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The transition in the power sector

Global capacity addition, 2001-2017
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Capital

" e Little exposure to risk

* Volumerisk

* No exposure to price or
imbalance risk

Feed in
Tariffs

* Gradual exposure to imbalance risk

* Gradual exposure to market price
risks

Feed in
premiums

A\S[aii(e]gl *© Exposure to competition

A growing number of countries (both in the developed and in the developing world)
are implementing auctions, although usually combined with other instruments.



Factors impacting price in auctions

Auction design and trade-offs



Auctions Strengths and Weaknesses

Flexibility in the design according to
conditions and objectives

Real price discovery

Strengths

Greater certainty regarding prices and
quantities

Commitments and transparency

Relatively high transaction costs for both
developer and auctioneer

Weaknesses

Risk of underbuilding and delays

Infernational Renewable Energy Agency



Auctions potential for real price discovery S

Average prices resulting from auctions, 2010-2016

@ Solar prices Wind prices =

300 * Solar energy was contracted at a global

average price of almost USD 250/MWh in

250 2010, compared with the average price of

_ 200 USD 50/MWHh in 2016.
=
S =0 * Wind average prices have also fallen from
- USD 80/MWh in 2010 down to USD 40/MWh
100 in 2016.
50 \
2010 201 2012 2013 2014 2015 2016

Estimated installation costs of utility-scale PV projects: global versus auction winners, 2010-2016
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2 \ * The average installation costs of projects
2 awarded from auctions are consistently lower
2000 — than global average installation costs.
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Price trends: solar PV auctions
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Price-impacting factors

Country-specific
conditions

Potential of
renewable energy
resources

Financing costs

Installation and
building costs (land,
labour, energy, etc.)

Ease of access to
equipment
Foreign exchange
rates

Fiscal and labour
legislation

Investor confidence and
learning curve

Credibility of the off-
taker and additional
guarantees

Presence of a stable
and enabling
environment that is
conducive to market
growth

Regularity of auctions

Past experience with
auctions for both
auctioneer and
developers

Policies supporting
renewables

Renewable energy
targets and national
plans that provide a
trajectory for the
sector

Fiscal incentives
Grid access rules

Risk mitigation
instruments
Policies to promote

socio-economic
benefits

Price resulting from an auction
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Auction design

Auction demand
(auctioned volume,
technologies, off-
taker, regularity of
auctions)

Qualification
requirements

Winner selection
method and criteria

Sellers’ liabilities
(compliance rules,
remuneration profile,
distribution of
financial and
production risks)
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Country-specific conditions

-

N
Country-specific conditions:
Cost of finance (access to finance, ease of doing business)
Cost of labor, cost of land, etc.
Renewable energy resource availability
J

Infernational Renewable Energy Agency

Country-

Policies
supporting
renewables

U

Investor
confidence &
learning curve

U

Auction
design

U

specific
conditions

Price resulting from an auction

Solar prices in France and Germany: actual results vs. adjusted result

280
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200 prices assuming
25% capacity factor a. -
S 160
z
o 120 Germany -
o D auction result prices
- - -
80 e
~a
A0 Germany - [ TR =a
prices assuming
25% capacity factor
0
@2 G 04 (@ 02 @3 @4 |@ @2 43 Q4 (@ @2 63 @4 (@ Q2 Q3 Q4 |01 @2 Q3 Q4 (@ @2 Q3
2010 20m 2012 2013 2014 2015 2016

Source: based on data from BNEF, 2016.
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Investor confidence and learning curve:

Investor confidence and learning curve:
Credibility of off-taker and guarantees
Periodicity of auctions (as part of a long-term plan)
Confidence from past auctions
Lessons learnt from past auctions (auctioneer and bidders)

Reuse of documents/studies from past rounds

Infernational Renewable Energy Agency

Investor
specific confidence &
conditions learning curve

U 3 o U

Policies
supporting
renewables

Country-

Auction
design

Price resulting from an auction

Energy payment and termination guarantees in Argentina’s RenovAR programme

FODER seeks repayment from

fenemyiiaventEuarantes CAMMESA after having madie
a Energy Guarantee
Payment on its behalf

IPP Issues a claim to FODER
for late or nen-payment
of Energy under PPA

L e o Renewable Energy
Trust Fund
6. FODER pays IPP under (FODER)
Energy Payment Guarantee

CAMMESA
pays PP ona IPP Injects Renewables CAMMESA bills
monthly basis (g3 Electricity End Consumers
under PPA into National Grid on a monthly basis
through DistCos or

directly to major users

oo e o e = e

)

B  CAMMESA © i  Electricity
(off-taker) Consumers pay on a monthly basis End Consumers
through DistCos or directly
T in case of major users

Source: MINEM, 2016.

