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Abstract: Renewable energy policy has always been recogrigedmajor incentive to the growth of renewablegnand
market. In particular, in the last decade, renewanlergy sources are considerably increased dine supportive renewable
energy policy worldwide. Policymakers keep on updpand revising policies in response to markenhgea and advances in
technologies. At the same time, policymakers haiféesl their perspectives from cost and benefitdk and return so as to align
with investors’ perspectives. As a result, risk ageament has to be kept accordance with the chamgilicy of renewable
energy. The dynamic process is important to makeicethat major risks are not unattended and mechaghe intent of the
research is to provide stakeholders in renewab&rggnprojects, including policymakers, financiedgvelopers and risk
management instrument providers, a thorough revienisk management of renewable energy policy aruktter define those
risks so that they can be adequately mitigatedttract future investment. Five major risks whiclelide market, credit,
operational, liquidity and political risks assoeidtwith renewable energy developments and markats been identified.
Particularly, renewable energy policy risk is ingated and commonly used risk management toolseaiewed and proposed
to address the associated risks and uncertaimtiesl by financers, developers and investors dlsis intended to setup a place
for stakeholders to start, either when they wantemicate current, or are trying to develop newrkable risk management
measures for renewable energy policy.

Keywords. Renewable Energy, Renewable Energy Policy, Riskddament

supporting investments, rather than traditional t caad
benefit perspectives. Simply relying on the evaolntiof

Over the last decade, the growth of renewable wopgies enéwable energy policy, but still using the sanigk r
is tremendous. By 2012, the renewable energy ingusas management parad|_gm, _W|II potentially _ leave risks
investing $244 billion annually [1]. Around the by unmanaged. Appro_pnate _rlsk management instrumares
developed and developing countries are continucesiking undogbtedly essentlgl to flnqncers, develppers!mreistors.
to boost renewable energy investment. The develapwe !N this paper, major merits and deficiencies of heac
renewable energy is important to address concebusita renewable energy policy are identified. Uncertaisitdue to
climate change and energy diversification [2]. Remale the deficiencies are individually investigated ahnandled
energy policy has been recognized as one of the oragits  With suitable risk management instruments.

of the growth. In the absence of level playing gubu This paper considers the fundamental renewableggner
national, state and provincial policies have taken policies to evaluate the five key risk factors whiaclude

important role in turning renewable energy resosirze be market risk, credit risk, liquidity risk, operatianrisk and
more competitive [3]. Detailed design and propepolitical risk. Section 2 provides an overview ehewable

implementation are always the keys to success. &zprently, €Nergdy policy and a classification of risks. Secti@
policymakers continue to update and revise polidies investigates the deficiencies of renewable eneddigips and

response to changing environment. At the same tim&commends some of corresponding risk management

policymakers have adopted risk and return persgestin methods. Finally, discussion and conclusion arsgired in
Section 4.

1. Introduction
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2. Renewable Energy Policy Analysis
2.1. Renewable Energy Policy Overview

Renewable energy policy is a vital
development and deployment of renewable energyciBsl

aimed at supporting renewable energy developmergs d

often adopted to capture a wide range of benefitsnmon
objectives for renewable energy policy include fibléowing

[4]-7]:

element fo

Reducing reliance on non-renewable energy sources

Risk Management btiti\pplied to Renewable and Sustainable Energy:vieike

renewables or specific renewable sources so aske 1sure
renewable energy developments align with the natitarget.

The policies are effective only if penalties arequhtely set
@and strictly enforced [12]. In addition, literatereevealed
that the effectiveness of assigning a renewableggrarget

elies on both of the framework of overall suppagtpolicies
and the design and barriers of electricity mark&{.[In 2013,
22 countries and 64 countries have implementeiyugjliota
obligation and obligation and mandate respecti{@JySince
the policies only define the minimum shares of vesigle

« Reducing emission of greenhouse gases and other §}€"dy generations, the policies neither enhanigns nor

pollutants as well as their impacts

* Reducing environmental impacts

* Enhancing the diversification of electricity gerteya
mixes

* Enhancing renewable energy involvement

* Enhancing competitiveness of renewable energy ssurc

The above objectives are designed to generalizefiteiof
increasing the use of renewable energy. In additieturn
and risk are always the primary concerns for figasand
developers [8]. To align with their perspectivég tationales
of renewable energy policies are often set to eitherease
revenues or reduce uncertainties [9]. National atate

policies for establishing an enabling environmemtr f

renewable energy developments can be classifiedtimee
categories which are regulatory policies, fiscateintives,

lower risk. Investors and developers are mainlyosgg to
market risk.

