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Doesthe short-term boost of renewable ener gies guar antee their stable long-term

growth? Assessment of the dynamics of feed-in tariff policy

Abstract

Feed-in tariff (FiT) is one of the most efficientays that many governments
throughout the world use to stimulate investmentrémewable energies (RES)
technology. For governments, financial managemehtth® policy could be
challenging as it needs a considerable amount dfjétuto support RE producers
during the long remuneration period. In this papehas been illuminated that the
early growth of REs capacity could be a temporasgsh and the system structure
would backlash the policy if some social mechanisans not considered. Social
tolerance for paying REs tax and potential investtnust emanated from budget-
related mechanisms - which have rarely been coreside the previous researches-
are taken into consideration to reflect the rodtthe policy resistance behavior. Iran
was chosen as the case, which is in the infanaggef FiT implementation with the
target of 5 gigawatt (GW) REs capacity until 20Zb. illuminate those interrelated
complexities, in an integrated framework, systemaagics methodology was used.
Computer simulation shows that the likely financailsis will not only lead to
inefficient REs development after the target tin2®21) but may also cause the
existing plants to fail. Three alternative policeee tested in the model, and the results
demonstrate that the most favorable policy is “stillg the REs tax on electricity
consumption based on budget status” which hitgdhget in 2021 and reach around
14 GW until 2035 without inducing any negative sb@ffects and financial crises.
Policymakers can use this model to test other smsnand improve the FiT policy
design process before the implementation phase.

Keywords: Feed-in tariff, Renewable energies, System dyogniPolicy resistance,

Social acceptance
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1 Introduction

Finite resources and environmental degradatiovesemain reasons for governments
thinking of providing electricity from renewabletih@r than non-renewable resources.
By such a diversification, besides empowering eyesgcurity and retaining
sustainability in production, they combat climatearges as well [1]. Renewable
energies (REs) are recognized as one of the deshaiives substituting fossil fuels;
nonetheless, high capital costs and changes ilevieéand composition of investment
make them an expensive energy resources [2].

Low fossil fuel prices prevent REs to expand rapiol the absence of effective
incentives [3]. To tackle this issue, various typégpolicy tools including price-based
incentives such as feed-in policies, quantity-baseentives or quota obligations,
including renewable portfolio standards (RPS) imbmation with REs certificate or
credit (REC) markets, fiscal and financial inceasivsuch as tax credits, and voluntary
measures such as green tariffs have been used \®rngeoents to support REs
development [2]. One of the most popular policiess tbeen adopted by many
countries is feed-in tariff (FiT). FIT is an intems program that provides investors
with a set of payments for the electricity whichpi®duced by REs and fed into the
power grid. Small-scale developers like homeowremsd medium to large-scale
companies can benefit from the supporting prog@enicourage their participation in
such programs by securing definite returns of thmiestments [4]. When the private
independent producers receive a long-term, minimguaranteed price for the
renewable electricity they generated, a certainraegf financial reliability is
provided, which resulted in less investment risil amre willingness to invest. This
Is the considerable benefit of FiT.

Even though FiT is one of the most effective REBcgomechanisms in promoting
and sustaining REs growth [5], it may lead to saimn@wbacks if it is not applied
correctly. There exist some real-world examplesgozernments with electricity
consumers facing financial burdens imposed by tiie golicy [5-7]. FiT prices,
depreciation rates and the period in which FiT gols applied are the most critical
factors when utilizing this policy. FiT rates mus¢ high enough to recover the

investment cost within a reasonable timespan amuil&aneously small enough to
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avoid enforcing a significant financial burden [8].long-term, stable and high price
can negatively affect the actual energy market. Wile FiT price is too high, the
pace of REs growth may exceed the goal predictedatigymakers [9], which may
restrict them under different economic conditionsl @dversely affect the investors'
confidence in this incentive program [1].

The objective of this study is to diagnose the pdllicy structure and evaluate its
effect on the REs growth trend in the long-termsy&tem dynamics (SD) approach is
used to show the dynamic interaction of FiT pokey other factors such as potential
investors' trust and social acceptance, and tdhestlternative or corrective policies.
The dynamic mechanism of the FiT system, which ida@ms social and economic
interactions in the long-term, has been rarelyistlidwhat this research focuses on.
To the best of authors’ knowledge, this study i®agst the first ones that sheds light
on the role of social mechanisms in the succedsibfPolicy. Using SD approach,
this paper warns policy makers that the early gnoat REs capacity could be a
temporary boost and the system structure wouldflvadBecause of the existence of
some social feedbacks.

For analysis, country of Iran was selected as #se.cAlthough Iran is an energy-rich
country, both energy security and contribution ¢wvér carbon emissions for the
country require the faster development of REs. u#he little share of REs in the
current energy portfolio, expanding the electricipyoduction from renewable
resources is significantly essential [10].

The structure of this paper is as follows: Sectirbriefly reviews the relevant
literature concerning the FiT and REs developméné status of REs and FiT in Iran
Is described in Section 3. In the next section,riaf kexplanation of the research
methodology and the modeling process is given, &l suitability of the SD
approach for investigating the problem is discus$ttion 5 explains the detailed
gualitative and quantitative aspects of the mo8eltion 6 discusses the simulation
results considering different policies and finaBgction 7 concludes the paper.

