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~FOreword

A combination of effective support policies, high learming rates and ropidly decreasing fechnology costs has
enabled the accelerafed deployment of renewables globally. Renewables now make up a disfinct share of the
energy mix in several countries with further sulbstantial growth anticipated in the coming decades. This ongoing
fransition of the energy sector opens up new opportunifies for governments o reap the long-standing benefits
of a sustainable energy system. Ensuring an effective and rapid fransition, however, is a challenge faced by
policy makers today. This requires the timely adapfation of policies fo the dynamic market condifions caused by
changing costs, growing deployment and increasing varioble generation.

IRENA's report - Adapting renewable energy policies to dynamic market condifions - identifies key challenges
faced by policy makers due to renewable energy market dynamics and analyses policy adaptation responses fo
address them. The study builds upon diverse country experiences and provides a framework for understanding
The condifions under which policy measures to support growing snares of renewables in the energy mix can be
optimised.

The report shows that with decreasing cost of renewable energy fechnologies, governments are adopting policy
measures to ensure that incentives are appropriately set while increasing fransparency and stability within the
sector. The country case studies presented here demonstrate how such measures contribute fo ensuring that the
growth of the sector remains sustainable and cost-efficient in the long-term.

The report highlights the imporfance of adopting a sysfemic approach to policy-making in order to reach high
shares of renewables. Infegration of variable renewables are known to have system-wide impacts which infensify
as deployment grows. Technical measures, such as development of grid infrastructure, smart fechnologies and
sforage as well as adequate regulafory inferventions facilitate infegration efforts. The report also highlights that
the growth in decenfralised generation, driven by approaching grid parity and adoption of enabling policies,
is transforming the fraditional ownership sfructures within the energy sector. This presents new challenges for
incumbent sfakeholders, which need fo be accounted for in the policy-making process fo allow a ssnooth market
infegration of renewables and ensure the long-term reliability of the energy system.

I oam confident that the findings from this study will confribute to the ongoing discussions on pathways fo further
increase the share of renewable energy in the global energy system. The lessons laid out in the report can serve
as an important reference point for countries af different stages of renewable energy market development,

Adnan Z. Amin
Director - General of Infernational Renewable Energy Agency
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-xecufive summary

he condifions affecting renewable energy policy-making have shiffed dramatically within a very short

fime span. In some countries and jurisdictions, rapidly declining renewable generation costs have made

it challenging fo setf "appropriate” levels of public support. In ofhers, the proliferation of renewables is
having unanticipated consequences for power grids and markets. Meanwhile, almost everywhere, fighter
post-recession fiscal condifions have meant that fewer funds are available fo support the industry.

These condifions have prompted policy makers fo reconsider how they support renewable energy develop-
ment and deployment. This has resulfed in the adoption of innovative policy design features as well as in
the infroduction of a new generation of support policies that are craffed to be compatible with the ongoing
fransformation. Such policies are infended to be transparent and impactful, with emphasis on flexibility,
efficiency and cost effectiveness.

This report setfs out to provide an overview of selected challenges emerging from dynamic markets and policy
responses being adopted to address them. In particular, if identifies four key challenges faced by policy
makers today: 1) accounting for rapidly falling renewable generation costs, 2) addressing tox/rate-payer
burdens, 3) accounting for renewable energy’s cost competitiveness, and 4) infegrating variable renewable
power. For each of the challenges, innovative policies being implemented or proposed around the world are
analysed with the aim fo assess their recent or potential impact and fo highlight their potential risks. Through
the analysis, the report gathers “lessons learned”. A framework is then presented that allows policy makers to
assess the suitability of specific policies to different confexts.

Accounting for rapidly falling renewable generation costs

The sharp fall in renewable energy equipment costs, while a positive frend, presents challenges for policy mak-
ers fo ensure that support measures are kept effective and efficient. A fine balaonce needs fo be maintained
between implementing mechanisms that allow for cost fracking and mainfaining a stable environment for
investments info the sector. In atfaining that balance, countries have either implemented design feafures into
existing policies, such as degression rate in feed-in fariffs, or infroduced new policies alfogether, such as auc-
fion schemes. Some lessons that can be learned from country experiences include the following:

»  Adaptafion policies that infegrafe fechnology cost-fracking features (e.g. degression schemes, auc-
tions, etc.) provide fransparency and predictability fo market participants.

»  The design sfage of policies benefit from active engagement with stakeholders within the sector fo clearly
communicate the infended policy objectives and to betfer calibrafe specific policy elements, such as
fariff revision frequency, degression rafes, efc.

»  Market-based policy support mechanisms, such as auctions, are gaining iNncreasing prominence as a
way of reducing information asymmetry between governments and developers on generatfion costs.
When well designed, these can be crifical fo identify the appropriate level of public support and also
contribute to more predictability in the sector.
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Addressing tax/rate-payer burdens

The substantial growth that has been experienced by the renewable energy sector during the past decade has
mostly been a result of financial support offered by “early-adopters’. These countries recognized the long-term
benefits of renewables from an environmental, economic and social sfandpoint. The support for renewables
is @ means of infernalising external costs not accounted for in fraditional energy markets. Resilient support for
the sector translated into the scale-up in deployment, thereby leading to a substantial decrease in fechnology
cosfs and the development of the renewable energy industry. This results in relafively less support required for
further deployment. It is, however, important fo ensure that the cost of support is kept under confrol and that it
is distriouted fairly across the different stakeholders. As a result, several countries have adopfed spending caps
on support for renewables directly or indirectly (through deployment caps) which are offen complementary
fo ofher deployment policies. The analysis of country responses to address this challenge yields the following
lessons learned:

»  Limiting the cost of renewables support gains importance as the market expoands and deployment grows.
While providing higher support levels may be imporfant fo kick-off new technology deployment, if is es-
sential that the costs are closely monitored as the share of renewables rises.

»  Somewhat counterinfuitively, capping support may improve rather than diminish investor confidence in a
market, as it provides long-term predictability o the market.

»  When designing spending contfrol measures, a crifical element is the distribution of cosfs across different
sfakenolders. Confrolling costs is as important for high-income countries concerned abouf their economic
competitiveness as for middle- or low-income countries focussed on basic economic development,

Accounting for renewable energies’ cost competitiveness

As renewable energy cosfs confinue fo decline and grid parity is atfained in different countries, a new era of
policies will be necessary fo ensure the further expansion of renewables in the energy mix. Support measures in
a ‘post-parity” era will need fo fransition from being purely financia-based to those that are compatible with the
overall sysfem of renewables promaotion and the general structure of the electricity system. The report analyses
The role of policies, such as nef metfering, that can play an insfrumental role in promofing the deployment of de-
centralised renewable energy. Net metering schemes are being widely adopted globally and while their design
features might vary, innovation is afoot on ways fo address specific challenges associated with distributing costs
between consumers with or without renewable systems. Some of the lessons learmed from country experiences
include:

»  Net metfering policies can drive residential solar PV adoption, partficularly in markets characterised by relo-
fively high electricity prices. However, policy design needs to carefully consider the ‘reconciliation period”
(ie. for how long the project owners can claim back thee credit generated by the electricity fed info the
grid) fo avoid uninfended consequences for grid stability.



»  Policy makers need to estimate in a timely manner fechnical and economic impacts of massive deployment
of decentralised systerns on transmission and distribution systems in order to ensure reliability of supply and
efficient management of the electricity system.

»  Residential-size storage systems present important opportunities fo promote self-consumption and better
infegrate electricity from distribufed projects info the grid. Their widespread adoption will mostly depend on
the decrease in the cost of sforage fechnology.

Integrating variable renewable power

Effective and efficient infegration - in ferms of physical connection, network management and market infegration - is
necessary fo allow an increase in the share of renewables in the energy mix. Infegration of varioble generation can
become a pressing challenge for the sector, parficularly in markefs or regions with higher rates of renewable penetfra-
fion. Grid infegration needs to be supported by fechnical and economic measures. Those include planning for and
iNnvesting in physical grid development and enhancement, promoting grid-scale storage and smart infrastructures,
and defining new market designs that consider the lbroad market-wide impacts of infegrafing variable renewables. The
analysis of country case studies on these issues yield the following lessons:

»  Inadequate grid infrastructure development can lead fo geographically uneven renewable energy capacity
deployment, mismatch between fransmission and generation capacity, and significant cost for systern balancing.
The lead time associated with developing the infrastructure fo facilifate grid evacuation and fransfer can be relo-
fively long and, hence, needs to be accounted for in the planning process. "Passive” development of infrasfructure
can increase costs, lead fo stronded generation assets and hurt investor confidence in the long ferm.

»  Emerging fechnologies, such as smart grids, smart meters, storage applications, will play pivotal roles in manag-
iNg the systern fo enable further infegration of renewable power while maintaining supply reliability.

»  Integrating high shares of zero- or low- marginal-cost renewable power info power markets can affect the com-
petitiveness of conventional “mid-merit” or "peak” plants. Providing dispatchable capacity remuneration in some
cases may prove necessary, but it is imporfant fo ensure that such schemes incentivise only the needed capacity
and, if possible, the different forms of capacity - generatfion as well as demand response, potentially sforage, efc.

Analytical framework

The report presents analytical frameworks or “orisms” which policy makers can use to assess which renewable energy
policy adaptation mechanisms analysed in this report might be best suited for the circumstances in their countries.
The prisms are based on counfry experience and on how policies have been implemented in different confexts.
it is acknowledged that policies or policy types generally do not fit neatly info clearly defined boxes. The “prisms”
adopted, however, are intfended fo serve as rudimentary fools for policy-making. An example of such a framework is
illustrated below. [t compares the type of policy adaptation mechanisms which could e best suited for jurisdictions
where renewables have achieved “low’, "medium” or “high” penetfration ratfes.

Ofher "prisms” seek to identify relevant policy types for contexts that are: 1) at varying levels of economic development
(low, middle, or high); 2) interested in supporting specific fechnologies (wind, solar, smart grid, storage and others);
or 3) seeking to craft policies that affect various asset owners (Ufilities, independent power producers, community/
residential consumers or commercial custfomers).
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POLICIES BEST SUITED FOR DIFFERING LEVELS OF RENEWABLE ENERGY PENETRATION

RENEWABLE ENERGY PENETRATION

Infegrafing ‘real time capacity corridors” info the feed-in tariff reduction structure (1.2.1.)

Holding auctions for power contracts (1.2.3.)

Designing flexible fax policies (1.2.4.)

“Value of Solar” fariff (3.2.2.)

Permitting net metering (3.2.1.)

Grid development plan - India (4.2.1.) Grid development plan - Germany (4.2.2.)

Building third-party metrics into feed-in fariffs (1.2.2.) Implementing spending caps on support for
renewables (2.2.1.)

POLICIES

Infegrating residential storage in the system (3.2.3.)

Demand response programmes (4.2.7.)

Offshore wind connection liability
arrangement (4.2.3.)

Smart grid implementation and
smart meter rollouts (4.2.4.)

Grid scale energy storage (4.2.5.)

Capacity mechanisms (4.2.6.)

PROVIDE ADEQUATE SUPPORT FOR RENEWABLES
MINIMISE COST

TRIGGER TECHNOLOGY INNOVATION

GOALS

INCENTIVISE SELF -CONSUMPTION

ENSURE SECURITY AND RELIABILITY OF POWER SUPPLY

IMPROVE MARKET INTEGRATION OF RENEWABLES

Note: The degree of blue shading indicates how appropriate the goal is for each level of renewables penetration (for example, improved
market infegration of renewable power applies more fo the most mature markets). A reference to the individual sub-sections from the
report has been included for each policy.

Like with any policy-making, there is no one-size-fits-all solufion for renewable energy. Each country is unique
with its own sef of characteristics that influence how public policies are craffed and implemented. Still, foday
a common sef of dynamics is having global impact. And, just as importantly, a variety of innovative policy
responses are being sef in mofion in various corners of the world. While some of these renewable energy
policies are relatively recent, they hold great potential fo support the industry as it advances to ifs next, all-
important phase of development, in which it attempts fo compete with more traditional forms of generation
in o post-parity era.
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INfroduction

olicy support has played a critical role in spur-

rNg both a scale-up in renewable energy

capacity deployment and a major industry ex-
pansion. Af one fime, designing these schemes ap-
peared fo be relatfively sfraightforward to legislators
and regulators. Some renewable energy fechnology
costs were high and their deployment levels were low.
In countries with governments that were committed
fo promoting renewables, market-creating measures,
such as feed-in fariffs (FiTs) and fox credits, were
widely adopted.

In just a few years, the situafion has changed dra-
maftically in many countries. Rapidly falling costs for
renewable technologies, particularly for solar photo-
volfaics (PV) and onshore wind, have caused spikes
in installation levels. Unexpected side effects have
included inflated government financial liabilities and/
or higher consumer electricity bills. In countries with
the largest share of variable renewable generation in
their energy mix, rapid renewables deployment has
highlighted an urgent need for upgrades and exfen-
sions to grid infrastructure.

In some cases, tThese uninfended results have leff
policy makers with liffle choice but fo react post-
factum and change the support schemes in place,
In Europe, governments are addressing the issue
fhrough comprehensive reviews, in some cases
resulting in refroactive FiT cuts. In the Unifed Stafes,
cosfts associated with the Production Tax Credif
partly led to the ifs expiration af the end of 2013.
In Australia, states have cut support for solar in the
wake of higher-than-anficipated installation rates,
All of this has raised market uncertainty and lowered
investor confidence.

Now, however, a new wave of policy innovafion is
under way around the world as policy makers seek
fo craff supports that are not just fransparent and
impactful, buf also tailored to the new redlifies of the
markef. More than ever, the emphasis is on flexibility,

efficiency and cost effectiveness. These interesting
- and potentially fransformative - new efforts are the
subject of this report,

This report pursues three objectives. First, it aims fo profile
renewable energy market dynamics which policy mak-
ers should fake info account when designing new poli-
cy frameworks. These include: rapidly faling renewable
energy eguipment costs (Section 1), impact of support
schemes on natfional budgefs and/or consumer
electricity bills (Section 2), approaching grid parity for
renewable energy technologies (Section 3), infegration
of variable renewable generation and broader power
market design considerations (Section 4).

Second, this report highlights inferesfing and po-
fentially innovative policies that seek to address the
challenges emanating from the market dynamics
discussed earlier. These include fiexible fariff or fax
schemes which take info account “real-world” costs,
auctions fo enhance price discovery and ofher solu-
fions. The result can be betfter controls over the armount
of renewable energy which is deployed in certain fime
frames and af certain costs. The report provides back-
ground and assessments of each of the highlighted
measures as well as the potential risks associated with
implementation.

Finally, the report draws preliminary conclusions about
which of these types of policies might be best suifed
for different types of markets, situations or countries,
given differing economic, political and power mar-
ket structures. The conclusions are preliminary also
because some of the policy ideas discussed in this
report are relatively new. Some solutions may be best
for countries with state-run ufilities and lower levels of
electrification. Ofhers may be a better fit for countries
with liberalised power markets and high connectivity
rates. The report concludes with basic “prisms” which
policy makers can use fo assess the types of renew-
able energy policy solutions that might be best suited
for the circumstances in their countries.



Methodology

he analysis focusses on broad challenges which

policy makers may face when confemplating

renewable energy policy frameworks, with a par-
ficular focus on electricity. These apply to a wide range
of countries, depending on the level of economic
development, degree of renewable energy penetro-
fion, power market structure and ofher factors. Four key
challenges have been identified, which are addressed
in the next four sections:

1. Rapidly faling renewable generation cosfs have
made it difficult to calibrate public sector supports
fo appropriate levels in recent years.

2. Support schemes that have been successful in
spurring renewables deployment have in some
cases proven 1o be relafively expensive contribut-
iNg to consumer/tax-payer burdens.

3. Approaching (and in some locations, the arrival
of) “socket parity” for solar PV and growth in decen-
fralised generatfion has resulted in unanticipated
competition between distributed generatfors and
incumbent generators.

4. Growing levels of variable renewable generation
are placing strains on cerfain national grids and
power markets which are generally unequipped
fo accommodate variable sources of power.

For each of these challenges, the report analyses
examples of countries or ofher jurisdictions that have
pursued novel policy approaches to address them.
Such policies have been selected either because they
have a proven frack record of addressing the parficular
challenge, or because they sought fo bring relatively
new ideas to address it. These policy approaches are
cafegorised by the challenges they seek to address.
Each scheme profiled includes:

» Policy Overview - an explanation of what the
measure is, who it affects and what objectives it
aims fo achieve.

» Impact Assessment - an assessment of fhe
policy’s impacts as it can be measured, including
measures implemented in response fo the chal-
lenges outlined above.

»  Risk Assessment - an examination of pofential factors
that might undermine a new policy scheme’s success.

In tThe case of the latter two, the report provides the best
information available on impacts fo dafe and specu-
lotes fo some degree about potential risks. In a number
of cases, the policies highlighted have been adopted
recently, and if remains fo be seen how beneficial they
will prove fo be.

Each policy ouflined in the report is assessed based on
seven selected indicators (see Table on the next page).
These are presented as a box alongside the respective
policy section and aim fo highlight the characteristics of
markets where such a policy might fit best.

Of these indicators, the “policy goal” is potentially the most
ambiguous, and thus the potential options mert further
explanation. Given that policies offen have multiple, overlop-
ping cims, the following goals are not mufually exclusive:

»  Providing adequate support for renewables -
Ensuring that financial support aligns with real costs
of power generation from parficular fechnologies.
Supports should provide sufficient help fo incentivise
investment when necessary but not fo “overpay”.

»  Minimising cost of support - Ensuring that costs
associafed with supporfing renewables are mi-
nimised and disfribufed equitably. Offen, such
costs result in surcharges on electricity bills or taxes.
Determining who pays is an important part of de-
fermining cost.

» Incentivising self-consumption - Where grid par-
ity is already a reality, policy makers can empower
consumers o become producers by providing
appropriate regulatory frameworks.
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INDICATOR KEY QUESTION INDICATORS

Penetratfion How advanced is the market » Low (<5% renewable energy vs. fotal annual generation)
level of variable where this policy has been » Medium (5-20%)
renewables implemented, in ferms of » High (>20%)
renewables deployment in the This measure refers primarily to variable renewable sources and hence
generatfion mix? excludes large-hydro
Economic How economically advanced » Low income
development are the countries and » Middle income
jurisdictions where this policy has  » High income (World Bank, 2013 )
been implemented?
Policy gocl What is the policy’s primary » Provide adequate support for renewables
objective? » Minimise cost of support
» Incentivise self-consumption
» Improve market infegratfion of renewables
» Ensure security and reliability of power supply
» Trigger fechnology innovation
Policy type What mechanism does the Feed-in tariff, market premium, fax-based incentive, net metering, auctions,
policy use fo accomplish its Renewable Porffolio Standards (quota schemes), ring-fence budget, grant,
goals? soff-loan, grid regulation, market regulation, sart meter rollout, regulated
investment return, strafegic reserve, capacity mechanism, demand-
response incentive
Eligible Which fechnologies can benefit All renewable energy fechnologies, grid, smart meters, storage

fechnologies from - or are affected by - the

policy discussed?

Assel ownership

Who owns the generating assetfs »  Utilities

affected by the policy? » Independent power producers (IPPs)
» Privafe owners (individuals, farmers, residential, efc.)
»  Community (clusfers of individuals, communify4oased organisations, efc.)
» Businesses (owned by commercial entifies, used at least partly for self-
consumption)
» Investment funds/lbanks

Complementary
policies

What associated policies (if any)
help this policy succeed?

»  Ensuring security and reliability of power sup-
ply - Providing adeqguate fransmission and
distribution infrasftructure and adeqguate load
management mechanisms, fo ensure that the
grid system is able to cope with higher levels
of variable power without risking power supply
disruptions.

» Improving market integration of renewables
- Adjusting power market structures fo ensure
that renewable power is infegrated and that
sufficient back-up existfs as necessary. This
goal captures more-effective system balanc-
ing, demand management and sforage
incentives.

» Accelerating innovatfion - Creafing an en-
abling environment for fosftering
in fechnology design, production processes,
deployment and operafion. This contrib-
ufes fo increasing efficiency, cost reduction

innovation

and enhancement  of competitiveness.

A list of policies that can be implemented in concert with the case study.

Section & of the report uses these indicatfors to pres-
enft analyfical frameworks under which these novel
policy approaches can be assessed. This is done
fhrough fthe presentation of “prisms” which policy
makers can use when designing - or reforming - their
policy frameworks for renewables, and broader power
markets. These prisms map the indicators highlighted
throughout the report against the policies presented
fo illustrate which schemes potentially make the most
sense under specific conditions.

[t is important fo note that this report does nof contain pre-
scriptive conclusions or recommendations. In that sense,
ifs dual aims are: 1) fo highlight novel policy responses to
the challenges that have arisen as the renewable energy
industry has matured and 2) o shed some light on how
these new palicy fools might best be applied elsewhere.

This report builds on the analyfical policy work con-
ducted by IRENA and several ofher instituftions and
non-governmental organisations to date and repre-
sents original analysis and synfhesis’,

Several figures presented in the report are derived from propriefary datfasets created by Bloomberg New Energy Finance (BNEF)



]

Accounting for Rapidly Falling
Renewable Generation Costs

1.1 CHALLENGE: KEEPING PACE WITH
COST DECLINES

Complex fechnological improvements and simple
economies of scale have combined to drive down
renewable energy equipment cosfs in recent years.
Between December 2009 and December 2012, solar
PV module prices declined by 65-70%. In 2012 alone, so-
lar module prices dropped more than 20% (see Figure
1.1). This was also due to an expanding manufacturing
overcapacity that peaked in 2010 when almost fwice
as much module production capacity existed glob-
ally compared to demand. Module prices stobilised
in 2013 as manufacturers fried fo return margins to
sustainable levels. Despite an anticipated reduction
in the global surplus of solar production capacity, the
overall frend for solar is expected to confinue o be
characterised by faling fechnology costs due to the
high learning rafes for solar PV.

