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Auctions have become the main instrument of choice to support renewable electricity around the world. This is
probably due to their alleged virtues in terms of efficiency. However, whether auctions will meet their expecta-
tions and be successful will depend on the choice of design elements in particular settings. Although the analysis
of the advantages and drawbacks of different design elements has received considerable attention in the litera-
ture, this is not the case with the real-world adoption of different design elements across different regions and
renewable electricity technologies and overtime. The aim of this paper is to cover this gap in the literature.

Ilggzvsvzjsl'e energy Using a database of 90 renewable electricity auctions from around the world, built by the authors, this article an-
Electricity alyzes different patterns of adoption of design elements overtime, across continents and technologies. The results
Auction of the analysis show that, indeed, large differences across regions and overtime can be observed for some design
Design elements. Regarding regional differences, this is the case for geographical diversity, local content requirements,
remuneration form, auction form and disclosure of ceiling prices. Some design elements clearly show a distinct
pattern over time: volume metric, size diversity, selection criteria, auction format, auction type, pricing rule
and ceiling prices. In contrast, the differences across technologies are less marked and are circumscribed to geo-
graphical diversity, auction format and remuneration form. Several possible explanations for the patterns and

trends in auction design are proposed.
© 2021 Published by Elsevier Inc. on behalf of International Energy Initiative.
Introduction on how auctions are designed, i.e. on the choice of their design elements

Auctions have become the main instrument to support electricity
from renewable energy sources (RES-E) worldwide. According to
(IRENA, 2019a), 106 countries had held at least one RES-E auction by
the end of 2018, up from 6 countries in 2005 (IRENA, 2017). The success
in the adoption of this instrument is probably related to its alleged ad-
vantages with respect to administratively-set price-based support re-
garding cost-efficiency and minimization of the costs of supporting
the deployment of renewable energy projects. However, there is a wide-
spread consensus that whether those advantages materialize depends
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European Union; fFIP, fixed feed-in premium; FIP, feed-in premium; FIT, feed-in tariff;
IEA, International Energy Agency; IRENA, International Renewable Energy Agency; LCOE,
levelized cost of electricity; LCR, local content rules; MT, multi-technology; MW,
Megawatt; MWh, Megawatt hour; PAB, pay-as-bid; PPA, power purchase agreement;
PV, photovoltaics; RES, renewable energy sources; RES-E, electricity from renewable en-
ergy sources; RET, renewable energy technology; SCR, seller concentration rules; sFIP, slid-
ing feed-in premium; TN, technology-neutral; TS, technology-specific; U.K., United
Kingdom.
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(del Rio, 2017a; del Rio & Linares, 2014; IRENA, 2015).!

Two closely related topics in RES-E auctions have captured the atten-
tion of researchers: the results of auctions and their design. An emerging
academic literature has paid attention to the results of RES-E auctions
worldwide, focusing on different aspects of their functioning, including
India (Bose & Sarkar, 2019; Shrimali, Konda, & Farooquee, 2016; Thapar,
Sharma, & Verma, 2018), South Africa (Eberhard & Naude, 2016),
Germany (Grashof et al., 2020; Lundberg, 2019), Australia (Buckman,
Sibley, & Bourne, 2014; Buckman, Sibley, & Ward, 2019), Italy
(Cassetta et al., 2017) and Brazil (Bayer, 2018; Bayer, Berthold, & de
Freitas, 2018; Bayer, Schduble, & Ferrari, 2018; Viana & Ramos, 2018),
among others. Those contributions have overwhelmingly analysed the
impact of auctions on two main aspects (the effectiveness in deploy-
ment and the costs of support), although there are some exceptions
e.g. the assessment of the impact on community wind projects in
Germany (Grashof, 2019). The performance of auctions in particular
countries has also been analysed in two EU-funded research projects

! However, some authors argue that it is the structural features of auctions as such
(i.e., the instrument) which have the most influential impact on different criteria and goals
(efficiency, effectiveness, actor diversity etc....) and that it is not only (or not fundamen-
tally) an issue of auction design [see, e.g., Jacobs et al. (2020)].
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(AURES and AURES II).2 Comparative analyses of RES-E auctions in several
countries have also been performed by, e.g. Bayer, Schduble, et al. (2018);
del Rio & Linares (2014); Dobrotkova, Surana, & Audinet (2018); Lucas,
del Rio, & Sokona (2017); Winkler, Magosch, & Ragwitz (2018).

On the other hand, several contributions have assessed RES-E auc-
tion design, covering different aspects and using different methodolo-
gies. Some authors have focused on the theoretical advantages and
disadvantages of one design element versus another. For example
Kreiss, Ehrhart, & Haufe (2017) assess the implications of financial and
physical prequalifications and penalties on the functioning of RES-E
auctions. Haufe & Ehrhart (2018) compare two formats that can be
used in renewable energy auctions (pay-as-bid versus uniform pricing).
Using simulations with agent-based modeling applied to the Danish
auction scheme (Welisch, 2019) analyze the impact of an schedule of
auction rounds and their volumes on auction performance. Using the
same method (agent-based simulation modeling) Anatolitis &
Welisch, (2017) compare pay-as bid vs. uniform pricing, with simula-
tions of the future German onshore wind power auctions.

Other authors take a broader approach and provide a general assess-
ment of several design elements, illustrating the pros and cons of the re-
spective choices with examples of auctions from around the world. In
this latter case, work carried out by IRENA and in the aforementioned
AURES research project stands out in addition to other contributions
(Gephart, Klessmann, & Wigand, 2017; GIZ, 2015; Held et al., 2014).
IRENA (IRENA, 2015) identifies different design elements and classifies
them into several categories, providing an analysis of their strengths
and weaknesses. This framework is used in subsequent reports by
IRENA to assess auction experiences from around the world (IRENA
2017; IRENA 2019a). A taxonomy of design elements is provided in
the AURES project (del Rio et al,, 2015), together with a multicriteria as-
sessment framework to analyze the functioning of auctions and the pos-
itive and negative aspects of alternative design choices (del Rio, 2015;
del Rio, Wigan, & Steinhilber, 2015).

On the other hand, there are several empirical contributions on RES
auction design. Case studies identify the choice of specific design ele-
ments and how they have worked in specific circumstances. Again,
the AURES and AURES II projects provide a considerable amount of in-
formation in this regard, with country case studies from around the
world. A few studies outside these two projects have also focused on
how the auctions in specific countries have been designed, e.g. Sar1 &
Saygin, (2018) for Turkey, Cassetta et al. (2017) for Italy and Lundberg
(2019) for Germany (see also Section 3). There are also several empirical
analyses on the design elements adopted in countries in specific regions,
including Latin America (Factor, 2017; Hochberg & Poudineh, 2018;
Viscidi & Yepez, 2019), sub-Saharan Africa (Kruger & Eberhard, 2018;
Lucas et al., 2017), “developing countries” (IRENA, 2013) or Europe
(CEER, 2018). All these contributions identify auction design elements
in their particular settings and try to assess their functioning in those re-
gions or countries.

However, although the analysis of the advantages and disadvantages
of alternative design choices has received considerable attention in the
literature, this is not the case with the comparative adoption of different
design elements across different regions. Furthermore, the analysis of
the different design elements per technology or application has also re-
ceived scant attention in the academic literature, being circumscribed to
only one technology, such as concentrated solar power (del Rio & Mir-
Artigues, 2019), or application, such as off-grid auctions (Lucas, del
Rio, & Cabeza, 2020). Finally, the adoption of different design elements
over time has not been systematically investigated.

2 See http://auresproject.eu/ and http://aures2project.eu/

3 Including Denmark, Netherlands, Germany, U.K,, Italy, Ireland, France, Portugal,
Mexico, Brazil, Peru, Chile, California, South Africa and China. A synthesis analysis is pro-
vided by (Wigan et al., 2016) The recent EU-funded AURESII project has provided addi-
tional case studies on Argentina, Chile, Alberta (Canada), Denmark, Germany,
Netherlands, Poland, U.K,, Portugal, Greece and Mexico.
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This article covers this gap in the literature. Using a database of 90
renewable electricity auctions from around the world in the 1991-
2021 period, built by the authors, it analyzes different patterns of adop-
tion of design elements across continents, technologies and overtime.

The relevance of this analysis is clear. First, as mentioned above, the
focus on design elements is justified by its relevance as a main factor in
the success of the auctions (del Rio, 2017a; del Rio & Linares, 2014;
IRENA, 2015; IRENA, 2019a). The comparison across regions, technolo-
gies and overtime is deemed relevant because it allows us to infer les-
sons on the choices being made and derive policy implications on the
future design of auctions for RES. Governments willing to adopt auc-
tions may infer relevant lessons on how other countries have done it
in the past in similar regions or for similar technologies. The historical
comparison is also relevant, because it shows how best practices have
been adopted overtime and how other design elements have not had
the same degree of success.

The next section describes the different design element categories
and possible choices within each category. Section 3 describes the
methodology. The results of the analysis are provided and discussed in
Sections 4 and 5, respectively. Section 6 concludes.