According to the database of Renewable Energy fPolic
Network for the 21st Century (REN21), net meterimas
been adopted in 32 countries. The policy aims fopstt
distribution-level renewable energy developmentdjictv
permits customers to offset their electricity cangtions by
feeding renewable energy generation back to the [§4].
Studies have investigated how net metering is &¥edor
rewarding the deployment of renewable energy teloyies
[15]-[17]. The achievement of the policy should no¢
underestimated, although its target beneficiariese a
small-scale developers. For an instance, Germang wa
dominated in small-scale renewable energy developsria
2010, 2011 and 2012, reflecting its attractivemetering [1],

and public financing [3]. The policies can be ferth [18], [19]. Unlike feed-in tariff, electricity priz of net

sub-categorized into as follows:
* Regulatory policies
* Feed-in tariffs
 Utility quota obligations
* Net metering
* Obligations and mandates
* Tradable renewable energy certificates (RECS)
* Fiscal incentives
» Capital subsidies, grants or rebates
* Tax incentives
* Energy production payments
* Public financing
* Public investments, loans, or financing
* Public competitive bidding
Feed-in tariff is a policy scheme created to expémsl

growth of renewable energy technologies. The polic

guarantees a sale price for renewable energy
grid access. This provides investors, including Ikstale
and large-scale developers, with incentives by réegithe
future income streams on their investment. In peatt
long-term contracts are often signed and tarifsés high
enough to recover the cost and earn an approgmiafg [10].
As of 2013, feed-in tariff had imposed on 71 coi@stand 28
states/provinces [3]. Since feed-in tariff is ugu&nown in
advance, this effectively stabilizes the profitaofenewable
energy project and hence reduces the market riskdféy
renewable energy developers and investors [11].

Utility quota obligation and mandate are other nsetm
promote renewable energy developments. The polizéae
the minimum shares of generations that are gerkriaye

metering is usually unknown to investors. The ineom
received from net metering can only be estimatatl fnce
developers and investors face market risk.

REC is a transferable energy certificate that jgesented
as every megawatt-hour generated from renewableggne
technologies. Once REC is created, investors asebfe to
trade via voluntary market or compliance marketgain
additional revenue to finance renewable energyegtsj[20].
The REC market mechanism has been widely promaed a
the solution to drive renewable energy developmemd
investment [21], [22]. According to the databaseR&N12,
RECs have been applied in 26 countries in which the
majority is in Europe lately. Similar to net metwyj
developers and investors face market risk due ¢opifice
uncertainty from the sale of RECs [23]. In additithrey also

{,ace liquidity risk depending on the type, size aegdulation
amd ©f exchange REC market as well as the activenessaotet

participants [24].

While high upfront costs of renewable energy
developments are usually the most significant barfor
investors and developers, even in the occasion that
project is economically feasible in a long run [216].
Several renewable energy policies are designeddreas the
high upfront cost issue, which include capital sdies,
grants, rebates, investment tax credits and lo&@apital
subsidies, grants or rebates are direct cash ivesnt
provided to renewable energy developers while imest
tax credits are indirect non-cash incentives. Thaskcies
are one-time incentives and effectively reduce dpéront
costs as well as the levelized cost of energy (LCQH].
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Instead of providing a one-time incentive, loangueans are

Security agreement is one of the risk instrumentmitigate

revolving and can be used to support renewableggnerthe credit risk [35]. The security requirement barfulfilled in

developments again. Therefore, although the effentss of
LCOE reduction is lower comparatively, it is tregsi by
policymakers. Energy production payment and pradaoct
tax credit are other policies to increase earniige former
is a direct cash incentive to one unit of renewadergy
generation [28] while the latter is tax credit toeounit of
renewable energy generation [29]. These two pdaliaien to
reward developers based on projects’ performarioglas to
capital subsidy, grant or rebates and investmentctadit,
these policies effectively reduce the LCOE. In eife
government subsidies, grants and rebates are fisierd
compared to tax incentives. The reason is that rgpowvent
subsidies, grants and rebates are often biased hby
ideological positions of the responsible politidaand by the
short-term economic benefits of undertaking thejgmto
which ignore the social impact on the entire couatnd the
actual risk-return trade-off of the project [30]nder the
policy frameworks, developers and investors arenhai
exposed policy risk and market risk.