Physical Flow

PPA

Guarantees

Ministry of Energy
& Mining increases
& Guarantee Charge

MINEM / MINHYF
Representatives
of the National State

2 Termination Payment Guarantee via Treasury Bills 3 The World Bank

The FODER submits a claim for needed budget to the

Ministry of Energy and Mining / Ministry of Finance
and Treasury in exchange of the treasury bills,
kept in guarantee

MINEM / MINHyF
does not have
Renewable Energy the funds
Trust Fund.(FODER) ‘ . —
(Trustee: BICE) na";:‘m' thee
The FODER does not pay World Bank
to the IPP the Project Sales Price the amount due
of pays partially

IPP submits the claim for payment
of the Project Sale Price |
to the FODER ‘
Cause for termination
or sale of the project oceur

IPP claims for the balance
to the FODER Trustor

v

1PP submits the @ THE WORLD BANK

claim to the WB BBRD - IDA | WORLD BANKOROUP

@

CAMMESA
(off-taker)

IPP submits the
claim to CAMMESA

CAMMESA does not
pay to the IPP

The WB pays the eligible
amount to the IPP
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Policies and measures for RE development
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e N
Policies and measures for RE development Country- TUEator Policies Auct
o " q uction
. specific confidence & supporting .
National plans and targets conditions learning curve | renewables design
Fiscal incentives (tax credits, exemptions etc.)

Grid access and priority dispatch l l @ ‘

Socio-economic benefits

Price resulting from an auction
L

US auction result and adjusted price
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Auction design

r

The design of the auction considering trade-offs:

¢ Ensuring project delivery and price
¢ Fulfilling development goals and price

4 Encouraging small/new players and price

Choice of the
auctioned volume and
the way it is shared
between different
technologies and
project sizes Auction

demand

Qualification
requirements

Minimum
requirements for
participants in the
auction

& IRENA
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Policies

supporting Auction design
renewables

Price resulting from an auction

Investor
confidence &
learning curve

Country-

specific
conditions

How the information
is collected and the
winner is selected

Winner
selection

Sellers’
s Specific rules to
ensure high
implementation
rate of awarded
projects in a timely

manner
14
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( Choice of the auctioned

volume and the way it is )

shared between

different

technologies and

project sizes
Auction
demand

o

Technology development and cost-efficiency

* Introducing a technology in the electricity mix (technology-specific)

* |dentifying most cost-efficient technology (technology-neutral)

Schedule of regular auction or standalone

* Increasing market confidence with a fixed schedule

* Adjusting designs or ensuring fast supply through standalone auctions

Guarantees to increase off-take credibility

* Increasing investor confidence with government guarantees

* Passing the risks on to the auctioneer or the consumers

15



Trade-offs in Qualification Requirements Y —

Ve Qualification
requirements

Minimum
requirements for
participants in
the auction

Permitting and documentation

* Demanding to ensure timely project completion and delivery

* Transaction costs result in higher prices

Extensive track record and financial capability

* Demanding to ensure project delivery as per the bid

* Limits participation to traditional and large players

Ensuring global socio-economic development goals

*  Ambitious to maximize domestic benefits

* Higher prices on the short term

16
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Distribution of costs of a large-scale solar PV in 2015 ol eyt sy Aasiioy

6 O % Balance of System (BoS)

USD/kW ¥ Cabling / wiring
Grid connection .

Monitoring and control
1,500 Racking and mounting .

Safety and security .
M Electrical installation
M Inspection .
Mechanical installation - -
B Costumer acquisition
M Financing costs .

B Incentive application . =
1000 B Margin

B Permitting . o
System design || L .

30

500 - - I - - _
104 L - @
— ]
Inverters I I
. N
China Germany India UK ltaly  Jordan France Chile Spain USA  Australia Japan
Low cost Mid cost High cost

17



} Materials needed to develop a 1 MW Silicon-based solar PV plant (tonnes) i enaiona renewabie tneray Agency

70 E

|26 47 9 7 7 6

tonnes tonnes tonnes tonnes

Concrete tonnes

Aluminium Silicon Copper Plastic

O o o
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} Materials needed to develop a 50 MW wind farm (tonnes) Ul

Concrete 22, 83 6 tonnes

Steel 5;860

and Iron | tonnes 681 tonnes
Polymer

materials 370 tonnes | 168 tonnes 8/ tonnes 46 tonnes 37 tonnes

Fiberglass Aluminium Copper Electronics Qil and
and alloys and alloys and electrics | coolant

O O (o] o .

Source: Vestas, 2015
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How the
information is
collected and
the criteria for
the winner
selection

Winner
selection

Winner selection criteria

* Based on price only results in cost-efficiency

* Based on other objectives (location, benefits, etc.) can result in higher price

Ceiling price

* Lower ceiling price can ensure low prices

* Suboptimal and can lead to rejection of reasonable bids

Project size

* No limits on the size can lead to low prices through economies of scale

* Size limits diversify portfolio of generators and reduce risks

20
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Sellers’

liabilities T

Bpecific rules to Currency, inflation and production risks
ensure high

implementation rate * Limit developer risks to reduce prices

of awarded projects

in a timely manner * Risks would be passed on to the off-taker
4

Compliance rules

* Reduced to encourage participation and increase competition

* Risks of underbidding and delays

21



The way forward in planning and designing auctions
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-

N

¢ Understanding the reasons behind the low prices is important to make informed policy
choices.