Auction design elements

Several contributions have identified and classified the different de-
sign elements in RES-E auctions (e.g., del Rio, 2017a; del Rio, et al., 2015;
del Rio & Linares, 2014; IRENA, 2015). Here, the classification in del Rio
(2017a) is followed. Table 1 describes each design element.

Materials and methods

This paper mainly draws on secondary material collected in desktop
research. For the purposes of this paper, a database was built. This data-
base draws on the following information sources on the design of past
and present RES auctions from around the world:

1) Case studies performed by the authors in the context of the AURES
and AURES II projects or outside these projects. These include auc-
tions in Portugal in 2005-2008 (del Rio, 2016a) and 2019 (del Rio,
2019a), Mexico (del Rio, 2017b; del Rio, 2019b), South Africa (del
Rio, 2016b), Spain (del Rio, 2016¢; del Rio, 2017c; del Rio, 2018),
Peru (del Rio, 2017d), Chile (del Rio, 2017¢; del Rio et al., 2019),
Zambia (del Rio, 2017f), other countries in Sub-Saharan Africa
(Lucas et al., 2017) and CSP auctions in India, South Africa, United

Arab Emirates, Morocco and South Australia (del Rio & Mir-

Artigues, 2019; Mir-Artigues, Del Rio, & Caldés Gémez, 2019).

Other case studies from the AURES and AURES II projects (see foot-

note 3). These case studies, which are publicly available in the re-

spective websites, were undertaken using official documents and
stakeholder interviews.

Publicly available databases on renewable energy support schemes

in general (the IEA/IRENA Global Renewable Energy Policies and

Measures Database, with a world-wide scope, and the RES-Legal da-

tabase, with an EU-wide scope) and auctions in particular (the

AURES II database, with an EU-wide scope).*

4) Case studies on RES-E auctions performed by other authors and pub-
lished in energy journals with the highest impact factors. After in-
cluding relevant terms in the search engines of the journals, we
ended up with fifty-nine articles on renewable energy auctions.
These papers were read and some of them were not included in
the final selection, either because their focus was not on auction de-
sign, but on the comparison of auctions with other alternatives, or be-
cause they had a theoretical focus, as mentioned in the Introduction.
Only those which specifically provided data on the design of RES-E

2
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4 IEA/IRENA (https://www.iea.org/policiesandmeasures/renewableenergy), RES-LEGAL
(http://www.res-legal.eu/home/), AURES II (http://aures2project.eu/auction-database/).
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Table 1
Auction design elements: description of options.
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Design element categories

Description of alternatives

1. Metrics for volume setting and disclosure
2. Timing (schedule)

3. Diversity (technological, geographical,
actor and size)

4, Participating conditions

5. Remuneration type
6. Remuneration form

7. Selection criteria
8. Auction format

9. Auction type

10. Pricing rules

11. Existence and disclosure of ceiling prices
12. Realization periods

The volume in renewable electricity auctions can be set in terms of capacity (MW), generation (MWh) or budget (e.g., million €) terms.

A schedule of auctions implies a commitment to launch an auction at regular intervals. The alternative is to organize ad-hoc auctions, i.e. set
at irregular intervals. Even if there isn't an schedule of auctions, these may be organized on a regular basis (i.e., with a high frequency).
Auctions can be organized which are neutral with respect to the participation or awarding of technologies, locations, actors and
project sizes. In contrast, a specific sort of those categories can be promoted through several options (see del Rio, 2017a).

A relevant distinction is between technology-neutral (TN) and technology-specific auctions (TS). All electricity generation
technologies (renewable or non-renewable) are in principle eligible to participate and be awarded in TN auctions. Only one
technology is eligible to participate in TS auctions, or several of them in multi-technology auctions (MT).

Auctions can also be geographically neutral (no requirement to deploy the project in a given location) or geographically-diverse (the
location is either pre-selected by the government or an incentive to locate in given places is provided).

In actor-neutral auctions, large actors are likely to dominate participation and awarding, since they are more likely to offer low bids.
-Local content rules (LCRs). Some countries require that the equipment used in the projects awarded in the auction is manufactured
domestically.

-Seller concentration rules (SCRs): In order to ensure competition, the auction may be cancelled if there is not a minimum number of
participants (e.g. Colombia and Portugal).

-Information provision: Governments may support participation in the auction by providing information to potential bidders

(e.g., measurement of resource potentials).

-Material or financial prequalification requirements. They may fall on the bidder (e.g., previous experience, a good financial record
or economic guarantees) or on the project (e.g., pre-development of sites or possession of administrative permits) and mitigate the
risk of non-realization.

Either generation (MWh) or capacity (MW) may be remunerated in RES-E auctions

Awarded bidders may receive a full payment. This can be done in the form of a feed-in tariff (FIT) or a long-term Power Purchase
Agreement (PPA) signed with the State. Alternatively, they may receive a premium, which is additional to the market price (feed-in
premium, FIP). Under fixed FIPs, a constant amount of support which complements the spot market price is granted. Thus, the total
remuneration in this case depends on the evolution of the market price. Sliding FIPs cover the difference between the average market
price and the strike price set in the auction. Sliding FIPs can be one-side or two-side (commonly known as contract-for-differences).
The award criterion may be only the lowest price (price-only auctions) or the lowest price and other criteria, such as local industry
or employment creation (multi-criteria auctions).

Auctions can be single-item or multiple-item ones. In the former, a single bidder is awarded a single product, i.e., the product cannot
be split into several units. In the latter, several bidders may be awarded the total amount of auctioned volume.

Auctions can be dynamic or static. In dynamic auctions, bidders interact with each other when submitting their bids, and can adjust
them accordingly. In static (also called sealed bid) auctions, bidders provide undisclosed bids to the auctioneer, who then ranks the
projects accordingly.

Under pay-as-bid pricing, awarded bidders receive the price they have bid for. Under uniform pricing, all bidders receive the same
(clearing) price (Wigan et al., 2016).

A ceiling on bid prices means that bids above such price are not considered in the bidding procedure.

The awarded projects should be built by a given date

Source: Own elaboration. See del Rio (2017a); IRENA (2015) for further details.
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auctions in specific countries were considered. These included 7) Official information from countries organizing auctions, including

Cassetta et al. (2017) for Italy, Lundberg (2019) for Germany, Boute regulations (laws, decrees or ministerial orders) or the request for
(2012); Rice (2014); Smeets (2017) for Russia, Nasirov et al. (2019) proposals, which provided relevant details on design elements. It is
for Chile, Bose & Sarkar (2019) for India, Buckman et al. (2014); sometimes available in the government websites, and particularly
Buckman et al. (2019) for the Australian Capital Territory, Mitchell in the websites of the ministerial departments in charge of auction
(2000); Mitchell & Connor (2004) for the U.K., and Wang (2010); design (usually the ministry of energy). Google searches also
Yu et al. (2009) for China, among others. Some academic contribu- allowed us to identify other official information, such as presenta-
tions considered several countries, such as Azuela et al. (2014); tions or press notes.
Bayer, Schduble, et al. (2018); del Rio & Linares (2014); del Rio & 8) Other secondary sources, including information from newspapers
Mir-Artigues (2019); Dobrotkova et al. (2018); Winkler et al. (2018). specialized in energy matters and press releases (by different types
) Case studies of specific countries which have not been published in of stakeholders). When specific design elements in the previous
journals: Hochberg & Poudineh (2018); Kruger & Eberhard (2018); sources were not available, we have consulted renewable energy
Sar1 & Saygin. (2018); Tongsopit (2017); Viscidi & Yepez (2019). journals, such as PV-Magazine, CSP Today, PV Tech, Windpower
) Information on specific auctions included in reports from inter- Monthly and Renewables Now, among others.
national organizations, such as IRENA (IRENA, 2013; IRENA, 9) Expert consultations. As a last resort, we consulted experts in partic-
2015; IRENA, 2017; IRENA, 2019a), the World Bank (Maurer & ular countries in a very small number of cases for a very small num-
Barroso, 2011), the European Bank for Reconstruction and Devel- ber of design elements. Even so, it has been impossible to identify
opment (European Bank for Reconstruction and Development, these data in a few cases, which have finally been recorded as
2018), the Council of European Energy Regulators (CEER, 2018), “non-available” data and excluded from the averages which are cal-
EU projects (Held et al., 2014; Mora et al., 2017) and other orga- culated per continent, technology or year.
nizations (Factor, 2017). Also, some countries have been particu- For many design elements, data were triangulated using several of the
larly active in supporting case studies on RES-E auctions or aforementioned information sources.
providing insights on auction design: such as Germany, through Information on the design elements was available for 90 RES auc-
the German Energy Agency (Schenuit, 2018) and the German So- tions from around the globe (Table 2). Different auction rounds are

ciety for International Cooperation (De Lovinfosse, Janeiro, & grouped under the same auction. Not all auctions correspond to one
Gephart, 2013; GIZ, 2015) and the US through USAID, the US country. In some cases, we included more than one auction per country.
Agency for International Development (USAID, 2019a) (see also We did this when the design of those auctions was significantly differ-

the case studies in Table 2).