Public competitive bidding is a tendering systemwych
construction and operation contracts of specifiargiies of
renewable capacity are awarded [31].
developers are invited to enter into a bidding pssc In
general, the winner will be the project develoet satisfies
the descriptions and requirements of tenders viighlowest
bid. A long-term contact is often rewarded. A detxiample
is shown in [32]. To be successfully implementetticts
development requirements need to be imposed oretsidd
avoid price dumping and shortfalls or delays ofalegments
[33]. In a typical bidding scheme, price is the triogportant
determinant. Therefore, market risk is most likédged by
developers and investors.

2.2. Types of Risk

Table 1. Risk Type and Sources of Risk

Risk Type Sour ces of risk

Credit Risk Default of renewable energy projects '
Non-performance of renewable energy projects
Low capacity factor

Market Risk Low connection rate

Low dispatch priority

Discontinuous electricity output

\olatile electricity output

Outdated operating paradigm of the grid
Non-existence of secondary market
Long payback period

Unstable renewable energy policy

Operational Risk

Liquidity Risk
Political Risk

The main categories of risks exposed to renewaldegy
developments and markets are market risk, credi, ri
liquidity risk, operational risk and political risklhe main
sources of each risk type are summarized in table 1

Credit risk defined as the risk that a borrowet défault by
failing to repay principal and interest in a timehanner [34].

Investors arnchpacity factors of renewable energy are

many ways, including a parent or affiliate guaranta
stand-by letter of credit or a direct equity cdmition. If
default or non-performance occurs after the renievabergy
project is developed, the developer releases #uary and
forfeits all rights to the project. Debt financheh becomes the
project owner, with access to the power and angmees
generated by the project. Credit default swap (CB@nother
risk instruments to mitigate the risk [36]. CDSaisspecific
kind of counterparty financial agreement which jles credit
risk protection. It functions like an insurance ipgl In the
event of default or downgrade, the buyer of the C&®ives a
payoff from the seller. In general, the seller ag tCDS
treceives payment from the buyer regularly to coraptnfor
providing protection. Therefore, project developean
subscribe a CDS to protect themselves in case fafileTo
assess the protection needed, risk managers aftartify the
credit risk by analyzing the probability of defautiss given
default and exposure at default [37].

Market risk refers to the potential loses amoun¢ do
market movements. A capacity factor is the ratitofctual
output to its full capacity over a period of timBEypically,

traditional energy sources because of intermittetttire and
idle capacity [38]. As a result, the amounts ofergable
energy generation are often unpredictable and ises
substantial risk to investors. A low capacity facéoversely
impacts on the stability of future income streanonir
renewable energy project. Low connection rate amd |
dispatch priority further reduce the competiveness
renewable energy projects and result unstableraiggtsales
[39]-[41]. Hedging instruments, such as derivativasd
forwards, are commonly used to transfer market Hskl
lessen the impact on business [42]. Further messtoe
mitigate market risk include improving connectiomda
dispatch policies [43], [44].

Broadly speaking, operational risk is the risksulrsg
from breakdowns in people, systems and internatgs®es.
Operational concerns include personnel, equipntesting,
commissioning, operation and maintenance. Histelig us
that operational risk can create great impact twesp and
economic loss [45], [46]. As mentioned before, most
sources of renewable energy technologies are iftenmn
and volatile in nature that creates many problemghie
operational aspect. Also, outdated operation pgnadif the
grid has hindered the full potential of renewableergy

projects and cause operational problem [47]. A good

illustration of the problem is the situation fornali energy
providers in China. Due to variability and lack @bdated
operation paradigm, an average of 20 to 50 pergentnd
power is curtailed and subsequently not conneatéal the
national electric grid in 2011 [48]. Catastrophadds one of
risk management tools to transfer the operatidaeklto bond
investors. Catastrophe bonds are risk-linked stesiri It

Due to default or non-performance of renewable ®ner yjows investors transferring a specified set sksito the

project, developers may fail to make required payme

bond sponsor, such as natural disasters [50]. Radrlew

lower than
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energy developer can utilize the bond to secureeta@st can also mitigate the liquidity risks, which shotidve the
protection from capital market. In the event ofregsponding following key factors [54]:
operational failure, risk is transferred to bondlers and * A well-defined risk governance framework
hence developer is protected [51]. A typical and e A sound liquidity management practice
comprehensive operation risk management model n a <« A prudent risk liquidity risk analysis, control and
mitigate the operational risks [49]: monitoring

* Evaluates and quantifies operational risks

* Implement appropriate risk management tools an .
frameworks 3 Risk Management of Renewable

» Monitors the operational risks Energy Policy
* Investigate the causes of expected and unexpeassd |
events based on probability of occurrence