Wind turbine prices dropped by around one-quarter
pbetween 2009 and 2013 (see Figure 1.2). While prices

are expected to level in 2014, the long-ferm downward
frend is expected fo resume due fo learning-curve ef-
fects. As turbine sizes grow, more wind is harvested from
a given site, meaning that even though price reduc-
fions per kilowatt (kW) may be more modest than in the
past, the trend in delivered electricity costs will confinue
downwards at near-historical rafes.

Another reason for the decline in prices is a dramatic
improvement in the fechnologies used fo manufacture
equipment. Assembly lines have become more sophisti-
cated, automated and efficient. But sheer economies of
scale combined with major supply glufs are also impor-
fant reasons. Until recently, roughly twice as much final
capacity for wind turbine manufacturing was available
around the world as demand for such equipment. The
same was frue for PV cells. As a result, manufacturers are
faced with marginal profits on equipment sales. In some
cases, manufacturers have actually sold equipment ata
loss, a sifuation that is unsustainable over the long ferm.
The capacity-demand gap has narrowed recently, al-
lowing prices 1o stabilise and, IN some cases, rise slightly.

FiIGURE T.1 SPOT PRICE OF CRYSTALLINE SILICON MODULES, JANUARY 2012 — January 2014 (USD/W)
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Ficure 1.2 WIND TURBINE PRICE INDEX, MEAN PRICE BY DATE OF DELIVERY, H1 2008 - H1 2014 (EUR miLon/MW)
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Decreasing fechnology cosfs have translated into
lower insfalled costs and cheaper electricity from
renewables. As shown in Figure 1.3, the levelised cost
of electricity for solar PV technologies and onshore
wind has followed a downward frajectory. For solar PV,
in parficular, the decrease in the cost of generation
is also linked fo the production overcapacity that has

H2 H1  H2 H1  H2 H1
2011 2012 2012 2013 2013 2014

irbine plus towers and fransport to site, and they exclude value-added tax. Turbine contracts signed for delivery in
d for the highest wind condiitions. "New models” typically have longer blades
and are designed for lowerspeed conditions. Until H2 2011, BNEF tfracked both varieties of tur

nes as one (the "WIPI" line)

existed in the industry over the past few years (see
Figure 1.4).

The virfuous cycle of high learning rates and
increased deployment is driving down fthe cosfs
of solar and wind technologies; meanwhile, hy-
dropower, geofthermal, and biomass for power

FiGURe 1.3 LEVELISED COST OF ELECTRICITY FOR SELECT TECHNOLOGIES, Q3 2009 - Q4 2013 (USD/MWh)
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Ficure 1.4 COMPARISON OF ANNUAL INSTALLED CAPACITY OF SOLAR PV WITH MODULE PRODUCTION CAPACITY (MW) AND LEVELISED COST OF ELECTRICITY FOR C-SI

soLArR PV (USD/MWh)
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Source: GlobalData, 2014, BNEF

generation are mature technologies. Renewables are
now increasingly the most economic choice for new
grid supply, and they are cheaper than alfernatives in
virfually any power system reliant on liquid fuels (e.g.,
onislands) (see Figure 1.5).

The speed af which prices fell,
pufably positive for developers and end-users,

although indis-

clearly caught some policy makers by surprise.

2009

2010 2011 2012 2013

The situation was further complicated by lag fimes
pbetween when policies were proposed, approved
and implemented. In order to guard against wind-
fall profits by developers and fo profect consumers
from unnecessary cost burden, policy makers are
moving quickly to re-evaluate support programmes
which were instituted at a fime when equipment
prices were much higher and were expected fo
decline more slowly.

Ficure 1.5 Leveusep cost oF ELECTRICITY RANGES IN OECD anp NoN-OECD countries, 2012-2013 (USD/kWh)
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Some governments have reacted quife radically to
this challenge which was further compounded by
the global economic crisis. They implemented sharp
subsidy cufs, sometfimes with refroactive effect. Others
sfarfed thinking of creative ways of providing the nec-
essary support for the renewables sector while ensur-
ing that rafe-payers or fax-payers see their funds used
in the most efficient manner possible.

1.2 RESPONSES

This secfion presents a setf of measures that have
been adopted by various governments to address the
challenge of keeping pace with decreasing costs of
renewable energy technologies.

1.2.1 Integrating “real-time capacity
corridors” into feed-in tariff reductions

Policy overview: Degression mechanisms — or regular,
administrative feed-in tariff rate reductions for new
projects — are not new features in renewable energy
policy-making and are typically implemented annual-
ly. However, in late 2011 and early 2012, some countries,
such as Germany, France and the United Kingdom
(U.K), added important features to make their mecho-
nisms more effective in fracking generation cost
reductions while avoiding potfential overcompenso-
fion. These features included maintaining real-fime
registries of deployment and infroducing capacity
corridors based on data from these registries.

Capacity corridors allow regulafors o announce
modifications in FT levels on a pre-set periodic bo-
sis. The period for review varies among countries.
Germany has opted for monthly reviews, while the UK.
and France review support levels every quarter. The
capacity corridors defermine the extent of change in
the HIT level, which depends directly on the number
of megawatts (MW) connected fo the grid in the
preceding period (see Box 1.1). To administer this, a
special project registry had fo be created and moni-
fored fo ensure that the changes are decided based
on accurafe and up-fo-date information.

The UK., French and German degression mechanisms
differ in design, but they share the same aim: to limit
capacity added to the grid fo a manageable level
and fo align the support with the real costs of generat-
ing power from these projects. Figure 1.6 demonstrates
the changes in the HT levels in these three countries
from adopting a degression mechanism. The smooth-
er decrease in tariffs in the case of Germany has been
achieved through the application of a degression rafe
on a monthly basis. This rate is sef for each quarter
based on PV deployment over a preceding 12-montfh
period.

Impact assessment:
mechanism based on project registries and ‘real-fiime
capacity corridors” has cerfain advantages. First, it

Implementing a degression

provides governments with a clear picture on how
attractive their tariffs are by highlighting how much

Ficure 1.6 PV FIT DEGRESSION MECHANISM IN GERMANY, THE U.K. AnD FraNCE, 2009-13 (EUR/MWh)

600
EUR/MWh \

Germany

UK

— France

500 ‘

400 \_

300

S

200

h\“—’_&

100

TTTTTTITTTITT]
Ql Q2 Q3 @4

2010

Q[TTTTTITTTITTIT
Ql Q2 Q3 @4

2009

TT T T T T TTTT]
Ql Q2 Q3 4

2011

TTT T T T T TTT]
Ql Q2 Q3 4

2012

TTTTTTTTTT
Q1 Q2 Q3 4

2013

Source: BNEF based on data from Ofgemn (UK), CRE (France) and BNETZA (Germany)
Note. The data gap between Q4 2010 and Q1 2011 in the case of France represents a three-month moratorium implemented 1o reassess AT support.



Box 1.1

DEGRESSION MECHANISM FOR SOLAR PV FIT SUPPORT IN THE UK

As in most countries, the feed-in tariff policy in the UK is designed in a manner that once the system is insfalled
and registered, the tariff levels remain fixed and are subject only to the inflation index. As deployment costs
decrease, a mechanism for estimating the future FiT rate was established through a consultation process con-
ducted in 2012. The mechanism adopts a three-pronged approach fo estimate the level of support:

1. Pre-planned degression: The frequency was revised from an annual review of fariffs fo a quarterly one. The degression
fakes place on a fixed datfe but the amount depends on the capacity deployed relative fo pre-set capacity thresholds
The relevant deployment period considered is the quarter ending three months before the degression applies. The
fable below provides an overview of the deployment corridors and the degression factor which they trigger for different

DEPLOYMENT CORRIDORS (MW PER QUARTER)

capacity bands.

Solar PV capacity band (kW) Low Default High 1 High 2 High 3
<=10 0-100 100-200 200-250  250-300 >300
>10<=50 0-50 50-100 100-150  150-200 >200
>50 0-50 50-100 100-150  150-200 >200
Degression factor (% per quarter) 0% 3.5% 7% 14% 28%

2. Contingent degression: As evident from the fable above, deployment under the ‘low corridor’ atffracts zero degression.
However, the mechanism put in place allows for the degression fo be skipped only up fo fwo consecutive periods, affer
which an automatic default rate (3.5%) applies.

3. Annual reviews: Tariff review is also conducted annually fo ensure that the mechanism is operating efficiently and
effectively in adequately supporting PV deployment.

A similar degression mechanism is applied fo other technologies, including wind, anaerobic digestors and biogas,

with different design characteristics depending on the technology maturity, volatility in deployment cosfs and policy
objectives

Source: (UK. Department of Energy and Climate Change (DECC), 2012)

new capacity is actually being added to the system
over a period of fime. Second, they provide invesfors
with clarity about the fiming and the extent of fariff
changes. The design also lowers longer-ferm political
risk by reducing the likelihood of an uncontrollable
pboom which could lead a government fo cut fariffs
suddenly or even refroactively.

The German experience shows that the degression
mechanism has been successful in accurately and
fimely fracking the decreasing cost of the technology,
as depicted in Figure 1.7,

Furthermore, by aligning the tariffs more accurately
and rapidly with falling technology costs, such a
mechanism can accelerate the reduction of the
amount that consumers pay per megawatt-nour

(MWh) of electricity generated from PV plants. As fariff
reductions are implemented more frequently, new
projects receive lower support, minimising the impact
on consumers’ electricity bills. In Germany, this reduc-
fion was around 20% in 2013 (see Toble 1.1).

Risks: The success of degression mechanisms depends
on effective design and administration. The specific
design featfures of the mechanism, such as the setfing
of degression rates, capacity corridors, capacity caps,
and fthe fime period between successive revisions, are
critical for the success of this adaptation measure,

One of the primary design risks, as observed from the
case of the UK, is the possibility of sifuafions where
despite lower-than-expected (below capacity cor-
ridor) deployment, a degression is applied (even if in
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TaBLE 1.1 GERMAN FIT DEGRESSION: IMPACT ON CONSUMERS

Cumulative installed PV capacity (MW) 17103
Power oufput from German PV projects 8 296
(GWh)

Impact on consumers - fofal EEG 3883
payments for PV (million EUR)

Cost to consumers per MWh of 468
electricity generated from PV

(EUR/MWhR)

24 588 32192 35 292

19 399 24072 34 674
7 937 8 685 10 156
409 361 293

Source: Adapted from annual forecasts published by fransmission system operators (TSOs) in Network-Transparenz, 2014. Figures are rounded up.

successive review rounds), further reducing the incen-
five for deployment (see Box 1.1). From an administration
point of view, regulafors in particulaor must operate
fimely project-by-project registries that are accurate
and maintained in real time. Delays in the registries may
result in lack of fransparency and hence in misguided
decisions. Moreover, any fariff degression mechanism
needs to start from an appropriate “starting price”. If the
initial level is sef foo high, even an aggressive degression
schedule would not prevent windfall profits, af least for
awhile.

Finally, the regulator must decide at which point in the
project development the installations can apply and
be awarded a feed-in fariff - often this is granted when
planning permission is obfained. It is essential that
affer granting the tariff, a commissioning deadline is
sel. A significant lag between when the FiT is sef and

deliveries begin may create a windfall for the genero-
for in a time of falling project costs,

POLICY

INDICATOR

Renewables penetration: Low-mediurm-high

Economic development: Middle-high income

Policy goal: Provide adeqguate support for renewables;
minimise cost

Policy type: Feed-in tariff

Eligible technologies: All renewable energy fechnologies

Asset ownership: Residential, commmunity, commercial, IPE
utility

Complementary policies: Budgetary and capacity caps

FIGURE 1.7 SMALL-SCALE PV CAPITAL EXPENDITURES, FEED-IN TARIFF RATE AND POWER PRICES IN GERMANY, 2006-2013
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1.2.2 Building third-party metrics into
feed-in tariffs

Policy overview: The most effective HT rates over the
long ferm are those that are sef high enough fo in-
centivise the desired level of generatfion but not foo
high fo constitufe windfall profits for generafors or to
incur outsized liabilities on the government or ufilifies.
Building FiTs that successfully achieve this goal can be
challenging, however,

In Israel, the country’s grid regulator, the Public Utilities
Authority (PUA), fook an unique approach fo degres-
sion in 2012, It decided fo peg the FIT that it offered
directly to a set of factors that closely reflect the stafe of
solar markets, Specifically, these factors include interest
rafes, inflation, exchange ratfes, the cost of capital, and
the BNEF module and inverter price indices (which are
based on a confidential survey of buyers and sellers of
such equipment).

The objective of adopfing such an approach was fo
avoid a “solar bubble” in which the supporf schemes
become disconnected from acfual market costs. In
March 2013, the PUA significantly reduced Fils in light
of lower PV equipment prices. The rafe available o
medium-sized PV projects was cut by 41% fo NIS 0.57

Box 1.2

per kWh (USD 0.16/kWh). The fariff was calculated
separately for each project based on a specific for-
mula (see Box 1.2). As such, the mechanism was ap-
plied mainly to ufility-scale plants, since the quota for
ofher capacity brackefs had been fulfilled af the time
of the scheme’s infroduction. This unique approach
may offer a comparative advantage over capacity-
based degressions wherein the elasticity between
decreasing price and increasing deployment might
nof necessarily be as definitive as required.

For 2014, Israel has shiffed its scheme fo focus insfead
on net metering for residential systems, having con-
cluded that solar PV fechnologies are now cost com-
petifive in the sunny nation. In addifion, the country’s
Ministerial Committee on Promotion of Renewable
Energy approved the raising of the farget quota for PV
by nearly 290 MW, which were originally allocated for
solar-thermal and wind technology (Udasin, 2014). In
both cases, these decisions were informed in part by
the experience with the index, which allowed regulo-
fors fo frack ‘real-world” prices closely.

Impact assessment: [srael's novel scheme was in
effect for just a short time, so gouging its success is
difficult. Infegrafing the market index info the rate
did result in the fariff declining sharply. There is litfle fo

CALCULATING THE ISRAEL SOLAR FEED-IN TARIFF

RP - P [ D, (35%*
r D M

v 0

r
Z=0.15+ 't

G

MI, Cpl
. 20%)+45% . ClOU]*Z

+0.85

Where:
RP,  Updated fariffin NIS/KWh

Cpt Most updated Israeli Consumer Price Index

Cpo Basse Israeli Consumer Price Index

Base NIS/USD exchange rafe

-

P Base tariff in NIS/kWh (e.g. 0.66 NIS/kKWh for ufility-scale PV)

Ml Base BNEF module and inverter index (e.g 0.87+0.11 USD/Wp)
Ml Updated BNEF module and inverter index known on the day of update

D
S Last month average of NIS/USD exchange rate known on the day of update
Dt Inferest rafe factor update formula
Z Base inferest rate
r
(o]

Quarterly average of A+ non-tradable inflation indexed lbonds

Source. PUA, 2013
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suggest that this led to a drop in market activity (or de-
ployment), however. There were also some concerns,
that the incentives that ofherwise would be provided
by above-market offtake rafes were blunted by delays
iNn acquiring land use and consfruction permits (BNEF,
20120).

Risks: A scheme such as the one employed by Israel in 2013
is fied inherently fo the longevity and accuracy of an oufside
moarkel index. The discontinuation of the index or a signifi-
canf change inifs design or underlying determinants could
undermine such a poalicy. In addition, there is the risk that
such an index is inaccurate, parficulary given how much
local conditions can vary. Indeed, in Isroel some develop-
ers highlighted that the index portrayed global conditions,
when what really mattered was the cost of PV in Israel.

POLICY

INDICATOR

Renewables penetration: [ ow-medium
Economic development: Middle-high income

Policy goal: Provide adequate support for renewables;
minimise cost

Policy type: Feed-in tariff

Eligible technologies: All renewable encrgy fechnologies

Asset ownership: Ufility, IPPs, others

Complementary policies: Procurement (nationol/state/
local), target for installed capacity of renewables, farget
for share of renewable energy

1.2.3 Holding auctions for power contracts

Policy Overview: A pofential way fo avoid “overpay-
iNg” for renewable energy is fo affempt fo harness free
market forces and to adopt insfruments that allow price
discovery. This is one of the primary feafures of auction
schemes in which bids are made by the seller rafther
than the buyer. Auction schemes also provide policy
makers with more contfrol over the guantity of renew-
able energy that is deployed. As of early 2014, auctions
were the policy opfion of choice in at least 55 countries/
jurisdictions around the globe, primarily developing
countries (IRENA, 2014).

In arenewable energy auction, a grid operator, energy
regulator or energy ministry issues a call for tenders to
install a cerfain capacity or level of generatfion. Project
developers typically submift bids with a price per unit
of electricity fo be delivered. The government or other
entity evaluates the offers on the basis of the price

and ofher criferia and enters info power purchase
agreements (PPAs) with the winning bidders. Auction
schemes harness the rapidly decreasing costfs of re-
newable energy fechnologies, the increased number
of project developers, their infernational exposure and
know-how, and the considerable policy design experi-
ence acquired over the last decade.

When well designed, the price competition inherent
fo the auction scheme increases cost efficiency and
allows for price discovery of renewable energy-based
electricity, avoiding windfall profits or underpayments.
The experience of several developing counfries, in-
cluding China, Morocco, Peru, South Africa and Brozil,
in designing and implementing auction schemes
were analysed in IRENA's earlier work on Renewable
Energy Auctions in Developing Countries (IRENA,
2013a). In this sub-section, the experience of Brazil is
further discussed.

THE BRAZILIAN EXPERIENCE

The Brazilian government in 2002 set up a FT scheme
- the Programme of Incentives for Alternative Electricity
Sources (PROINFA) - fo support investments in wind, bio-
mass and small-scale hydropower. Against a farget of
3 300 MW by 2009 distriouted equally among the three
fechnologies), 2 888 MW was deployed (1 157 MW of
small hydro, 1182 MW of wind and 550 MW of biomass).
While successful in sfarting the domestic RE business,
PROINFA was not applied in the most efficient way be-
cause of the high fariffs that were inifially sef. Moreover,
the selection criterion of qualified projects was based
on the date of the environmental permit (the older the
permit the higher the priority of the project in the merit
order for contfracting). This led to a "black market” for
environmental licenses. Although there was an estab-
lished procedure for obfaining environmental licenses
at each sfep of the project, requirerments sormetimes
varied and licenses were frequently difficult fo obfain.
Therefore, many projects were delayed, faced large
cost overruns, or in some cases failed. Additional dif-
ficulfies included grid connections, consfruction delays
and limifed domestic manufacturing capacity for local
content requirements to e effective, leading to delays
specifically for wind projects (IRENA, 2013a).

Experience with the FIT scheme led the govern-
ment to explore a legal framework to use energy
auctions as a mechanism to deploy renewables.
Accordingly, an auction
generation capacity was launched in 2007 (see
Figure 1.8). The original motivation for auctions was

scheme fo confract
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Ficure 1.8 EVOLUTION OF RENEWABLE ENERGY ELECTRICITY TARIFF-BASED SUPPORT MECHANISMS IN BRAZIL
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price disclosure and efficiency in the procurement
process by reducing the asymmetry of informa-
fion between fthe industry and fthe government,
These auctions have been fechnology-specific,
alternative energy auctions or technology-neutral.
Renewable energy technologies, in particular
wind, have seen much success during the different
rounds of auction. Nearly 13 GW of wind has been
contracted unfil the end of 2013 with the price of
wind energy consistently reducing with a general
frend of decreasing prices (see Figure 1.9).
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The challenge that many countries face in implement-
iNg auction schemes is ensuring that winning bids
franslafe info the timely development of projects and
fo sustainable generation over their envisaged lifefime.
As such, projects supported through FiTs or auctions
all have an incentive to maximise output.

Figure 1.10 provides a comparison of capacity factors
for projects deployed under the PROINFA FT scheme
and the auction scheme in Brazil. It is clear that projects
that obtained PPAs via an auction operated at higher

Ficure 1.9 WIND caPaciTY CONTRACTED IN Brazit (MW) AND Averacet PrICE (USD/MWh)
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Ficure 1.70 VERIFIED CAPACITY FACTORS FOR BRAZILIAN WIND PROJECTS COMMISSIONED UNDER AUCTION SCHEME

AND UNDER PROINFA Feep-iIN TARIFF, 2012 (%)

80%

I~

= Auctions
= Average

70%

/\

PROINFA

60%

50%

N

/\V/ \\/\/\

40%

30%

20%

10%

o,

Source: BNEF; ANEEL; ABEEGlica (2013)

capacity factors than those confracted under the FT
scheme. This is primarily due fo fechnological improve-
ments, but also 1o siting and operational choices.

The experience from Brazil demonstrafes that several
factors should be considered while designing and
implementing auction schemes. For instance, in a
deparfure from previous auctions, the government
instiftuted a "PRO" sfandard for qualifying projects. This
meant that a project’s annual generation had to equal
Q0% or more of the probability of generation forecast
by wind measurement and annual generafion data.
The PO standard differs from the P50 capacity factor
required in previous auctions, which allowed for a
larger margin of error in qualifying for a PPA.

To address previous nonfulfillment of commitments as-
sociated with grid connection limitations, the August
2013 auction included infer-connection qualifiers.
Developers had to connect their projects to the grid
at their own expense if necessary, and a project may
only be bid in the auction if if is feasible fo connect
it. When the project developer submits a proposal,
it must identify which substatfion it plans fo connect
fo. All substations are mapped onfo the tfransmission
system. In the case where multiple projects compete
fo connect fo the same substation, the project which
bids lowest is offered the contract.