2 Literaturereview

FIT has appeared as one of the most popular pslifie supporting renewable

technologies. Several papers have discussed thantdes or disadvantages of
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different FIT policies, as well as the potentiahdncial difficulties created by
implementing the policy [5,7,11-14]. To evaluate tHT policies, some researchers
developed different assessment models and appraa€be instance, Dusonchet and
Telaretti [15] performed an economic analysis teestigate the effect of FiT on
promoting photovoltaic (PV) technology in the eastdEuropean Union (EU)
countries. The analysis showed that, in some casg®yorting policies could be
inappropriate for the owner of the PV system. Idigoin, in many cases, the
difference of the implementation of the same sutppgipolicy in different countries
lead to significantly different results. Erturk [1éxamined the onshore wind energy
potential of Turkey to discover if FiT would enhanihis potential. In this study, the
economic analyses were conducted by the construcbd a static model
accompanying an uncertainty analysis in order mal fout which kinds of onshore
wind projects are feasible and more attractive.r8ak and Sadeh [17] suggested a
dynamic FiT strategy can be implemented in develmountries like Iran, where
high technology equipment is imported, and the eomao situation is not stable. In
the proposed scheme, FiT was updated once a yg@aeateng two main parameters
Euro exchange rate and reasonable retail priceser Adconomic analysis and
calculating net present value (NPV) and internte & return (IRR) of PV projects,
they concluded that by applying this scheme, thevR¥ility for short- and mid-term
would be guaranteed. Tabatabaei et al. [2] discuske economic, welfare and
environmental impacts of FiT policy in Iran. Theyaenined the effect of FiT policy
under different scenarios to increase the prodoctd electrical energy from
renewable resources up to 10%. The results shdvetdhe application of subsidies to
REs and the way the government finances thesedebsiould affect the results of
FIiT policy. Lan et al. [18] evaluated the effectiess of FiT policies for promoting
household solar energy adoption in Southeast QleeehsAustralia using a spatial
dynamic panel model. The results showed that thieeatial PV adoption was highly
correlated with the change of FiT policies. Morempwestallation of solar panels is an
investment behavior, which is influenced by theghbourhood peer effect and market
speculation. Karimi Firozjaei et al. [19] used a\WWRodel and evaluated the effect of

different parameters such as geographical, topbgramd climatic conditions on FiT
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optimization for solar photovoltaic electricity gEation in Iran. The results
confirmed that the optimum FiT is varied for di#@t provinces of the country.
Different SD simulation models were designed arnglia@ successfully to a variety of
problems relevant to FiT. In the following, some thle mentioned models are
reviewed.

Using the methodology of SD, Baur and Uriona [2@Vveloped a model of the
German PV market for small plants on private housed tested public policies.
Different scenarios respecting the reduction omegkmination of the FiT scheme
were analyzed. They concluded that public policg hacrucial role in the path of
transition to RE growth patterns and consequemthas to be cautiously employed.
Zhang et al. [21-24] developed a SD model to evaluhe effect of FiT and
renewable portfolio standards (RPS) on the devetoprof China's biomass, wind,
and PV power industries. The results showed thahenpurely competitive market,
RPS could promote PV, waste incineration, and bgsmevelopment better than the
FiT; however, the integrated implementation of Fiid RPS can result in better
outcomes for the wind power industry. Ye et al.][@%amined the FiT policy for PV
devlopment in China. The economic tools of NPV, |R&arning curve and the SD
method were applied to analyze the dynamic mechamt the FiT system. The
finding of the study indicated that the authoritypsld adopt the FiT more frequently,
at least once every year. A SD model was desiggddso and Ho [13] to assess the
FIiT policy effect on wind power installation in Te@an. They concluded that the FiT
policy could lead to a reduction in greenhouse(G#3$G) emissions and development
of wind power industry. Li et al. [26] discussee thaper and put forward suggestions
to perfect the historical test. Castaneda et &l [zesented a SD model to evaluate
the effects of FiT policy in the British electrigitnarket. Results suggested that FiT
scheme is a suitable policy tool for reaching emrsseduction at a lower cost. A SD
model was proposed by Ahmad et al. [1] for analyzihe role of FiT policy to
promote PV investments in Malaysia. The results alestrated that higher FiT rates
resulted in higher installed PV capacity. Shahmaianh et al. [8] propounded a SD
model to evaluate the effect of the FiT mechanisnMalaysia's electricity generation

mix. They concluded that albeit the policy can l|e@ad satisfactory results, the
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government may encounter an increasing budget ajerand it is necessary to
increase its income sources. Akhwanzada and TaBadeveloped a SD model and
analyzed the effect of FiT policy and reserve margn the expansion of PV and
municipal solid waste capacities in Malaysia. Ussn§D model, Hsu [9] assessed the
effects of Fit and capital subsidies on PV installes in Taiwan. They illuminated
appropriate policies such as reasonable FiT prmesubsidies, and mandatory
regulations can result in PV capacity developmeewt. et al. [29] created a SD model
to study the influence of FiT and RPS on the itsthtapacity of PV and emission
reduction in China. The best solution was the cowon of FiT and RPS policies.
Hoppmann et al. [30] analyzed the evolution of FiE system for PV development in
Germany. By investigation dynamics of the systeimeyt explained how the
characteristics of socio-technical systems affetitp interventions.

In almost all of the previous works, it is giveratithe government could cover the
policy expenses and there would be no financialdéur While the budget and
monetary mechanisms have a pivotal role in the gélicy success, in many of the
past researches, the budget mechanisms have emwintedeled, and only the cost of
the policy or the cost of the GHGs reduction icakdted. If the mechanisms are not
well designed, then the REs development pathwajddoe affected adversely. This
may be the root of many long-term harmful socideek on the system; the focal
point that this research want to address.