* Evaluate the trends, correlations and patternshef t  pyjitical risk refers to the risk of investmentdds a given

3.1. Renewable Energy Policy Risk

operational risks _ _ country caused by changes in policy or politicalicture.
* Evaluate the potential losses from operational @88 There are two main categories of political risk ethiare
impact on revenue and investment macro-level and micro-level political risks. Polidgk belongs

Funding liquidity risk and asset liquidity risk an&o main  t, micro-level political risk and is defined as jed specific
streams of liquidity risk conceming renewable @yer (s Renewable energy policy risk is the risk o¥dstment
develo_pment ar_1d market. Fur!dlng _I|qU|d|ty I’ISk. refeo the  |ossina given country caused by changes in rebievemergy
capability of a firm to access financing and céptaurces 0 jicy. Prospective policy risk and retroactiveipglrisk are
meet its liabilites while asset liquidity risk e to the 1,5 ‘classifications of renewable energy policy rif3s].
capability of a firm_ to trade and realize its assete_xisting Prospective policy risk considers the impact onpa@ning of
market at the fair value. Renewable energy investmeq, project caused by the overall uncertainty asthbility of
generally requires long investment period. For mstance, he regulatory framework, while retroactive poliaysk
the average payback periods for small (20-50kW)dioTe  .ngjders the impact on the financial stability efisting
(100kW-500kw) and large (SO0kW-5MW) wind turbines ,qiects due to policy changes. Of the two typesadity risks,
with feed-in tariff are 12, 8 and 3 years resp&ii52]. In  yhe impact of retroactive changes is higher becthesehanges
the meantime, secondary market is seldom existefliecty break down the assumptions and forecastdenby
Developer and investors are difficult to sell thesel. yeyeopers, financers and investors [56]. The theeties are
Therefore, liquidity risk is al\_/vays a big concemrgnewgble three key parties involved in renewable energy otopnd
energy development and investment. Debt financind a yhey face renewable energy policy risk differemttgording to
renewable energy pooled funds are means to solee e imeline of project. Figure 1 shows a typideieiine of
liquidity problem due to non-existence of secondaiyrket | eneyaple energy project from the perspectiveseuélbpers,
[20], [53]. Further measures to mitigate liquidityk include  {1anciers and investors.
improving project revenue and improving renewable
technologies. An effective liquidity risk managermemodel

Key:

Investment

l Venture Capital and Private Equity ]

l Asset Finance ]

l Public Equity Markets l

l Mergers and Acquisitions l

---------------------------------------------------- INVBSTOr = === == s m e mm oo

Pre-Development Development Construction -

Development Finance C”;.S”“C“"” Operation Finance >
inance

---------------------------------------------------- Financier  =========mmm oo

Figure 1. Atypical renewable energy project timeline for developer, financier and investor

As shown in figure 1, developer’s perspective can bconstructing and operating environment. They idgnti
divided into four distinct phases of activity. Imetfirst phase market opportunities and focus on a set of renesvabl
of activity, developers consider possible marketfamentals technologies or resources. Then developers willeestr
that affect the renewable energy project's develgpi identified projects and only move forward the most
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promising project to the next phase. In this phasehnical
analysis and financial analysis are usually peréatnio
reveal major hurdles that deter the project exeauti
Renewable energy developers perform their own [ty
pro forma analysis to assess the project basedhain risk
tolerance and professional judgment. Renewable ggne
policy risk is limited because amount of money sted and
time involved are not significant. In phase twosaatment of
capital
substantially. It is because all of the
documentations for the project have to be prepaed
completed for the financing and construction of jpcts
within this phase. A project development framewositled
SROPTTC is one of the decision making tools to s&the
risks connected to the renewable energy project]. [5
Renewable energy policy risk is the highest, assictamable
capital and time are involved. In phase three, bpegs start
construction. The primary concern is that the devets have
to deliver the service and operate the renewabkrggn
project according to the requirements of the camtraolicy
risk is high in this phase. Because amendment redwable
energy policy can significantly affect the assumpsi and
forecasts of the project and reversal of the ptagedifficult.
However, many of the risks have been mitigated thy t
creation of asset. In the last phase, the timedimés from
construction phase into operation phase. Renewatdegy
project has been commissioned and starts to opédfeden
the perspectives of developers, they have develdped

