation-
based remuneration increases the incentive for a better design and
functioning of plants (better allocative efficiency) and provides better
system integration (lower indirect costs). Capacity-based metrics can
lead to greater certainty on support costs since support is paid up-
front. However, the net impact on support costs is uncertain since the
greater allocative efficiency with generation-based remuneration
would lead to lower bids. An overwhelming majority of countries has
adopted generation-based remuneration (Fig. 2).

No clear differences can be observed regarding dynamic efficiency. A
generation-based metric may induce more competition between
equipment suppliers to innovate and provide technologies that
maximize the revenue of RES-E generators. But equipment suppliers
would have an incentive to sell technologies that are cheaper than
their competitors', and this incentive exists whichever metric is used.

Energy remuneration form
The three alternatives in this category (FITs, fixed and sliding FIPs)

differ in two main dimensions: market integration and investors' risks.
FITs, which is the most widespread, provide very stable revenues with
very low investment risks and therefore low risk premia with respect
to RES financing. Under FIPs, and in contrast to FITs, plant operators
need to market the electricity generated directly at the electricity mar-
ket. The main advantage of FIPs is their market orientation, as the elec-
tricity price is part of the overall remuneration for RES-E plants. In this
way, decentralized direct marketing of RES-E is encouraged and incen-
tives to feed-in electricity in times of negative prices are reduced,
i.e., RES-E ismademore responsive to price signals. A greatermarket ex-
posure, however, comes with a higher investment risk and higher fi-
nancing and, thus, capital costs. The lower risks under FITs would
translate directly into lower bids (Del Río and Linares, 2014) and may
also attract potential bidders, which increases competition and further
reduces bid prices.

Sliding FIPs provide a good balance between low investment risks
(highest under fixed FIPs and lowest under FITs) and high market inte-
gration of RES-E generation (highest under fixed FIPs and lowest under
11 This is so because power generation with investment-based support is incentivized
only by the hourly electricity market price. Kitzing et al. (2016) argue that a possible ad-
vantage is the distortion-free participation in all segments of the electricity market.
FITs). Under sliding FIPs, RES-E plant operators are not exposed to the
overall risk of trends in electricity prices, as with fixed FIPs. Compared
to FITs, investment risks are higher, since RES-E has to be marketed.
The strike price is determined in the auction procedure. The public has
to bear higher risks regarding the policy costs, since these depend on
the development of the market price of electricity.

Interestingly, some auctions explicitly include the “value” of electric-
ity in their design, trying to encourage electricity generation at times of
higher demand, i.e., providing a bonus (Mexico, California and Abu
Dhabi). In México, electricity from variable RES-E will be paid at the
price included in the seller's bid as adjusted up or down by “hourly ad-
justment factors”. More will be paid for the electricity at times of higher
demand and less at times of lower demand (Mayer Brown, 2016). In
California, operators are paid higher prices at times of higher systemde-
mand (Fitch-Roy, 2015). In Abu Dhabi, electricity fed into the grid from
June to September (when demand for air conditioning is greatest) is re-
munerated at prices which are 60% higher than energy delivered from
October to May (IRENA, 2017).

Selection criteria: price-only/multicriteria auctions

Price-only auctions would result in the lowest bidders being
awarded contracts, whereas multicriteria auctions allow for the
achievement of multiple policy objectives (e.g. local employment,
local environmental impacts, industrial development, social acceptance
etc.) (Del Río et al., 2015b). Since the least cost bidders might not be se-
lected in multicriteria auctions, a lower allocative efficiency and higher
support costs would result compared to price-only auctions. The extra
cost has to be weighted with the benefits of the other policy objectives
(local impacts and dynamic efficiency)which nevertheless could bemore
effectively tackled with measures outside the auction scheme. In
Portugal, the multicriteria auction did not guarantee that the sites se-
lected by the wind developers were optimal (Del Río, 2016b).
Multicriteria auctions are far less common than price-only auctions
(Fig. 2).

Auction format

If the priority of the government is on allocative efficiency, then single-
item auctions would be preferable. If effectiveness or actor diversity are
the main goals, then multi-item auctions could be recommended. Allo-
cating the volume to be contracted to more than one project developer
reduces non-compliance risks (better effectiveness). Economies of scale
could be higher under single-item, since one single winner could better
reduce some fixed costs (i.e., higher allocative efficiency). Actor diversity
would be higher under multi-item auctions, as different bidders are
awarded contracts instead of a single one. Other criteria would not be
significantly affected. Note that, for some technologies and project
types (e.g. off-shore wind), splitting the volume auctioned in several
units would be difficult. Thus, in practice, the choice for one or the
other alternative is limited.