¢ Auctions may underestimate the true costs of renewable energy (e.g. balancing costs) or
lead to overly aggressive bidding.

¢ Risks of underbuilding and delays can be reduced with solid contracts and penalties.
Stringent compliance rules may deter the participation of small and new players.

¢ The extent to which the results are affected depends on choices regarding the design
elements and how well adapted they are to the country’s specific context (economic
conditions, maturity of the power market and level of deployment).

¢ The complex and dynamic environment of renewable energy auctions motivates constant
innovation in the mechanisms’ design.

¢ The value of renewable energy goes well beyond the energy services it provides.
Therefore, trade-offs between cost competitiveness and other development objectives
(such as jobs, industry development) should be carefully examined.

N




Auctions and VRE integration
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} VRE properties and relative market measures — some examples ey Y

AAAAAAAAAAAAAAAAAAAA
b HIGH SHARES OF

‘‘‘‘‘‘
.....

VRE properties Market measures

Location constrained 1. Revised system services procurement
Non-synchronous generation
Distributed/Modular
Variability

Uncertainty

Low short-term costs 3. More flexible short-term market

2. Strategic reserves

o hwn =
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VRE properties and market measures (examples)

Long- and medium-term

Infernational Renewable Energy Agency

Short-term

30/60 minutes ahead Delivery

' | >4 years 3-4 years ahead Months ahead | Day ahead
Time ahead 8

Long term

VRE characteristics: R

Capacity w Capacity market

Energy 5 Forward market
Reserves AN
V
OO
Strategic
Measures: reserves

Source: IRENA/IEA/REN21 (2018), Renewable energy policies in a time of transition

Uncertainty,

Short-term variability,

modularity, uncertainty non-synchronous

Day-ahead Intraday

market market Balancing/

real time
market

System
operations

Ancillary services market

Reformed
system services

More flexible
short-term trading

25



Enhanced Frequency Response (UK) it e ey

Enhanced Frequency Response (EFR)
procurement Design of UK’s frequency response

« With the rise of VRE and the gradual decommissioning
of dispatchable power plants, power systems are
becoming more susceptible to sudden variations in
power generation or consumption.

» EFR which is capable of responding to grid fluctuations Primary
in less than one second, has been adopted in UK.

Secondary

Enhanced

» Technology agnostic auctions have been held and 8
storage projects (201 MW) were selected for the
provision of this service

Vv

Response (MW)

sec sSec sSec min min

26
Source: National Grid (2016), System operability framework



Value-based auctions (Mexico)

Mexico's sophisticated energy auction design

New auction scheme, adopted with the market
liberalization

Auctions are technology-neutral for clean energy
options.

Energy auctions design incorporates time and
locational signals, to facilitate the deployment of higher
value VRE plants

Demand is set on load forecast (similarly to Brazil) by
utilities and privates

Average winning bids passed from 47.8 USD/MWh to
20.6 USD/MWh in 3 years, for a total of 7.3 GW added
capacity.

Source: Villareal (2018), Value Based Auctions

Geographical diffusion

Infernational Renewable Energy Agency

e

=

Solar Wind Geothermal
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Share of VRE generation, 2016
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Source: IRENA/IEA/REN 21 (2018), Renewable energy policies in a time of transition

Experience shows that challenges emerge gradually. A focus on the right set of issues will allow to
continue progress, giving time to adopt comprehensive approaches 28



ey considerations in designing and
implementing auctions
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Key considerations in designing and implementing auctions S

Increasing competition for cost-efficiency

* Increased participation of bidders

* Prevention of collusion and price manipulation

Limiting participation to bidders who can meet goals

* Project delivery

* Deployment goals

Ensuring global socio-economic development goals

* Qualification requirements

* Multi-criteria selection

30



Increasing competition for cost-efficiency

Increasing competition for cost-efficiency

Diversity of technology

Volume auctioned

Level of participation of bidders
* Reducing entry barriers
* Reducing the perception of risk

Prevention of collusion and price manipulation

Infernational Renewable Energy Agency
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Limiting pa rtiCipation tO bidderS WhO Can meet goaIS Infernational Renewable Energy Agency

Limiting participation to bidders who can meet goals

* Reputation requirements \
e Compliance rules

e Technological requirements

* Project size requirements

* Location constraints

! Grid access requirements j

32
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nsuring development goals

Ensuring development goals

Qualification requirements

Multi criteria selection

Infernational Renewable Energy Agency
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50 MW Onshore Wind: 144,000 person days

Grid Operation and
Connection Maintenance
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Procurement Manufacturing Transport Installation Decommissioning
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International Renewable Energy Agency

Download IRENA reports on Auctions

www.irena.org/REAuctions

Thank you!