ic Engineerifid 2; 3(1-1): 1-12

There are four main categories of investments tnout
the process: venture capital and private equisetanance,
public equity markets and mergers and acquisititiys
referring to figure 1 [1]. Venture capital and @ig equity
and are renewable energy investment at the eafyestThe
rinvestments are long-term and illiquid strategy][58he
main difference between them is that private eqguwgstors
invest in mature companies while venture capitakgtors

and time required by the developer increasenvest in startup companies. Hence, the expecteoinreénd
necessarsisk from venture capital is generally higher tharivate

equity. The most widely used valuation methodolsgie
include price of recent investment, earnings midtimet

assets, discounted cash flows, discounted earnanys

industry valuation benchmarks [59]. Depending ore th
7valuation methodologies, the impact of prospecipaticy

risk can be significant, particularly discountegltfiows and
earnings. It is because the changes directly biakn
investors’ assumptions and forecasts. Similar totwe
capital and private equity, asset finance is arestwment at
the early stage. Internal company balance shemssland
equity capital are the main sources of funding.ebtors
generally have excessive information and knowlddgaake
investment decisions. Therefore, the expectednmetnd risk
are low compared to other categories of investmexdet
assets, discounted cash flows and discounted earrare
commonly used valuation methods. The impact

prospective policy risk is significant for the same&ason as
venture capital and private equity investment. ikénithe

of

renewable energy project capable of operating a& thabove mentioned categories, public equity marketd a

requirements of the contract. From then on, deww®p@re
responsible to operate and maintain the renewahézgg

project in accordance to the contact. Since theepto
approaches to the end of its planning horizon,etffiect of
policy amendment decreases. Therefore, policy

decreases gradually.

The financier’'s perspective can be divided intoe¢hr
sections which are development finance, constrodtimnce
and operation finance. In the first phase, it repnts the
most speculative phase. In the event a deal isoopleted,
financiers face the risk of total investment loS#ce this
phase is highly speculative, debt is often notlabé. Most
of the capitals for development finance are conmnfithe
developers and other equity investors. Similariythe event
policymakers amend renewable energy policy in wingd
adversely impact the completion of deal, financiacse the
risk of total investment loss. Hence, renewablagngolicy
risk is the highest in this phase. In the secondseh it
represents the total capital cost of a renewakbdegsrproject.
Because many of the risks have been mitigated ey
creation of asset, equity and debt financing arsalis
provided at the construction phase. Policy risisti high,
but is dropped due to the backup of asset. Ingbepghase, it

ri

represents the operation finance of a renewablaggne value

project. The high risk project has been transformeda

stable asset that is not exposed to development aspgeculating acquisition

construction risks anymore. The effect of policyestiment
and policy risk decrease gradually.

mergers and acquisitions are investment at the dtdge.
Investment of public equity markets is publicly deal.
Investors have flexible investment time horizonghhi
liquidity and accessible market information. Themooon
skaluation methodologies are discounted cash flows,
discounted earnings, dividend discount model andiegs
multiple [60]. Since these methodologies are akenkon
accurate assumptions and forecasts, retroactivacypol
changes could dampen the investment return [61f Th
impact and retroactive policy risk is varied depagdon
business diversification. In general, the more
diversification of business is, the lessor the iotf@nd policy
risk are. Hence, a risk-adverse investor is moeéepable to
invest in a multi business company. Mergers andiaigpns
are both strategic investment with the buying, isg)l
dividing and combining of entities with the aim toeate
synergy [62]. A merger is that two or more firménjdéorces
for mutual benefit while an acquisition is that diren takes
control of another firm by purchasing the majordy its
thassets or shares. The five common categories afareare
conglomerate merger, horizontal merger, market resibe
merger, product extension merger and vertical me(@e the
other hand, the five common categories of acqaisitiare
creating acquisition, consolidating acquositi
accelerating acquisition, resource acquiring adtijpis and
[63]. Merger and acquisitio
investment are highly complicated procedures frandeal
planning, deal completion, post-deal integrationd an

the
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extraction of value. Although investors generallavé
enough knowledge and information to evaluate tafiget,

the valuation of synergy is difficult to be predidt and
determined. The common valuation methods are digedu
cash flows, discounted earnings, earnings multgsld net

Risk Management btiti\pplied to Renewable and Sustainable Energy:vieike

assets [64]. The impact of retroactive policy rigk
significant, especially with the use of discountesh flows
and earnings. It is because the changes couldoglesie
value of synergy.