3 Thecaseof Iran: statusof REsand FiT

REs hold a tiny share of energy production in Iraow fossil fuel prices and the
subsidies on energy consumption are the main redsoithe low share [2]. Based on
the statistical reports published by Iran's Miryistf Energy [31], the share of fossil
fuels in the total primary energy supply was 98.7%e year 2016, and the number
for REs and nuclear energy were 0.94% and 0.29%pentively. Iran's energy
economy indexes reflect a high rate of energy comdion per capita. The high
consumption of fossil fuels is one of the main esusf air pollution in Iran, which
imposes high environmental and economic costs. Bbthie top ten air polled cities
in the world are situated in Iran. Power supply ingirpeak hours in summer

afternoons is also a serious problem. Thus theteari®n of new power stations,
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especially renewable systems with the natural psla&ving in hot climates is
compulsory [17].

There is an enormous potential for electricity @n from renewable resources in
Iran.. The annual average of solar radiation amshgunours during different seasons
has provided high potential for solar power genenain the country. Besides, due to
strong winds in several locations, more developm&niwind power capacity is
possible. Iran also has many rivers with ideal doors to expand hydropower plants.
The potential for power production from biomassoteses is high as well [32].
Furthermore, since Iran is located on the geothebels there exists a high potential
for geothermal energy production. The governmentoanters technical and
economic difficulties to utilize this potential. laddition to the huge capital and
technological investment needed for expanding RB#g) the technical point of view,
current grid structure of Iran has some limitatisnsh as being highly centralized and
having hierarchical topology with high probabilitgf domino effect failure
occurrence. These features along with the stochaature of renewable energy lead
to noticeable challenges such as difficulty in gatien planning and coordination of
supply with demand in real time [33].

Based on the mentioned facts, Iran's Ministry okrfgy have been enhancing the
network structure and also planning for new investmpolicies to tackle such
challenges and use the high potential of renewaldegies in Iran. More specifically,
considering the scope of this research, the Mipistitroduced new regulations to
promote the investment of renewable technologidterAinsuccessful net-metering
and capital subsidies program during 2013-2014néwve FiT program was introduced
in 2015 to convince investors to invest in renewatystems. It should be noted that
the target capacity was determined to be 5 GW @#l1. According to the new
scheme, all individuals, including house owners ammmercial investors can
produce electricity from RE systems and sell it @@ to 20 years at a guaranteed
price, regardless of their domestic consumptior].[The renewable organization of
Iran (SUNA) was assigned to make appropriate agamemts for the implementation

of the policy.
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4 Research methodology

This study uses the SD approach to diagnose thepéiity structure in Iran and
construct a “policy laboratory” to assess differstgnarios. SD is a systems modeling
and dynamic simulation methodology for the analydisdynamic complexities in
socio-economic systems with long-term, cyclicald dow-precision requirements
[21]. With a social system-related management qoinaeveloped by Jay W.
Forrester, SD deals with interconnections, nonlitiea, and complexity of systems.
Causality is a basis for this approach, and calesmlback loops can be realized and
analyzed through systems thinking. Using computaulations, the real influence of
a policy on a social system and its consequenceseastudied to understand the
implied causal feedback in the system [21].

While other methods of policy assessment like eomtac models, and cost-benefit
analysis emphasize the direct relationship betwdlea parameters and the
effectiveness of the model [13], using SD in thisdy -which is concerned with the
consequence of process shifts’ policies, identgythe structure of the system and
distinguish the patterns of behavior rather tharekact numerical features- is much
more well-suited.

The process of system dynamics analysis is contpridethe steps of (1) system
understanding, (2) problem identification and digtin, (3) system conceptualization,
(4) simulation and validation, (5) policy/decisianalyzing and improvement, and (6)
policy/decision implementation [34].

In this paper, by reviewing a large amount of engstliterature, annual reports,
detailed government reports, and published invastigs about REs status and FiT
history in Iran, the problem is articulated, and boundary of the model, endogenous
and exogenous variables, and the correspondingoreaips are determined. In the
next step, a conceptual framework is formulatedvinich subsystems and balancing
and reinforcing causal mechanisms are presentedghrsubsystem and causal loop
diagrams respectively. Next, a mathematical sinaratmodel is developed to
simulate the current and future trends of FiT poliBefore simulation, the validation

of the model is tested. In this step, both thecstmal and behavior validities are
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examined. Finally, the current FiT policy, as wadl three alternative policies, are

simulated and analyzed.

5 SD model
5.1 Conceptual framework

The subsystems of the model, their interactionsd dheir ingredients are
conceptualized by the subsystems diagram illustrate the Fig. 1. Subsystems
diagram corresponds well with mental models of eaysstructure and provides an
overview of model structure, which is one of thduable products of any system
dynamics study [35]. This diagram draws a big pietof the model so that it provides
a better understanding of the systematic endogeperspective of the structure at a
highly aggregated level. The detailed causal feekilbalations of variables and the
stock-flow structure of the model will be discussethe next sections.

There are three subsystems in this model: Budgé&is Revelopment, and FiT
payment. The budget subsystem includes tax forwabke development (REs’ tax),
the budget allocated for REs development (REs bijidgecumulated governmental
debt to RE producers (debt payment), and the anafumbney should be paid to RE
producers each year (production payment). REs dpwednt subsystem includes
installed capacity, tendency of investors to invedREs projects (tendency to invest),
social acceptance of REs, and learning curve eftédcgrowing RES’ capacity
(learning effect).

Budget and REs development subsystems interact esitih other through the FiT
payment subsystem. As depicted by arrows betwedrsystems, the budget
subsystem provides the financial source of FiTgyland the FiT payment subsystem
uses the financial resources. On the other hand, R payment subsystem
strengthens the REs expansion process, and thieoleREs development signals the

policymakers to adjust the FiT policy specificagon
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 REs tax
* REs budget
» Debt payment
* Production payment

A.