ent for distinct technologies in the same country, i.e., at least for one
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Table 2
Auctions included in our analysis.
Country Technology Period References
Europe (35)
Albania PV 2018, 2020 (Bellini, 2018a; Bellini, 2018b; Bellini, 2020; Bhambhani, 2020; Government of Albania Ministry of Infra-
structures and Energy, 2018; IEA, 2018a; Jonuzaj, 2018; Rojo Martin, 2020)
Croatia All RETs 2019 AURES Il database. http://aures2project.eu/auction-database/
Denmark Wind off-shore 2005-2015 (Garzén & Kitzing, 2019; Kitzing & Wendring, 2015), AURES Il database. http://aures2project.eu/auction-database/
Denmark Small PV 2016 (Garzon & Kitzing, 2019), AURES II database. http://aures2project.eu/auction-database/
Denmark Technologically neutral 2018-2019 (Garzon & Kitzing, 2019), AURES II database. http://aures2project.eu/auction-database/
Finland All RES 2018 AURES Il database. http://aures2project.eu/auction-database/
France Off-shore wind 2012,2013,2017 AURES II database. http://aures2project.eu/auction-database/
France Small PV (rooftop) 2012-2014 (Bayer, Schduble, et al., 2018), AURES II database. http://aures2project.eu/auction-database/
100-250 kW
France Biomass 2017 AURES Il database. http://aures2project.eu/auction-database/
France PV 2017-2019 AURES Il database. http://aures2project.eu/auction-database/
France Wind 2017-2019 AURES Il database. http://aures2project.eu/auction-database/
France Hydro 2018-2020 AURES Il database. http://aures2project.eu/auction-database/
Germany PV (ground-mounted) 2015-2016 (Batz & Miisgens, 2019; Sach, 2019), AURES II database. http://aures2project.eu/auction-database/
Germany Wind. 2017 (Lundberg, 2019; Sach, 2019), AURES II database. http://aures2project.eu/auction-database/
Greece PV, Wind 2016 (Anatolitis, 2019), AURES II database. http://aures2project.eu/auction-database/
Hungary All RES 2019 AURES Il database. http://aures2project.eu/auction-database/
Ireland Wind, biomass, hydro  1995-2003 (del Rio & Linares, 2014; DMNR, 2003)
Italy Wind, biomass, 2012-2015 (Bayer, Schduble, et al., 2018; Cassetta et al., 2017)
hydro, geotermal
Italy <5 MW. All RES 2016 AURES Il database. http://aures2project.eu/auction-database/
(except PV)
Italy >5 MW. All RES 2016 AURES Il database. http://aures2project.eu/auction-database/
(except PV)
Lithuania Hydro, wind 2015 AURES Il database. http://aures2project.eu/auction-database/
Luxemburg PV 2018 AURES Il database. http://aures2project.eu/auction-database/
Malta PV 2018 AURES Il database. http://aures2project.eu/auction-database/
Netherlands All RES (also heating 2011-2016 (Jakob, 2019), AURES II database. http://aures2project.eu/auction-database/
and & cooling)
Poland All RES 2016 (Diallo, 2019), AURES II database. http://aures2project.eu/auction-database/
Portugal Wind, biomass 2006-2008 (del Rio, 2016a)
Portugal PV 2019 (del Rio, 2019a; Government of Portugal, 2019a; Government of Portugal, 2019b)
Russia Small hydro, Wind, PV 2013 (Boute, 2012; Rice, 2014; Smeets, 2017)
Slovakia All RETs 2020 (Alfa Diallo, Dézsi, Bartek-Lesi, Szab6, & Mezosi, 2020)
Slovenia All RES 2016-2018 AURES Il database. http://aures2project.eu/auction-database/
Spain All RES 2016-2017 (del Rio, 2016c¢; del Rio, 2017c; del Rio, 2018)
Spain All RETs 2021 (Government of Spain, 2020)
Ukraine All RETs 2020-2021 (Anatolitis & Grundlach, 2020)
United Kingdom (CfD)  All RES 2015- (Woodman & Fitch-Roy, 2019)
United Kingdom (NFFO) All RES 1991-1998 (Edge, 2006; Mitchell, 2000; Mitchell & Connor, 2004)
America (15)
Alberta (Canada) All RES 2018 (Menzies & Marquardt, 2019)
Argentina All RES 2016 (CAMMESA, 2020; Factor, 2017; Kruger, Eberhard, & Swartz, 2018; Menzies, Marquardt, & Spieler, 2019;
OLADE, 2020; Viscidi & Yepez, 2019)
Brazil Wind, hydro, 2007-2014 (Bayer, 2018; Bayer, Berthold, et al., 2018; Forster & Amazo, 2016; Hochberg & Poudineh, 2018; Kruger
biomass et al.,, 2018; OLADE, 2020; Rego, 2013; Rego & de Oliveira Ribeiro, 2018; Romeiro, Almeida, & Losekann,
2020; Viana & Ramos, 2018; Viscidi & Yepez, 2019)
Brazil PV 2014 (Azuela et al., 2014; Hochberg & Poudineh, 2018; Kruger et al., 2018; OLADE, 2020; Viana & Ramos, 2018;
Viscidi & Yepez, 2019)
California All RES 2011-2015 (Fitch-Roy, 2015)
Chile All RES (also non-RES) 2015 (del Rio, 2017e; del Rio et al.,, 2019; Kruger et al., 2018; Nasirov et al., 2019; OLADE, 2020; Viscidi & Yepez, 2019)
Colombia All RES 2019 (Government of Colombia, 2019a; Government of Colombia, 2019b; OLADE, 2020; USAID, 2019b)
Ecuador Wind, PV 2019 (Bhambhani, 2019; Fenés, 2019; Resources, Government of Ecuador Ministry of Energy and Natural
Nonrenewable Resources, 2019; Sanchez Molina, 2020)
El Salvador Wind, biogas, small 2014 and 2016 ~ (OLADE, 2020; Molina, SCHAREN-GUIVEL, & HYMAN, 2018)
hydro, PV
Jamaica All RES 2015 (OLADE, 2020; Viscidi & Yepez, 2019)
Mexico All RES 2016 (del Rio, 2017b; del Rio, 2019b; Hochberg & Poudineh, 2018; Kruger et al., 2018; Molina et al., 2018; OLADE,
2020; Viscidi & Yepez, 2019)
Panama Wind, PV, hydro 2011-2014 (OLADE, 2020)
Peru All RES 2009-2015 (del Rio, 2017d; Kruger et al., 2018; Molina et al., 2018; OLADE, 2020; Viscidi & Yepez, 2019)
Quebec (Canada) Wind 2005-2009 (del Rio & Linares, 2014)
Uruguay Wind, biomass, hydro, 2006-2013 (Factor, 2017; OLADE, 2020)
PV
Africa (14)
Algeria PV 2017 (Bellini, 2018c; Climatescope, 2018a; Government of Algeria, 2017; RES4MED, 2018)
Egypt Wind 2014 (Climatescope, 2018b; IRENA, 2018a)
Egypt PV 2017 (Bellini, 2017a; IRENA, 2018a; RES4MED, 2018)
Ethiopia PV 2017 (IEA, 2018b; Keating, 2019a; Groenendaal, 2018; Scaling Solar, 2021)
Ghana PV 2015-2016 (Lucas et al., 2017)
Magadascar PV 2018 (Kenning, 2018a; Petrova, 2018a; Scaling Solar, 2018a; Scaling Solar, 2018b)
Morocco Wind, PV, CSP 2011-2013 (del Rio & Mir-Artigues, 2019; Kruger et al., 2018)
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Table 2 (continued)
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Country Technology Period References

Namibia PV 2017 (Clover, 2017; Eberhard & Kruger, 2019; IRENA, 2019b; O&G Links, 2017)

Senegal PV 2018 (IRENA, 2019b; Bellini, 2019a; Bellini, 2018d; Petrova, 2019a; International Finance Corporation (IFC),
2019; Rani, 2019; Rojo Martin, 2019; Lawrence, 2018)

South Africa All RES 2011-2014 (del Rio, 2016b; IRENA, 2018b; Kruger & Eberhard, 2018; Lucas et al., 2017; Montmasson-Clair & Ryan, 2014)

Tunisia PV 2018, 2019 (Bellini, 2018e; Clifford Change, 2019; Hall, 2019a; Kenning, 2019)

Tunisia Wind on-shore 2019 (Clifford Change, 2019; Dodd, 2019; Petrova, 2019b; Shumkov, 2018)

Uganda Small PV 2015 (IRENA, 2018b; Lucas et al., 2017; Meyer, Tenenbaum, & Hosier, 2015)

Zambia PV 2016 (Kruger, Stritzke, & Trotter, 2019; Lucas et al., 2017)

Asia (23)

Abu Dhabi (UAE) CSP 2010 (Kruger et al., 2018; Mir-Artigues et al., 2019)

Armenia PV 2017 (Bellini, 2017b; Bellini, 2018f; Kenning, 2018b; Petrova, 2018b; World Bank, 2018)

Cambodia PV 2019 (Asian Development Bank, 2019; Bajaj, 2019; EDC, 2019; Hall, 2019b; Keating, 2019b; Stuurman, Alao, &
Kruger, 2019)