Impact assessment: In the August 2013 auction, 66
contracts were signed with a fotal capacity of 1 505
MW and an average price of BRL 110.51 (USD 509)
per MWh. The November 2013 auction resulted in
fhe award of 39 projects with a combined installed
capacity of 867.8MW at an average price of BRL 124.43
(USD 57.3) per MWh. In December 2013, the auction
resulfed in the award of 9/ new projects totalling 2.3
GW af an average price of BRL 10993 (USD 50.6) per
MWh (GWEC, 2014a).

These resulls were higher than the minimum price
reached in the 2012 auction that resulted in the award
of just 10 projects of 2819 MW fotal capacity af BRL 8794
(USD 42.16) per MWh. The surprisingly low prices of 2012
were affributed to the low celling price esfablished for
the auction (USD 54 per MWh), among ofher factors
(Brazilian Wind Energy Conference, 2013). Factors that
could have influenced the marginal increase in price
in 2013 include: 1) the developers were responsible
for connecting their projects fo the grid at their own
expense, if necessary; 2) the developers were respon-
sible for delivering the projects in a short period of two
years; and 3) BNDES had more sfringent local content
requirements for inancing projects.

In November 2013, Brazil held
which solar projects were encouraged fo compete.

its first auction in
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Developers registered 3 gigawatts (GW) of potential
capacity fo bid for confracts. However, a ceiling price
for contracts of just BRL 126 (USD 58) per MWh was sef
by regulafors, and no registered solar projects won
contracts. Later that year, a solar-exclusive auction was
held on December 27/. It registered 122.82 MW of fotal
capacity af an average price of BRL 228,63 (USD 105.25)
per MWh,

Risks: The most significant risk in auctions is that de-
velopers will offer bids low enough fo win confracts
but foo low fo ensure that they earn an adequate
refurn on investment. Such “low-ball” bids, whether
intentional or notf, can result in financing delays and,
in the worst case, in failure of the project to be built
at all. While different countries have adopted various
design featfures to avoid such a situation (e.g., infro-
ducing floor fariffs, establishing tariff benchmarks,
efc), the risk remains as domestfic markets become
increasingly competitive.

Successful auctions also are confingent on the power
purchaser following through on commitments fo buy
electricity at an agreed-upon price. Even for fransactions
iNn which the offfaker is government-owned or -backed,
it is important to assess its history in fulfiling contract ob-
ligatfions and ifs frack record on payments and dispute
resolution. Finally, the process relies on fransparent and
efficient administration of bids in order fo preclude ac-
cusations of “fixing the confracts”.

POLICY

INDICATOR

Renewables penetration: Low-medium-high
Economic development: Middle-high incorme

Policy goal: Provide adeguate support for renewables,
frigger fechnology innovation

Policy type: Auctions
Eligible technologies: Al
Asset ownership: Utility, PP

Complementary policies: Power market liberalisation

1.2.4 Designing flexible tax policies

Policy overview: Policy makers have long used tfox
codes as an instrument fo incentivise private sector
particioation. In the confext of renewable energy
development, fax policies have been used extensively

fo encourage investment in new generating capac-
ity. These supports have typically come in one of two
forms:

»  Jax credifs, which allow renewable energy assef
owners fo directly reduce the faxes they pay af
the end of the year, pegged either fo the volume
of electricity that their project has generated or
their fotal investment in building the project.

»  Allowable accelerated depreciatfion, which allows
developers to amortise the cosfs of a renewable
energy project in an expedited manner. The result is
higher booked costs in the earlier operating years of
a project fo reduce reported eamings and assock-
ated taxes. Later, when the costs are fully amortised,
the assef can generate larger profits that do gef
faxed; buf in the meantime, the actual economic
cost fo the project owner has been reduced.

Tax policies have been used most nofably in the
United States and India (see Box 1.3) fo spur renew-
able energy deployment. The Unifed Stafes has relied
on a combination of accelerated depreciation and
fax credifs. Wind projects commissioned before 1
January 2014 benefitted from the Production Tox
Credit (PTC) which allowed them fo directly reduce
their annual tax bills by USD 23 for each MWh that a
project generafes over the first fen years in operation.
Solar project owners can apply for the Investrment Tax
Credit (ITC), sef at 30% of a new project’s capital ex-
penditure. Combined with accelerated depreciation
rules, these tax credits have proven critical o the ex-
pansion of U.S. renewable energy capacity. However,
fhe fax policies puf in place in the United States
require periodic extensions that are offen approved
either close fo the expiry date or retroactively. While
the ITC is available in its current form through 2016,
the PTC has been allowed fo expire four fimes since
1999 and officially expired af the end of 2013, At the
height of the financial crisis in January 2009, Congress
enacted a key change to make the PTC more flex-
ible through the establishment of “‘cash grants” that
project developers could receive in lieu of the PTC.
The grants would cover 30% of a typical wind project’s
capital expenditure. Developers quickly put the cash
grant to use, building nearly 21.3 GW of new capacity
from 2009 fo 2011,

The cash grant programme expired af the end of
2011, The PTC lived on for two more years until its expiry
at the end of 2013, but not before a key change was
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Box 1.3

ACCELERATED DEPRICIATION FOR WIND SECTOR DEVELOPMENT: THE CASE OF INDIA

In India, accelerated depreciation rules for both wind and solar PV have played a key role in supporting deployment
of those technologies. During the initial stages of market development, the entire value of an Indian wind project could
be depreciated in the first year of its exisfence. First-year depreciation was then lowered fo 80% around 2003 and, in
March 2012, reduced further to 15%. The incentive was withdrawn in April 2012 (PIB, 2012), along with another key incen-
five- Generation Based Incentive (GBI). With no economic incenfives in place, the installations dipped to 1 700 MW in
2012-13, compared to 3 164 MW in 2011-12 (CSE, 2014). This led the government fo re-infroduce the GBI scheme with the
objective of incentivising generation rather than capacity deployment as well as fo allow a broader setf of developers
fo enfer the market. However, there is growing demand for reinstating the accelerated depreciation benefit (CSE, 2014).

Accelerated depreciation benefits those projects that rely on balance-sheet inancing rather than a project financ-
ing. The argument against such an approach is that it hinders the scalability of the secfor (as the purpose of
lending is not directly power generation) and that it does not encourage the participation of a broader setf of IPPs
that face difficulties in accessing corporate credit for wind projects. While a GBIl scheme addresses this fo a certain
extent, in this case investors need to fake on performance risks given that the revenues become entirely dependent

on the generation of wind projects.

made fo increase the flexibility of the policy. Whereas
projects previously needed fo be commissioned by
the fime of the PIC expiry, af the end of 2013 they
merely needed 1o be "under construction”. Partly as
a result of this change, developers were able o keep
considerably more projects in motfion and their "pipe-
lines” full. The U.S. Energy Information Administration is
projecting that 16.1 GW of new wind capacity will be
built in 2014-15 (U.S. Energy Information Agency, 2014).

Against  this backdrop, the non-parfisan
Congressional Research Service (CRS) published @
paper that examined some policy options to address
the shorfcoming of the PTC. One option considered
that the level of the PIC that is presently fixed af USD
23 (and rises af the ratfe of inflation) could be sef an-
nually at a rate just high enough fo bridge the gap
between the average levelised cost of electricity
(LCOE) for wind power generation and a similarly set
LCOE for natural gas combined-cycle power generc-
fion (CRS, 2013).

The annual adjustment was proposed with a PTC
‘ohase out” in mind, under the assumptfion that the
LCOE for wind will continue fo decline, natural gas
prices will rise, or some combination of both will occur.
The result would be that the PTC could be reduced
accordingly. Once that gap closes altogether, the
PTC would fall to zero and effectively sunset itself. Thus,
the PTC would exist on an as-needed basis. Implicit

in the policy design is that if the gap between the
LCOEs for wind and natural gas does not close, the
PTC remains on the books.

Impact assessment: The impact of the PTC on U.S.
wind installations is clear: they peaked in 2009 and
2012, as developers rushed fo build projects ahead
of the anticipated expiry of the credit (see Figure
1.11). As evident from the figure, each time the credit
has been allowed to expire, the following year has
experienced a significant drop in deployment. The
PTC was last extended in January 2013 for one year,
but the effect of its “false” expiry is permanent. Only
an esfimafted 600 MW of new wind capacity was
added in the United Statfes in 2013, in part because
projects which would have been complefed that
year were brought on line in 2012 by developers
fearful of missing out on the PTC. Although the
PTC expired in January 2014, the extension in 2013
included an adjustment of the eligibility criteria fo
include projects that began consfruction in 2013
and not necessarily coming online in the same
yvear (NREL, 2014). This has led to a positive outlook
being adopfed for the industry in 2014 with over 12
GW of new generafion capacity being under con-
struction atf the end of 2013 (GWEC, 2014b).

Risks: The potential drawbacks of the proposed revi-
sions of the PTC include: T) complex implementation,
2) issues with using LCOE as a way fo compare the
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economics of wind and natural gas combined-cycle
power generation, 3) regional resource and market
variations and 4) industry’s ability fo realise cost reduc-
fions (CRS, 2013).

Each of these has the pofential fo undermine the
flexible PTC proposal. The first - “‘complex implementa-
flon” = simply refers fo the difficulty overall of adding any
level of nuance to what fo dafe has lbeen a fixed-rate
supbsidy. The second raises questions about whether
LCCOE is the proper metric for comparing wind with its
nearest-priced competitor in U.S. power generation,
The third refers fo the fact that there are substantial re-
gional differences in the Unifed Stafes in terms of natural
resources (and hence LCOEs), raising the possibility that
a “one-size-fits-all” approach fo setfing a support level
mMay Not be appropriate. Finally, the entire proposal rests
on the assumption that the wind industry will confinue
fo innovate and reduce ifs costs in order for the PIC fo
decline and eventually disappear. Should cosfs nof
drop, the gap between the LCOE for wind and natural
gas will not necessarily narrow, and the PTIC will have to
remain af current or higher levels.

There is one addifional and associated concern: if
the wind industry knows that the PTC will be sef annu-
ally af a level substantial enough fo bridge the gap
petween wind and natural gas costs, will it still be
sufficiently moftivated to confinue to reduce its costs?
A system that automatically reduces the PTC year by

year might provide greater incentive for the industry
fo make improvements over a certain period of fime.

POLICY
INDICATOR

Renewables penetration: Low-medium-high
Economic development: Middle-high income

Policy goal: Provide adequate support for renewables |,
frigger fechnology innovation

Policy type: Tax-based mechanism
Eligible technologies: Mulfiple
Asset ownership: Ufility, [P

Complementary policies: U.S. Production Tax Credit

1.3 LESSONS LEARNED

The sharp fall in renewable energy equipment
costs has both a positive and a negative impact
for policy-making. It is posifive in that cheaper solar
PV modules or wind furbines have led to an expan-
sion in renewable energy deployment. It is negative
in that it can be challenging fo sef support levels
appropriately enough to spur market activity and
low enough fo avoid uninfended windfall profifs for
developers. Sudden efforfs to rein in supporfs have
creafted markef uncertainty. In a number of cases,
this has resulted directly in decreased private in-
vestment and deployment.
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Three key lessons can be learned from the experience
of the countries analysed in this section:

Virtually all of the policies discussed here aim af
providing as much fransparency as possible fo
markef parficipants. In Germany, for instance,
regulators fook steps fo create a registry of proj-
ects that have secured FT access with an eye to-
wards informing the broader market about when
step-downs in the fariff are likely to arrive and how
deep they will be. In Israel, regulators publicised
a specific equation for calculating the ratfe of the
country’s FiT based on regularly updated sources
of information.

. While each of these policies may have flaws,
all present a key lesson learmed: policy moves
fhat have not been communicated clearly and
in advance fo the market can have negative

consequences. The solutions being proposed
Py most of the policies here seek to address this
problem by providing greater transparency and
improve predictability.

Market-based policy support mechanisms,
such as auctions, are gaining increasing
prominence as a way of reducing information
asymetry between governments and develop-
ers, and in identifying the appropriate level of
public support. When well designed, these
schemes in their own way also provide trans-
parency and predictability by providing clear
guidelines to the market on how much new
capacity is being sought and by offering spe-
cific rules on how such power will be procured.
In the best cases, the auction organisers offer
quite specific guidance on what projects will or
will not be deemed acceptable.
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Burdens

enewable energy deployment has experienced

supbstantial growth during the past decade-

global solar PV installed capacity has risen from
over / GWin 2006 to 137 GW in 2013, while wind capac-
ity has grown from 74 GW to 318 GW in the same period
(REN21, 2013; GWEC, 2014b). Much of this growth has
been a result of financial support offered by countries
that have been early-adopters of these fechnologies.
These countries recognized the long-term benefits
brought on by renewables from an environmental,
economic and social sftandpoint. As such, support for
renewables has been seen as a means of infernalising
external cosfs presently not accounted for in fradifional
energy markets. Resilient support for the sector frans-
lated info a scale-up in deployment, thereby leading
fo a substantial decrease in fechnology costs and the
development of the renewable energy industry. As a
result, further deployment will not require the level of
support witnessed in the past. While the support for
renewables has generally been much lower than for

Addressing [ox/Rate-payer

fossil fuels, it is important that it is kept under control
and that ifs cost is distributed fairly across the different
stakeholders.

2.1 CHALLENGE: REDUCING IMPACTS ON
TAX-PAYERS OR CONSUMERS

The misalignment of the level of support and the cost
of fechnology is one of the factors that has led fo an
unprecedented spike in renewable energy capac-
ity installations in some countries. This boom, driven
largely by aftractive support rafes, has in some cases
resulfed inadvertently in an increased burden on
consumers and fax-payers - or, as in Spain, in a “tariff
deficit” caused by policies that have af fimes forced
utilities 1o sell electricity to consumers at rafes below
the cost of supply.

Figure 2.1 illustrates that in 2012, the Italian residen-
fial power price rose by 10% purely as a result of FiTs

Ficure 2.1 Cost oF PV suppoORT As A sHARE OF 2011 ELECTRICITY PRICES IN SELECT EUROPEAN COUNTRIES (EUR/MWh)
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for solar PV. In the UK., this increase was around
1% at the time, but with increasing megawatts
installed, this number has been rising as well. In
Germany, the impact on electricity bills has been
obvious for a few years now, but the 47% spike in
the renewable energy surcharge ("EEG Umlage”) in
2013 shocked consumers and policy makers alike.

Germany is a clear example of a country whose ambi-
fious - and successful - renewable energy policies led
fo the development of a local industry, albeif af a cost
(see Figure 2.2). Several gigawatts of installed renewable
energy capacity resulfed in significant cost added to
final consumers’ electricity bills. As a result, speculations
were abound that the 2014 level of the EEG surcharge
was likely fo exceed EUR /7 cents per kWh. To the surprise
of many, it increased to only EUR 6.24 cents/kWh in 2014,
which may suggest that these costs are beginning fo
be confained and that some cost-efficiency measures
that have been implemented are bearing fruit.

In virfually all of these cases, policy makers were will-
iNg fo support the renewable energy sector seeking o
make inroads info a power sector dominated by large
incumbent players such as utilities or independent
power producers. To a large degree, the policies of
Germany, Spain, Italy, Denmark and other natfions
succeeded in allowing the renewable energy sector
fo scale up and drive down the generation costs.

The result has been the emergence of several socio-
economic benefifs such as economic development
and job creafion. along the various segments of the
value chain (IRENA, 2013b; IRENA and CEM, 2014). In
Germany, for instance, the renewable energy sector
supporfed over 371 000 direct and indirect jobs in 2013
(IRENA, 2014).

Still, these policies have had a cost. There have been
clear instances where they have inflated rate-payers’
electricity bills or tax-payers” tax bills. Europe is chosen
as a suifable example to illustratfe this impact for three
reasons: 1) the confinent has bbeen a front-runner in
several renewable energy fechnology deployment,
and hence fthe effects of support are most obvious;
2) for many years high FiTs were the dominant support
policy in the continent, raising the overall cosfs of sup-
port, and 3) fimely data are either readily availoble or
relafively easy fo calculate, because European opera-
fors are obliged fo report periodically.

However, the impact of support measures on consum-
ers is different depending on the form in which this
support is granted. FiTs, feed-in premiums and green
certificates usually affect consumers in a similar way - by
adding a ‘renewables surcharge” fo their electricity bills.
Countries using auctions as the main support measure
for renewables are likely fo include their costs in the “cost
of electricity” component of the final consumer bill, as

Ficure 2.2 GermMAN EEG SURCHARGE ON HOUSEHOLD ELECTRICITY BILLS (EUR CENTS/KWH) AND INSTALLED RENEWABLE GENERATION CAPACITY
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arguably this is not subsidised since projects win con-
fracts via competitive bidding (Unless the auctions are
fechnology-specific, in which case a subsidy is some-
times included). This is the case in many Latin American
markets, such as Brazil, Uruguay and South Africa.

Assessing the impact of nef metering is more difficult (see
sub-section 3.2.1), for example, given the offen avoided
fixed payments for fransmission and distrioution. In cases
where the cost of support does nof permeate through fo
the consumers, as with many developing countries like
India, the statfe simply underwrites the debt (partly or en-
tirely) that distrioution companies accumulate by seling

FIGURE 2.3 INDIA’S INSTALLED RENEWABLE ENERGY CAPACITY, 2010-13 (GW)
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FIGURE 2.5 INDIA’S ESTIMATED ANNUAL NATIONAL SPENDING ON SuBsIDIES, 2010-
13 (USD BiLLION)
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electricity af subsidised rates, as is also the case in Spain.
This may affect credif rafings of both the underwrifing
authorifies and the companies themselves.

An analysis of average annual spending on renewable
energy support - calculated as the difference between
the wholesale power price and the price paid o renew-
able generators - of some of the most prominent players
among the emerging markefs highlights that as India
and China have added more renewables to their power
generation mix (see Figures 2.3 and 2.4), the burden on
consumers (or tax-payers, where supbsidies are funded
from the budget) has risen as well (see Figures 2.5 and 2.6).

FiGUre 2.4 CHINA'S INSTALLED RENEWABLE ENERGY CAPACITY, 2010-13 (GW)
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FIGURE 2.6 CHINA’S ESTIMATED ANNUAL NATIONAL SPENDING ON SUBSIDIES,
2010-13 (USD BiLLION)
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2.2 RESPONSES

Virtually all governments around the world are now
concerned about the cost of support they offer (or are
considering offering) to renewable generators. These
concerns offen result in reduced levels of support
justified by falling costfs of renewable generation from
particular fechnologies. Some governments, however,
implemented measures explicitly targefing spending
COps oN renewables support.

2.2.1 Implementing spending caps on
support for renewables

Policy Overview: Furope has experienced a rising cost
of support for renewables. The UK, lfaly, Germany and
the Netherlands all have made explicit efforfs fo limit
the potential burdens on consumers. While each does
it in a slightly different manner, all are sefting caps on
their bill levies - the amount that can be passed on
fo consumers - fo cover the supporf. Once the cap
is reached, the policies need fo either be altered in
line with the budgetary prescriptions, or the support
is suspended or ferminafed. Some countries imple-
ment ‘capacity” caps, rather than budgetary limits,
fo achieve the same purposes. This way, the govern-
ments try fo ensure that the cost borme by society is
poth confrolled and predictable.

As many developing nations embark on the renew-
able energy route, they too need fo fake info account
the impact that any support provided fo the sector
may have on consumers. Malaysia has faken these
aspects info account by infroducing a spending cap
on FiTs provided o renewables.

Impact Assessment: Below is a brief overview of five
different budget cap designs, fo illustrate various ap-
proaches adopted by governments. Each aims first
and foremost to limit the costs passed on fo consum-
ers. These limitations can provide additional certainty
and fransparency for investors. Knowing in advance
that the caps are imposed - and will be respected
- sends a sfrong signal that the government will not
allow for foo high an increase of refail electricity prices.
Thus, the risk of policy changes implemented refroac-
fively (e, offecting operafing assets) is significantly
reduced, if not eliminated.

Risks: One of the key requirements for such policies to
work is that they need 1o be transparent. In other words,

the government - or a regulator — needs fo be able
fo frack in defaill how many projects are connected,
how many are applying for support and how much
overall support has already been provided. This, in turn,
depends on being able fo forecast — and track - the
output from renewable energy projects, since in all of
the cases discussed below, the support is provided per
unit of electricity produced (in kWn). Lack of transpar-
ency of the systerm may, on the one hand, undermine
invesfor confidence over the government's abllity to
actually support the renewable energy secfor. On the
ofher hand, with no abllity fo track progress fowards the
cap, the government may find itself in a position where
the cap has been exceeded but there was No registry
fo flag it. That could result in more cost on consumers,
defeating the primary purpose of such a measure,

ITALY: BUDGET CAP ON SUPPORT FOR SOLAR PV
UNDER THE 5TH CONTO ENERGIA LAW

Following the solar boom of 2011, when 9.3 GW of solar PV
was added to the lfalion grid (see Table 2.1), the country
decided to limit the amount of economic support avail-
able fo the fechnology. Under the 5th Contfo Energia law,
enacted in August 2012, FTs were allocated to projects
iNncluded in a registry administered by the Gestfore Servizi
Energetici (GSE), created specially for this purpose.
Through this registry, the regulator could frack the num-
ber of projects applying for support and ensure that the
halfyearly budget cap was nof exceeded. These caps
were sef at EUR 140 million for the first registry, EUR 120 mil-
lion for the second and EUR 80 milion for the third. The
caps resulfed in significant slowdown of additional PV
capacity built in Ifaly, particularly of large-scale projects.