Aa1jod
114 @dueuld

Consume financial
resources

v

FiT payment subsystem

>

ay) uayibuans
Signals for
adjusting policy

ssa204d uoisuedxa

v
REs development subsystem

* Installed capacity

« Tendency to invest

e Social acceptance

» Learning effect

Fig. 1. Subsystems diagram of the model.

5.2 Causal feedback loops

In this section, the causal feedback loops of {fstesn are presented and analyzed.
There exist two general types of loops: reinforcargl balancing. The reinforcing
loops (indexed by R) have an intensification effeshile the balancing loops
(indexed by B) have a limiting effect on the systérhe interaction between these

two types of loops drives the dynamics of the sysi&6].
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5.2.1 Social acceptance (R1)

Wuestenhagen et al. [37] emphasize that socialptaucee is a crucial factor affecting
the REs development plan implementation. They qotuedize one of the essential
aspects of social acceptance by defining markeemance, which implies the
diffusion of the innovation process. There are othesearch showing that the
diffusion of different kinds of REs, induces envimental behavior, and awareness
that leads a society more welcome to REs [14,38F $ocial acceptance loop is
constructed as follows. When the tendency to inveseases, FiT requests increases,
which, in turn, leads to investment. The higheritheestment, the more the installed
plants. Increasing the installed capacity leads irtoreasing the diffusion of
renewables, which is conceptualized by the variabiewables' penetration rate in
the model. More renewables’ penetration rate, Gausere social acceptance and
awareness of renewable energies [39], and theréigheer tendency to invest. This
loop (R1) is depicted in Fig 2.

Installed

capacity ~
+

Renewables' Investment
penetration rate

Social +
acceptance
+ (R1)
Social FiT requests
acceptance
+
+
Tendency t

invest

Fig. 2. Social acceptance loop.

5.2.2 Learning effect (R2)
The learning effect loop is shown in Fig. 3. REpamty growth influences the
experience of using and constructing renewableesys{40]. This learning lowers the

capital cost [1], meaning the higher return of stweent (ROI) [35] and more

11
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314

tendency to invest in renewable resources. It lads to more FiT requests, higher
investments, and then more installed capacity. lEhi®w learning positive feedback
loop works. This loop (R2) is depicted in Fig 3.

Installed

/_' Capacity\
+

Investment
Learning effect

Learning
effect

: (R2)
FIT requests Capital cost

+

Te?r:ivegstiy © ROI of renewbale
-t projects
Fig. 3. Learning effect loop.

5.2.3 Closenessto the goal (B1)

The gap between the government target and existimgwable capacity, and its effect
on FIT mechanism is one of the frequent conceptdetea by some researchers like
Ahmad et al. [1], Mousavian et al. [10], and HsU. [&hen the installed capacity

grows, the distance to the desired goal (5 GW liestacapacity in 2021) decreases,
and the government adjusts the FiT rate to a loxare. It causes a reduction in the
ROI of renewable projects and thereby less tendemayvest, fewer request for FiT,

less investment, and consequently fewer installgzhcity. This phenomenon forms

the negative feedback loop, namely “closenessa@dal”, which is shown in Fig 4.

12
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Installed

capaci
/ pacity
Investment +

Closeness to
the desired goal

Closness
to the goal
(B1)

FiT requests FiT price

+
+

Tendency to

invest ROI of renewbale

-t projects

Fig. 4. Closeness to the goal loop.

5.2.4. Debt payment, production payment and tax balancing (B2, B3, B4)

There are three causal loops in which budget istimemon variable. All three loops
are depicted in Fig 5. Each year, the governmenouldhpay for the renewable
electricity produced in that year and should alag for the debt accumulated due to
probable budget shortage in previous years. Thee rtier budget, the more payment
for both the production and debt. On the other hamdre debt payment and
production payment reduce the available budget.s@hwvo similar mechanisms
forming balancing feedback loops B2, namely “debtmpent” and B3, namely “actual
production payment”.

When the government perceives the budget shoriiaigegecided to increase the REs
tax paid by electricity consumers with the aim ompensating the budget shortage. It
results in more amount of budget. This phenomemomg the balancing feedback
loop B4, namely“REs tax balanciifg However, though it is claimed that this
controlling mechanism exists in the current systéma,REs tax has remained constant
in recent years and does not react to the budgettiems. Therefore, it seems that the
feedback link from the budget to REs tax has nanbactivated so far, although

according to the policymakers, it potentially esist

13
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REs tax
Tax
balancing
(B4)

Budget

-+

Debt
payment
(B2)

+

Debt
payment

Production
payment

Actual production
payment

Fig. 5. Debt payment, production payment, and &a&rcing loops.

5.2.5. The whole causal diagram

The whole causal loop diagram of the model, whiltonstructed by the main six

loops and their relations is provided in Fig 6. Blover, all of the causal loops, types

of each one, their labels, and the source(s) usedristruct the loops are provided in

Table 1.

Table 1. Causal loops specifications.

Item Causal loop hame Type Label Source(s)

1 Social acceptance Reinforcing R1 [14,38,39]

2 Learning effect Reinforcing R2 [1,35,40]

3 Closeness to goal Balancing Bl [1,9,10]

4 Debt payment Balancing B2 Existing real mechanism
5 Production payment Balancing B3 Existing real Inaggsm

6 Tax balancing Balancing B4 [10]

14
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Production

balancing pa(an;;:Ant

B4 Budget Actual production
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Fig. 6. The whole causal loop diagram of the model.