China Wind 2003-2007 (Steinhilber, 2016)

China PV ground-mounted 2019 (Bellini & Hall, 2019; China Energy Portal, 2019; G68, 2019; Hall, 2019c; Haugwitz, 2019)

Dubai (UAE) PV, CSP 2012-2016 (del Rio & Mir-Artigues, 2019; Kruger et al., 2018)

India PV, CSP 2010-2014 (Azuela et al., 2014; del Rio & Mir-Artigues, 2019; ENEL, 2018; Khana & Barroso, 2014; Kruger et al., 2018)

India Wind 2017-2018 (Clean Technica, 2017; IRENA, 2017; Singh, 2016)

Indonesia Solar, geotermal 2013 (PWC, 2018; Tongsopit, 2017)

Israel PV 2017 (IEA, 2017; ReNews.biz, 2018)

Japan PV 2017 (Bermudez, 2018; Bellini, 2019b; Bellini, 2019c; Bellini, 2019d; U.S. International Trade Administration,
2019; Beetz, 2017; Clover, 2016; Matsuda, Umino, & Morita, 2018; Power Technology, 2019; Richter, 2019;
Government of Japan, 2011; IEA, 2020; Publicover, 2017; Publicover, 2018)

Jordan PV, wind 2013, 2015, (Al Rahahleh, 2018; Chadha, 2015; EDAMA, 2019; Hamed & Bressler, 2019; IEA, 2013; Knaack, 2014;

2018 MEDREG, 2019; PV Magazine, 2018a; PV Magazine, 2018b; RES4MED, 2019; Reuters, 2015; Tsagas, 2015a;

Tsagas, 2015b; Tsagas, 2015¢)

Kazakhstan RES (wind on-shore, 2018-2019 (Government of Kazakhstan, 2018; IPP Journal, 2018; KOREM, 2019; KOREM, 2020; KOREM & USAID, 2020;

PV, SH, biogas) Tazmakina, 2019; USAID, 2019c)

Kazakhstan PV 2019 (Government of Kazakhstan, 2018; IPP Journal, 2018; KOREM, 2019; KOREM, 2020; KOREM & USAID, 2020;
Tazmakina, 2019; USAID, 2019c)

Lebanon PV 2017 (Bellini, 2017c; Bellini, 2017d; Bellini, 2017e; IRENA, 2020)

Malaysia Solar 2016 (Tongsopit, 2017)

Saudi Arabia Wind, PV 2017 (Kruger et al., 2018)

Sri Lanka Wind, PV 2016,2017,2018 (Energy Sector Management Assistance Program, 2017a; Energy Sector Management Assistance Program, 2017b)

Taiwan Off-shore wind 2018 (Global Wind Energy Council, 2020; Lee, 2019; MOEABOE, 2018; The Maritime Executive, 2018; Tisheva,
2018; Wentworth, 2018)

Thailand Biomass, biogas 2016 (Kenning, 2017; Tantravanich, 2018; Tongsopit, 2017)

Turkey PV 2017 (Sar1 & Saygin, 2018)

Turkey Wind on-shore 2018 (Sar1 & Saygin, 2018)

Turkey Wind off-shore 2018 (Sar1 & Saygin, 2018)

Oceania (Australia)(3)

Australian Capital PV, Wind 2012-2016 (Buckman et al., 2014; Buckman et al., 2019)

Territory (ACT)
South Australia CSP 2017 (del Rio & Mir-Artigues, 2019; Lilliestam & Pitz-Paal, 2018)
Victoria All RES 2018 (Maisch, 2018; Victoria State Government, 2017; Victoria State Government, 2019)

Source: own elaboration.

relevant category. This avoids the simplification and arbitrariness of
choosing only one auction per country when, indeed, the auctions in
such country clearly differ between each other. In contrast, only one
auction has been considered when the design of several auctions did
not differ in a meaningful way.

As it can be observed, auctions from the five continents have been
included. Europe has the largest number (35), followed by Asia (23),
America (15), Africa (14) and Oceania (3). There might be an overrepre-
sentation of European auctions, since this is the instrument required in
the EU since 2017 (with pilot auctions since 2015). According to REN21
(2020), 106 countries had organized RES auctions at least in one year.
This means that we cover almost 2/3 of countries with at least one auc-
tion being conducted.

The information was organized per country. For each country, the
time scope (year the auction was conducted), the technologies eligible
to participate and all the design elements of that particular auction
were included in a table. The design elements in each auction were clas-
sified according to Table 1. For each design element, the data have been
added and averages have been calculated per continent (region), tech-
nology or year. Then, a simple comparison across those categories has
been carried out to identify relevant differences.

Prequalification requirements, whether material or financial, have
been adopted virtually everywhere. However, we have not included
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them in the analysis. Data on these prequalification requirements are
in some cases not publicly available. But, even if available, it is difficult
to identify a global measure of their stringency which allows compari-
sons across regions, technologies and overtime. Context conditions in
the countries are different, and the same prequalification requirement
in two different countries may in fact result in different levels of strin-
gency. Thus, this design element entails qualitative aspects which are
difficult to parameterize in a quantitative manner for purposes of com-
parison of the levels of stringency/leniency across countries.

In order to identify differences between the alternatives over time,
not all design elements are deemed equally relevant. The selection of
the design elements has taken place in two stages, following two
criteria:

1) Only those options which are judged as more important in the de-
sign of the auction, based on our own experience, are considered.
These include: volume metric, schedule, technological, geographical
and size diversity, LCRs, remuneration form (FITs, FIPs), selection
criteria, auction format, auction type, pricing rule and existence of
ceiling prices.

In a second stage, only those categories of design elements for which
the different alternatives experience at least slightly distinct trends
over time have been considered. This is the case for the following

2
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design elements: volume, size diversity, selection criteria, auction
format, auction type, pricing rule and existence of ceiling prices.

Results and discussion
General results

Some design elements are widespread (Fig. 1). These include
capacity-based volume with disclosure of volume, absence of an auction
schedule (or low frequency), technology-specific auctions, size diverse
and actor-neutral auctions, absence of LCRs and information provision,
generation-based support, remuneration based on FITs and price-only,
multi-item, static PAB auctions with disclosed ceiling prices. The only
design element which does not show a dominant choice is geographical
diversity, with a similar number of auctions being geographically-
neutral and geographically-specific. However, behind these general
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Fig. 1. Adoption of different design elements (n° of auctions). Note: The values indicate the
number of auctions which have adopted the respective design element.

Note: The FIT category refers to the full payment received by bidders, which can be a FIT or
a PPA (see Table 1).
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figures, there are wide regional and technology disparities. In addition,
the adoption of those design elements changes over time.

Results per geographical area

With respect to the general results, some differences across regions
can be observed (see Figs. 2 and 3):

Volume. Although capacity-based volumes are widespread and dom-

inate in every region, other metrics have relevant shares in some

continents (budget-based volumes in Europe and generation-
based volumes in America).

Disclosure of volumes. The data do not show a differential prefer-

ence across regions with respect to the clearly dominating choice

(disclosure).

Timing. The non-existence of a schedule is the dominant choice,

especially in Africa. In Europe, auctions with a schedule have a

relatively high share (48% of all the auctions in this region).

Technological diversity. Technology-specific auctions dominate

across all regions, especially in Africa and Asia. Technology-

neutral auctions have some relevance in America and Oceania.

Multi-technology auctions are relatively important in Europe

(21% of all auctions there) and present (albeit with very low

shares) in Asia and America.

Geographical diversity. In this case, none of the two alternatives

(geographically-specific or geographical-neutral auctions) pre-

vails with respect to the other in the whole sample. However,

clear differences across regions can be observed. In Africa (78%)

and Asia (71%), geographically-diverse auctions are more wide-

spread than geographically-neutral ones, whereas the opposite
is true in America (geographically-neutral auctions represent

37% of all auctions there) and, especially, in Europe (68%).

- Actor diversity. Auctions are overwhelmingly actor-neutral across

the world. Actor-diverse auctions are only relevant in Europe (28%).

Size diversity. Most auctions require either a minimum or a

maximum size of the projects, i.e., they are not size-neutral. How-

ever, size-neutrality has important shares in America (38%) and

Europe (27%).

LCRs. Most auctions do not require LCRs. However, auctions with

LCRs dominate in Oceania (100%) and are quite relevant in Africa

(50%), America (40%) and Asia (40%).

SCRs have only significant shares in Oceania (33%) and Asia (35%).

Information provision is only relatively important in Africa (27%),

Oceania (33%) and Asia (23%).

Remuneration type. Remuneration based on generation is overwhelm-

ingly widespread and meaningful differences across regions cannot be

observed. Auctions with capacity-based remuneration are a bit more
widespread in Europe and America, but with negligible shares.

Remuneration form. FITs clearly dominate in America, Asia and Africa.

In contrast, FIPs (particularly sliding FIPs) have a greater share than

FITs in Europe (68%). In Oceania, the share of all the alternatives is bal-

anced (33%).

- Selection criteria. Most auctions are price-only ones. Multicriteria auc-
tions only have relevant shares in Africa (28%), America (20%) and
Europe (25%) although, in this latter continent, this is not true in re-
cent auctions.