Tate 2.1 PV crowtH IN ITay (2008-2013)

YEAR ADDED CAPACITY (GW)

2008 0.3
2009 0.7
2010 23
2011 0.3
2012 3.6
2013 1.8

Source: GSE, 2014

Note: 2013 data is preliminary

[faly has also set a cap limiting fofal annual spending
on the support for PV fo EUR 6.7 billion, with the govern-
ment agreeing that once this is reached, there would
e no further FT support available. This budgetary cop
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was reached on 6 June 2013 and the FiTs sfopped be-
ing allocated a month lafer. However, the residential
segment still benefits from a tax incentive (income tax
deduction), which has been driving steady growth in
this market following the FiT fermination.

U.K.: LEVY CONTROL FRAMEWORK

The UK's Levy Control Framework (LCF) provides an
upper budget limit on the annual surcharges added
fo consumer bills o fund renewable energy projects.
It was infroduced by the government in 2010 fo keep
a lid on expenditures that are off the government
balance sheet but still considered public spending.
Since then, the LCF has come fo be viewed by inves-
fors as a source of confidence that the UK. is less likely
fo overspend on renewable energy and put a high
burden on consumers. That in turn reduces the risk of
refroactive cufs for existing assets.

The framework also offers visibility about the government's
ambifions and scale of support over fime. Notably, the UK.
Department of Energy and Climate Change (DECC) has
published LCF amounts out To 2020/21, with a levy cap of
GBP 76 bilion in 2020 (2011/12 prices), providing a long-
ferm framework for prospective investors (see Figure 2.7).

GERMANY: PROPOSED EEG SURCHARGE LIMIT
In Germany, support for renewables - both feed-in
fariffs and feed-in premiums - is funded via an EEG

surcharge (EEG Umlage) added fo consumers’ bills.
While energy-infensive industries benefif from dis-
counts on that surcharge, the cost is paid primarily
by household consumers. The levy is set each year
by the regulafor, following the renewable generation
forecast and consultations with fransmission system
operators (TSOs).

For calendar year 2013, the EEG surcharge was raised
47%, from EUR 3.89 cenfs/kWh fo EUR 5.28 cenfs/kWh
on domestic electricity bills (seen earlier in Figure
2.2). Soon after the announcement of that increase,
a proposal was initiated to control electricity prices
via a limit on the EEG surcharge increase. Under the
proposal, in 2014 the surcharge would stay level at
EUR 5.28 cenfs/kWh. From 2015 onwards, it can rise
by no more than 2.5% annually. A set of measures
lowering the support for renewables and limiting the
exemptions available fo energy-infensive industries
was proposed to achieve this goal.

Although the proposal was not implemented due
fo objections from the Bundesrat (Upper House of
Parlicment), it was a clear aftempt to set binding bud-
get limifations for renewables support. In 2014, the
FEG surcharge increased fo EUR 6.24 centfs/kWh, and,
following the September parliamentary elections, the
new government’s priority was fo sfop further cost
escalation.

Ficure 2.7 U.K. Levy ControL FRamework, 2011/12 - 2020/21 (GBP sittion, 2011/12 prices)

GBP billion

7.6

Source: DECC, 2013
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As such, the reform sefs ouf fo concenfrate on the
deployment of wind and solar energy, that have
proven to be the most cost effective technologies
in Germany. Moreover, it proposes tfo adopt instru-
ments that are more responsive to the market than
FiTs, such as auctions, fo support iNnvestments in
renewable energy.

THE NETHERLANDS: BUDGET CAP FOR THE STIMULER-
ING DUURZAME ENERGIEPRODUCTIE (SDE+) 2013

The Dutch government caps its spending on new
renewable energy projects through its SDE+ tender
scheme. Feed-in premiums are awarded fo the most
cost-competitive projects and fechnologies through
a series of tender rounds, with an overall annual
budget. This is based on the fotal lifetime subsidies
forecast to be allocated to projects selected in that
year, amountfing to EUR 3 billion in 2013. After the
budget ceiling has been reached, no more funding
is available for new projects that year.

The competition among technologies has meant
that low-cost sectors have dominafted each year'’s
scheme over the past three years, starfing with bio-
gas in 2011, before it was opened up to renewable
heat in 2012 (see Figure 2.8). The drive to thriftiness
was a response to higher subsidy allocation fo off-
shore wind in 2009. However, in the pathway fowards
meetfing its 2020 renewable energy targets, the

Netherlands decided fo expand the SDE+ budget
and fo refurn to pricier offshore wind.

MALAYSIA: FEED-IN TARIFF FUND LIMITATIONS

Malaysia approaches the spending caps in a some-
what different manner. Rather than setting an over-
all budget limit, it limifts the surcharge passed on o
non-domestic consumers fo 1.6% (previously 1%) of
the retail electricity price. Domestic consumers are
exempt from paying fthis surcharge alfogether unless
fhey consume over 300 kWh a month. Based on the
revenues it collects from this surcharge and frans-
fers fo the special renewable energy fund, and on
forecast renewable power oufpuf, the Sustfainable
Energy Development Authority (SEDA) defines the
capacity cap for projects. For the period 2012-15, this
cap was set af the total of 485 MW (SEDA, 2013).

While this design can be effective, it can be difficult
fo administer, as neither the exact amount of funds
available nor the oufput from renewables can be
forecasfed accurately three years in advance. In
2013, it became clear that the current fund is not
sufficient fo support larger-scale renewable devel-
opments. For this reason, SEDA had requested an
additional 1% surcharge, subject to approval from
the Ministry of Energy, Water and Green Technology.
A more modest increase fo 1.6% was granted, follow-
iNng a debate with affected consumers.

Ficure 2.8 SDE+ BUDGET CEILING PER suBsiDY YEAR, 2008-2013 (EUR BiLLION)

@® Heat

10
EUR billion

® Biogas

@ Hydro

PV

@® Biomass

® Offshore wind

® Onshore wind

2008 2009 2010 2011

Source: Dufch Ministry of Economic Affairs (n.d.)

2012 2013 2014

Note: Dotted line shows the remaining budget; 2014 figure represents the new allocated budget, "biomass” includes biogas and landfil gas used
for power production;, "biogas”is delivered as gas; *heat” includes geothermal and biomass heat
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POLICY

INDICATOR

Renewables penetration: Medium-high
Economic development: Middle-high income
Policy goal: Minimise cost of support

Policy type: Budget caps

Eligible technology: All

Asset ownership: N/A

Complementary policies: Feed-in fariffs, market premiums,
green certificates, market premiums, grants, other support
schemes

2.3 LESSONS LEARNED

Policy makers need fo strike a balonce between being
supportive of renewable energy deployment and ensur-
iNg that the costs associated with that support do nof fall
disproportionately on one segment of the population.,
Offering uncapped support for renewable power generc-
fion can add a high burden on consumers or fox-payers,
who ulfimately cover the costs through an electricity bill
surcharge or via additional faxes.

Putting @ budget cap on spending for renewable energy
support canlimit this impact greatly, and several countries
have successfully demonstrated the impact of such mea-
sures. Italy stfopped providing FHT support to solar PV when
The fofal expenditure reached EUR 6.7 bilion, avoiding fur-
ther escalation of the costs. The UK. restricts ifs spending
via a special levy confrol framework, imifing the spending
fo GBP 3.3 bilion in 2014 and GBP 7.6 bilion in 2020. The
Netherlands managed fo reduce ifs annual expenditure
on renewables support from EUR 9.2 billion in 2009 fo EUR 3
bilion in 2013 through sfrict budget allocations.

Three key lessons can be learned from the experience
of the countries analysed above:

1. Limiting the costs of renewables support gains
importance  with
While providing higher support levels may be im-
porfant fo kick-off new fechnology deployment, it
is essential that the costs are closely monifored as

increasing market maturity.

renewable energy share exponds.

2. The Malaysian example illustrates that keeping
costs under control is as important for middle-
iNncome countries, concerned about maintaining
household income, as it is for high-income coun-
fries, concerned about industrial competitiveness.
This in part explains why in Malaysia, the support
is funded largely by non-domestic consumers,
while in Europe the schemes are funded primarily
oy households.

3. Inasomewhat counferinfuitive way, a cap on sup-
port may improve rather than diminish investors’
confidence in the market, as it provides long-ferm
visibility and predictabllity to the market. It also
minimises the risk of sudden or even refrooctive
changes.

[t is important to nofe that these budget caps can
- and should - be complementary fo all of the poli-
cies analysed in the previous section. In other words,
governments need fo think about ensuring that the
support they provide accurately reflects the costs of
generation and provides sufficient incentive fo devel-
opers; at the same time, they need fo state their infen-
fions clearly and fo indicate early on how big a market
they are willing fo support financially.
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3.1 CHALLENGE: PREPARING FOR THE
ARRIVAL OF GRID AND SOCKET PARITY

Economies of scale of renewable energy deploy-
ment have led to significant learning gains, which
in furn have resulted in improved generation ef-
ficiencies, or capacity factors. As LCOE for many
fechnologies have been steadily declining, some
have already reached the so-called grid parity in
many contexts. In other words, they can produce
electricity at a cost roughly equal fo, or less than,
the price of power from the grid on a levelised
basis.

Hydropower projects and some geothermal tech-
nologies, for example, have been competifive for
some fime now. Onshore wind has been sfeadily
lowering its LCOE by reducing equipment costs and
improving furbine efficiencies with equipment that
can operate in less windy locations.

Accounting for Renewable
Energy’s Cost Competiveness

The most radical cost reductions have occurred in the
solar sector in the last few years, with the global aver-
age cost of a typical residential solar PV system drop-
ping more than 40% since 2010. However, the price
of residential PV differs dramatically among markets.
A residential system can be installed for around USD
2 250/kW or even less in Germany foday, but if still costs
as much as USD 4 600/kW in the U.S. or USD 4 200/kW in
Japan (see Figure 3.1). One reason is that while hard-
ware costs have declined, non-hardware or "soft costs”
associated with installation, customer acquisition and
inferconnection remain higher in some countries than
others (CEM, n.d). The overall downward trend in
deployment costs, however, is expected fo confinue
(aloeit in a somewnat less dramatic fashion) through
the rest of the decade (see Figures 3.2).

PV grid parity has already been reached in some
European markets, with those in the Asio-Pacific region
and the Americas fo follow. However, discerning the

Ficure 3.1 SMALL SOLAR PV sysTEM cosTs IN seLeCT COUNTRIES (USD/kW)
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FIGURE 3.2 ESTIMATED COST REDUCTIONS IN RESIDENTIAL SOLAR PV BY COMPONENT, GLOBAL BENCHMARK, 2010-20 (USD/W)
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exact moment when competitiveness arrives will be
difficult in countries where consumer power prices are
subsidised. Competition from solar PV versus incumbent
sources comes most strongly af the small-scale com-
mercial and residential level, where retail (ot wholesale)
electricity prices from the grid are being offsef. Thus, the
ferm “socket parity” is used fo distinguish from the com-
pefifiveness of large, Utility-scale PV projects. For large
projects, “grid parity” fends fo refer to the LCOE of PV
compared fo alternative means of wholesale electric-
ity provision. Residential installations are, therefore, not
competing against wholesale generation but, instead,
with the delivered price of electricity through the grid.

While solar PV systern costs clearly play a crucial role
in defermining socket parity, insolafion levels and lo-
cal residential electricity prices are also crucial. For
this reason, several developing countries in particular
offer a huge pofentfial market for PV deployment.
While historically the primary market for PV sysfems in
developing countries has been off-grid applications,
grid-connected solar systems play a growing role in
countries where fransmission and disfrioution networks
are relafively well developed, and adequate policies
are in place. Estimates suggest that countries such as
Turkey, Brazil and Israel have already achieved “socket
parity’, while India and Argentina are likely to do so in
the near fufure (see Figure 3.3).

2017

2.14
0251 | 0.24 — 2.06 199 192

5 @

2018

2019 2020

As costs continue fo decline fowards parity in different
countries, the need fo adapt support policies arises.
Achievernent of PV competitiveness does not mean
that the sector requires no further support. Instead, a
policy transifion is necessary from measures that are
purely financial-based o measures that are compat-
ible with the overall system of renewables promotion
and fthe general structure of the electricity system.
Alfernative support incenfives, such as self-consump-
fion or net-metering, which may become increasingly
relevant as decentralised PV deployment increases
and as grid parity is aftained (PV Parity, 2013). This
brings new challenges fo policy makers, grid opera-
fors and utilities, as the ongoing fransformation of the
fraditional energy systern involves consumers now
not only purchasing electricity from the grid but also
feeding their own excess production back into it. While
this has the potential to be a benefit for consumers, it
represents possible system balancing challenges (see
Section 4). Spain has reacted to these challenges by
proposing to impose additional charges on residential
projects, and similar proposals are under discussion
in Germany. In the United States, some utilities have
sought fo impose monthly fees on residential PV sys-
fem owners. In the sfate of Oklahoma, for example, a
new bill infends fo impose an additional fixed charge
on consumers with disfributed generation systerms
installed compared fo those who do nof, in order
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Ficure 3.3 RESIDENTIAL ELECTRICITY PRICE IN 2012, INsoLATION, AND LCOE oF ResiDENTIAL PV, Q2 2013
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fo avoid cross-subsidisation (Oklahoma Legislature,
2014).

These challenges will have the biggest impacts on
marketfs with high PV adoption rafes. Markefs where
solar power is just faking off will be less affected but
should not disregard these impacts, as PV grid parity
(or even costs falling below that level) will lead fo even
more rapid adoption of this technology. Rapid adop-
fion of grid-connected small distributed PV projects
will require system infegratfion efforts, as discussed in
Section 4.

3.2 RESPONSES

3.2.1Permitting net metering to allow
consumers to become generators

Policy overview: Nef metering supporfs small- to me-
dium-scale renewable energy development by allow-
iNng generators to "bank” (on the electricity grid) any
production which they do not consume af the fime of
generation. They are credifed for their netf electricity
generafion on their electricity bills. As such, the policy
can be infroduced relatively simply.

In its most basic form, net metering requires a
bi-directional electricity meter, ie., one fthat runs
backwards when power is fed fo the grid rather than
consumed from it. In a basic net metering scheme,
the generator receives a flat rafe for grid-delivered
electricity (a retail price). More-complex versions,
such as the one in use in Ifaly, fakes info consider-
ation the varying markef price of power delivered
or consumed during different periods. The design
features vary across different net metering schemes,
fhus also affecting the financial refurn for investors
and the atfractiveness of the scheme. Table 3.1
provides an overview of schemes in four selected
including
fotal programme capacity, maximum system size,
grid charges, efc.

regions across identified comparators,

There has been a marked rise in the adoption of netf
metering policies, with the number of such schemes
(af the national or state/provincial level) increasing
from 37 in 2012 1o 42 as of early 2014 (REN21, 2014). Net
metering, as a support instrument, has been widely
adopted in the United Stafes, where it originafed
in the 1980s fo encourage distributed generation.
As of early 2014, 45 US. sfafes and the District of
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TaBLE 3.1 COMPARISON OF NET METERING SCHEMES IN ARIZONA, CALIFORNIA, DENMARK AND ITALY

Total programme
capacity

Maximum system size

Rate awarded

Period for
reconciliation of net
excess generation

Treatment of net
excess generation

Grid charges

Unlimited

125% of
custformer’s on-
sife energy use

Retail (kWh
credit against
refail price)

Annual

Reconciled at
avoided cost
rafe / adjusted
average annual
market price
(varies by ufility)

usD 0.70/kW
monthly charge

Capped

Retail (kWh credit against
retail price)

Annual

Indefinite carry over;
custormer option to
reconcile net excess at
annual average rate

None currently. The
California Public Utilities

Commission is mandated

fo determine an
appropriate fixed fee not

fo exceed USD 10/month.

20 MW for systems
> 6 kW; unlimited for
sysfems < 6 kW

None

Retail (kWh credit
against retail price)

Hourly

Reconciled af DKK
1.3/kWh (~USD 0.24)

None

Annual reconciliation
replaced by hourly

Unlimited

200 kW

Retail price reduced

of fax and levies for
plants smaller than 20
kW; Wholesale price for
plants incentivized also
by FT with a capacity
larger than 20 kW

Annual

Indefinite carry over;
customer option to
redeem at value at end
of year

Included in calculation
fo reflect net usage

[faly’s ‘scambio sul
posto’is differentiated

Other/ notes CGrid charge Virtual net metering
passed in and meter aggregation
November 2013 possible. New law callls for

new rules by 2017

Columbia had voluntary or mandatory net metering
programmes in place.

The practice is also expanding to South Asia and Latin
America and the Caribbean, where several countries
have infroduced net metering policies in recent years,
offen in support of rooffop PV deployment. Several
countries in Europe, such as Belgium, Denmark, the
Neftherlands and Italy, have adopted forms of nef
metering, offen in addifion to ofher support measures,

The classic form of net metering employed in the
majority of U.S. states credifs generatfors with the re-
fail price that they would oftherwise pay fo consume
from the grid - thus reimbursing them for non-power
network charges as well. This has sparked off a
continuing debate on the sharing of costs between
different sets of consumers and ofher stakeholders

inlate 2012, ofter a
poom. This is leading
fo a fixed fariff

from simple netf
metering due fo its
pasis in market pricing

within the energy secfor. Some U.S. states use the
ufilities” "avoided cost” fo calculate the rate owed,
which is generally the cost of generation (see sub-
section 3.2.2).

In the Unifed States, 29 of the net metering states
have in place some kind of limif on tofal net me-
fered capacity - either through a defined cap
(usually based on a percentage of each ufility’s
peak demand) or through a trigger point at which
ufilifies can request a binding limit (see Figure 3.4).
These vary from 0.1% (Idaho) fo 20% (Utah) of peak
demand, while Maryland and New Hampshire have
in place capacity limits (1 500 MW and 50 MW, re-
spectively). Caps on individual system size run from
20 kW in Wisconsin fo 8 MW in New Mexico. Stafes
are generally divided in their tfreatment of annual
net excess generation between allowing indefinite
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FIGURE 3.4 STATE NET METERING LIMITS IN THE UNITED STATES
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carry-over, granfing the benefit to the utility or sef-
fling af an avoided cost rafe.

Impact Assessment: Nef metering has proven to be
an effective stimulant of distributfed renewable genera-
fion. Infact, over 1.5 GW of solar PV capacity deployed
in The United States in 2012 was net metered, represent-
ing 99% of the fofal solar installations that year (Solar
Electric Power Associatfion, 2013). However, the fofal
capacity installed in that market segment (including

Ficure 3.5 COMMERCIAL AND RESIDENTIAL SMALL-SCALE PV
CAPACITY IN GERMANY, [TALY AND THE UNITED STATES, 2012 (GW)
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fhrough neft metering) is modest compared fo capaci-
fies driven by FiTs in Germany and ltaly (see Figure 3.5).

There is disagreement over the balance of costs and
benefits associated with higher levels of net metered
distributed capacity. Increasingly in the Unifed Stafes,
ufilifies argue that nef metering sfill requires grid us-
age while exempting payment for if, which puts a
disproportionate cost burden on other consumers.
Meanwhile, solar advocates argue that net metering
actually saves the utility fransmission and disfribu-
flon cosfs, because energy is generated close 1o
consumption, and it reduces the need for expensive
‘oeaking” generafing capacity. Measures such as
“value of solar” fake info consideration these concerns
(see sub-section 3.2.2).

Recently, U.S. utility Arizona Public Service (APS)
obtfained regulatory approval to charge its net
metering customers a fixed charge. This charge is
supposed to address the fact that by consuming
self-generated electricity and receiving a full refail
price for the power share fed info the grid, the net
metfering cusfomers avoid paying  fransmission
and distribution charges, which have to be spread
among other consumers via their electricity bills,
APS’'s nef metering custormers now pay a monthly
charge of USD 0.70/kW of installed generatfing ca-
pacity while continuing to be paid for their power at
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the full retail value. Italy addresses the grid charges
problem by paying the wholesale price for the elec-
fricity fed, rather than the full retail price.

Interestingly, Spain has implemented similar charges
on self-consumption projects. Consumer-generators
are charged befween EUR 0.07 and EUR 0.09 per kWh
consumed, and no remuneration is granfed for the ex-
cess electricity fed info the grid. As such, the proposed
nef metering scheme that would allow for exports to
the grid was never implemented.

The assertion that net metering presenfs a sig-
nificant challenge to utility business models given
present PV penefration rates is somewhat prema-
fure in the Unifed States, where only six sfates have
PV penefrafion rates represenfing more than 1%
of peak demand. This is nof to suggest that the
fraditional utility business models do not face chal-
lenges from increasing penetration of PV. The stafe
of Hawail, with the highest penetration rate af 15%,
is the only instance where concerns have been
relatively significant. It is also the only stafe that
sefs limits on specific local circuits where a high
penefration of self-generation creates operational
risks for the uftility (such as providing backup service
on short nofice). New Jersey has exceeded fthe
statutory “trigger”
net metering, but so far the state has not exercised

after which it could block new

that prerogative. California leads in fotal capacity

installed but refains about 4 GW of headroom for
further development (see Figure 3.6).

Risks: Net metering relies on the grid operating as o
back-up for self-generators, contrary to the traditional
sfructures of a centralised energy system. The risk is
that, if not designed appropriately, such schemes
can place a disproporfionafte burden on ofher
rate-payers without PV systems. As with FiTs, there is @
social equity dimension fo this: those that make use
of the incenfive must be able to afford the upfront
cost of a solar system, or own a rooftop fo lease, and
those that do not may have fo settle for higher grid
charges.