346

347 5.3 Stock-flow structure

348 Below are details of the model from the perspect¥estock and flow variables,

349  where the key mathematical equations of each stdrsyare described. Stocks are
350 accumulations, and so characterized the stateedfytstem. By decoupling the inflows
351 and outflows and causing delays, the sources efjdisbrium dynamics in a system
352 are specified. Vensim, a SD simulation softwaren&m PLE for Windows Version

353 6.0b), is going to be used to simulate the behasisenewable installed capacity and
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other related mechanisms of the system for thesy2@i5-2035. The decomposed
stock-flow model based on each subsystem and thathematical formulations is
provided below. The references used for the fortraaof entire or part of some
equations provided in the tables as well. The wistdek-flow diagram is illustrated
in Appendix A, Fig A.1.

5.3.1 REsdevelopment

Fig. 7 shows the stock-flow diagram of installegpaecity. In the model, installed
capacity is defined as the accumulation of consttnaate minus depreciation (see
row 1 in Table 2). Approved FiT requests divided the time needed to build a
renewable power plant makes the in-flow of insthlbapacity, namelyconstruction
rate¢ (see row 2 in Table 2). Since some requests geetee by SUNA due to the
legal or qualification reasons (according to SUNfperts, approximately half of
annual FiT requests leads to capacity construgtemumber of 0.5 is considered as
the fraction of rejected requests (see row 3 inl@ap. While depreciation is an out-
flow of the installed capacity, it is the in-flowf ¢he depreciated capacity stock
variable and equal to the installed capacity didithy the equipment's lifetime (see
row 4 in Table 2). Cumulative installed capacityeigual to the sum of installed
capacity and depreciated capacity, which is dematest by row 5 in Table 2. The
initial value of installed capacity is set as 120Waccording to the SUNA dataset in
2015. The initial value of depreciated capacityasguo zero at the beginning of the

simulation.

Table 2. Renewables development subsystems' matilcahequations.

Item Variable (Unit) Mathematical equation

1 Installed capacity [1, 8, 9]= INTEGRAL (Construction rate — Depreciation)dt,
(Megawatt (MW)) Initial value=120

2 Construction rate [1] = Approved FiT requests/The time needed to build
(MW/year)

3 Approved FiT requests  =Annual FiT requests (1 — Fraction of rejected
(MW) requests)
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379

Depreciation [1,21] = Installed capacity/Equipment'’s lifetime

(MWlyear)

Cumulative installed = Depreciated capacity + Installed capacity
capacity

(MW)

Annual requests for FiT = FiT requests of the previous ygafendency to
[9] invest

(MW)

Tendency toinvest [9] = ROI of renewable projecisSocial acceptance

(Dimensionless) Potential investors' trust

Renewables' penetration = Installed capacity/Total electricity generation
rate capacity (Time-based linear regression)
(Dimensionless)

ROI of renewable projects= (((Capacity factok 8760« (FiT price — operation
[9,13]

(Dimensionless)

and maintenance (O&M) costs))((1+interest rate)

A Remuneration period — 1)/Interest rat@l +

Interest rate)  Remuneration period) — Capital

cost))/Capital cost

Equipment's

lifetime
~ = I Installed %; Depreciated
capacity Depretlatlo capacty

Constructlon rate

Approved Fi Cumulatlve installed
_ _ re uests capacity
The time needed to buid

Annual FiT Fraction of rejected requests
requests

Fig. 7. Stock-flow diagram of installed capacity.
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Fig. 8 demonstrates the annual FiT requests' caakalons. It is equal to the FiT

requests of the previous year multiplied by theléty to invest (see row 6 in Table
2). As literature advises, it is assumed that thlelip tendency to invest for REs is

correlated with the ROI of renewable projects, abeicceptance, and the potential
investors' trust (see row 7 in Table 2). Renewalgesetration rate, which is one of
the factors affecting social acceptance, is eqoathe installed capacity of REs

divided by the total electricity generation capgcithich is calculated through a time-
based linear regression of historical data (see§awTable 2).

Fig. 9 displays the causal relations of ROI of veslgle projects. The decision about
investment in REs projects is based on their R@i itha performance measure, which
is used to evaluate the efficiency of an investmBil measures the amount of return
of investment, relative to the investment's cost. Chlculate the ROI of renewable
projects, the benefit (or return) of the investmeéntdivided by the cost of the

investment (see row 9 in Table 2). The remunergtemod refers to the time horizon

that SUNA is obliged to purchase the electricitpguced by REs and fed into the
grid. According to the SUNA regulations, this peris 20 years [41].

Installed capacity

<Time>\ '/
Total electricity generation capacity

Renewables'
peneteration rate

Social acceptance Annual FiIT

el )

Tendency to invest
FiT requests of the
Potential / previous year

investors' trust
estors rus ROI of renewable

projects

Fig. 8. Annual FiT requests' causal relations.
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Fig. 9. ROI of renewable projects' causal relations

5.3.2 FIiT payment

Fig. 10 displays the stock-flow diagram of the pdyment subsystem. The installed
capacity of REs multiplied by the capacity factetatmines the electricity production
in a year, which should be paid according to thegelicy (see row 1 in Table 3). To

calculate the money that should be paid by the onent to electricity producers in

each year, the total electricity production andttital FiT paid from the beginning of

the simulation (2015) are accumulated in two stodksen the average FiT price is
calculated by dividing the total electricity prodion by total FiT (see row 2 in Table

3). So, the average FiT price multiplied by eledtyi production determines the
desired production payment for each year (see rawTable 3). The initial values of

both stocks are supposed to be zero at the begimhithe simulation.