- Auction format. Multi-item auctions are much more widespread than
single-item ones, although large regional differences can be observed.
In Africa, single-item auctions are more common (85%), and this is
also the case in Asia (52%).

- Auction type. Auctions are overwhelmingly static ones. Dynamic auc-

tions have only some share in Europe (5%). Hybrid auctions have rel-

evant shares in Asia (22%) and America (13%).

Pricing rules. PAB auctions are the clearly dominating option in all re-

gions, although there are some experiences with uniform auctions in

Europe (16%) and Oceania (33%).
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Fig. 2. Adoption of design elements per region (absolute). Note: The values indicate the number of auctions per region which have adopted the respective design element.

- Ceiling prices. Most auctions include ceiling prices, and this is the case
in all regions. However, the absence of ceiling prices is non-negligible
in Africa (18%) and Asia and America (15% each).

- Disclosure of ceiling prices. For those countries with ceiling prices, these
are published before the auction in all regions, especially in auctions in
Europe (97%). However, the non-disclosure of those prices in auctions
has a relevant presence in Africa (37%), America (41%) and Asia (37%).

Results per technology
Renewable energy technologies differ in many respects and these

differences may influence the design of auctions where they are eli-
gible to participate. Some are variable (e.g., PV and wind on-shore),
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whereas others are dispatchable (CSP and biomass). Some are now
more mature and have lower costs than others (e.g., PV and on-
shore wind vs. CSP, off-shore wind and biomass)(see, e.g. IRENA,
2019a). Some are modular and standardized (PV), while others are
rather indivisible projects with a higher degree of complexity and
tacit knowledge (CSP).

In order to analyze distinct auction design elements for different
technologies, we focus on technology-specific auctions for the fol-
lowing technologies: wind on-shore and off-shore, PV, CSP and
bioenergy.® In other words, we have not considered technology-

5> However, with only two biomass-specific auctions in our database, the results cannot
be deemed representative for this technology.
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Fig. 3. Adoption of design elements per region (relative). Note: The values indicate the percentage of auctions per region which have adopted the design element.

neutral or multi-technological auctions because this would not allow
us to differentiate between the design elements applied to different
technologies.

On the other hand, we do not analyze all the design element
choices per technology, but only those which are deemed more
closely related to the aforementioned features of the technologies,
such as geographical and size diversity, auction format and realiza-
tion periods (deadlines for construction). In addition, we have con-
sidered two design elements which are very relevant in general
and whose adoption might be influenced by the features of the tech-
nologies: volume metric and remuneration form. Figs. 4 and 5 show
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the results of the analysis. Some differences across technologies can
be observed:

- Volume. Virtually all the technologies have been auctioned and
awarded in auctions in which the volume is set in capacity terms.

- Geographical neutrality: Geographically-specific auctions dominate
in all technologies, but especially in CSP, wind on-shore and wind
off-shore.

- Size diversity. No noticeable differences between the distinct
technologies can be observed. Size diversity prevails in all tech-
nologies. Size-neutral auctions have a relatively large share in
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0 5 10 15 20 25 30 35 next section) and they represent a non-negligible share of auc-
tions in wind off-shore (40%), PV (23%) and bioenergy (50%).

- Realization periods. The realization periods for the projects awarded
in the auctions are, on average, longest for the wind technologies
(especially for off-shore) and CSP, and shortest for PV.

CAP

BUD

Volume

GEN Evolution of design elements over time

HYBRID Some clear differences over time can be observed (Fig. 6).
Sometimes the trends are different depending on the region being
considered and these regional differences are further analysed in a
latter section.

No

Geographical
diversity

- Schedule. There is a trend towards auctions without a sched-
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z No ule. The implementation of auctions has increased in the
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E Yes of those conducted since 2011 and 2/3 of those conducted
’ since 2016).
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é Single-iter I — technology-neutral and multi-technology auctions has in-
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2 tended to be more geographically-specific in the last five years.
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- Volume. Capacity-based volumes are overwhelmingly
H Wind on-shore @ Wind off-shore  MPV M Bioenergy M CSP dominant throughout the whole period. The presence of
generation-based and budget-based volumes has increased in
Fig. 4. Adoption of design elements per technology: diversity, volume, auction format and the last five years, but remains at very low levels.
remuneration form (n° of auctions per technology for which the specific design element - Remuneration form. Although a total amount of support (PPA or
has been adopted). FITs) prevail in the period and they keep being adopted in most
auctions conducted around the world, there is an increasing
wind off-shore (40% of all the auctions in our database for this trend towards the use of FIPs.
technology).
- Auction format. Single-item auctions clearly dominate in wind off- Evolution of design elements per region
shore, and biomass has been awarded mostly in multi-item auc-
tions, Yvhereas the relativg sha.res (?f both options are more bal- A more disaggregated analysis of the evolution of the choice of de-
anced in the rest of cases, i.e., in wind on-shore (50% each), CSP gjony elements per region has been carried out for all the auctions (see
(40% being awarded in multi-item auctions) and PV (44%). Tables 3 and 4).
- Remuneration form. A total amount of support (either as FITs or
PPAs) are the most usual remuneration form for all technologies. - Schedule. Whereas the general trend is towards auctions without a
However, FIPs have been gaining ground in the last years (see schedule, most auctions being conducted in Europe do have a sched-

ule. This is clearly not the case in the other regions.
- Technological neutrality. The general trend is towards technology-
5 specific auctions, but there is a clearly increasing trend (albeit at
low levels) to technologically-neutral auctions in Europe and
America and multi-technology auctions in Europe. Technology-
specific auctions remain the only choice in Asia and Africa.

35 1 - Geographical-diversity. Although there is a tendency towards
3 geographically-specific auctions (and this is clearly the case in Asia
2.5 - and Africa), there is a relevant share of geographically-neutral ones
5 (in Europe and America).
15 | - LCR. Compared to auctions with LCRs, the share of auctions without
LCRs has increased over time. In Europe, auctions with LCRs have not
1 been adopted in the whole period. In contrast, the choice has been
05 + more balanced in Africa, although a trend towards the absence of
0 A ‘ LCRs in the last years can be observed in this region, as well as in

4.5

Wind on-shore Wlnd off- shore Bioenergy Asia and America.
- Volume. There has been an overwhelming prevalence of capacity-
Fig. 5. Adoption of design elements per technology: realization periods (years, average in based volumes in all the regions, with generation-based and
technology-specific auctions). budget-based volumes representing a very small share. However,
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Evolution of schedule vs. non-schedule over time
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Fig. 6. Evolution of design elements over time (n° of auctions per year with the specific design element).
Note: The displayed values are the numbers of auctions per year with the specific design element.

generation-based volumes have had some presence in America and
budget-based volumes have had a non-negligible share in Europe.

- Remuneration form. The data show a clear dominance of FITs/PPAs in
the period. However, there has been an emergence of FIPs (particu-
larly sFIPS) since 2015, with a small albeit non-negligible share, espe-
cially in Europe.

Evolution of design elements per technology

In this section, an analysis of the evolution of the choice of design el-
ements per technology in technology-specific auctions is provided (see
Tables 5 and 6).

- Geographical diversity. In general, most technologies have been
awarded in geographically-specific auctions. This is the case for
all technologies. Geographically-neutral auctions are only rele-
vant in PV (although at very low levels) and, to a much lesser ex-
tent, wind on-shore.

- Size diversity. RETs have been overwhelmingly awarded in auctions
with either maximum or minimum limits on project sizes. The data
do not reveal a clear difference across technologies when conducting
either size-neutral or size-specific auctions.
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- Volume. All RETs awarded in technology-specific auctions have also
been capacity-based auctions. Therefore, differences in this regard
across technologies cannot be observed.

- Auction format. There has been a slightly higher share of single-item
auctions and a timid trend towards single-item auctions. Whereas bio-
mass is awarded only in multi-item auctions and CSP and off-shore
wind are awarded only in single-item auctions, the picture is more
balanced in on-shore wind and PV.

- Remuneration form. There is a clear dominance of FITs during the
whole period and a trend towards FIPs cannot be observed for any
RET. Non-FIT remuneration forms (e.g., sliding FIPs) have only some
relevance in the case of PV, but at very low levels, and a clear trend
is not visible in this regard.

Differences in the design elements of auctions per technology and region

Finally, differences in the design elements of auctions per technology
and region are assessed, also for technology-specific auctions (see
Tables 7 and 8).

