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Overview
Recently policymakers have implemented various policies for reducing greenhouse gas emissions owing toby

concerns ofabeut-global-warming—and climate change. Those e-policies include schemes for supperting—and

promoting renewable energy such as feed-in tariff (Fi4T), feed-in premium, FitT-contract for difference, and
renewable portfolio standards (RPS). Those pollcres d|rectlv |mpact the power prrces by favormq power

fer—renewalele—energy A number of artlcles have studred the |mpacts of various addressed—the—prelelem—of

relationship—between-renewable energy policiesy on and-the e-marketequilibrium—energy market outcomes
(Fischer, 2010; Tanaka and Chen, 2013; Hibiki and Kurakawa, 2013; Siddiqui et al., 2016). Especially, Hibiki

and Kurakawa (2013) compare the RPS to the FitT schemes from the aspect of the social welfare. They find that
when the marginal damage cost is relatively high, the social welfare for RPS is higher than that for Fi{T_-under
conditions-wherewhen the renewable energy generator is a price taker. However, as many countries, as alluded
to in As-shown-in-REN21 (2016), -have -mere-implemented a combination of multiple policies, there is a need to
understand their market impacts and compare to either RPS or Fit alone. This studv specrfrcallv examrnes the
effrcrencv of the “hvbrrd” polrcv scheme consrstrnq of RPS and F|T

The Model

We considerin-this—werk—as-shewn—in—Fig—1-we-consider two types of power generators in the electricity

industry:-as non-renewable energy (NRE) and renewable energy (RE) generators (qu 1) - -These two types of
producers are jointly sub|ect to W . A

scheme That is 4+the RE generator s profrt is |nd|rectly |mpacteds pyon the power prlce hroug via the F|T
scheme. H-is-assumed-thatThe total generating cost for each generator is assumed to be ga-guadratic function,
with the -and-that-the-rate of increase in marginal cost -(or the slope of the marginal cost) for RE -is larger than

that for NRE. The power prices in the market is given by an linearthe inverse demand function for total output.
The damange from eost-of-greenhouse gas emissions is assumed to be a convex quardratic function of in-enby-the
generation-output from-the-NRE’s output. Similar to Therefore-we-also-assume-that the function-is-an-quadratic
one-of-output—Likewise-Siddiqui et al. (2016), we model the interaction between an electricity industry and the
government a-pelicymaker-by assuming that a the-policymaker's-ebjective-is-to maximizes the social welfare,

accounting for the -eempesed-ef-a-social surplus in consuming and producing -power minusthe-power-market;
and—the damage ¢ aused by cost from the greenhouse gas emissions. We consrder the following scenarlostnprder

Central planning (CP): As a bench—mark case, th|s settrng has a central planner who s |multaneously decides
outputs for all power generations by maximizsing the social welfare.

RPS: At lower level, NRE and RE generators choose the outputs subject to the for-arbitrary-RPS target
determined by thethe qovernment at the upper level by Jayemammlzmq somal welfare. ng%epmfﬁs@nm

FIT Slmllar to the RPS case, but with only the iFh&playeHanoweemarkeHsauseNRE generator is supported

by the F|t that is optimally determlned by the qovernment qevernemtr‘rat the upper Ievel whaean4nﬂue+aee4he

thepeheymakepsetstheﬁlipneemammmgseeram;elfare
Hybrid policy (HP): NRE and RE generators decide their outputs subject toir a combination of the-hybrid
peheyLeLRPS and FiT_with both the RPS target and the F|T determrned by the qovernment —Abtpperlove—he
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Figure 1. Model for pure or hybrid policy
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Figure 2. Social welfare for each scheme Figure 3. Output ratio for renewable energy for each
scheme

Results and Discussions

We follow the assumption by Tanaka and Chen (2013) and Siddiqui et al. (2016) for the tn-this-analysis—we-use
same-parameter values. Figs 2-3 report the main outcomes. -as-previous—papres; Fanaka-and-Chen{2013)-and
Srdel+qu4—et—al—€294:6)—Frg 2 plots the resultrnq socral welfare asqarnst the marginal damaqe K for four
scenariosshew £ A

scheme. Frq 2 indicates that the Ihe—maxrmrzsed socral welfare for the HP (hvbrrdeel polrcv) is greater than
those for pure polrcsres as RPS and FrlT, suggestrng —'Fh+srmeansthatthe flexrbrlrtv of HP due to choices of RPS
and FiT h effectively
enhances social welfare Thrs is contrast to UHl+keH|b|k| and Kurakawa (2013) oncludrng that the FitT scheme
always results in thehe lowest maximizsed social welfare for any given K. The impact of K to the output ratio for
renewable energy is illustrated in Fig. 3. _This figure implies that As-can-be-seen-from-thisfigure,-the FIIT results
in the lowest ratio for renewable generation. This is mainly because NRE generator needs to increase outputs
bydue-te purchasing the electricity from RE generator due to threugh-FitT scheme, leading to the —TFherefore-the
power-price-is-smakest-onelower price under the FHT casesetting. The analysis also suggests that the H-turnas-out
that-the-optimal RPS requirement under the HP is greater than that offer RPS. Since the FilT price comes
becomes-thecloser to the- power electricity-price for-when K becomes relatively large. This implies that—vatue
of Kand-thereby the market power for the NRE producer can be effectively mitigated under the HPgenerater
might-be-mitigated case, leading to the power price compattible with the PC casethe-HP-setting-may-be-close-to
perfect competition.

Concluding Remarks

Tha-this work explores the efficiency of the hybrid policies, i.e., RPS and FiT, by comaparing it to the single

policy scheme (either the-RPS or —and-FiT)-cases. we—examine—the-marketcompetition—of NRE—and-RE
generators-in-RPSFIT and-their-hybrid-schemes— The-effect-of emission-cost-on-the-social-welfare-and-the
output-ratio-forrenewable-energy-is-numericallyanalyzed—We find that the maximized social welfare for the
hybrid policy is greater than those for pure policies, e.g., -as-RPS and-or Fi4T. _Under the hybrid policy scheme,
In-addision-the ratio of output-ratio—of-renewable energy_output to the nonrenewables—for-hybrid—policy is

reprorted to be also-largerthan-thoseforpuregreater than that under the ether-single pehiciepolicys. Thus, -the
hybrid policy can effectivelyis-mest-effective-means-of promoteing renewable energy. In the future work, we




will extend the model to introduce uncertainty of the demand. We will also allow for investment decisions and
capacity choice for renewable energy.
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