19



417

418 Table 3. FiT payment subsystems' mathematical emsat

Item Variable (unit) Mathematical equation

1 Electricity production [8,9] = |nstalled capacity Capacity factox 8760

(MWh/Year)

2 Average FiT price = Total Electricity production/Total FiT payment
(Dollar/MWh)

3 Desired production payment = Electricity production. Average FiT price

(Dollar/year)

419
Capacity fact Total
=X=—P»{ electricity \
Production rate producton _
N / Average FiT price
Electrlc!ty Q:X:> Total FiT /
production FiT payment
/ T
Installed
capaci
pacly FiT price
Desired production
420 payment
421 Fig. 10. Stock-flow diagram of the FiT payment stgiem.

422 5.3.3 Budget

423  Fig. 11 displays the stock-flow diagram of the beidgubsystem. The accumulated
424  debt in the stock of SUNA debt plus the desireddpotion payment, which is the

425 output of the FIT payment subsystem, determinesathele desired payment of the
426 year (see row 1 in Table 4). If the whole desiragirpent is more than the amount of
427 budget accumulated in the stock of budget, it wdmdpossible to pay the whole
428 desired payment; otherwise, all the available btedgeuld be spent (see row 2 in
429 Table 4). The available whole payment should becatied to the production payment
430 and debt payment with the priority of reducing #teumulated SUNA debt and then
431 the production payment of the current year (seesr®wnd 4 in Table 4). SUNA debt
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is the cumulative amount of debt creation, whichosted in the difference between

the desired and actual production payments minesdébt payment (see rows 5, 6,

and 7 in Table 4). The budget is the cumulative amh@f budget increase minus

budget decrease plus the initial value of the btidgected into the budget stock at

the beginning of the policy implementation (see rBwin Table 4). The budget

decrease is defined as the summation of debt payanelnactual production payment,

and the budget increase is calculated by multiglylREs tax by electricity

consumption (see rows 9 and 10 in Table 4). Elattrconsumption is defined as an

exogenous variable that is calculated by a linegrassion equation through the time

horizon of the simulation. The initial value of thadget is set as 2.5 million dollars
[41]. Moreover, the initial value of SUNA debt edgi#o zero at the beginning of the

simulation.

Table 4. Budget subsystems' mathematical equations.

Iltem  Variable (unit) Mathematical equation

1 Whole desired payment = SUNA debt + Desired production payment
(Dollar)

2 Available whole payment IF THEN ELSE (BudgetWhole desired payment,
(Dollar) Whole desired payment, Budget)

3 Actual production = |[F THEN ELSE ((Available whole payment -
payment SUNA debt)> Desired production payment,
(Dollar) Desired production payment, Available whole

payment — SUNA debt)

4 Debt payment IF THEN ELSE (Available whole
(Dollar/year) paymentSUNA debt, SUNA debt, Available

whole payment)

5 Difference between the = Desired production payment — Actual production
desired and actual payment
production payments
(Dollar)

6 SUNA debt = INTEGRAL (Debt creation — Debt payr)dh

21



(Dollar) Initial value=0.

7 Debt creation = Difference between the desired and actual
(Dollar/year) production payments

8 Budget [8] = INTEGRAL (Budget increase — Budget
(Dollar) decrease)dt, Initial value=2500000.

9 Budget decrease [8] = Debt payment + Actual production payment

(Dollar/year)
10 Budget increase [8] = Electricity consumption (Time-based linear

(Dollar/year) regression) REs tax

446

Whole desired
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\ /_D@ce between the
desired & actual production

Desired production payments

payment /
ﬁ / % SUNA debt

Debt creation ebt payment

Delay in debt
payment

Actual production
payment
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payment

O

Budget increase Budget decrease

Electricity consumption

447
448 Fig. 11. Stock-flow diagram of the budget subsystem

449

450 5.3.4 Social mechanisms
451  Some social effects are considered in the modelaitgararely mentioned in previous

452  researches. They are the effect of delay in dejatnpat on the tendency to invest of
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investors, the effect of delay in debt payment &M activities that the owners of the
power plants do, and the effect of REs tax on $@acieeptance of renewables.

It has to be mentioned that while these socialcégfare very crucial to capture the
dynamics of the system, there is no quantitativa fiar them. The data are not only
numerical data and that “soft” (unquantified) vates should be included in models if
they are important to the purpose [42,43]. The gtied data are a tiny fraction of the
relevant data needed to develop a socio-economéehand stressed the importance
of written material and especially the “mental tatse” consisting of the mental
models, beliefs, perceptions, and attitudes ofattters in the system [44]. Therefore,
these effects were visualized and then mathembtibmimulated based on SUNA
experts' knowledge, energy policy researchers'pignts, and the content analysis of
semi-structured interviews with few existing renéleaearly adopters.

The visual form of this non-linear function is shown Fig. 12. The effects were
formulated by an inverted sigmoid function depidbedow:

Y = Yimad[L + (X/Xe0) 71 (1)
where, ¥g[0,1] is the value of the effect, % is the maximum value of the effect
normalized to 1, X is the independent variableifiéat for each specific effect, K is

X value at 50% value of Y, and P is an exponenb&ofound by calibrating and
maximizing the model's goodness of fit to the emgstqualitative data derived from
stakeholders’ knowledge.

Conceptual details of each social mecharaswh the numerical features are discussed

in the following.
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Fig. 12. Non-linear shape of social effect mechasis
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Effect of REstax on social acceptance: When the government increases the REs tax
(X variable) social acceptance decreases, whichedidepresents the reaction of the
investors to the amount of REs tax. This react®omamed as “social tolerance” (Y
variable). It is multiplied by the social acceptan@lue. When there is a low REs tax,
Y value is around one, representing almost no efbecsocial acceptance. On the
other hand, in extreme conditions, when the REsiriareases to $0.1 per kilowatt
hour (kWh) that is 100-fold of the current rateyYavalue near zero multiplied by
social acceptance that reduces the social acceptanoear zero. It means that the
policy makers could not increase the REs tax fardvecause the society has a
tolerance threshold and is not neutral to REs igirg. Clearly, other variables such
as culture, education, and media might affect tduas acceptance of REs, which are
not considered here.