Regarding PV, there are meaningful regional differences for several
design element categories (geographical diversity, auction format and
remuneration form). The choice between geographically-specific and
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Table 3
Evolution of design elements per region (I).
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Schedule Tech. neutrality Geo. Neutrality
Y N TS N MT Neutral Div
1991 X X X
1995 X X X
2003 X X X
2005 X X X X X X
2006 | x X X X X X
2007 X X X X
2008
2009 X X X
2010 | x X XX X X
2011 | x x X XX X XX X X X XX X
2012 | x xx X XX X b'e X X
2013 | xx X XX X XX X
2014 | x X X XX X XX X
2015 | x x XXXX | XXX XX X b'e X XX XX X
2016 | xx x XXX XX | XX XX X | X XXX XXXX XX XX X XXX
XX XXX
2017 | XXX XX | X XXXX | XXXXX X XXX XXXX XX XXXX
XXXXXX | XXXX
XXXX
XXXXXXX
2018 XXX X | XXX XX XX X X XX X X XX
XX
XXXX XXXX
XXXX
2019 | x XX XX [ XX X XX |x X X XXX X XXX
XX XX | XX

Note: x Asia x Africa x America x Europe

geographically neutral auctions is balanced in the PV auctions conducted
in Europe and Asia. However, PV auctions conducted in Africa are mostly
geographically-specific. In the case of the auction format, regions show
considerable differences. Multi-item auctions dominate in Europe,
whereas single item ones are clearly more widespread in Africa and
there is a balance between both options in Asia. Regarding the remuner-
ation form, in all regions (except Europe), awarded bids in PV auctions are
remunerated with a FIT/PPA. In Europe, sFIPs dominate. Finally, meaning-
ful differences between distinct choices in other design elements (size di-
versity and volume metric) in PV auctions could not be found: they are
size-specific and capacity-based in all regions.

Concerning wind on-shore, all regions conduct geographically-
specific, size-specific, capacity-based auctions in which the remunera-
tion is provided in the form of a FIT/PPA. Thus, differences across regions
could not be found. There doesn't seem to be any clear difference in the
choice of multi-item vs. single-item auctions.

The lack of meaningful regional differences is also the case in
wind off-shore, CSP and biomass. The only exception is the more fre-
quent presence of sliding FIPs as the remuneration form in wind-
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offshore auctions in Europe, whereas remuneration is provided
with a FIT in the rest of regions (although there are few wind off-
shore auctions outside Europe).

Discussion
Regarding the regional differences

The findings in Section 4 show that clear differences across regions
can be observed for several design elements (geographical diversity,
LCRs, remuneration form, auction form and disclosure of ceiling prices).
Possible reasons for those differences are discussed in this section and
several ideas are proposed. However, a more in-depth analysis of the
reasons for those differences should be the focus of future research.

Policy design depends on several factors. Policy goals are obviously
one of these factors. Countries are likely to have different policy goals
and priorities when designing RES auctions, which usually include the
following: effectiveness, support costs, efficiency and local impacts
(del Rio, Wigan, et al., 2015; IRENA, 2015; Mora et al., 2017):
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Table 4
Evolution of design elements per region (II).
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LCR Volume Remuneration type
Y N CAP GEN BUD | FIT fFIP SFIP Other
1991 X X
1995 X X X
2003 | < X
2005 | x b'e X X X X
2006 | x x X X X X
2007 | < X
2008
2009 X < X
2010 | x X XX XX
2011 | x xx | xx XX XX X X XX XX X
2012 XX X XX X XX X
2013 | x x b'e X X X X X X
2014 | x x X XX X XX X
2015 | x x X | XX xX XX X XX X X XX X X XXX
2016 | x XXXXXXX | XXXXX X X XXX | XXX XXX | X XXXX X
XX X XX | XXX
2017 | xxx | XXXXXX | XXXXXX | XX X X XXXX b'e XXX XX
X  XXXX
XX XXXXXXXX XXXXXXXX
XX
2018 | xx XXXXX X | XXXX X XX X X XX X XX X
XX XX
XXXX XXXX
2019 XXX XX | XXX X XX | X XX XX XXX XX
XX XX | XX

Note: x Asia x Africa x America x Europe

- Effectiveness. Deployment of renewable energy projects within a
given period is usually a main goal. This implies that the awarded
projects in the auction are built and generate electricity.

- Minimization of support costs, which are paid by consumers (in their
electricity bill) or taxpayers, is usually also a main policy goal. This
means that the awarded bids are as low as possible.

- Efficiency. Deploying a given amount of RES-E at the lowest genera-
tion costs is a main criterion to assess the results of RES-E auctions.
The relevant costs in this context are system costs, which include di-
rect costs (installation, operation and maintenance), as traditionally
measured with the LCOE metric, and indirect cost (balancing, profile
and grid costs)(see Lucas et al. (2020) for details).

- Local impacts. Deployment of RES projects has positive socioeco-
nomic impacts at the national, regional or municipal levels (employ-
ment and industry creation). Governments may try to design
auctions in a way that those local impacts are maximized.

The design of RES auctions can be expected to reflect those policy
goals to some extent (del Rio & Mir-Artigues, 2019). In turn, these policy
priorities are partly dependent upon national socioeconomic, institutional
and energy features, which are also likely to differ across countries.

206

However, this starting assumption would provide a simplistic view
of the relationship between policy goals and the choice of design
elements.® That policymakers choose the option that will maximize
the attainment of their goals is a very rationalistic assumption which
may be difficult to assume, given the multitude of possible explanations
for real-world policy choices (including the capacity of policy-makers,
how well they are trained in auction design, their own interests/prefer-
ences or the influence of other countries). This is suggested by the liter-
ature on policy diffusion and transfer (see, e.g., Gilardi 2012, Stone 2012,
Capano and Lippi 2017, among others), which has devoted substantial
efforts in determining why countries adopt certain policies. In addition,
even if design was related to policy goals, these may change over time
with the change of government and the consequential shift in economic
philosophy. Therefore, here we use the findings on the choice of design
elements per region to derive some preliminary hypotheses on the
drivers of those choices, which should be investigated in future research.

In Europe, the relatively higher share of auctions with a schedule
suggests a strong commitment to RES in the context of long-term

6 We are grateful to an anonymous referee for this remark and the following remarks in
this paragraph.
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Table 5 Table 7
Evolution of design elements per technology (I). Regional differences across technologies (I).
Geographical diversity | Size diversity Volume Geographical Size diversity Volume
Pt
Neutral Specific | Neutral | Specific | CAP BUD | GEN | Hybri ersity
d Neutral | Specific Neutral | Specific CAP BUD | GEN | HYBRID
1991 PV XXX X X [ XXXXXXX X XX XXXXXXX XXXXXXXX X
XX XXXXXXXX X XXXXXXXXX
1995 X XXX XXXXXXX X X XXXXXX
2003 X X X AXXXXNX
2005 < X X Wind X XXX XX XX XXXX XX [ XXXX XX XX
on- X XX X X
2006 shore
2007 Wind XX XXXX X XX X XX XX XXXX
2008 off-
shore
2009 CSp XXX X X XXX XXX X
2010 XX XX XX -
Biomas | x X X X X X
2011 X X X s
2012 | x X X X XX Note: x Asia x Africa x America xEurope
2013
2014 | x X X X X . .
015 1 — . = s the EU specifies that economic support needs to be allocated through
016 — ——— - technology-neutral, competitive procedures and either fixed or sliding
: i : FIPs, unless Member States can demonstrate that a technology-neutral
2017 | xxx X XX XX | X b XX [ X XX XXX . . 7 .
- o - tender would lead to suboptimal results (Essig et al., 2019).” There is a
XXX XXXXXX | XX concern about the support costs, complying with RES targets (effective-
B ness) and doing so with low system costs in a context of a relatively high
2018 x| x XXXXX | XX XXXX penetration of variable renewable electricity (Essig et al., 2019). How-
2019 | xx XXXXX | X b bt ever, despite the regulatory guidelines and a timid emerging trend to-
: wards technology-neutral auctions, technology-specific auctions

Note: x off-shore wind x on-shore wind, x CSP x PV

targets. The preference for FIPs over FITs, encouraged by EU-level regu-
lation, reflects the concern about the integration of further variable RES
quantities and their incidence on system costs, in the context of
decommissioning of some fossil fuel plants (e.g., coal and nuclear).
There is already a large RES-E penetration and the 2030 targets will
lead to even greater penetration levels. In addition, the small but higher
adoption of budget-based volumes compared to other regions may be
explained by the concern about the increase in the costs of support. It
should be taken into account that the post-2020 policy framework in

Table 6
Evolution of design elements per technology (II).

Auction format Remuneration form
Multi- Single-item FIT fFIP sFIP Other
item
1991
1995
2003 | x X
2005 X X
2006
2007
2008
2009
2010 | x X XX
2011 X X
2012 | x X X X
2013
2014 | x X X X
2015 XXX XX X
2016 | xx XX X XX X
2017 | xxX XXXX X XX XXXXXX b XX XXX X
XXXXXXXXXX
2018 | xx XX XX XX XX XX
2019 | xx X XX XX X X XXX X

Note: X offshore wind x CSP x on-shore wind x PV
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dominate over technology-neutral ones in Europe, suggesting that gov-
ernments highly value the advantages of technology-specific auctions.
The absence of LCRs reflects the extreme difficulties to adopt them ac-
cording to EU regulation, but also suggests that RES-E auctions are not
regarded as an industrial policy instrument (in addition to being an en-
ergy policy one), which is the case in other regions. In contrast, the im-
portance of actor diversity cannot be observed in other regions of the
world. Actor diversity is an explicit goal, at least in some countries
(e.g., Germany and Spain) and in the Renewable Energy Directive (see
number (17) and article 4.4 in this Directive). Finally, the balanced
choice for geographically-neutral vs. geographically-specific auctions
might be related to the existence of relatively strong grids. However,
this could change towards a higher adoption of geographically-specific
auctions in the future, with increasing penetrations of variable RES-E
and the increase in congestion costs in specific nodes.