Auction type

Auctions can be organized in a static (sealed bid) or a dynamic man-
ner (descending or ascending clock). Sealed bids are simpler than dy-
namic ones. Thus, participation costs are lower (Maurer and Barroso,
2011). In addition, when competition in an auction is weak, not reveal-
ing any information during the auction process becomes an advantage
of sealed-bid auctions. Static auctions are less vulnerable to implicit col-
lusion than dynamic ones (Haufe and Ehrhart, 2015). Virtually all coun-
tries analyzed have adopted static auctions (Fig. 2). The descending
clock auction design allows for strong price discovery, which is particu-
larly relevant when there is uncertainty on the costs of renewable ener-
gy projects, mitigating the risk of winners' curse, which occurs when
bidders do not know their actual valuation for the good. Therefore,



10 P. del Río / Energy for Sustainable Development 41 (2017) 1–13
sealed bids are recommendable when themain priority is to reduce the
administrative costs and the risk of implicit collusion (support costs). If
the priority is effectiveness, then dynamic auctions are preferable, since
the risk of underbidding (and, thus, underbuilding) is lower.
Pricing rules

There are basically two pricing alternatives in sealed-bid auctions:
pay-as-bid (PAB) or uniform (either highest-accepted-bid, HAB or
lowest-rejected-bid, LRB).

PAB is preferable for effectiveness reasons, whereas uniform pricing
is better to minimize the costs of support, since it is theoretically more
incentive-compatible and has led to aggressive bidding in practice
(see below). In contrast to PAB, uniform pricing with LRB is incentive
compatible, e.g., cost exaggeration is discouraged and, thus, a lower
bid (and lower support costs) can be expected because, in the LRB, the
bidders' own prices do not influence the price they will be paid in case
of winning (see Haufe and Ehrhart, 2015 for further details). Thus,
participants bid their true cost12 and a common price signal is provided.
Although uniform pricing is often viewed as fair since all winners
receive the same price (which is not the case with PAB), it may
sometimes be difficult to justify having bidders with very different
cost structures receiving an identical price for the energy sold (unclear
political feasibility).

Compared to PAB, uniform pricing leads to uncertainties regarding
award prices for winners and, in practice, it creates a risk of irrational
behavior, underbidding, underbuilding and ineffectiveness. Some
bidders bid below their costs, hoping that the marginal bidder will set
an attractive price for all winning projects (Steinhilber, 2016c). This
has been the case in Spain (Del Río, 2016c) and U.K. (Fitch-Roy and
Woodman, 2016). In Spain, uniform pricing has contributed to many
firms offering very low prices, believing that the cut-off point would be
higher (Del Río, 2016c). Few countries have adopted it (Fig. 2).
Price ceilings

Ceiling prices limit the risk of high support costs, for example in
case of low competition. This was the reason they were set in Italy
(Tiedemann et al., 2016). Determining appropriate ceiling prices is chal-
lenging, however. They can be set too low, as in Brazil in 2013 (Elizondo
et al., 2014) and in Peru's first round, contributing to ineffectiveness
(IRENA, 2013; Del Río, 2017forthcoming-c). Low ceiling prices would
have detrimental effects on technological diversity in technology-
neutral auctions and probably on actors' diversity if mature technolo-
gies and large players are the only ones able to bid at prices lower
than the ceiling (IRENA, 2015). In contrast, too high ceiling prices
were set in South Africa's first round (Montmasson-Clair and Ryan,
2014; Yuen, 2014). Higher ceiling prices have a positive quantitative
but a negative qualitative effect on competition: higher number of
participants but weaker ones.