Denmark may have experienced the most dramatic
installation boom - and consequent policy shiff - from
nef metering. Affer seeing the insfallafion of over 350
MW of residential PV in 2012 alone, taking the country
well above ifs 2020 solar capacity target, it switched
from annual fo hourly neft metering for the smallest
systems, preventing users from using the electricity
‘credits” generated on a sunny surmmer day on a dark
winfer evening. The risk of similar events in the United
States s limited by programme caps. Inferestingly,
sysfems benefiing from net metering schemes that
compensate exporfed generation based on realtime
power market prices may need further affention when
implementing incentives for integrafing residential stor-
age (discussed in 3.2.3). In this case, individuals could

FiGURe 3.6 NET METERED CAPACITY VERSUS ESTIMATED LIMIT IN SELECTED U.S. sTaTES, H2 2013 (MW)
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use sforage systems as a means to export electricity
when it is more profifable.

POLICY

INDICATOR

Renewables penetration: Low-medium-high
Economic development: Low-middle-high income

Policy goal: Incentivise distributed renewables generation,
friggering fechnology innovation

Policy type: Net metering
Eligible fechnology: PV, other small-scale installations
Asset ownership: Residential, commmercial, industrial

Complementary policies: Stnart meter rollouts, "Value of
Solar" fariffs

3.2.2 “Value of Solar” tariffs

As discussed in the previous section, net metering has
come info wider use as a means of promaoting renew-
able energy. However, concerns about rate-payer
equity are being raised. In a fypical net metering pro-
gramme, the bill credit received by self-generafors is
equal fo the full refail rate of the utility-delivered power
fhat is displaced. The retail rate of practically all regu-
loted distribution ufilifies includes a “system”, “delivery”
or ‘capacity” component, which pays for the utility’s
investment in power plants, wires, transformers and
ofher non-power assets necessary to provide service.
Therefore, the portion of those charges that is avoided

by net metfering cusfomers is shiffed fo the utility’s cus-
fomers who do not net meter. This disparity is currently
not significant due fo the limited penetfration of net
metering-driven renewable energy deployment, but it
will grow and represents a potfential challenge.

Policy overview: In part to address this, the munici-
pally owned ufility serving Austin, Texas, has adopted
a Value of Solar (VOS) alternative fo eliminate cost
shiffing. It does so by setfing a credit rafe for solar
system owners based not on existing retfail rates, buf
on a formula that quantifies the lbenefifs enjoyed by
pboth system owners and the distribution utility which
provides their backup service. Austin Energy is employ-
ing the VOS to reach a distributed solar goal from all
customer classes of 25 MW by 2020, of which 7 MW is
fo be from residential customers.

In October 2012, Ausfin migrated ifs residential solar
net metfering customers to the VOS-based credit
programme, for which a customer-owned sysfem s
eligible for 25 years. The VOS is calculated using the
following five cost inputs (see Figure 3.7):

1. Energy, defined as the wholesale cost of electric-
ity displaced by the customer’s generation;

Capacity, defined as the cost of a new natural
gas-fuelled generafing furbine that is avoided by
the customer’s generation;

FIGURE 3.7 PV SYSTEM VALUE BY COMPONENT AND CONFIGURATION IN AUSTIN, TEXAS
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3. Tansmission and distibution deferral  defined
as the savings from fufure investment in non-
generation infrastructure (such as power lines
and substations) based on an estimate of how
much solar power customers can be relied upon
fo deliver fo the grid;

4. losssavings, defined as a self-generator's avoided
need for supplemental energy to cover fransmis-
sion and distribution losses; and

5. Envionment, defined as the dollar savings from
environmental damage that is avoided as a
resulf of reducing the use of fossil fuels for power
generation.

Initially, the VOS-based residential fariff was sef af USD
0128 per kWh. Effective January 2014, it was cut fo
USD 0.107 per kWh. If will be subject to annual adjust-
ment based on changes in the underlying metrics.
The VOS-based residential programme is applicable
only as a credit against a customer’s utility bill; the
ufility makes no payments to parficipating customers.
The customer is billed each month for the fotal power
consumed, plus the usual additional charges paid by
every residential rafe-payer. The VOS is then mulfiplied
by the number of kWh generated by the residential
sysfem, and that figure is then subtracted from the
consumer’s final bill. Any surplus credifs roll forward
monfh-fo-month unfil the end of the year buf cannot
be carried forward info the next year. This annual “zero
out” protects the utility from longer-tferm payment ob-
ligations and protects the customer from a fax liability.

Impact assessment: The migration of ifs nef meter-
ing customers to a VOS-based credit programme
fook place affer a stakeholder consulfation process
in which stakeholders were made aware of the VOS
formula and fthe differences between the VOS and
net metering (Austin Energy, n.d). Af the fime of the
migration, the city of Austin had more than 1 750
rooffop installations fofalling ¢.6 MW, about 26% of its
2020 goal. In the first year of VOS, rooffop solar capac-
ity installation rose 60%, leading utility officials to e
optimistic that the 25 MW goal is achievable.

Inferest in VOS is nof limited fo Austfin. In March 2014,
Minnesota became the first U.S, stafe fo adopt VOS as
an option for investor-owned utilifies fo use in compen-
sating solar system owners for surplus electricity. State

regulators are in the process of developing a formula
fo determine the VOS rafe. The VOS concept has also
drawn the aftention of legislators in ofher U.S. sfates,
including California, Michigan and Georgia.

Risks: The effectiveness of VOS-based fariffs relies on
the underlying metrics and their weighting. Errors
raise the prospect that VOS credits are foo high, al-
lowing participants fo receive outsized benefifs rather
than simply getting compensated for actual costs; or
foo low, which could result in under-participation. A
sudden or unexpected change in interest rafes also
could render the VOS metrics inaccurate.,

INn Austin's case, the first metric - the estimated cosft
of displaced energy — accounts for the biggest share
(about USD 0.09) of the overall rate. The fransmission
and distribution deferral has the smallest share (@
fraction of a cenf). The USD 0.021/kWh reduction in
the VOS fariff for 2014 was atfributed by Austin fo lower
prices for nafural gas, the marginal generation fuel
in Texas. The utility also cut the assumed lifespan of
a customer solar system from 30 to 25 years. It found
that actual savings in avoided fransmission-system
costs were higher than anticipated, which sormewhat
moderated the fariff reduction.

The fact that the VOS ftariff generates only a billing
credit, not a monthly cash payment to solar system
owners, may depress ifs uptake if it makes lenders
unwilling to finance decenfralised systems. But it is
unlikely that regulators would allow cash payments
for generation because that could expose small-
system owners to the same regulations and foxa-
fion rules that apply fo conventional power plant
operators.

POLICY

INDICATOR

Renewables penetration: Low-mediurm-high
Economic development: High-income

Policy goal: Provide adequate support for renewables,
friggering fechnology innovation

Policy type: Feed-in tariff
Eligible technologies: Solar
Asset ownership: Residential, community, businesses

Complementary policies: Net metering
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3.2.3 Integrating residential storage in the
system

Nef metering policies are designed fo allow the export
of excess generation fo the grid. As the penetration
of renewables increases, however, infegrating high
shares of variable generatfion becomes increasingly
challenging. A broad range of measures are being
adopted to address this, including those incentivising
self-consumption; however, sforage options, such as
bafteries, have been idenfified as the silver bullef in
addressing this challenge. Household-size storage
can also support self-consumption by saving PV-
generafed energy for when it is needed. This applies
in particular to markets that have relatively high refail
prices, such as Germany, where residential sforage
can help offset electricity bills and allow the owners
to use the stored electricity when generatfion from
rooftop panels is low.

Policy overview: In May 2013, Germany launched a
EUR 25 million sulbsidy programme for PV-connected
energy sforage. The programme provides low-interest
loans and a grant, or ‘repayment bonus’, of up fo 30%
of the cost of the bafttery system. A new PV-connected
energy storage system is eligible for a grant of up fo
EUR 600/kW of sforage, while an existing PV sysfem
that is retrofitfted with a lbatfery could receive up to EUR
660/kW. Thus, in principle, the funding set aside for the
programme could pay for up to 42 MW of storage (or
38 MW of storage refrofitfed fo existing PV systfems).

There are two ways for a grant recipient fo operatfe a
sforage-connected PV system: sforing the electricity

generated by the PV system and dispatching it fo the
grid later in the day, hence receiving the feed-in fariff,
or increasing the share of self-consumption, by storing
PV energy during fimes of low usage and consuming
it later, thereby providing further independence from
steadily increasing electricity prices (Bundesveroband
Solarwirtschaft (BSW), 2013).

Impact assessment: The economic case for PV-
connected energy sforage depends on a specific
household’s consumption, usage patterns, the size of
pboth the PV system and the battery, how the battery is
cycled throughout the day, and seasonal variatfions.
Rough calculations indicate that the payback period
for PV-connected energy storage systerms in Germany
ranges from 11 to 18 years, which is far foo long for
most custorners (see Table 3.2). Despite this long pay-
back fime, the programme was fully subscribed within
months of ifs launch, indicating that reasons other
than payback time were motivating the uptake.

Another requirement of this parficular programme is
that no more than 60% of the oufput from the PV sys-
ferm can be exported fo the grid af any single moment.
This is beneficial from a grid management standpoint
since it reduces the early-afternoon supply peak, buf
it makes little sense for a consumer. By accepting the
subsidy and restricting the amount of electricity that
can be exported to the grid, the recipient is imiting the
revenue that he or she can receive from the FiT.

Table 3.2 illustrates the paylback periods - calculated in
ferms of savings on electricity bills - for various storage
system costs. For instance, a 4 kW sysfem from RWE in

TaBLE 3.2 EcoNomics OF PV-CONNECTED STORAGE IN (GERMANY AT VARIOUS BATTERY COSTS

SYSTEM SIZE PV SYSTEM COST PRE-SUBSIDY BATTERY
(EUR/KW) SYSTEM COST

(EUR/KW)

4.5 kW PV and

4 kW battery 1460

Source: BNEF

NEW-BUILD SUBSIDY | EXPECTED PAYBACK
(EUR/KW) WITH SUBSIDY
(YEARS)

3750 18

3250 16

2750 14

2250 600 12

2100 1

1250 8

1000 7

Note: This assumes O&M costs for PV of 1.5% of capital expenditures,operations and maintenance costs for batteries of 2% and PV degradation of
0.7%. The two highlighted rows represent the products of RWE AG and BYD Autfo Co., Ltd. Products costing <EUR 2 100/kW are not currently available

in the market
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2013 cost about EUR 13 500, or EUR 3 750/kW, meoning a
payback fime of roughly 18 years.

Risks: The high costs of sforage - even with the subsidy
- mean that only early adopters will actually be able to
invest in PV-connected storage. Even in a high-income
country, such as Germany, This fechnology remains
unaffordable for many households. Should the costs of
residential-size batteries decline in the near future, this
would allow for better household energy management
and decrease household reliance on power sourced
from the grid. It should be kept in mind the effect that
fhe high adoption of residential storage could have
on the management of the electricity system (in some
markefs consumers could use small storage systerms
fo feed electricity info the grid according fo the spof
electricity price); therefore, preventive measures, such
as limiting the amount or restricting the time when
electricity can be fed info the grid, should be explored.

POLICY
INDICATOR

POLICY INDICATOR
Renewables penetration: Mediurm-high
Economic development: High-income

Policy goal: Incentivise self-consumption; Improve
market infegration of renewables, friggering fechnology
innovation

Policy type: Granfs
Eligible technology: P\V-integrated storage
Asset ownership: Residential, commercial, community

Complementary policies: Feed-in fariffs, net mefering

3.3 LESSONS LEARNED

As some renewable energy fechnology cosfs confinue
their downward trend, their upfake will be facilitated by
self-consumption centric schemes, especially in an
environment of high residential electricity prices, rather
than by ofher policies such as feed-in tariffs. Ensuring
policy efficiency in support of deployment in this context
may face several challenges, as discussed above. These
challenges become increasingly prominent as higher
levels of distributed renewable energy are deployed.

Although self-consumption is encouraged fo reduce
the dependency of households or businesses on
cenfrally provided electricity, most of these projects
remain connected to the cenfral grid network. The

variable patterns of generation from such installations
pose significant grid management challenges and
bring up the question of how fixed fransmission and
distribution cosfs should be covered. The U.S. sfates of
Arizona and Texas, as well as Spain and Germany, all
either already have implemented or have proposed
fo implement certain fransmission and  disfribution
charges on distributed projects.

Three key lessons can be learned from the experience
of the regulators analysed above:

1. Net metering can incentivise an upfake of resi-
dential solar PV, partficularly in markets where
grid parity is approaching due fo decreasing
technology costs and/or high retail electric-
ity prices. However, the ‘reconciliation period’
(i.e., for how long the project owners can claim
back the electricity fed into the grid) must be
carefully considered.

2. Diffusion of nel metfering is raising concerns
in ferms of network cost sharing since usually
project owners pay a smaller share of the grid’s
fransmission and disfribufion costs. Some coun-
fries have fried to address this through special
charges incorporated in the design, while the
“value of solar” tariff pioneered by the U.S. city of
Austin, Texas, tries to address this by esfimating
the real "value of solar” fo the system.

3. Residential storage systems have the potential
fo better integrate the electricity from distrib-
uted projects with the central electricity grid;
however, af the moment these fechnologies
remain prohibifively expensive for the major-
ity of the owners of decenfralised renewable
generafors.

Although at the moment, the opporfunifies pre-
sented by approaching grid - and socket — parity
have been fully embraced mostly by developed no-
fions, the distributed nature of self-generafion bring
a fremendous opporfunity to developing countries.
While residential storage applications remain expen-
sive and will continue fo be so for a while, PV equip-
ment is notf, and the emerging markets will soon be
the main source of demand for PV equipment and
installations.
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INntegration of Variable
Renewalble Power

4.1 CHALLENGE: INTEGRATING
INCREASING GENERATION FROM
VARIABLE SOURCES

Effective and efficient infegration - in terms of physi-
cal connection, network management and market
integration - has become a pressing challenge for the
renewable energy sector, particularly in markets with
higher rafes of renewable penetration. A recent study
concluded that fechnical infegrafion is not a relevant
consfraint for infegrafing variable generation when
the share of such renewables is between 5 and 10% of
electricity generation, so long as specific best practic-
es, such as improved forecasting, are implemented in
system operation (Infernational Energy Agency (IEA),
2014). However, as penetfration rates further increase,
system infegration and adoptation issues become
more prominent,

This section reviews some of the different dimensions
of grid and system infegrafion of variable renew-
able energy generation, including expansion and
reinforcement of physical grid infrastructure, the role
of technological advancements in making networks
smarter and befter able to cope with variability of
supply, and the broader impacts of infegrating higher
levels of renewables on power markets.

4.1.1 Grid infrastructure

Adequate grid infrasfructure to evacuate renewable
generation and fransmif it from generafion sifes to
load centres is crifical for increasing the share of re-
newables in the national energy mix. Af the generation
level, large-scale renewable energy planfs are offen
located in remotfe areas, and hence the develop-
ment phase is offen accompanied by an assessment
of the infrasfructure needed to focilitate connection
of the plant fo nearest connection point. Experience
with grid infegration has shown the need for extend-
iNg such an assessment until the end-user in order fo
identify early on any grid enhancement needed and

fo avoid a situation of plant idling due to the lack of
evacuation or fransmission infrastructure.

At a sub-nafional, natfional and regional level, as
renewable generation increases, challenges associ-
ated with grid availability, fransmission capacity and
balancing costfs become more prevalent. Such chal-
lenges are further compounded for grids which do
notf benefit from adequate inferconnection capacity
fo balance out excess or deficit generation. This sub-
section examines two case studies to lllustrafte these
challenges from a developing-country (India) and
developed-country (Germany) perspective.,

INDIA

Renewables accounted for over 12% of India’s fotal in-
stalled capacity of 243 GW as of March 2014 (excluding
large hydropower) (Central Electricity Authority (CEA),
2014). Wind is the largest confributor with over 21 GW in-
stalled, up 2GW from the same periodin 2013, Large-scale
solar deployment has picked up pace, with more than
2.6 GW deployed, following the launch of the Nafional
Solar Mission and the infroduction of dedicated solar
policies in several stafes (MNRE, 2014). However, much
of this renewable generation is concentrated in certain
pockets of the country that have the best resources as
well as effective support policies (see Table 4.1).

In the Southern grid, for example, renewables ac-
count for almost a quarter of total generating capac-
ity. The soufhern state of Tamil Nadu had the highest
installed capacity of renewable energy at 7.8 GW, /
GW of which was wind. Other sfates with high renew-
able penetration rates include Maharashtra, Gujarat,
Rajasthan and Karnataka.

The challenges associated with grid infegration are
already apparent. Lack of adequate power evacu-
ation capacity in the state grids has been a major
concern in fransmission planning (GWEC, 2012). In the
stafe of Tamil Nadu, for example, about 40% of the en-
ergy during peck wind season was lost due fo power
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TABLE 4.7 INSTALLED GENERATING CAPACITY IN INDIA AS OF MARCH 2014 (BY REGION)

LARGE HYDRO NON-HYDRO TOTAL CAPACITY NON-HYDRO
(>25MW) CAPACITY RENEWABLE (MW) RENEWABLES SHARE
(MW) CAPACITY (MW) (%)
Northern 16 331 5730 64 258 8.9%
Western 7 448 9925 87 389 11.4%
Southern 11398 13127 58 330 22.5%
Eastern 4113 417 30066 1.4%
North Eastern 1242 252 2901 8.7%
Islands 0 10 80 12.5%
Total 40 831 29 461 243 024 12.1%

Source: CEA (2014).

evacuation issues. Capacity deployment increased
ropidly, however the evacuation infrasfructure could
not keep pace. This is evident from the fact that over-
all capacity utilisation factor for the stafe dipped by
more than 50% for the same month in 2012 and 2013
(Nampoothiri, 2014). This reduction has also been in
part due to grid congestion and limifed flexibility of
base-load capacity operational in the region. Similar
grid evacuation challenges have been faced by solar
developers who are often leff with stranded generat-
ing assefs awaiting enhancement of evacuation and
distribution infrastructure.

GERMANY

With roughly a quarter of its power demand sourced
from renewable generation, the need for upgrading
and expanding Germany’s fransmission and distri-
bution network is emerging. The main grid-related
challenges faced are distances between genera-
fion and consumption hubs, demand for offshore
wind connectfions, and intensification of “power
loop-flows”,

Traditionally, fossil fuel and nuclear generation proj-
ects have been constructed relatfively close to de-
mand centres. By contfrast, renewables projects — wind
farms, in partficular - have been developed mostly
in the northern parts of the country. A large share of
Germany's 32 GW of onshore wind capacity oper-
ates in the north. The hulbs of German industry with
the highest power demand, on the other hand, are
centred in the southern parts of the country.

This expanded average distance between power gen-
eration and consumption has creafed an urgent need
for a radical overnaul and expansion of Germany’s

nefwork. North-south grid connections are currently un-
able 1o cope with the heavy flow of renewable power
from the north fo the south. Limited national grid co-
pacity o allow power flows from the northern wind gen-
eration hub to the centfre of consumption in the south
offen leads fo electricity “detouring” to other countries
via the cross-border inferconnections. It is not uncom-
mon for renewable power generated in Germany’s
north to move through the Netherlands aond France
in the west, or Poland and the Czech Republic in the
east via cross-border inferconnections (see Figure 4.1)
before arriving aft its final destination back in southern
Germany. The magnitude of recent cross-border flows
has highlighted an urgent need for grid network devel-
opment, both nationally and internationally.

Under its proposed 2014 EEG reform, Germany aims
fo construct 6.5 GW of offshore wind by 2020, up from
720 MW on line today (see Figure 4.2). The new projects
will need fo be connected to the onshore grid and the
power then fransported through fo demand centres
(see Figure 4.3).

4.1.2 Maintaining system stability

Wind and solar-generated power can displace mid-
merit power in liberalised markets (see sub-section
4.1.3), but it cannot fully substitute other generafion
fechnologies in most markets due to variable gen-
erafion pafferns. A certain margin of dispatchable
generation (e, plants that can be switched on
and off as required, with fast ramp up/ramp down
capability) must stay on the system to supply power
in the event of lower provision from renewables. With
increasing penetration of variable renewables, the
infegration costs related fo balancing, maintaining
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FIGURE 4.1 AVERAGE UNSCHEDULED CROSS-BORDER POWER FLOWS FROM GERMANY, 2011-12 (MW)

Source: Adapted from CEPS, MAVIR, PSE SA and SEPS, 2013.

FIGURE 4.2 GERMANY'S OFFSHORE GRID DEVELOPMENT PLAN TO
CONNECT 6.5 GW OF OFFSHORE WIND PROJECTS BY 2020 AND
ESTIMATED COSTS
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FiGURE 4.3 GERMANY'S ONSHORE GRID DEVELOPMENT PLAN AND
ESTIMATED cosT, 2013-23
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adeguacy and grids may vary depending on
system-specific characteristics (e.g. profile of bal-
ancing units) (IEA, 2014). These costs can, however,
be minimised, for instance by adapting existing
regulatory frameworks to effectively manage the
scheduling and dispafch of renewable power.
This is particularly relevant for markets where re-
newables are entitled to priority dispatch, thereby
necessitating the need for improved forecasting fo
minimise cost of system management.

Governments, grid operafors and regulafors often find
themselves in a challenging position of balancing
the dual objectives of supporfing the deployment of
reneawble energy while maintaining grid stability and
reliability of supply. Although wholly new market de-
signs have yet to emerge, some countries are already
rolling out various ways fo reward those on both the
supply and demand side of the electricity equation
for being wiling to provide flexibility. Smart grid tech-
nologies can also help address this issue and energy
storage technologies are poised to play a significant
role once their costs are reduced.