In America, we can clearly observe two different models. In some
countries (such as Mexico, Chile, Peru and Panama), generation-based
volume metrics, technology and size-neutral and price-only auctions
have been conducted. This suggests that RES-E is regarded as another,
low-cost alternative to cover an increasing electricity demand, on an
equal footing with conventional sources, given the excellent renewable
resources in many of these countries. This vision may be influenced by
three context conditions: a high increase in demand, lack of fossil fuel
resources and extraordinary renewable energy sources in middle-
income countries with relatively good financing conditions and reliable
off-takers (del Rio & Mir-Artigues, 2019). Low generation costs and low
support costs would be the main or even the only policy goal. However,
in some of those countries innovative designs for the integration of re-
newable electricity have also been adopted, such as the hourly and sea-
sonal profiles in Chile, the regional and hourly adjustment factors in
Mexico and the 90%-130% rule in Brazil.® This indicates that, in these

7 In May 2019, the EU adopted a new policy package “Clean Energy for all Europeans”
that includes a new EU-wide 2030 target of at least 32% for the share of renewable ener-
gies in gross final energy consumption. The Renewable Energy Directive 2018/2001 de-
fines the binding RES target on European level and sets guidelines for renewable energy
support.

8 In Brazil, an annual variation in generation in the range of 90%-130% of the contractual
obligation is acceptable, although the energy contracted must be delivered over each four-
year period (Rego & de Oliveira Ribeiro, 2018).


Unlabelled image
Unlabelled image
Unlabelled image

P. del Rio and C.P. Kiefer

Table 8
Regional differences across technologies (II).
Auction format Remuneration form
Multi-item | Single- FIT fFIP sFIP Other
item
PV XXXXX X X XXXXXX XXXXXXXXXX X XXXX
XXXXXX XXXXXXXXX
XXXXXXXXXX
X
X XX
Wind XXX X X XX XX X XXXX XX XX
on- X
shore
Wind XX XXXX XX XX XX
off-
shore
CSP X XX X XXX X
Biomass | x x X X

Note: x Asia xAfrica x America xEurope

countries, market integration of variable RES may be an important con-
cern. On the other hand, it is interesting to note that, in other countries
(Argentina, Uruguay and Brazil), the concern about direct costs coexists
with the relatively high presence of some design elements (LCRs and
multicriteria auctions) which are in conflict with such concern, suggest-
ing that secondary goals in terms of local-industry creation may be
highly relevant.

In Africa, the particular context conditions include a low credibility of
the off-taker and weak grids, in low-income countries with difficulties
to raise finance for RES-E projects (Pueyo et al., 2015).° Low access to
energy services by the general population, particularly the rural one,
would make RES a particularly attractive option. The relatively low
weight of auctions with a schedule suggests that governments in this re-
gion conduct auctions on a stand-alone basis (and with rather small vol-
umes), and often as a result of external influences (such as international
organizations like the World Bank with its Scaling Solar program) and
the involvement of international donors. The lack of a schedule may
be related to the aforementioned three context conditions (higher
finance costs, low income levels and weaker off-takers), which prevent
these countries from committing to the relatively high upfront invest-
ments that RES require.'° The dominance of FITs (or long-term PPAs,
sometimes with the guarantees provided by international institutions
or donors) can be explained by the emerging character of some of
these markets (except South Africa and Morocco) and the rather explor-
atory stage regarding RES auction implementation. FITs, which entail
lower risks for investors than FIPs, are particularly suitable to kick-
start the market in a context of low RES-E penetration and difficult ac-
cess to credit (De Jager et al., 2011; Noothout, De Jager, Tesniére, &
Sascha, 2016). FIPs may also be less attractive than FITs in this region
due to the low penetration of variable RES, which makes the integration
of variable RES a less relevant concern than in Europe. The higher pref-
erence for geographically-specific auctions suggests the influence of an-
other context condition (weak grids), which makes it recommendable
to set the location of projects awarded in the auction in specific sites
(Winkler et al,, 2018). Finally, the relative importance of LCRs indicates
that RES auctions in this continent, with lower income levels compared
to others, are not only regarded as an instrument of energy policy, but
also of industrial and local development policy.

9 This led international institutions (e.g., the World Bank) and international aid donor
countries to take a central role in the auction procedure and design in some of these coun-
tries, and particularly those in Sub-Saharan Africa (see Lucas et al. (2017) for details).

10 There are possibly two exceptions in this context: Morocco and South Africa. In partic-
ular, Morocco has a clear commitment to RES and sees auctions as the main instrument to
promote them, as suggested by del Rio & Mir-Artigues, (2019).
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The design of RES auctions in Asia shares some similarities to those in
Africa. First, geographically-diverse auctions have a greater share than
in other continents, suggesting that governments prefer to pre-define
the projects' locations, possibly due to the absence of strong grids, par-
ticularly in South-East Asia (Tongsopit, 2017). Second, LCRs are also
relatively important (although much less so than in Africa), which indi-
cates that building a local industrial supply chain is relevant there. Third,
the share of FITs with respect to FIPs is overwhelming, as in Africa, sug-
gesting that two context conditions of this region and features of FITs vs.
FIPs may have also driven this adoption (emerging markets where FITs
entail lower risks for investors and a low share of variable RES which
makes RES integration through FIPs a less urgent issue). In contrast,
the percentage of RES auctions with a schedule is higher than in
Africa, which might indicate a greater long-term commitment to RES.
Renewable electricity may be considered an interesting alternative to
other electricity generation technologies to provide access to electricity
to an increasing population. It should be taken into account that the
region shows substantial disparities in income levels, access to credit
and development of the electricity system. In particular, some coun-
tries (e.g., Japan and South Korea) would have context conditions
more similar to the European ones and, thus, a similar choice of de-
sign elements.

Finally, only three RES auctions have been launched in Oceania
(Australia). These auctions do not show meaningful differences with re-
spect to the most common (“average”) design elements everywhere. A
slightly greater share of technology-neutral but geographically-specific
auctions and requirement of dispatch profiles suggests a high weight at-
tached to the goals of minimization of generation costs and support
costs. However, LCRs and multicriteria auctions are highly present in
Australia (ACT and Victoria), suggesting that creation of a local industry
is also a relevant policy goal. The Australian states seem to experience
with some innovative designs. For example, the ACT applies seller con-
centration rules, Victoria adopted a technologically-neutral auction with
a hybrid remuneration type combining capacity-based and generation-
based remuneration and, in South Australia, the technology-neutral auc-
tion includes a requirement of a dispatch profile. Australia has similar de-
velopment levels and financing conditions as in Europe. However, it has
greater solar resources, substantial coal resources and a vast territory
with a low population density, which puts pressure on electricity
grids. This could be behind the adoption of technology-neutral but
geographically-specific auctions.

Regarding differences per technology

Some differences across technologies can be observed, although
they are relatively small, and probably smaller than what we could a
priori expect. Some regional differences in the design elements across
technologies are also worth mentioning.

Technology features may only explain a few choices of design ele-
ments in technology-specific auctions. A traditional classification is be-
tween more mature and less mature technologies. All the technologies
have been auctioned and awarded in auctions in which the volume is
set in capacity terms. This suggests that the capacity-based metric is
overwhelmingly regarded as attractive, irrespective of the type of re-
newable energy technology being considered, probably due to its sim-
plicity and its ability to identify compliance with the auction early in
the project deployment process.

FITs are the most usual remuneration form for all RETs. FIPs have
only some relevant presence in PV and wind off-shore. Two different as-
pects may play a role here: the variability and the maturity of RETs. On
the one hand, wind and PV are variable (whereas CSP and biomass are
dispatchable) and, thus, their penetration can create significant chal-
lenges for the management of electricity systems (balancing). Their
proper system integration would encourage the adoption of remunera-
tion forms which consider “when” or “where” the electricity was pro-
duced, i.e. its value (such as FIPs, in contrast to FITs) (European
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Commission, 2013; Noothout et al., 2016).'! Thus, it could be expected
that those variable RETs with a large potential to contribute to the elec-
tricity mix (PV and wind) would be awarded in auctions designed to en-
courage their integration in the electricity system, particularly in
countries with a currently high penetration of variable RES, such as
Europe. Compared to FITs, FIPs would encourage such integration (De
Jager et al., 2011). The dispatchable nature of CSP and biomass would
allow them to take advantage of FIPs, since these projects could sell
their electricity when the electricity price is highest (peak load),
allowing them to obtain higher revenues (del Rio & Mir-Artigues,
2019; Dowling, Zheng, & Zavala, 2017). Therefore, both the integration
of variable RETs and encouraging dispatchable technologies would
lead to the adoption of FIPs as the remuneration form in auctions in
the future for all RETS.