A different issue is whether those prices should be disclosed. This
has ambiguous effects on support costs. Disclosure would increase
transparency, investor confidence, participation and competition
(e.g., lower support costs) but it may bias the results of the auction if
the bidders propose relatively high bids marginally close to the ceiling
price (“anchoring”) as was the case in Peru (IRENA, 2013), South
Africa (Eberhard, 2013) and India (IRENA, 2015).
12 With the exception of multi-project (since bidders may behave strategically, bidding
their true costs with some projects while trying to drive up the price with secondary pro-
jects) and uniform pricing with highest accepted bid (Haufe and Ehrhart, 2015).
Realization period

Appropriate deadlines for constructing the projects need to be set for
effectiveness and support costs reasons. However, the challenge is pre-
cisely to set them at levels which are neither too long nor too short.
Too short periods lead to higher risks for investors, low participation
and competition and higher bids, as in the recent U.K. (Fitch-Roy and
Woodman, 2016) and Danish Anholt auctions (Kitzing and Wendring,
2015). Long grace periods give temporal flexibility to bidders in achiev-
ing compliance but too long periods increase the risks of an excessive
remuneration (compared to technology costs). In the U.K. NFFO, project
developers had a 5-year “grace period” in order to initiate their projects
and some of them based their bids on the expected cost reductions in
the following 5 years. Since costs did not decrease as expected, and pen-
alties for failing to develop the project had not been implemented,many
developers failed to build the project (Ackermann et al., 2001; Edge,
2006). Likewise, speculation on falling prices during the allowed con-
struction period may have led to unrealistically low bids in Poland
(Kitzing andWendring, 2016) andChile (Manancourt, 2016). Therefore,
if support costs are themain goal, then the government should avoid set-
ting the deadlines too long. If effectiveness is themain priority, then they
should not be too short.

Penalties

Effectiveness requires the implementation of penalties. Their ab-
sence is likely to lead to ineffectiveness, as in India's PV state auctions
(Khana and Barroso, 2014). They were considered to be critical to the
success of the auction in China (Wang et al., 2014). The low penalties
contributed to underbidding in Poland and the U.K. In the recent U.K.
auction, the penalty for failing to build the projects (exclusion from
any future auctions within 13 months) is insignificant because other
bidding rounds have not been announced (Fitch-Roy and Woodman,
2016). In the U.K. NFFO, the absence of penalties was behind the poor
installation rate (Ackermann et al., 2001; Edge, 2006). In Poland, the
low penalty for non-compliance is one of the factors leading to under-
bidding and, thus, underbuilding (Kitzing and Wendring, 2016). In
Denmark, penalties had not been adopted initially (Rødsand 2), but
this was later corrected for purposes of effectiveness (Kitzing and
Wendring, 2015).

Again, the key issue is how to implement penalties and their level.
Too low (or non-existent) penalties would lead to effectiveness. If they
are set too high, then lower levels of participation and competition,
higher bids and support costs, lower allocative efficiency and lower
actor diversity can be expected.

Table 4 summarizes the results of the assessment per design
element and criterion. The signs (+, =, −) indicate whether the
design element scores better than the alternative in the considered
criterion. In some cases, the comparison is between a too high/low
level of the design element and the alternative (appropriate, medium
level). Finally, in other cases, there are three alternatives, which are
compared to each other. It can be observed that, if the focus is put
on a specific criterion, then some design elements are more suitable
than others. For example, generation-based volumes, a schedule of
auctions, improving administrative procedures, prequalification re-
quirements and penalties and a FIT would be particularly recom-
mendable for reasons of effectiveness, whereas, if minimization of
support costs is the policy priority, then budget-based volumes, a
schedule of auctions, geographically and technologically neutral auc-
tions, improving administrative procedures and low ceiling prices
should be implemented.

An interesting finding is that some criteria usually go in the same di-
rection (support costs and allocative efficiency), while others seem to
be in conflict, either always (support costs and allocative efficiency on
the one hand and local impacts and dynamic efficiency on the other)
or often (e.g., effectiveness and support costs, allocative efficiency and



Table 4
Summary of the impact of the design elements on the criteria.
Source: Own elaboration.

Design elements Effect Support
costs

Alloc.
EF

Indirect
costs

Local
impacts

Dyn
EF

Actor
DIV

Social
accept.

1. Volume Generation-based + = = + = = = ?
Budget-based − + = − − − = ?
Capacity-based = − = − = + = ?
Level too high + − − = + + + ?
Level too low − + + = − − − ?
Disclosure (vs. non-disclosure) = + = = = + = =

2 Periodicity Long lead times = + + = = = = =
Short lead times = − − = = = = =
Schedule (vs. no schedule) + + + = = + = =

3 Diversity (vs. its absence) Technology-neutral = + + − − − − ?
Geographically-neutral = + + − ? = − ?

4 Participation conditions Improving administrative procedures⁎ + + + + + + + +
Supporting dialog with stakeholders⁎ + ? ? = = = = +
Prequalification requirements⁎ + − − = = = − ?
Prequalification too strong + − − = = = = =
Prequalification too weak − + + = = = = =
LCRs⁎ =/− − − = +/= + = ?
Information provision⁎ = ? + = = = + =/+