4.1.3 Merit-order effect and price
suppression

Power market structures vary widely armong countries.
N many countries, electricity systems are cenfrally
managed, with a monopoly supplier (offen a verfically
infegrated, stafe-owned power company) maintain-
ing control over power supply and, consequently, over
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deployment of renewable capacity. In such cases,
refail fariffs offen do nof reflect the acfual cost of sup-
plying electricity, with the responsibility of distribution
and retailing resting with a stafe-owned entity.

In liberalised markets, however, "pool” designs are
common - for instance in Europe and the United
States - wherein dispatfch is based on marginal costs
of generation for each power producer. In such a
market structure, renewables, which in most cases
benefit from priority dispafch and that enter the
market at zero or minimal marginal costs (by virtue of
fheir minimal operating costs), are creating a situa-
fion where the commercial viability of flexible power
providers, primarily naftural gas generators, is being

challenged as a result of what is often referred fo as
the merit-order effect.

This can be well demonstrated by the case of
Germany, where some flexible power providers,
primarily natural gas generators, are facing sig-
nificant challenges. Figures 4.4 and 4.5 illustrate the
impact of integrating higher shares of renewables
in the country, using generation data from 1 June
2010 and 1 June 2012 fo show how higher shares of
renewables pushed coal and gas plants out of the
market.

A high influx of renewable electricity can suppress
wholesale power prices (see Figure 4.6) and push

Ficure 4.4 MEerT ORDER ON A SUMMER DAY (1 June 2010) IN GERMANY
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Ficure 4.5 MERIT ORDER ON A SUMMER DAY (1 June 2012) IN GERMANY
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FiGure 4.6 AVERAGE DAILY SUMMER SPOT PRICE PROFILE IN GERMANY, 2010 anp 2013 (EUR/MWh)
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some incumbent generafors out of the merit order,
especially when the wind/sun conditions are favour-
able, as has been the case frequently in Germany.
Solar PV projects in parficular, typically maximise
output af fimes of peak demand and thus reduce
the market clearing price at what would ofherwise
be lucrafive moments for incumbent generafors.

In Germany, major ufilities
fraditionally looked fo peak demand fimes as op-

porfunities fo recover costs associated with long-

the country’'s four

ferm investments in infrasfructure. Now, with prices
substantially reduced and the merit order shiffed
by renewables, these incumbent generators are
more likely to operate fewer hours in the year and at
lower prices. The high renewables influx (and their
impact on power market prices) combined with
low carbon prices under the EU Emissions Trading
Scheme have led fo a situation where natural gas
plants in particular have suffered operational loss-
es. In response, German ufilifies have announced
plans fo scale down their gas generation capacity.
In April 2014, the German Federal Nefwork Agency
(BNetzA) confirmed that it received 47 requests
pending from utilities to shut down power plants, up
68% from October. This case is symbolic of broader
challenges currently faced by ufilities and of the
need for them to diversify business strategies and
look af new opportunifies (see Box 4.1).

4.2 RESPONSES

Governments and regulafors around the world, par-
ficularly in countries with medium-to-high levels of re-
newable penetration, have been innovating to ensure
renewables infegrafion while maintaining sysfem sfa-
bility and reliability. As a result, diverse regulatory and
fechnological options are now either already operat-
ing or in design fo address both grid and associated
market issues. This sub-section first examines available
opfions for grid infrastructure upgrades, then shifts to
sysfem management options and finally focusses on
the relevant market adjustments.

4.2.1 Grid development plan: India

Policy Overview: The grid development roadmap
is ouflined in India’s five-year plon (2012-2017) and
is elaborafed on in the Power Grid Corporafion of
India’s Green Energy Corridor Report, released in
2012 (POWERGRID, 2012). The plans are developed
by the Planning Commission of India in consulfation
with various ministries, and the national Power Grid
Corporation is responsible for implementing them.

The issue of disproportionate geographical distribution
of renewable power generatfion, as discussed in sub-
section 4.1.1, could be parfially addressed by a larger
infer-connected fransmission sysfem. However, as of
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Box 4.1

EMERGING CHALLENGES AND OPPORTUNITIES FOR TRADITIONAL UTILITIES

The dynamics of a fransitioning electricity market are
presenting particular challenges for fraditional utilities.
Rising deployment of renewable energy and its impact
on wholesale power prices is affecting the profitabil-
ity of generation assets across the utility portfolios.
Additionally, rapidly growing deployment of decentral-
ised solutions, such as rooftop PV, is alfering the fradi-
fional ownership sfructures that have prevailed within
the energy sector for decades. Many ufilities are now
compelled to adapt their business models fo be better
placed to fap info the opportunities that the fransition
presents. Emerging fechnological fields, such as distrib-
uted storage, smart grids, fransport secfor electrification
and demand response, while adding fo the complexity
of conventional operations, also provide opportunities
for diversification of activities.

As a result, ufilities - parficularly in Europe and

the United States - are considering or already

the end of 2012, inter-regional tfransmission capacity
in India was just 32 GW. The five-year plan envisages
capacity to double to 65 GW by 2017, thanks to a subb-
stantial share of the overall investment directed to this
expansion (see Figure 4.7). The plon also envisages
improved grid management practices, cenfred on
managing variable renewable electricity generation
through storoge capacity deployment and real-ime
monitoring of power flows, to allow early detection of
stress situations.

In addition fo renewables-specific grid development
plans, other important milestones have been reached
recently foimprove the management of India’s sfressed

FicUrRe 4.7 INDIA's GREEN ENERGY CORRIDOR PLAN, Juty 2012-2017

USD bn

implementing alternative business strafegies. Some
ufilities have started expanding their geographical
focus and confinuing their existing business models
(providing power generation from fossil and renewable
sources) abroad. They are targeting primarily markets
with high (or growing) electricity demand fo invest in
thermal or large-scale renewable generation. In their
domestic markets, utilities are increasingly considering
various downsfream activities. These may include, but
are not limited to: demand-side management (on both
the industrial and residential levels), smart-home man-
agement, offering disfributed generation packages
(including generation equipment and installation,
operations and maintenance services), sale or loan of
energy efficiency products. New ufility sfrategies also
require thorough organisational changes within the
ufilities, which have been operating under their tradi-
fional business models for decades without the need
for significant business innovation.

fransmission nefwork. In January 2014, the southern
grid was synchronously connected fo the rest of the
national grid as part of the country’s "“One Nation - One
Grid - One Frequency” initiative. While this benefits the
overall management of an electricity sector faced with
acute power deficits, it also has positive implications
for infegrating variable renewable generation such as
solar and wind (PIB, 2014). The plan also proposes to
establish renewable energy management centres fo
e collocated with respective load dispatch centers
at the stafe and regional-level, Such an arrangement
aims atf facilitating reaHime dafa monitoring, coor-
dinated forecasting efforts and more cost-effective
management of the grid (POWERGRID, 2012). As such,

Intra-state transmission upgrades
Infer-state transmission upgrades

Energy storage

Renewable energy management centre

Real-time monitoring system

Dynamic reactive compensation

fo roughly USD 7
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fo allow proper scheduling and dispafching of genero-
fion from wind power plants, the grid code mandated
wind energy forecasting on a day-ahead basis with
/0% accuracy. Forecasting can e done either on an
individual developer basis or on a joint basis for an
aggregated generatfion capacity of 10 MW or above,
Variations in actual generation beyond + 30% of the
schedule leads to the generator bearing pre-set pen-
alfies (CEA, 2013).

Impact Assessment: A clearly defined grid investment
fimeline esfablished by policy makers can create
important visibllity for privafe sector players seeking
fo make investment decisions, particularly regarding
the development of new renewable energy projects.
Understanding grid constraints can reduce project de-
velopment costs, prevent connection delays and lower
risks of future curtailments. For these advantages to be
realised, however, stfrong implementation is needed.

There have been several imporfant developments in
regard fo smart grid fechnologies in India The Ministry of
Power approved 14 smart grid pilof projects across the
country with the aim of using these as test beds for sub-
sequent large-scale roll out. The functionalities covered
in the pilot projects include advanced metering infra-
structure, demand side management and response,
outage management systern, power guality manage-
ment, renewables infegration, sfreet light automation
and smart home, electric vehicles and energy storage.
The Puducherry Smart Grid Pilof, one among the 14
selecfed projects, has been operatfional with over 1400
smart metfers deployed, renewables infegrated through
nef metering, demand response measures in place and
smart street lighting system infroduced (POWERGRID,
2014).

Developers met the infroduction of wind forecasting
regulations with scepticism, stating that complionce
was challenging for individual projects and rallying for
more accurate, region-wide predictions which can be
conducted by a cenfralised dispatcher. With projects
unable fo produce forecasts within the set margins, the
regulation has been suspended femporarily (Pearson,
2014). Regulators are now tasked with idenfifying the
most suifable mechanisms through which grid stability
can be ensured, especially while infegrating growing
shares of variable renewable generation.

Risks: Major grid upgrade plans are useful to renew-
able energy markets only if they are implemented

effectively in a fimely and co-ordinated manner. A
complex system of checks and balances can en-
sure that botflenecks are identified early on and ad-
dressed through established alternative procedures.
This however, requires fransparent co-operation be-
fween the grid acfors responsible for plon implemento-
fion, regulators and the government. A crifical success
factor in designing regulatory regimes that improve grid
discipline and minimise cosfs from infegrafing renew-
able energy is ensuring compliance. India’s experience
with  mandating forecastfing on project developers
demonstrates the need for more closely analysing the
distribution of specific responsibiliies and cosfs across a
range of stokeholders that can collectively contribute to
smoother infegration of renewables.

4.2.2 Grid development plan: Germany

Policy overview: In Germany, the government has ac-
knowledged that grid upgrades must be prioritised for ifs
Energiewende?fo succeed. By obliging its TSOs o sulbbmif
binding grid development plans, Germany is ensuring
national nefwork development visibility. In return, the
government has established a funding mechanism that
allows TSOs fo pass some of the associafed cosfs on to
fhe final consumers and that guaranfees fixed returns
on investments. To ensure the successful rollout of the
network development plans, in July 2013 the German
government passed a policy package that infends 1o

»  Streamline planning procedures, making BNetzA
a ‘one-sfop shop” for obtaining all necessary
planning permissions, thereby, minimising the
stafe-level approval requirements;

»  End the full network charge exemption for energy
infensive industries, with an aim to gradually move
fowards a system rewarding energy efficiency
and creatfing a positive relationship between pay-
mentfs and consumption,; and

»  Extend the investment framework from sole trans-
mission upgrades and developments, to cover
investments in high-voltage distribution networks
and relafed research and development (R&D).

Impact Assessment: Through fthis sef of measures, the
German government expects fo secure the EUR 21
pilion that the TSOs estimate will be needed fo build
3 600 kilometres of new lines and fo upgrade 4 900
kilometres of existing lines by 2023. A separate offshore

2 Energy fransifon or furnaround, a ferm which refers to the decision fo phase out nuclear power and replace it largely with renewable generation
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neftwork development plan has also been developed,
fo ensure that offshore wind connections are well
planned and co-ordinated (see sub-section 4.2.3).
As a relafively new policy, the German government
grid plan cannot be fully assessed yet. However, the
sfreamlined planning process aims to cut planning
fimes from the current approximately ten years to five
years (see Figure 4.8),

Risks: A risk regarding the grid development policy
frarmeworks is the accuracy of the TSO forecasts, which
might understate or overstate actual fransmission ca-
pacity needs and thus could risk the development of
needed infrastructure or create unnecessary costs. This
makes it essentiol That these plans are cross-checked by
an independent organisation - as in the German case,
where BNefzA can approve or reject parts of TSOs' plans.

The second big risk is the social acceptance of the
new projects. Transmission lines in close proximity to
households can be contfroversial, especially if home-
owners receive No associated direct benefifs. Thus it is
crifical that development plans adequately consider
engagement of the public to overcome social accep-
faonce barriers. This is parficularly frue in cases where
additional cosfs associated with development are
perceived 1o be or actually are borne by consumers.

POLICY

INDICATOR

Renewable penetration: Medium-high
Economic development: High income

Policy goal: Improve infegratfion of renewables; ensure
security and reliability of power supply

Policy type: grid development
Eligible technology: N/A
Asset ownership: Utility, IPPs, investment funds/banks

Complementary policies: Renewables support

Ficure 4.8 Key sTEPS IN GERMANY'S NETWORK DEVELOPMENT PROCESS

Accomplished

Network
development
plan

Scenario

framework

Federal
Requirements
Act

4.2.3 Offshore wind connection liability
arrangement: Germany

As part of ifs Energiewende, Germany aims fo devel-
op 6.5 GW of offshore wind by 2020, a targef recently
reduced from the previously expected 10 GW by that
date. In recent years, many projects from the offshore
wind pipeline faoced delays cause by grid connec-
fion issues. In November 2011, one of Germany’s four
TSOs, Tennel, announced that it would be unable
fo connect North Sea projects on fime, resulting in
severe delays and losses to developers.

Policy Overview: In response, German  lawmakers
passed an amendment fo the Energy Act aiming fo pro-
fect generators from revenue loss caused by delayed
grid connections or inferrupfed fransmission. Affected
power producers are enfifled o fixed compensation
payments amounting fo 90% of the FT they would claim
ofherwise. The risk exposure fo TSOs in cases of delay has
been limited by placing a cap on the total annual com-
pensation af EUR 110 million. The overall cost of the sup-
portis passed on fo consumers as fransmission charges,
which have also been capped at EUR 0.0025 per kWh.

Impact Assessment: In this case, various stakeholder
interests are being faken info account fo ensure
greater investment certainty for those willing to deploy
capifal. Assuming a FiT of EUR 190/MWh, a 200 MW
offshore wind project can lose up fo EUR 400 000 per
day of delayed connection, resulfing in a 12-month
cost of around EUR 150 million. Table 4.2 shows that
without this regime, offshore wind project operating
losses could amount to more than EUR 1.1 billion,

Risk: While aimed af improving investor certainty, the
policy infroduces an additional levy on consumer
pbills. Germany already experiences among the high-
est electricity prices in Europe, and the relatively high
costs of offshore wind generafion might influence

Next Steps

Line path
permitting

Corridor
permitting

Source: BNetzA, n.d

Note: Each year, the TSOs develop a scenario-based network development plan and present if 1o the BNetzA. The Federal Requirements Act needs
fo be adopted every three years. [SOs must consider several alternative routes for each corridor, put their plans out o the public, then conduct an

environmental impact assessment before receiving permission
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TABLE 4.2 ESTIMATED COST OF DELAY IN OFFSHORE WIND PROJECTS IN GERMANY

SUBSTATION

MW

DELAY (MONTHS)

COST OF DELAY
(EUR MILLION)

Amrumbank West Helwin |l
Nordsee Ost HelWwin |
Meerwind HelWin |
Dan Tysk SyIwin |
Butendiek Sylwin |
GlobalTech | Borwin Il
Veja Mate Borwin Il
Borkum West |I DolWin |

Source: BNEF

future policy-making towards a more-planned grid
infrasfructure development strafegy.

POLICY

INDICATOR

Renewables penetration: Mediurm-high
Economic development: Medium-nigh income

Policy goal: Improve renewables infegration, ensure
security of power supply

Eligible technology: Offshore wind
Asset ownership: Utllity, [PPs, ofhers

Complementary policies: Feed-in tariffs for offshore wind,
grid development plans

4.2.4 Smart grid implementation and
smart meter rollouts

The transition fowards an energy system dominatfed by
renewable energy is feasible, but it will require upgrad-
iNng the existing infrastructure and implementing new
innovative solufions to accormmodate a high share of
variable generation. Smart-grid fechnology is one such
solution that can help overcome variability challenges,
support distributed generation and improve system-level
efficiency (IRENA, 2013c¢). Traditional grids were designed
for a one-way interaction befween the generator and
consumer. The grid of the fufure can e envisaged to
incorporate a diverse sef of power plants of varying scales
feeding into an inferactive network af different sfages in
order fo cater to the demands of an increasingly electri-
fied consumer base. Such asmart grid is inherently based
on a two-way flow of electricity, but also incorporates

295
288
288
288
400
400
200

12 224
12 219
5 91

Q1
3 76
3 76
6 76

information and communication technology into every
aspect of electricity generation, delivery and consump-
fion fo improve reliability of the systerm and enable it o
react more effectively o variability in generation (IRENA,
2013¢). This is increasingly emerging as a significant
opportunity for fransmission system operafors as well as
distribution system operators (DSOs) that are seeking 1o
adaopt their operations fowards infegrating higher shares
of variable power info the grid.,

Table 4.3 presents elements of the Irish DSO ESB
Networks” 2013 electrification programme, identify-
ing future alternatives to physical nefwork reinforce-
ments, in reaction to rapidly increasing shares of
wind power enfering the network system. Combined
with smart meters, discussed later, and improved
communication channels between TSOs and DSOs,
these solufions provide a good illusfration of the
shift towards stronger and smartfer networks.

These are fechnical options atf the disposal of grid
operafors on both the fransmission and distribution
levels. However, the regulafory structure in many
countries still incentivises grid operators to invest
in fradifional solutions when installing new grids or
upgrading old ones rafher than in cost-effective
‘smart” fechnologies, including smart meters and
smart tfransformers (IRENA, 20130). It is in the hands of
policy makers to provide adequate incentives and
regulatory frameworks to facilitate the deployment
of newer fechnologies. Policy makers in countries
such as Italy, Portugal and Finland have adapted
their regulatory frameworks fo provide grid opera-
fors with premium ratfes of refurn on certfain fypes of
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TaBLE 4.3 ESB NETWORKS’ CHALLENGES IN INTEGRATING VARIABLE RENEWABLES

CHALLENGE CURRENT SOLUTION IDENTIFIED FUTURE ALTERNATIVES

Voltage rise

Network capacity

Sources of reactive power
Aging network assets

Source: BNEF, 2013
Note: VWO fo refers fo Volt/VAR optimisation

grid investments, such as digital grid management.
Another related area is mandated smart meter in-
stallations, which has perhaps seen the most rapid
regulatory progress in Europe.

SMART METER ROLLOUTS

Policy overview: Smart meters can act as grid sensors
and provide valuable information fo improve distribu-
fion grid management. Dafa from smart meters can
be used to opfimise voltage levels, extend the life of
grid assets and help pinpoint neftwork oufages, all of
which become increasingly imporfant as shares of
variable renewable power rise. They are also comple-
mentfary fo other measures, such as nef metering,
fime-of-use rates and demand response, all of which
help manage the system with high level of renewables
penetration. While there is variaotion among the spe-
cific functionalities, in general they require the substitu-
tion of existing analogue and mechanical meters with
digifal devices capable of tfransmitting and receiving
datfa from a customer's premises fo a ufility communi-
cations network.

The EU has mandated that member statfes roll out smart
meters o 80% of customers by 2020, with member nations
having implemented the mandates to varying degrees.
Annual installations in the region are expected o reach
27 million meters by 2020 (see Figure 49).

The digital nature of smart meters and their ability fo
actively monifor consumption patterns have raised pri-
vacy concerns among different stakeholders, primar-
ily communities. These concerns are affecting policy-
making in ferms of sfandardising design features and

Network reinforcement

Network reinforcerment

Transmission network

Network reinforcerment/replacement

Voltage and VAR opfimisation,
dermand-side management, storage

Demand-side management, stafe
esfimation, network reconfiguration.
storage

Wind turbines connected fo the
distribution grid, stforage assets

Asset moniforing, volfage control

infroducing regulatfory frameworks for smart meter
rollout. The experience of Netherlands in particular
illustrates how these concerns can be addressed.

Netherlands rollout: The Netherlonds underfook a na-
fional smart meter deployment beginning in 2012, The
objective of the scheme is o install 7.5 million electric
and 6.5 milion natural gas devices by 2020. Under the
inffiative, smart meters are lbeing installed in newly con-
structed buildings as well as those under renovation.
The initiafive offers consumers an opf-out clause under
which they may refuse fo have a smart mefer installed
or may block it from being read remofely.

Impact assessment: By providing defailed consumption
dafa, smart mefers have a pofential fo facilitate dermand-
response activities, parficularly through  aggregation
of data from several smaller consumers and hence
enhancing grid management. Such data availability,
however, raises privacy concerns, and the Dufch smart
meter rollout signifies an important shiff in terms of datfa
profection. The act fransferred authority for instaling and
maintaining the meters from private suppliers fo the coun-
fry's power network operators. As a result, smart metering
pecame a regulated activity in the Netherlands, with its
installation and operatfing costs reimbursed via refail elec-
fricity rafes paid by the consumer.

To address privacy concerns, the act limifs how of-
fen network operators may read smart mefers and
prohibifs continuous dafa flows. Customers won op-
fions af both ends of the confinuum: adopters may
approve higher frequency dafa flows, while sceptics
may opt out of smarf grid-enabled services.
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FIGURE 4.9 ANNUAL SMART METER INSTALLATIONS IN THE EU, 2011-2020€ (MILLION METERS)

30

million meters

26.9

25

® Ofhers

® Poland

2011 2012 2013e

Source: BNEF 2012b.

Risks: Smart meter rollout policies fo date have been
hampered by several factors, including concerns from
customers about the privacy of their datfa, reluctance
from regulafors to pass associated costs on to rafe-
payers, caps on utility rafes of return (see Box 4.2) and
higher capital spending priorities among utilities.