On the other hand, a FIT would be more appropriate for relatively
less mature technologies, with higher investment risks [since FITs miti-
gate these risks, see (De Jager et al., 2011), especially if these technolo-
gies have a low potential to significantly contribute to the power mix.'?
Some of the technologies which are now mature and low-cost (wind
on-shore and PV) were not so mature and cheap a decade ago (when
some of the auctions were conducted) and the adoption of FITs probably
aimed to mitigate the risks of investments in high capital-intensive tech-
nologies. Therefore, the use of FITs as the remuneration provided in auc-
tions would make sense in the future for the less mature technologies."

Geographically-specific auctions dominate in all technologies and
geographically-neutral ones have only been conducted in a few cases
for PV and wind on-shore. A trend towards geographical diversity
could have been expected for large-scale installations with large econo-
mies of scale, for which the fixed costs are a crucial component of the
total costs and for which appropriate locations are scarcer than for
other technologies, such as CSP or wind off-shore. However, the trend
to geographically-specific auctions occurs for all technologies, not only
for those mentioned above. Geographically-neutral auctions have only
arelevant share in Europe and in PV. However, it is difficult to see that
this will be a future trend in Europe, in so far as there will be more con-
cern about grid costs (congestion and connection costs), which will in-
crease with increasing penetration of variable RES.

CSP, biomass and wind off-shore are mostly awarded in single-item
auctions probably due to the fact that they are inherently large projects
with strong economies of scale. Therefore, dividing them into several
projects would lead to higher costs. In addition to their large size,
those projects are often complex and, as it is the case of CSP, non-
standardized (Lilliestam, 2018). Therefore, site-specific single-item auc-
tions would be particularly suitable for these projects (Lilliestam, 2018).
In contrast, wind on-shore and PV are equally auctioned and awarded in
multi-item and single-item auctions. Wind on-shore and PV projects are
more modular and standardized and can have different sizes without
severely affecting their performance and, thus, they could be expected
to be increasingly awarded in multi-item auctions. However, our results
do not show that this is being the case. Finally, substantial differences
per region can be observed for PV and wind on-shore. Although auc-
tions are equally single-item and multi-item in PV and on-shore in our
database, European PV auctions are usually multi-item, whereas the
African ones are more often single-item. In the case of on-shore wind,
African auctions are most often single-item ones. Therefore, in this
case, the choice of the design element is probably more related to the
features of the region than to the features of the technology.

™ FIPs include a higher degree of compatibility with electricity markets by promoting
the active participation of renewable electricity generation in wholesale markets, provid-
ing exposure to price signals (European Commission, 2013).

2 In this case, market integration should not be a main concern, given their lower poten-
tial to massively contribute to the power mix.

13" Another issue, which is not addressed in this paper, is whether the less mature tech-
nologies should be remunerated with administratively-set FITs or FITs set in auctions
[see Jacobs et al. (2020) in this regard].
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Regarding trends

Clear trends can be observed regarding the choice of some design el-
ements, with some regional specificities.

The tendency towards auctions without a schedule (except in
Europe) suggests that a policy priority of governments may be to main-
tain the flexibility in deciding when and how regularly to conduct auc-
tions rather than to reduce investment risks throughout the whole
supply chain. This is despite auctions with a schedule being considered
a best practice (del Rio, 2017a; Wigan et al., 2016).

The high and increasing share of technology-specific auctions indi-
cates that policy-makers value other aspects of electricity production
than very low LCOEs. They may be concerned about the “value” of elec-
tricity (and not only its direct costs), the diversification of domestic en-
ergy sources or the promotion of a local supply chain for different
technologies (del Rio, 2017a). As renewable electricity technologies
are more competitive everywhere, an emerging but timid trend to-
wards technology-neutral or multi-technology auctions can be ob-
served in recent times and could also probably be expected in the future.

The trend towards LCRs in non-European countries suggests that
RES-E deployment and LCRs are increasingly regarded as a way to
boost a local industry and to create local employment.

The dominance of capacity-based auctions during the whole period
suggests that this metric to set auction volumes may still be more attrac-
tive for governments, given its advantages in terms of simplicity and
easiness to identify target compliance. However, a timid increase in
generation-based and budget-based volumes in recent times suggests
an increasing concern about the support costs of RES-E which, particu-
larly in regions with a high RES-E penetration (Europe and America),
may have led to a preference for these metrics.

The prevalence of FITs during the period indicates the concern of
governments about reducing the risks for investors, whereas the in-
creasing adoption of sliding FIPs is a signal that policy-makers are
increasingly concerned about the integration of variable RES (see Sec-
tions 5.2 and 5.3).

Finally, the trend towards the adoption of geographically-specific
auctions, particularly in non-European regions, suggests that this choice
may have been driven by the conditions of the electricity systems in
those regions, and particularly by the possible existence of a weak grid
(as it is the case in Sub-Saharan Africa, see Lucas et al. (2017). However,
as shown by the recent auctions in Portugal (in 2019, see del Rio
(2017a), concern about the saturation in some nodes in countries with
a high variable RES penetration may lead to the increasing adoption of
geographically diverse auctions, even in Europe (see 5.2 and 5.3).

Conclusions

Based on a self-built database of design choices of auctions, this arti-
cle has analysed the patterns of adoption of design elements across dif-
ferent regions, renewable electricity technologies and overtime.

Some common patterns in the design of auctions for most design el-
ements can be observed, except for geographical neutrality, for which
the choices are balanced. RETs are most often auctioned in capacity-
based tenders in which the volume is disclosed but without a schedule,
in actor neutral, technology-specific auctions, with maximum or mini-
mum size limits. They usually have no LCRs and no seller concentration
rules. The remuneration is generation-based, usually with a FIT/PPA.
They are most often price-based, multi-item and static auctions. PAB is
the clearly dominant pricing rule and there are often disclosed ceiling
prices. However, behind this general picture, some regional, technology
and temporal patterns emerge for some design elements.

There are regional differences in the cases of geographical diversity,
LCRs, remuneration form, auction form and disclosure of ceiling prices.
Some design elements clearly show a distinct pattern over time (vol-
ume, size diversity, selection criteria, auction format, auction type, pric-
ing rule and existence of ceiling prices). In contrast, the differences



P. del Rio and C.P. Kiefer

across technologies are less marked and are circumscribed to geograph-
ical diversity, auction format and remuneration form.

Based on the assumption that policy goals and context condi-
tions (the socioeconomic, institutional and political features of the
countries) substantially affect the choices made in the design of
RES auctions, and that, thus, the design of auctions reflects (to a cer-
tain extent), those priorities, we have tried to provide a preliminary
explanation for the observed differences between regions, technol-
ogies and over time. These explanations could be regarded as hy-
potheses on such causal relationships and should be analysed in
detail in future research.

Our findings suggest the existence of some relevant policy goals, as
reflected by auction design. These include integrating a large and in-
creasing amount of RES-E in electricity systems with a considerable
penetration of RES (as in Europe), minimising the costs of supporting
RES and competitive auction prices (Europe and America) or meeting
secondary goals such as industrial/local development (Africa and Asia)
or actor diversity (Europe). These goals may be influenced by the con-
text conditions of the countries where auctions are conducted. For ex-
ample, the existence of weak grids in Africa probably encourages the
implementation of geographically diverse and site-specific auctions
there; excellent renewable resources which make RES a cost-efficient
electricity generation alternative to meet the demand of a growing pop-
ulation may increasingly lead to technology-neutral auctions (as in
America); low income levels and few local development opportunities
may be behind LCRs and multicriteria auctions (as in some countries
in Africa, Asia and America); the need to limit investor risks in a context
of difficult access to credit in emerging RES-E markets and low penetra-
tion of variable RES may have influenced the adoption of FITs/PPAs vs.
FIPs (as in Africa); and the need to integrate RES-E in a context with a
high share of variable renewables is probably behind the choice of
FIPs vs. FITs (as in Europe). Some of those goals and context conditions
are contradictory and call for the adoption of opposite design elements.
Therefore, the analysis of those conflicts between goals and the way
they are reflected in auction design calls for further research on this
topic.

However, the literature on policy diffusion and transfer suggests that
this link between goals (influenced by context conditions) and design
choices is probably too simplistic and other factors could also play a
role, which have not been considered in this article. This is why those
propositions should be taken with care, and further empirical analysis
on that link is needed. This would certainly cover a gap in the literature.
As argued by Matsuo & Schmidt (2019), how policy priorities influence
policy design has been a topic disregarded in the literature on RES-E
auctions. Only a few authors have identified policy goals and national
features which can be expected to influence the design of RES-E auc-
tions, using official documents and secondary material for this purpose,
e.g. Matsuo & Schmidt (2019) for Mexico and South Africa Lucas et al.,
(2017), for auctions in Sub-Saharan Africa and del Rio & Mir-Artigues
(2019) for CSP auctions.

Other limitations of this paper suggest more lines for future research.
First, although material and financial prequalification requirements are
often argued to be a best practice in the literature (del Rio, 2017a;
IRENA, 2015; Wigan et al., 2016) and their use is widespread, they
have not been included in this article for the reasons explained in
Section 3. Therefore, further research should specifically be devoted to
this analysis. Second, the analysis has abstracted from other aspects,
such as the existence of complementary policies which may have an in-
fluence on the design elements being adopted by countries in their
auction.
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