5 Support cost conditions Generation-based (vs. investment-based) = − + + = = = =
FIT + + + − = + + +
FIP fixed − − − + = − − −
FIP sliding = = = = = = = =

6 selection criteria Multicriteria (vs. price-only) = − − = + +/= = ?
7 auction format Single-item (vs. multi-item) − = + = − = − ?
8 auction type Static (vs. dyn.) − + ? = = = + +
9 pricing rules PAB (vs. uniform) + − − = = = = ?
10 pricing rules Ceiling prices (vs. their absence). = + + = = = = +

High ceiling prices + − = = = = = ?
Low ceiling prices − + = = = = = ?
Disclosed (vs. non-disclosed) = ? ? = = = = +

11 Realization period Too short + − − = = = = ?
Too long − + + = = = = ?

12 penalties Too high + − − = + = − ?
Too low − + + = = = + ?

Note: The design element scores (+) better than the alternative in the considered criterion; (=) similarly to the alternative (or no change can a priori be expected); (−) worse than the
alternative; (?) refers to opposing effects, with an unclear net effect.
⁎ vs. their absence.
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indirect costs…). There might also be conflicts within a given criterion,
since the design element induces opposing forces. This is often the case
with support costs.

Conclusions

RES-E auctions have increasingly been perceived worldwide as a
good alternative to other instruments to control the costs of RES-E
support. However, whether auctions will live to expectations will
depend on their appropriate design. This article has focused on the
micro-conditions of effective design, providing an overarching analyti-
cal framework and evidence-informed guidelines of the advantages
and disadvantages of different design elements, taking into account dif-
ferent mechanisms activated by the design elements and their impact
on different assessment criteria.

Our findings show that a few design elements score better than the
alternatives in some criteria without scoring worse in others. These can
be regarded as “best” practices and include a schedule of auctions, vol-
ume disclosure, price ceilings, penalties, streamline of administrative
procedures and provision of information to potential participants.

However, most design elements involve trade-offs between criteria,
i.e., their choicemay improve one criterion at the expense of worsening
another and, thus, their choice depends on the priorities of the govern-
ment. In particular, conflicts between effectiveness and support costs/
allocative efficiency and between support costs/allocative efficiency
and other criteria (system costs, local impacts, dynamic efficiency and
actor diversity) are common. Our results suggest that, when designing
auctions for RES, there are only a few alternatives which should be
implemented irrespectively of governments' priorities. Therefore, the
idea that there is an unambiguously preferred way to design auctions
for RES is only partly true.

Three issues should be taken into accountwhen interpreting the im-
pact of design elements on criteria and also suggest fruitful avenues for
further research. First, some of those elements work in tandem and one
may amplify or mitigate the impact of the others. There are several
empirical examples of this. For example, different design aspects are
mentioned as reasons behind underbidding and possibly underbuilding
in Poland, namely the low expected frequency of auctions, the low pen-
alties and the relatively long realization period (Kitzing and Wendring,
2016). Further research should analyze the interactions and interdepen-
dencies of design elements and disentangle their individual influence.
The synergies and conflicts between design elements should be
addressed from a theoretical point of view.

Second, design elements are only one of the factors affecting those
criteria. There are some external factors at play in all auctions for RES.
For example, in addition to program design, other factors had an impact
on the success of the auction program in South Africa, including pro-
gram management factors, market factors, favorable characteristics of
the banking sector and the existence of advisory services (Eberhard
et al., 2014). In addition, some complementary policies have coexisted
with auctions and have had an influence on the outcome of these auc-
tions. For example, countries may provide soft loans for participants in
the auctions (as in Brazil). Auctions in Zambia, Uganda and Ghana are
part of a broader mix of instruments, implemented with the support
of international organizations, such as the World Bank, which are
aimed at de-risking and providing technical support. These policies
reduce the financing costs and participation risks and, thus, increase
participation (Lucas et al., 2017). This leads to higher competition levels
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and lower bid prices. The relative influence of those other factors and
policies on the success of auctions should be the focus of future research.

Finally, the fact that one design element scoreswell in one or another
criterion may not necessarily mean that it can be applied everywhere.
Thus, the extent to which “best practices” can be implemented in coun-
tries with different regulatory cultures is worth analyzing.
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