3.2. Risk Management

Table 2. Primary Merits and Deficiencies of Renewable Energy Policy

Renewable Ener gy Policy Merits

Deficiencies

Stable revenue streams
Guaranteed profitability
Guaranteed grid access
Performance based incentive

Feed-in tariff

Cost reduction due to competition
Utility quota obligation Less government expenditures
Obligation and mandate

Market based policy

LCOE reduction
Net metering
Performance based incentive

RECs Additional revenue/LCOE reduction
Market based incentive

LCOE reduction

Upfront investment cost reduction
Easier access to project financing

Capital subsidy, grant or rebate:
Investment tax credit
Loans

Additional revenue/LCOE reduction
Performance based incentive

Energy production payment
Production tax credit

Public competitive bidding Cost reduction due to competition

Centralized way to achieve national target

Capable of driving small-scale projects

Centralized way to achieve national target

Overpriced/underpriced feed-in tariff
Inappropriate contract duration

Delay in payment

Delay in grid access

Lack of degression rate

Revised existing/future feed-in tariff
Unstable electricity price

Inappropriate obligation

Inappropriate penalty

Revised obligation

Excessive focus on low cost renewables
Overpriced/underpriced net metering
Unfair charges/fees imposed by utilities
Impact on profitability of utilities
Inappropriate market rules

Issues of market risk

Issues of liquidity risk

No guarantee of project performance
Over/under reward

Revised policies

Interest rate risk (loans)

Renewal uncertainty

Revised policies

Ineffective to debt financing and cash flow (protioie tax credit)
Cost uncertainty

Price dumping

Shortfalls or delay in development

Table 2 summaries the primary merits and deficenaf
renewable energy policy. The uncertainties of feethriff
policy are mainly come from inappropriate
inappropriate contract duration, improper impleragion,
improper design and unstable policy [12],
Excessive price or duration leads to ineffective akpublic
funds and
underpriced or short term feed-in tariff is insci#int to
attract investment and leads to deficit investmentessive
feed-in tariff rates can also put upward pressurelectricity
prices, especially if large-scale of high cost realgle energy
technologies are included [70]. In addition, exoes$eed-in
tariffs can create heavy burden on the public bufid. An
under developed transmission network and long delayid
connection also affect the capacity factors andfitgraf
renewable energy projects, which could ultimatebuse
projects default [72]. Yet, risks are manageable this
situation with adequate due diligence. Since thengeof
feed-in tariff are usually made clear to investoradvance
to develop renewable energy projects, investorsaaie to
reach final decision based on the existing feedariff.
Instead, revise in feed-in tariff can create a biggnpact. In
most of the time, governments reserve the finahtrigp
amend the feed-in tariffs. As a result, investoesan know

the exact duration of policy. An unexpected incramm
feed-in tariff leads to an unnecessary competitind create

tariff, an unfavorable business environment for existingestors

while a sudden decrement can harm the growth awahle

[65]-[69] energy and create an unfavorable business envimnfoe

new entrants [73]-[75]. Portfolio management is afehe

redundant renewable energy projects whiteols to diversify the risks and impact [76]. Calesing

portfolio theory, if assets are not perfectly anasipively

correlated to each other, risk can be reduced widfqdio

management due to diversification effect [77]. Efiere, a
portfolio of generation resources, renewable en@myects
or any combination is able to mitigate the risksiother
approach is scenario analysis which is a tool toeain
probable future outcomes with the consideratioprabable
alternative events that can take place in the éutlmvestors
can use the probable outcomes to minimize the taiogy
and choose the optimal solution based on theirpeetses
of risk and return. For instance, a scenario-baggmioach is
applied to search the optimal decision by takirtg eccount
different feed-in tariff schemes and risk and netur
perspectives [78]. In addition, Monte Carlo simidas and
mean-variance analysis are also applied to quarthfy
risk-return profiles of renewable energy projects9]]
Another mean to diversify the policy risk is to poase
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political risk insurance products which are welbigmed to required amounts of buyback are too high, profitgbif
compensate the impact of policy change [55]. Caringr utilities will be threatened. Therefore, a proper
delay in payment and grid access, although poatfoliimplementation is essential to balance the bendditboth
management and scenario analysis are able to retthgce investors and utilities. Similar to feed-in tariffet metering

risks, supportive policy is still the best way tddeess the
problems [10].