Data profection concerns have been a major chal-
lenge for policy makers designing smart meter
rollout schemes. Creafing a cenfral data provider to
be in charge of managing this dafa flow (@s in the
Netherlands) is one way of ensuring a certain level of
profection. However, it may be hard for such a body
o provide this data fo DSOs in a fimely manner which
allows them fo apply ofther mechanisms of their smart
nefworks fo react to unexpected developments such
as rapid demand swings. The dafa and privacy con-
cerns can also be addressed by allowing consumers
fo opt out of parficipating - an opfion which dilufes
smart meters’ value proposition.

Box 4.2

2014e 2015e 2016e 2017e

Austria
Portugal
Belgium
Netherlands
Germany
UK

Spain

France

2018e 2019e 2020e

POLICY

POLICY INDICATOR INDICATOR

Renewables penetration: High

Economic development: High income
Policy goal: Improve market integration of renewables;

ensure security and reliability of power supply; friggering
fechnology innovation

Policy type: Utility regulation
Eligible technology: Smart metfers
Asset ownership: N/A

Complementary policies: Nel mefering, fime-of-use ralfes,
demand response

4.2.5 Grid-scale energy storage

Affordable and reliable grid-scale power storage tech-
nologies can play an imporfant role in overcoming
the variability of renewable generation. Section 3.2.3

THE RISK OF CAPPING UTILITY RETURNS ON SMART METER INVESTMENTS

Spain provides an example of the challenges posed by
capping the rafe of refurn that a utility con generate by
investing in smart meter infrastructure. The country’s Royal
Decree Law (RDL), passed on 1 February 2013, sef rafes for
2013 and 2014. The rate of return under the RDLis based on
fen-year government bonds plus 200 basis points for 2014,

This pufs the regulafed ratfe of refurn ar around ¢.5% for
2014, Such a return is below the current weighted average
cost of capital for Spanish utilities of 7.3-8 9%. With returns for
distributors lower than the cost of capifal, grid investment
could be stymied in the coming years, and smart metering
and smart grid projects could be impacted.
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presenfed the case for promoting residential storage
sysfems as a means fo encourage self-consumption
and reduce the need for financial and non-financial
support, especially in an environment of approaching
grid parity.

At an electricity system level, the role of grid-scale
sforage opfions in improving grid management,
alongside other measures discussed elsewhere - such
as policies supporting smart grids, demand-side re-
sponse and adequate infrastructure capacity - can
e substantial for three primary reasons. Grid-scale
storage options can: 1) reduce the need for fossil-fuel
pbased balancing capacity by enabling a time-shift
for generated energy, 2) relieve grid-related fechnical
consfrainfs by allowing for peak shaving of demand
and 3) facilifate participation of variable renewables
in grid balancing, thus contributing to grid stabilisation
(USAID and MNRE, 2014; IRENA, 2012). Table 4.4 pro-
vides an overview of the main storage applications.

In certain contexts, storage applications have the po-
fential fo reduce the cost of renewables integration by
up to 20% and thus ease the decarbonisatfion of the
power sector (Pudijianto, et al., 2013). From a tfechnical
and economic point of view, however, The number of
grid-scale storage options available remains relatively
limited. Energy storage methods - including electro-
chemical (e.g. batteries), chemical (e.g.. conversion
to hydrogen), electric (e.g., capacitors), thermal ener-
gy (e.g.. molten salts), mechanical (e.g. fiywheel) and
compressed gas systems — continue fo suffer from high
capital and operating costs, except for pumped hydro
used by fransmission grids. Pumped hydro storage

TABLE 4.4 MAIN POWER STORAGE APPLICATIONS

consfifutes almost 99% of energy sforage capacity
globally (USAID and MNRE, 2014).

To address this issue, governments are seeking fo lend
ahand in expediting cost reductions. In California, for
instance, regulators in October 2013 approved a plan
fhat would require the sfafe’s ufilities fo add 1.3 GW
of new power storage capacity by 2020. Ifaly’s ap-
proach (outlined below) has been somewhat similar.

Another power storage source, lithium-ion batteries
in electric vehicles (EVs), could play a significant
role in the future. Rapid EV adoption would add mil-
lions of new flexible sources of power storage to the
grid. While such a scenario would inevitably come
with its own set of challenges for policy makers, it
would offer a very different route for addressing the
power storage issue. Approximately 200 000 EVs
were sold worldwide in 2013 (International Council
on Clean Transportfation, 2014). Sales are poised fo
rise in coming years as lithium-ion battery prices
decline.

ITALIAN INVESTMENTS IN GRID-SCALE STORAGE

Policy Overview: Terna, the lfalian TSO, estimated that
1 600 gigowatt-hours of wind power, valued at roughly
FUR 130 milion, was lost in the country due to grid con-
straints between 2010 and 2012. In this confext, Ifaly’s recent
Grid Development Plan called for the development of 35
MW of grid-scale sforage unifs af three crifical sifes by 2014,
In 2012, the Grid Defence Plan added a requirement that
a further 40 MW of sforage should be built by 2015, These
policies allow for the consideration of several fechnologies,
all of which must be able fo sfore and deliver power almaost

m APPLICATION SYSTEM COST LIMITATION

Load levelling and peak shaving

Energy system

Time shiffing
management

Price arbitrage - difference between
electricity price during day and night

Frequency and voltage regulation

Power quality

Reserve power
managerment

Fluctuation suppression

Deferred grid upgrade - avoided cost of upgrading
substations, grid inferconnections and capacity

Wind turbines connected to the distribution grid, storage
assefs

Asset monitoring, voltage control

Prevention of fluctuations in power supply

Prevention of power outages

Increasing value and utility of renewables in constrained grids
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instantly. The Regulatory Authority for Electricity and Gas
(AEEG) is responsible for defining the return guarantee for
each project, which can e proposed by distrioution and
fransmission systern operators (DSOs and TSOs).

Impact assessment: Terna has committed the largest
investrments to dafe to meet the government’s plans.
Its entity, Terna Plus, has begun work on the following
projects:

»  Six projects accounting for 36 MW of energy in-
fensive storage corresponding to 240 MWh under
the Grid Development Plan for which a 10.4%
refurn on assefs is guaranfeed by AEEG;

» Two projects accounting for 16 MW of power-
infensive storage under the Grid Defence Plan
equally securing a 10.4% return on assets guaran-
feed by AEEG;

»  An unspecific number of projects to a fofal of 24
MW of power-intensive storage, under the Grid
Defence Plan, for which the sifes sfill must be de-
fined, securing a 99% return on assets guarantee
by AEEG. Such projects will mainly confribute in
ultro-fast frequency regulatfion and primary and
secondary regulation for renewables integration.

Terna has signed afirst confract with NGK Insulators
for upto 70 MW of storage unifs, under which
NGK will deliver the first 35 MW for an estimated
EUR 100 million (NGK Insulafors, 2013). The com-
pany also plans fo build 130 MW of storage in the
short-fo-medium fterm, which represenfts 55 MW
above what was sef in the Grid Development
and Defence Plans. These sforage unifs should
contribute greatly to grid stabilisation and load
management, making infegration of renewables
easier and limiting curtailment.

Box 4.3

Risks: The ratfionale behind Italy’s policy is fo enhance
flexibility on a grid where renewables play a vastly ex-
panded role compared fo just five years ago. The policy
could have a long-ferm effect of helping to reduce the
cost of power storage technologies by assisting the
industry in scaling up. In the short run, however, the
lfalian policy is being implemented while such costs are
still high. Although the necessity for grid-scale sforage is
clear, the rapidity with which costs will decline depends
on several factors, including R&D fo improve efficiencies
(see Box 4.3) and achieving economies of scale.

POLICY

INDICATOR
Renewable penetration: High

Economic development: High income

Policy goal: Improve market integration of renewables;
ensure security and reliability of power supply; friggering
fechnology innovation

Policy type: Regulated refurn on investiment
Eligible technology: All grid-scale storage
Asset ownership: UTllity, ofhers

Complementary policies: Dermnand response, strafegic
reserve, smart meter rollout

4.2.6 Capacity mechanisms

Historically, capacity mechanisms - or payments —
have been infroduced fo ensure system stability and
fo secure electricity supply at fimes of demand spikes.
In Europe, the policy option has been revived, as high
shares of variable renewable electricity in certain
markefs have increased the need for dispatchable
back-up capacity. This is in addifion to the impact
of infegrafing increasing renewables info the market
(see Secfion 4.1.3) on wholesale electricity prices.
The reduction in spot prices harms the profifability

LOOKING FORWARD: RD&D FOR STORAGE DEVELOPMENT - THE CASE OF SOUTH KOREA

Given the potential of large-scale storage as a stra-
fegic fechnology for grid stability, South Korea has
launched extensive research, development,
deployment (RD&D) programmes. With ifs national

and

investment plan fo develop the energy storage indus-
fry, the country aims fo become a market leader

py securing KRW 6.4 frillion (USD 38 billion) from the
public and private sector by 2020. By December
2012, the government had committed KRW 304 billion
(USD 1.8 billion) for the 2013-2017 period. The govern-
ment also hopes that the sector will be a key source
of employment.
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of conventional generation capacity (mostly flexible
plants) on the one hand and disincentivises long-ferm
investments in new capacity. This has led to significant
concerns, especially in the EU, about the long-term
reliability and resilience of the electricity system,

Policy Overview: Capacity mechanisms can fake
several forms and fargef different types of gen-
erafors based on the needs and consumption pat-
ferns identified by TSOs or regulators. In essence,
capacity mechanisms reward the availability of
dispatchable capacity or demand reductions in
response to expected system stress resulting either
from variability of renewables, power plant failure
or demand spikes. Plants are usually paid per MW
availoble to the system.

Some counfries have had forms of capacity payments
in ploce for decades, including Chile, Argentina,
Greece, Ireland, Spain and Russia. These have offen
been limited to enhancing a ‘sfrategic reserve” of
capacity. Germany’s "ReskKV’, for example, prohibifs
decommissioning plants which BNefzA considers
strafegically important in providing stability of supply
when the system is under stress. These plants (mostly
combined-cycle natural gas projects) are rewarded
for being available when called upon but no longer
participate in the power market. As such, allocatfion
of such capacity is done through a regulatory pro-
cess rather than a market-based approach. There
are ongoing discussions in Germany that propose
an auction-based mechanism fo procure additional
generatfion capaocity to build a strategic reserve
(BDEW, 2013). Table 4.5 provides an overview of the

TaBLE 4.5 KEY FEATURES OF CAPACITY MECHANISMS

key features of the two different segments of capac-
ity mechanisms: price based and quantity based.

Capacity mechanisms can e far more eloborafe. A
regional fransmission organisation in the United States,
PIM Inferconnection LLC (PIM), has a very advanced
operafing capacity markef, and ropid renewable
deployment in Europe may prompt policy makers to
consider this option. The UK. and France have made
considerable progress with their capacity market de-
signs, with the UK. opening the first auctions in 2014, for
delivery scheduled in 2018, while France aims fo have
a fully operational cerfificate-based scheme in 2016.

Under the PIM's Reliability Pricing Model, reliability re-
guirements can be met through bilateral fransactions,
but in reality they fake place mainly through centrally
cleared auctions. France is pursuing a ‘capacity cer-
fificate” design, while the UK's proposed scheme
incorporafes capacity auctions. Germany, which
currently operates only a strafegic reserve scheme, is
considering capacity market opfions for the future and
has expressed inferest in the French model, although
it could follow the two-segment design preserving its
reserve practice. Table 4.6 ouflines key differences in
the approaches being adopted.

Impact Assessment: PIM represents a capacity mar-
ket which has helped to ensure that marginally profit-
able generators stay on line and provide power when
needed. For their part, the French and UK capacity
markets have yet 1o prove themselves, as they are not
fully operational. Their impact on system reliability and
cost remains fo be proven.

FEATURE PRICE-BASED QUANTITY-BASED

Price » Established by regulator/ system » Variable, defermined by the market

operator

(usually through capacity auctions)

» Often linked to fixed costs of a peaking » Offen defermined by auctions (either

plant or value of lost load

pay-as-bid or auctions with a uniform
clearing price)

Capacity requirerment » Fixed by regulator/system operatfor/ » Fixed by regulator/system operator/
government government
Who earns? » Generafors » Generafors

» Occasionally tiered based on baseload » Incentives for different forms of capacity

and peaking plants (e.g., South Korea) ™

(generation, demand response,
inferconnectors)

Who pays? » Typically suppliers (and hence » Typically suppliers based on peak

consumers via pill surcharges) based on

consumption

consumption (plus a tfarget margin)
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TABLE 4.6 SELECT CAPACITY MARKET APPROACHES

AUCTIONED CAPACITY MARKET

FOCUSSED CAPACITY MARKET CAPACITY CERTIFICATES

Two-segment capacity market -
strafegic reserve combined with some

Auctioning of capacity and demand-
side response alongside the power

» Requiring electricity suppliers to
buy sufficient capacity cerfificates

market, with capacity prices fluctuating
according fo demand. Demand for
capacity is typically setf in the auction
by the regulator, following consultations
with the TSOs.

capacity mechanism opfions:

»

Strategic reserve - covering old,
currently uneconomic generation
plants set fo go off line, but needed
in the short run for grid stability.
Capacity mechanism options -
creafing long-run incentives for new
more-efficient generation, incentivise
load shiffing and demand

fo cover their customers’ peak
demand from generators to operate
at fimes of stress. The capacity
certificate allocation process is
regulated by the grid operator.
Electricity suppliers recover costs
from customers who can opt out of
guaranteed supply at peck times if
they judge the cost oo high.

response.

Source: Agora, 2013

An advantage of a well-functioning, technology-
neufral capacity market is that it esfablishes an
equivalent value between the cost of generation
pofth opfions
can eqgually bid info an auction, or receive cer-
fificates. This could potentially reduce the need
for additional dispaftchable generation capacity.
All three capacity markets discussed here - the
U.K., France and PIM - establish that. However, as
a relatively unexplored policy option in the confext
of infegrafing renewables, capacity markets carry
several uncertainties.

and demand-side management:

TABLE 4.7 POTENTIAL RISKS OF AUCTION-BASED CAPACITY MARKETS

Risks: The attfributes described above can be realised
with careful capacity market design. Yet there is also
a potential for failure, which could mean either thaft
adequate capacity is not provided in fime or that ifs
costs escalate and are reflected in increasing retail
electricity prices. Table 4.7 discusses the key elements
that must be considered in order fo mitigate that risk.
In ifs recent draft sfate-aid guidelines, the European
Commission (2014) stated that any such scheme
must be a last resorf to solving capacity adequacy
problems and should be open fo generafors from the
neighbouring countries.

m GUIDING QUESTION | THE UK AND PJM EXPERIENCE

Incorrect
assessment for

What is adequate
margin for secure

The "reliability standard" is a measure which the UK. grid operator develops
each year fo establish the amount of capacity it wishes fo procure through
auctions. This is approved by the regulafor and reviewed each year, 1o allow for

Under the PIM's Reliability Pricing Model, a centrally cleared auction is held
three years ahead of delivery. Incremental auctions are also organised in
advance of the delivery year to balance changes in load forecast and allow

suppliers to adjust their positions.

In the UK. design, a proposed auction price cap helps to prevent cost
escalation while ensuring that the price offered covers the so-called "cost of

new enfry” with a sufficient margin.

capacity needs supply?
correction.
Inadegquate How many auctions
number and and when?
fiming of auctions
Adequate Whatis the
remuneration accepfable price?
Contfracted What penalties
generation is Not should be in place?
delivered

Financial penalfies are put on generators in both the PIM and the future UK.
capacity markets, if they fail to meet their confractual obligations.
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POLICY

INDICATOR

Renewable penetration: High

Economic development: High income

Policy goal: Ensure security and relicbility of power supply
Policy type: Capacity market

Eligible technologies: Flexible generation capacity

Asset ownership: Utllity

Complementary policies: Dermand response, strategic
reserve, grid development plans

4.2.7 Demand-response programmes

Policy Overview: Demand response is a mechanism that
requires or encourages consumers o reduce therr load
during periods of peak demond or in response to an
emergency. Due fo technological, financial and regulatory
issues, demand-response mechanisms have fended fo fo-
cus on large-scale industrial consumers. The arrival of smart
grid fechnologies, however, has the potfential o expand
demand-response partficipants fo smaller consumers.

In the confext of increasing renewable genero-
fion, demand-response incenfives can confribute
fo systemn stability and lower consumption peaks.
Furthermore, widespread adoption of smart grid
fechnologies - smart meters, in particular - allow for
demand response fo play an even more active role in
confribufing to system balancing.

Depending on the mechanism, incentives consist of
an up-front capacity or availability payment (USD/
kW) and/or a payment for unconsumed units of
electricity (USD/kWh). Cusfomers may face penal-
fies for failure 1o curfail when called upon fo do so.
While demand-response programmes can  fake
different forms, they are typically esfablished and
administered by grid operators (T50s) and include
the following five elements:

»  Reward schemes for parficipants, such as elec-
fricity rafe discounts, monthly payments, or one-
off remunerations;

»  Nofification periods prior fo demand-response
acftion reguirement senf by a TSO to the partfici-
pant required fo fake action (these can vary from
just a few hours fo many days);

»  Duration of curtailment (fanging from a few min-
utes fo hours),

»  Amount of demand curfailed; and

» Voluntary versus mandatory curtailment, once a
cusfomer opfs info a scheme.

Impact Assessment: Demand-response measures
require Nno direct subsidies and can e operatfed via
markets. Technical cosfs of implementatfion can be
quite low - installation of simple load-control devices
can be enough to operate the schemes - and the
demand response is called upon when it is cheaper
than other forms of electricity provision.

The PIM marrket (see Section 4.2.6) is already cutting 7%
off its seasonal peaks through various demand response
actions. Although further analysis is required, a rough esfi-
mate from the SmartEnergy Demand Coalition (201T) sug-
gests that reductions of 6-11% in seasonal pecks are Pos-
sible in Europe through demand-response programmes,
depending on the profiles of commercial, industrial and
residential resources available in each market.

Most countries experiencing serious stress on their pow-
er systems as a result of rapid renewables growth adopt
several different types of demand-response schemes,
as they consider it a cost-efficient option for smoofthing
demand peaks and preparing for emergency events
(which can e caused by a power statfion trip, renew-
ables output drop or other systern malfunctions).

To address these challenges, demand-response
measures are used by regulators in four general
designs: as part of capacity markets, as ‘emergency
mechanisms” fo ensure security of supply in a system
sfress situation, as a part of a wholesale power market
design and as ancillary services provision. These cat-
egories are not mutually exclusive — emergency ser-
vices and ancillary services provision in particular can
overlap, as is the case in Ireland (Birgrid, 2012) - but
fhey can vary in their operafions. Table 4.8 illustrafes
how these designs differ and how advanced these
schemes are in four European countries.

Risks: Demand response is a proven and relatively
simple approach to confribute fo increasing system
reliability during periods of stress and can also provide
a revenue stream fo large demaond-side units, A big
risk comes from the signed-up consumers failing fo
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TaBLE 4.8 SELECT EUROPEAN DEMAND-RESPONSE PROGRAMMES

CAPACITY MARKET EMERGENCY WHOLESALE POWER ANCILLARY SERVICES
MECHANISM MARKET

Design feature

Demand response (DR)
effectively freated as
generation capacity
and eligible for
'capacity payments"

Short-notice and short-
duration curfailment in
sysfermn sfress situations;
offen TSO can cut off

supply fo participating

'Consumption blocks"
can be fraded on the
energy market.

DR eligible to
participate in various
ancillary markets.

usually awarded

via auctions (more
on capacity market
designs in sub-section
4.2.6).

UK To be launched in 2018;
fransitional DR planned
for 2016 (auctioned in
2019).

France DR procured for Interruptible load
capacity since 2011; programme
full capacity market operational.
planned o launch in
2016.

Germany Inferruptible load
programme
operational.

Ireland DR eligible for Winter Peck Demand

'capacity payments".

replaces if.

Source: BNEF

Reduction scheme
discontinued but Short
Term Active Response
programme partly

consumers without
prior nofice.

Shorferm operating
reserve.

A proposal under
Brotftes Law will allow
demand curfailment o DR; however,

‘blocks” o be fraded in penetfration is exiremely
the energy markets. low.

The balancing
mechanism is open

DR participating in
ferfiary reserve.

Short-ferm balancing
open to DR.

Note: Cells with blue background indicates operating programmes, while whife indicates proposed or partly operating programmes and orange

indicates no DR programme in place af the moment.

supply the contfracted capacity. A sfrong regulatory
and enforcement structure is thus needed to verify the
availablility of loads and fo ensure the correct function-
ing of the scheme. In order to reduce this risk, several
demand-response programmes provide the TSO with
aufomatic confrol of the loads for shorf response
fimes, rather than leaving it at the discrefion of end-
custormers, particularly those dealing with emergency
siftuations. However, this may not always be possible or
the most economically-efficient approach.

In the wider confext of infegrating renewables and
smoothing load curves, the potential from large con-
sumer demand-response schemes is fairly limited, with
many of the very biggest players, such as aluminium
smelters, already parficipating. As a result, policy mak-
ers are looking increasingly af small commercial and
even household-level demand response as a key
source of capacity, as is the case in France. Such
an approach can leverage upon the emergence

of smart infrastructure revolving around smart meters
and inferactive grids.

Alowing for “aggregated demand response unifs” is also
gaining currency, as purposefully created companies provid-
iNg aggregation platforms execute fost, fargefed curtailment
on short nofice. Such operations, however, again require
load-control devices and digifal communication technol-
ogy fo be installed af custorners” premises and linked o an
aggregation platform. While this is not inherently a barrier, it
can e cost prohibifive for smaller loads. Smart metering and
the related communications infrastructiure con be leveraged
1o help further the penetfration of dermand response.