Effect of delay in debt payment on the tendency to invest: When the accumulated
debt of the government to RE producers increaséeged, the delay in FiT payment
(variable X) increases so that the tendency of mi@te investors decreases. This
concept is modeled by defining a variable namedéeipial investors' trust” (Variable
Y). It is assumed that when the delay in debt payme close to 10 years, the
potential investors’ trust would be almost zeraj aonsequently people's tendency to
invest in new RES projects tends to zero.

Effect of delay in debt payment on O& M activities: When a producer is not paid on
time and the delay in debt payment (Variable Xyaeases, he/she may cut off some
O&M activities in comparison with the ideal conditi This effect was named as
“percentage of ideal O&M activities” (Variable Y).Aile O&M activities decrease
after a while, the equipment's lifetime decreas@s, depreciation rate rises causing
more decline in the installed capacity.

5.4 Modd validation

The validation process is critical for building ¢oience in a model's output. The
paper follows validation methods and steps thaSheesearch subjects their models
according to Qudrat-Ullah and Seong [45] and Foereand Senge [46]. It is to be
noted that both the structural and behavioral ugligrocedures are applied to the

model.
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54.1 Structural validation
Boundary adequacy

The model boundary adequacy was discussed in sopetings with the experts of
SUNA and researchers in the field. Consistent withpurpose of the development of
REs capacity, all the significant aggregates incdgdinstalled capacity, budget,
SUNA debt, annual FiT requests, approved FiT reguesapital cost of REs, ROI of
renewable projects, tendency to invest, social @eoee, potential investors' trust,
FiT price and electricity production from REs arengrated endogenously. Total
electricity generation capacity and electricity somption are exogenous variables.

Structure verification
The structure verification of the model was tedbgdhe available knowledge about
the real system. Knowledge sources were SUNA dalaeaperts' viewpoints.

Dimensional consistency
The dimensional consistency test requires testlhghathematical equations in the
model and ensuring that the units of variablesaicheequation are consistent. “Unit
test” in Vensim was conducted and the model passsdest.

Parameter verification
The selection of parameter values determines theitysand feasibility of the model
outcomes. Most values in this study are sourceth ftioe existing knowledge and
numerical data from SUNA. The remaining values la@st guesses since no better
data is available due to the fact that the polioplementation is in its infancy period.
In addition, as the model is an aggregated moddiiclw addresses the REs
development in the country of Iran, some paramdile@anormal equipment's lifetime,
initial FIT price and the time needed to build #re average values of different REs
types.

Extreme condition test
In this test, extreme values are assigned to thected parameters, and then the
model-generated behavior is compared to the refer¢or anticipated) behavior of

the real system under the same extreme condifidresmodel was tested through two
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extreme-condition tests, and it was revealed tmabutputs of the model were in line
with the actual situation under extreme conditi@mg] its validity was enhanced.
Firstly, the remuneration period of the FiT poliggs set as its minimum value that is
1 year, while the base value is 20 years. As acooue, a declining trend of installed
capacity, no tendency to invest and gradual graithudget because of no payment
for renewable electricity production were seen.
Secondly, it is supposed that a huge amount of @€l million dollars) exists at the
beginning point of the policy implementation. Thevas an initial tendency to invest
because of the policy announcement with attradiivencial aspects; however, after
the policy was started, it decreased to zero. Alsere was a steep slope for the
budget decline because of the large payment faratdhe beginning.

Structurally oriented behavior test
Structurally oriented behavior or behavior sengititest was conducted and it was
found that the fundamental patterns of behavidhefcritical variables such as SUNA
debt and installed capacity were insensitive topghsmeters' change. Scenarios of
increasing and decreasing the parameters, sepasatelalso a mixture of increasing
and decreasing them were carried out. The dethds® of the scenarios are depicted
in Appendix B, Table B1 as a sample. The patteemerated by the model after these
changes are shown in Appendix B, Fig. B1. The tesudicated that changing the
parameters could not alter the general behavidheimodel. They could affect only
some specific numerical values of the patterns stsch delayed take-off or a higher
peak.
5.4.2 Behavioral validity
The historical data are too narrow since FiT pohag been implemented in Iran since
2015. Therefore, it is hard to find a reliable refece mode, and this model should be
seen as a laboratory to do what-if analysis rathan a tool for accurate numeric
forecasting. However, the two variables of “ingdllcapacity and “approved FiT
requests were selected to find how much the model couldagpce the historical
data. As indicated in Figs. 13 and 14, the resofitthe simulation reproduce Iran’s

experience almost accurately regarding installgdcidy, and approved FiT requests.
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Fig. 14. Simulated and historical approved FiT exsis.

The error analysis regarding the coefficient ofedwination (R), the mean squared
error (MSE), the root mean squared percent errdJRE), and the Theil inequality
statistics for these two variables are presentedirable 5. RMSPE provides a
normalized measure of the magnitude of the errdrMS8E provides a measure of the
total error. While the small total number of errorghe variables provides confidence
in the model, large errors might suggest the paseh internal inconsistency of the
model or the particular structure controlling theiables with significant errors. The
Theil inequality statistics provide us with an ele@t error decomposition to resolve
such doubts [45].
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Table 5. Error analysis of the model.

Variable R° MSE RMSPE (%) U™ U® U°
(Units?)

Installed capacity (MW) 0.96 523 9 0.1 0.29 0.61

Approved FiT requests 0.89 891 23 0.11 0.7 0.19

U™ U°and U reflect the fraction of MSE due to bias, unequaiance, and unequal
covariance, respectively.