The primary risks connected with obligation/mandatel
utility quota obligation are unstable electricityriges,
inappropriate implementation, excessive developroariow
cost renewable energy technologies and revisedyatinin
[12], [80]-[83]. Policies support the concept oédr market
and leave price unregulated, which increase maisefaced
by investors [84]. Market-based approach and gdmeeretic
approach to model generation expansion planning

is usually known in advance. Hence, uncertaintiae tb
overprice and underprice can be handled with safficrisk
assessments. To tackle the risk of unfair condition
policymakers may impose regulations to protect bstlle
investors. A study has shown that net meteringeless the
impact on utility company in the case that the nelffecient
unit fails and has to be substituted by a lessiefit one [96].
As a result, the issues of charging additional feasnet
metering which punishes customers for choosing aemo
ienergy efficient appliance should be addressedekample,

deregulated market can be used to handle the prieesafe harbor provisions has been imposed in Motaes® as

uncertainties [85], [86]. Real option approach h® been
applied to address the market risk in differentexeable
energy developments, such as hydropower power Bt
solar power plant [88] and wind power plant [89]th&r
problems are inappropriate obligation and penafthe
problems create dilemma for the project develop@rs.the
one hand, project developer may face financial puadtical
issues, such as insufficient funding and profitathieve the
targets. On the other hand, project developer redjnied for
non-compliance with the obligation. Therefore, daheae
between obligation and penalty should be well ajeanby
policymakers. An additional uncertainty associaiedan
unexpected obligation amendment. If policymakeddsaly
revise the obligation and set a higher target, soméhe
renewable energy project developers could be cdetéd
develop an economically infeasible project in orttefulfill
the obligation and avoid penalty. On the contraify,
policymakers suddenly lower a target, some of reximev
energy generations could be redundant and elimindte to
excessive competition. Staging real option approacta
mean to tackle the problem. Broadly speaking, ogalon
approach models the flexibility in response to gemnin
business environments, which includes the capgbiit
deferring, abandon or adjusting the project smasgact with
the evolution of uncertainty [90]. Rather than Hinb a
renewable energy project at a single stage, deeeldpides
the project into different stages. At each of thags,
developer preserves the flexibility to abandon mrexpand
the project. This segmentation improves both traniag
and risk reduction effect [91]. In addition, dividiation is
also a key to reduce risk exposure. A portfolioduhs
approach is one of the methods to diversity thegneix

to eliminate the disincentive conditions [97]. Ceming the
impact of profitability of utility companies, busgas
diversification strategy is a way to reduce theoemsged
policy risk. Utility companies often have supergriin
economies of scale and knowledge. As a resul, éasy for
them to expand their business to retail level &sd@ the
impact. Literature shows that concentric diversificn
strategy is one of the business strategies [98]aRanstance,
generation and transmission companies can exteait th
services to net metering equipment, installationd an
maintenance to hedge the risks.

As mentioned before, the sale of RECs advances the
revenue and is able to finance renewable energggiso[20].
However, the overall contribution is uncertain dhattuates
significantly due to different REC markets, enemplicies
and other possible reasons. The impact can beghsalsi 50
percent or as low as 1 percent of total revenuen fia
renewable energy project [99]. Besides, demand rtaingy,
supply uncertainty and price uncertainty induce itzatthl
market risk and liquidity risk [99]. In case of asapply of
RECSs, market price could be dived strongly andréwenue
from the sales of RECs could be slumped [100]. udwt
shows that these uncertainties are due to the arke
fluctuation as well as the lack of liquidity [101Dn the
supply side, the creation of futures, forwards dadvatives
markets with long-term contracts are ways to lithé price
volatility of RECs. On the demand side, the creatif
margin, loan or banking mechanisms are some pessibl
means to limit the price volatility that encourageactive
investors to enter the market [102]. InconsisterECR
definition and attributes, REC ownership uncertaiand
lack of REC tracking system are also part of thercses of

by resources so as to lessen the impact due taypoliliquidity risk [103]. Enhancement of implementatias a

uncertainty [92].

Referring to table 2, there are three main defiEs of
net metering, which include inappropriate net meteprice,
inappropriate implementation and negative impact
profitability of utilities [93]-[95]. If net meterig is
underpriced or unfair conditions, such as high madi
connection fee and high standby charge, are impdsed
utilities, renewable energy developments are dete®n the
contrary, if the buyback prices are overpriced ahé

must to reduce the uncertainties. For examplegy-term
contract is a way to reduce market risk and unbogdRECs
and disaggregation of attributes are ways to rednaeket
o@nd liquidity risk [103], [104]. An improvement amarket
rules, such as ceiling prices, floor prices anditstof short
selling, can also improve the situations [103],9[L0Floor
price and ceiling price are set up to fix REC atamneed
range of price if supply is too substantial or $age to
reduce market risks. On the other hand, shortnggeis set up
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to allow investors to hedge their positions andrionp the
liquidity of REC market.