Finally, market design needs fo enable demand-
requires appropriate
adapfation. Demand-response  upfake has been
most successful in countries with some form of capac-
ity markets, which allow for it fo be effectively treafed

response parficipation  and

on par with generation. Capacity markets can allow

66 Adapting Renewable Energy Policies to Dynamic Market Conditions



demand response fo prevent overpayments fo inef-
ficient thermal generafion capacity, which would
ofherwise be incentivised to remain on line. In extreme
cases, high upfake of demand-response measures
can even prevent governments from providing subsi-

dies for additional new peaker plants.

POLICY
INDICATOR

Renewable penetration: Vediurm-high
Economic development: High-income leve!

Policy goal: Ensure security and relicbility of supply, frigger
fechnology innovartion

Policy type: Demand-response incentive
Eligible technologies: N/A
Asset ownership: Ufility, private owners, businesses

Complementary policies: Smart grid development
and smart meter rollout, strafegic reserve, capacity
mechanisms

4.3 LESSONS LEARNED

As the level of renewable power in the generation
mix increases, policy makers need fo ensure that the
policies they implement not only provide investment
incentives but are incorporated info lbroader energy
sfrategies. Ignoring the impacts which high shares of
variable renewable power have on the reliability of
supply can lead to higher costs latfer. Large grid in-
vestments may be needed fo connect and infegrate
renewable sources, and addifional subsidies may be
required to mainfain sufficient back-up generation.

The examples of Germany and India show that provid-
iNng a long-term, transparent grid development plan is
necessary 1o accompany rapid renewables develop-
ment. Both of these countries implemented their plans
faking info consideration  geographically  uneven
renewables deployment.

A “systern management approach” developed early
could help high renewables concentratfion in the first
place. Identifying priority areas for renewable energy
deployment in conjunction with grid availability as-
sessments, and needs for grid improvements, has a
pofential to improve co-ordination between these ac-
fivities and prove more cost efficient across the systfem
(ie., across generation, fransmission and distribution
costs). Such a systemic approach should take into

account smart fechnologies capable of improving
sysfem reliability without unnecessary additional fossil
fuel generation capacity. In all of these cases, the role
of TSOs is fundamental and radically different from the
“ore-renewables” times, as providing security of supply
is becoming more complex and challenging.

Three key lessons can be learned from the experience
of the countries analysed above:

1. Not adequately accounting for grid infrastructure
development in renewable energy policy design
can lead to geographically uneven capacity de-
ployment and in general fo a mismatch between
fransmission and generatfion capacity. The lead
fime associated with developing adequate grid in-
frastructure fo facilifate grid evacuation and fransfer
generation to end-users can be long and, hence,
needs fo e accounted for in nafional planning
process, “Passive” development of infrastructure
can increase costs, lead to stranded generation as-
sets and hurt investor confidence in the long ferm.

2. New technologies, such as smart grids, smart mefers
and storage, have the potential fo play pivotal roles in
effectively and efficiently managing the systern so that
more renewable power can be infegrated without ¢
risk of supply disruptions. Smart mefer rolloufs, how-
ever, have raised privacy concerms, and adeguate
measures need fo be taken to address them.

3. Itisimporfant fo reclise that high shares of zero-or
low- marginal-cost renewable power entering the
system at variable fimes have an impact on the
operafions of power markets, by bofh pushing fra-
difional fossil fuel (typically gas-based) plants out
of the merit order and depressing prices overall.
Providing some form of dispafchable capacity re-
munerafion in some cases may prove Necessary,
but care should e taken to ensure that such
schemes incentivise only the necessary capacity
and, if possible, different forms of capacity - gen-
erafion as well as demand response.

All of the measures discussed in this section are a con-
sequence - rafher than a cause - of rapid renewable
energy deployment. As such, they should e viewed as
complementary to all of the policy opfions discussed in
fhis report. Implementing some of therm early improves
the chances of substantially lowering the overall costs
of fransition to a low-carbon power systern.
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Ihe Prisms: Using Analyfticdl
~rameworks fo Hone
N on Smart Policy

hen it comes to
policy-making. there is no one-size-fits-all
solufion. Each jurisdiction is unique with
its own set of characteristics that influences how

renewable energy

policies are craffed and implemented. With that in
mind, this section sefs out fo provide an indication
of the suitability of the policy adaptation measures
analysed in this report fo different confexts, To cap-
fure the varying conditions, this report highlights
four frameworks or “prisms” policy makers can look
through as they consider which policy adaptation
approach fits best.

The prisms have been consfructed using the indicators
discussed in the Methodology section of this report.
Countries or jurisdictions are cafegorised based on:

» varying levels of renewable penetration (low, me-
diurmn or high);

» varying levels of economic development (low,
middle or high);

» support directed at specific technologies (wind,
solar, smart grid, storage and others); and

»  seeking fo craff policies that affect various asset
owners (Ufilities, IPPs, community/residential con-
sumers or commercial customers).

Sections 5.1 through 54 examine each of these
cafegories in greafer detail. Section 5.5 offers an
example of how policy makers may apply these
prisms in conjunction with one anofher fo consfruct
a policy sfructure that is most appropriate for their
jurisdiction. As such, if is acknowledged that policies
or policy types generally do not fit neatly info clearly
defined boxes. The “prisms” adopted in this section,
however, are infended 1o serve as rudimentary tools
for policy-making.

5.1 RENEWABLE ENERGY PENETRATION

The stage of development of a renewable energy
market fo some degree influences what policy goals
are more relevant and what fypes of measures are
most suitable. Markets with low renewable capacity
on line require policy makers fo focus on providing
sufficient "marketf-creating” support fo  sfimulate
investments in the sector, while at the same time en-
suring that developers are not overcompensated.
As the deployment of renewables increases, the fo-
cus fends o shift fowards ensuring that the support
cost is minimised and is fairly disfributed across dif-
ferent stakeholders. Moreover, markefs with medium
or high penetration rafes for renewables inevitably
prompt policy-making to address the challenge
of smooth market integratfion, to ensure the long-
run security and reliability of supply. In this confext,
Figure 5.1 presents the different policy adaptation
measures discussed in this report and illustrates their
potfential relevance fo markets with varying penetra-
fion of renewables.

Cerfain types of policies analysed in this report are
applicable in mulfiple market conditions. For instance,
holding auctions for power confracts can be a useful
means of price discovery in many markets, regard-
less of the level of renewable energy penetration.
The same could be said for establishing effective net
metering programmes. Ofher policy fypes have more
limited applicability or relevance. For instance, the
need for capacity markets fends fo become acufe
after renewables begin to account for enough power
generation fo affect the grid and power markets.

5.2 ECONOMIC DEVELOPMENT

A relafed buf somewhat different question arises
around the level of market development. In most
cases, developing countries have seen lower levels
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Ficure 5.1 POLICIES BEST SUITED FOR DIFFERING LEVELS OF RENEWABLE ENERGY PENETRATION

LOW

RENEWABLE ENERGY PENETRATION

HIGH

Infegrafing ‘real time capacity corridors” info the feed-in tariff reduction structure (1.2.1.)

Holding auctions for power contracts (1.2.3.)

Designing flexible tax policies (1.2.4.)

“Value of Solar” fariff (3.2.2.)

Permitting net metering (3.2.1.)

Grid development plan - India (4.2.1.)

Grid development plan - Germany (4.2.2.)

Building third-party metrics into feed-in fariffs (1.2.2.)

Implementing spending caps on support for
renewables (2.2.1.)

POLICIES

Infegrating residential storage in the system (3.2.3.)

Demand response programmes (4.2.7.)

Offshore wind connection liability
arrangement (4.2.3.)

Smart grid implementation and
smart meter rollouts (4.2.4.)

Grid scale energy storage (4.2.5.)

Capacity mechanisms (4.2.6.)

PROVIDE ADEQUATE SUPPORT FOR RENEWABLES

MINIMISE COST

GOALS

TRIGGER TECHNOLOGY INNOVATION

INCENTIVISE SELF -CONSUMPTION

ENSURE SECURITY AND RELIABILITY OF POWER SUPPLY

IMPROVE MARKET INTEGRATION OF RENEWABLES

Nofte:The degree of blue shading indicates how appropriate the goal is for each level of renewables penetration (for example, improved
market infegration of renewable power applies more fo the most mature markets).

of renewable energy penetration. However, that is not
always the case and, in particular, some of the larger
so-called middle-income natfions have seen very
substantial volumes of renewalble capacity deployed.

The policy types examined for this report have varying
levels of applicability for countries af different levels
of economic development, but they are somewhat
slanted fowards middle- and higher-income countries.
This is in part because these countries have had the
capacity fo provide the financial support necessary
fo create markefs for renewables domesfically. As @
conseguence, they offen are also the ones faced by

the challenge of integratfing subbstantial portions of
variable renewables into an established power grid or
market.

The linkages beftween the stage of economic de-
velopment and renewables infegration enablers,
such as grids and R&D infrastructure, are strong. For
instance, grid infrastructure in low-income countries
is often marked by high losses in tfransmission and
distribution, whereas grids in high-income countries
are more advanced in ferms of control, monitoring
and operation. This may affects the infroduction of
policies, such as net mefering, which have direct
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relevance for distributed generation, since their suc-
cess depends on the physical availability of a disfriou-
flon network that can handle reverse flows as well as
regulafory structures that can manage them at a
system-level. Figure 5.2 maps out those inferlinkages by
presenting an overview of the relevance of the policy
adaptation measures studied in this report for countries
at different sfages of economic development.

Some of the ofher policies illustrated here, for example
spending caps on renewables support, might have

applicability in countries with low, middle and high
economic development, although until now these
fypes of measures have been implemented particu-
larly in middle- or higher-income countries.

In addifion fo taking info account the level of renew-
able energy penetfration and their country’s overall
level of economic developrment, a question for policy
makers revolves around the availability of resource en-
dowment - and which renewable energy fechnolo-
gies should be deployed o exploit these.

FIGURE 5.2 POLICIES BEST SUITED FOR DIFFERING LEVELS OF ECONOMIC DEVELOPMENT

ECONOMIC DEVELOPMENT

MEDIUM

Permitting net metering (3.2.1.)

Holding auctions for power contracts (1.2.3.)

Implementing spending caps on support for renewables (2.2.1.)

Infegrating “real time capacity corridors” into the feed-in tariff reducion structure (1.2.1.)

Designing fliexible fax policies (1.2.4.)

Building third-party metrics into feed-n fariffs (1.2.2.)

Grid development plan - India (4.2.1.) and Germany (4.2.2.)

POLICIES

“Value of Solar” fariffs (3.2.2.)

Offshore wind connection liability
arrangement (4.2.3)

Integreting residencial storage in
the system (3.2.3.)

Demand response programmes
(4.2.7)

Smart grid implementation and
smart meter rolloufs (4.2.4.)

Crid scale energy storage (4.2.5.)

Capacity mechanisms (4.2.6)

PROVIDE ADEQUATE SUPPORT FOR RENEWABLES

MINIMISE COST

GOALS

TRIGGER TECHNOLOGY INNOVATION

INCENTIVISE SELF -CONSUMPTION

ENSURE SECURITY AND RELIABILITY OF POWER SUPPLY

IMPROVE MARKET INTEGRATION OF RENEWABLES
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5.3 TECHNOLOGY FOCUS

Renewable energy technologies require a specific
mix of policies along the stages of development,
Supporfing ftheir development requires a constant
adaptation of policies that are best suited o the
sfage of development. While some policies can
be designed fo be technology-specific, others can
be technology-neutral. A typical example is renew-
able energy auctions, which can either be held for
contfracting capacity of a specific technology fo
promofe ifs deployment, or be competitive across
fechnologies in identifying least-cost opfions. It is
equally important for policies to focus in a timely
manner on ofher complementary non-generating
fechnologies, for example R&D of sforage infrastruc-
fure, smart grids, etc., that support the growth and
smooth integration of renewables into the system.

Technology-specific policies need fo consider the local
resources availoble as well as the development of stfrong
distribufion chains. Further reduction in the levelised
cost of generating renewable energy will also come
from reducing "soft” cosfs (associated with installation,
connection, efc.). These are among the key reasons for
the difference in deployment costs in different countries
and regions. Figure 5.3 provides an overview of the
relevance of the different policies covered in this report
fo some generating and non-generating fechnologies.

FiGUre 5.3 POLICIES BEST SUITED FOR CERTAIN TECHNOLOGIES

5.4 ASSET OWNERSHIP

The development or reform of renewables policies af-
fects all players involved in a country’s power genero-
fion, delivery and consumption segments. Still, sorme
policies have a more direct impact on stakeholders
in a cerfain segment of the energy value chain.
[t is imporfant o understand these impacts and fo
deploy measures that can mitigate any uninfended
consequences which put af risk the broader long-
ferm susfainability of the energy system.

With increasing deployment of decentralised renew-
able energy sysfems, in particular PV, the ownership
sfructures of the energy sector are undergoing a
fransifion in many countries. Many of these sysfems
are owned by individuals or community-based
organisatfions. This redisfribution of asset ownership
within the energy sector, as well as the increasing role
of renewables in meeting the electricity demand, is
affecting fraditional ufilities in some countries (.g., in
Europe and some U.S. stafes). Nearly all of the policies
analysed in this stfudy are directly relevant fo ufilities
since a focus of this sfudy has been markets where
renewables have achieved sufficiently enough market
penetfration fo pose a challenge for energy industry
incumbents. These utility-relevant policy types include:
fosfering grid scale sforage projects, establishing co-
pacity markefs, and others.

ELIGIBLE TECHNOLOGIES

OTHER RENEWABLE
ENERGY
TECHNOLOGIES

I“ =

Integrating “recl fime capacity corridors” info the feed-in tariff
reducion structure (1.2.1.)

SMART METERS STORAGE

Grid development plans - India (4.2.1.) and
Germany (4.2.2.)

Holding auctions for power contracts (1.2.3.) Demand response programmes (4.2.7.)

Implementing spending caps on support for renewables (2.2.1.)

Smart grid implementation and smart meter

connection liability

metering (3.2.1.)

wn rollouts (4.2.4)

—  Designing flexible fax Value of Solar” fariffs Grid scale energy
O policies (1.2.4.) (3.2.2) storage (4.2.5.)
5 Offshore wind Permitting net

(a1

arrangement (4.2.3.)

Building thira-party
meftrics info feed-in
fariffs (1.2.2.)

Infegrefing
residencial storage
in the system (3.2.3.)

Infegrefing
residencial storage
in the system (3.2.3.)
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The analysis reveals that, irrespective of the level of eco-
nomic development and market maturity, we are likely
fo observe (@nd in some markets already are observ-
iNg) a shiff away from the fraditional centfral supply of
power fo a much more diverse and disfribufed portfolio
of generating assets. With the advent of small-scale
generation, community-wide sysfems, as well as in-
creasingly relevant IPPs, the role of the utility is changing.

In markefs with high levels of renewables penefration,
the mostforward-looking utilities are re-thinking their busi-
ness models. Meanwhile, markets with less advanced
energy infrastructure now have the very real potential fo
leapfrog the traditional “ufility-fransmission-consumer”
model directly 1o more diversified sysfems. All of these
need fo be considered up-fronf when a new regulation
is being designed, and utmost consideration should
be given to the impact that this shift in generating asset
ownership may have on generators, fransmission sys-
fem operators, governments and consumers. Figure 5.4
aftempts at illustrating who owns the generating assets
that is affected by the different policies.

FIGURE 5.4 POLICIES AFFECTING CERTAIN ASSET OWNERS

5.0 PUTTING THE PRISMS TO WORK

This report sefs out to provide an overview of the
different renewable energy policy adapfation tools
available to policy makers. The prisms ouflined
above have been designed fo allow a basic fil-
fering out” of policies that may be inappropriate
under cerfain circumstances. Taken fogether,
however, these prisms have the pofential to allow
policy makers fo hone in on the best regime for

their jurisdiction.

The four prisms can be combined fo produce a
wide variety of results. This sub-secfion offers just
one example of how the prisms can be overlaid
against one anofher fo yield potentially useful
information. While it is not infended fo capfure the
complexities of policy-making, the below example
illustrates how contfext-specific factors
can influence the selection of appropriate policy
mechanims.

merely

MAIN ASSET OWNERS

PRIVATE OWNERS/ UTILITIES
COMMUNITIES

Infegrating “real time capacity corridors” info the feed-in tariff reducion structure (1.2.1.)

Building third-party metrics into feed-in fariffs (1.2.2.)

Implementing spending caps on support for renewables (2.2.1.)

Demand response programmes (4.2.7.)

Permitting net metering (3.2.1.)

Infegreting residencial storage in the system (3.2.3.)

“Value of Solar” tariffs (3.2.2.)

Holding auctions (1.2.3.)

POLICIES

Designing fiexible fax policies (1.2.4.)

Grid development plans - India and Germany (4.2.1.)
and (4.2.2))

Offshore wind connection liability arrangements (4.2.3.)

Smart grid implementation and meter rollout (4.2.4.)

Grid scale energy storage (4.2.5.)

Capacity mechanism (4.2.6.)
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EXAMPLE: A MIDDLE-INCOME COUNTRY WITH
STRONG LOCAL WIND RESOURCES AND LOW RENEW-
ABLE ENERGY PENETRATION SEEKS A SUPPORTIVE
POLICY WHERE THE COSTS ARE NOT BORNE BY
TAXPAYERS.

Consider a country that has identified excellent wind
resources along its coastline. The country is middle in-
come and has yet fo install wind capacity. What type
of policies might be most appropriate?

At least five of the policies identfified in this report
can potfentially be supportive for wind project

development:

» Infegrating ‘realtime capacity corridors” info the
feed-in tariff reduction structure (1.2.1)

»  Holding auctions for power confracts (1.2.3)
»  Designing flexible tox policies (1.2.4)

»  Implementing spending caps on support for re-
newables (2.2.1)

»  Offshore wind connections liability arrangement
(4.2.3)

However, not all of these policies are appropriate for
middle-income nations. Offshore wind connection
liability arrangements are a best fit for high-income
countries. Meanwhile, spending caps on support for
renewables are generally most needed in countries
with medium-fo-high levels of renewable energy
penefration. That leaves the following fthree policy
options:

» Infegrating ‘realtime capacity corridors” info the
feed-in fariff reduction structure (1.2.1)

»  Holding auctions for power contracts (1.2.3)
»  Designing flexible fax policies (1.2.4)

Now consider that the country policy maker also wants
fo shield local faxpayers from bearing the costs associ-
ated with the new policy. That eliminates the potfential
for using most flexible tax policies to support the local
wind industry, and leaves just two policy optfions: inte-
grating ‘real-time capacity corridors” info the feed-in
fariff reduction structure (1.2.1) and holding auctions
for power contracts (1.2.3).

Finally, suppose that the policy maker wants fo make
sure that the new policy he or she implements exclu-
sively affects ufilities or IPPs and not other asset owners.
That eliminates the potfential for infegratfing “realtime
capacity corridors” info feed-in fariff reduction sfruc-
fures. And if leaves holding auctions as the most viable
policy option, given the circumstances.

This is buf one example of how these prisms can
be used in conjunction with each other fo narrow
down policy options to one that is potentially most
appropriate.

9.6 FINAL THOUGHT

The renewable energy industry today finds ifself at a
critical juncture. Technology costs have decreased
rapidly, making them increasingly competitive against
fossil fuel-based conventional generation. Yet the
development of renewable energy and increasing its
share in the national (and global) energy mix cannot
be fully achieved purely on the grounds of cost com-
petitiveness. Without doubt, governments need fo fake
measures fo infroduce adeguate policies which allow
for a smooth, system-level infegratfion of renewables in
a cost-efficient manner, while mainfaining the long-
ferm reliability of the energy system.

For their part, many policy makers remain steadfast in
their commitment to renewable energy, but they often
face substantial fiscal constraints in sufficiently support-
ing the sector. These circumstances have prompted
a wave of renewable energy public policy innovation.
While many of these new measures are reactive and
have been crafted in response to renewable capac-
ity boomlets, they do have the potfential to serve the
industry well over the longer term - provided that
they offer the level of flexibility, longevity and certainty
required. Additfionally, the potential for cross-regional
exchange of lessons learned from policy-making ex-
periences is significant as more countries embark on
the pathways of energy system fransifion.

As discussed, there is no one-size-fits-all approach
fo renewable energy policy-making.  Legislators
and regulafors must be guided by their unique
local economic and political circumstances while
faking info account the availability of natural re-
sources fo fuel renewable energy projects. However,
imporftant insights can be gained by looking across
borders for best-practfice examples. There exists
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a short butf rapidly expanding fraock record of how
certain schemes have performed, and these “lessons
learned” can be infegrated info further policy-making.
As such, the fransifion towards a renewable energy-
dominant power sector is a systemic one, involving a
broad range of stakeholders; hence, policy-making
will benefit from an all-inclusive approach that consia-
ers costs and benefifs across the sector.

This report fook a structural approach fo surveying the
landscape of innovative thinking about renewable
energy policy which is now very much under way. The
frameworks constructed were infended to highlight fo
policy makers approaches which have been adopted
in certain contexts and that therefore may be consid-
ered under similar circumstances. These “prisms” can

serve as rudimentary tools for those at the initial stages
of designing policy schemes.

There are inherent limitations on any conceptual
mechanism intended to guide policy-making. In real-
ity, policies or policy types generally do noft fit neatly
into clearly defined boxes. Ulimately, the most im-
portant decisions which policy makers must fake are
fundamentally qualitative.

Still, there is value in imposing a sfructural framework
on such discussions. Our modest hope is that this
report and the fools it offers shed useful light on the
crifical guestions confronting policy makers globally.
In the best of circumstances, we hope that it guides
better-informed policy-making.
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