According to table 2, risks connected to capitdisidy,
grant or rebates, investment tax credit and loaasnainly
come from revised policies [106], [107]. The reasgn
because the benefits are often known to develagdezad of
renewable energy developments. Therefore, new sistirgy
developers can easily assess the risks and takessaay
measures. An unanticipated increase in incentivestes
comparative advantages to new entrants. To hedgeigk,
existing developers can use electricity derivatit@$ock in
profits [108]. Electricity forwards, futures swapse some

common hedge tools. On the contrary, an unantiethat approaches,

decrease in incentives will slow the growth of neable
energy developments and creates comparative adyemnta
existing developers. Potential entrants are adwisgzkrform
cost and benefit analysis again to make their fieadisions.
Undoubtedly, the market risks faced by them areeim®ed.
An additional shortcoming for loan is interest raigk. By
definition, this is the risk to the incomes fronvéstment due
to the changes in future interest rates. Firstlnterest rates
fall, existing developers will have to pay the saaneount of
interest which they could actually pay less. Sebgnid
interest rates fall, loan rates would probably. fal a result,
new entrants enjoy comparative advantages. To héuge
interest rate risk, developers may enter an inteete swap
to pay floating rate and receive fixed rate [108hother
major deficiency is the unsecured project perforceaas the
incentives are not linked with performance. To eolhe
problem, policymakers may impose provisions to gubt
themselves, such as minimal electricity generation.

Although production tax credit and energy produttio

payment share the same objective of reducing LGDErgy
production payment provides more benefits.
production tax credit is a tax allowance and tasiba
Therefore, it is ineffective to both cash flow amkbt
financing [110]. Secondly,
developers typically do not have enough taxablenme to
have full advantage of the production tax credifsl]. Some
investors attempted to transform the tax basis fiteimto
cash basis. However, cost and legal status ofrémesaction
are doubtful. Another risk caused by the policesanewal
uncertainty. Both policies provide incentives wifkxed
period. In general, developers usually receive rtigces
during the first ten years of operation. By thdw tenewal is
subject to the allocation and availability of funihs every
subsequent fiscal year. Therefore, it often creates
boom-bust cycle of renewable energy developmern}. [A2
study demonstrated that renewal negotiation dynaroan
enlarge the influence of policy risk over corporateestment
decisions [112]. Staging real option approach, aden
analysis and tax credit planning are tools to marthg risk.
By diving renewable energy development in differstatges,
investors enlarge their flexibilities in responeethie renewal
uncertainty. On the other hand, investors can appgnario
analysis to minimize the renewal risk [113]. Taxedit
planning can also be applied to optimize the taaditr

Firstly,

renewable energy project

Risk Management btiti\pplied to Renewable and Sustainable Energy:vieike

received with consideration of different uncertasaf114].

The deficiencies caused by public competitive biddi
include price dumping and shortfalls or delay inglepment.
The problems of dumping and shortfalls or delay in
development can be addressed by enacting strict
development requirements [33]. Other risk concermeth
the policy is the cost uncertainty. Since contrpdte is
determined during tender procedure, cost unceytaiat
usually happened [115]. Optimization based statidihg
strategies have been widely adopted to reduce #nketrisk
[116], [117]. In practical, dynamic bidding straiesy such as
sequential optimization bidding strategies and gémeretic
have also been used to reduce the cost
uncertainty [118], [119].

4. FutureWork and Conclusion

At present, a wide range of risk management instnts
are offered by private and public institutions. &pie risks
which are credit risk, market risk, operationakrisquidity
risk and political risk, as discussed in Sectigrhdve created
a large demand by financers and developers for risk
management instruments to mitigate the risks. Th@nm
challenges for the providers of risk managementstoo
supporting renewable energy developments are in the
following three areas:

e Further improvement of risk management instruments
and innovation in their uses to make them morectife

in handling the specific risks of renewable energy

development
e Expansion and standardization of the use of risk

management instruments, in particular to renewable
energy policy risk, to promote collaboration with
policymakers, financiers and developers
* Enhanced risk management assistance to financiers,
developers and investors to prepare renewable gnerg
projects and attract private and public investments
In this paper, the big picture of market risk, dratsk,
liquidity risk, operational risk and political risif renewable
energy development and market has been studidtbraugh
review has been provided to stakeholders in renenaiergy
projects, such as policymakers, financiers, devakopnd risk
management instrument providers. Furthermore, otiremge
of ways in which risk management instruments caergify,
hedge and transfer renewable energy policy risk been
revealed.
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