Considering the installed capacity’? B 0.96, showing a good ability of the model to
reproduce the real historical data. RMSPE is 9%iclwhmeans that the variable
replicates the behavior accurately. Of this smadgmtude error, the significant
portion (61%) is due to unequal co-variation, iadicg that the simulated installed
capacity tracks the underlying trend in the histlriinstalled capacity almost
perfectly but verges point-by-point. Considering &ipproved FiT requests? R 0.89,
which shows a reliable behavioral reproductionigbf the model. Decomposition
of the error statistics shows that the error is enaovoted in unequal variation.
According to Sterman [36], since the mddglurpose is capturing the overall trend
rather than the cycles and noises, the error doeildnsystematic.

6 Simulation results

In this section, the simulation results of the made analyzed. As mentioned before,
the government's short-term target is reaching 5 i8\®021, and the policymakers
focus on this target rather than on long-term t&rg€hus, through their short-term
viewpoint, the simulation results are analyzed @21 and then long-term results
are discussed. The target year (2021) is markddauitashed line in the graphs.

6.1 Short-term future of REs

As shown in Fig. 15, the budget has an increasemptup to 2020. Although its drop
in the last year could be a sign of the systentésiay state, SUNA debt is still zero,
and financially, the system's performance is godido the installed capacity will
reach around 2,300 MW by the year 2021 (Fig. 16peh it is less than half of the
desired target, it has a favorable exponentialdtt@md seems to reach the goal in the

near future. The ROI of renewable projects, andsequently, the tendency to invest
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605 as the main stimuli for REs development declaresardd exponential growth trend of

606 approximately 0.1 and 1.75, respectively (Figsatd 18).
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Fig. 15. Simulation results for SUNA debt versusdpes.
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Fig. 16. Simulation results for installed capacity.
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Fig. 18. Simulation results for the tendency toeistv

6.2 Expandingthetime horizon

While everything looks desirable until 2021, expagdthe time horizon to 2035

shows the different behavior of the system in lterga. SUNA debt rises from the

year 2024, and the budget begins to reduce. hyehe 2035, the difference between
budget and debt would be about $40 million, meanhag the system will face a

severe financial crisis (Fig. 15).

Only two years after the year 2021, the installegacity will reach its desired target
at 5 GW, and until then the exponential trend w&main unchanged, which may
mislead the decision makers about the system'sefitehavior. After the year 2023,

the behavior will gradually turn into an exponehtlacay. After reaching the peak of
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12 GW in 2030, a dramatic decline will begin dudhe depreciation rate overtaking
the construction rate of installed capacity (Fig).1

Because of the social acceptance and learningoreinj mechanisms, the ROI of
renewable projects is on a significant rise. Ttagable is one of the important stimuli
of the tendency to invest. Contrary to the expemtat the tendency to invest starts
declining severely, due to the budget shortagecandequent SUNA debt increasing.
The renewable producers sense this financial dhsmigh the delay in governmental
payments. They should be paid as soon as they pedtie electricity and feed in it to
the grid. This financial crisis triggers some sb@&€ects including reduced O&M
activities by producers and a reduction in poténhaestors' trust, leading to the
decline of a tendency to invest (Figs. 17 and 18).

7 Policy Analysis

In this section, the results from three policieasidered for the FiT assessment model
are discussed. The first policy is considered atingrto a short-term view of the
iIssue, while the two other policies are based dong-term view for sustainable
development and taking the system feedbacks irtousnt.

Policy 1: The first policy assumes a continuation of the@ot program without any
structural change. Just the $0.03 increase in Ak ps considered in order to speed
up the REs installed capacity development to aehitne desired goal at the target
time (5 GW in 2021). It is a probable decision hg policymakers without a long-
term systemic view.

Policy 2: In this policy, there would be a dynamic FiT grithat is adjusted according
to the budget status. It means that when therebisdget shortage in a specific year,
FiT prices would be lowered, and when the goverringehnancially wealthy, higher
FiT prices would be announced.

Policy 3: Although SUNA believed that the amount REs tax in the future would
increase, due to the fact that in the year 2015ctwts the initial condition for this
model), a considerable amount of budget was injeict® the system, and apparently
there was not a problem in the way of the REs agweént in the future, adjusting the
budget based on the financial status has not beesidered seriously so far. A

suggested policy to resolve the SUNA debt problengetting feedback from the
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budget status to determine the amount of REs &tdighthe entering rate of the budget
stock. Policy 3 considers this issue.

Fig. 19 presents the amount of budget under pslitje2, and 3 compared to the base
run scenario. By applying Policy 1, the budgetsfahrlier compared with the base
run. Higher FiT price causes a lower budget balahbe debt rises to $52 million that
is approximately $6 million more than the base ithis means that the debt value is
in its worst-case. Regarding Policy 2, the amodittuniget is considered to determine
the FiT price. Hence, the budget falls smoother latet. However, after a while, the
budget increases more steeply. In 2029, the SUN# dél be about $1 million,
which will be compensated by the budget in the nedr and give a chance to the
budget to rise again. Despite considering the buskg¢us for determining FiT prices,
there would be a little debt when Policy 2 is cdesed. The reason is that the budget
shortage is perceived with delay, triggering thstey to decrease FiT price. When
Policy 3 is applied, the increment amount of budgétbe completely different from
the previous ones. While Policy 2 focuses on detmgathe debt, Policy 3 focuses on
increasing the budgeinput rate by rising REs tax rates. In this cakere would be

no debt because the budget shortage would neveehap

Budget

40 M
30M
» 20M
10M

O _'_'_'_'_._'_'_'_'_'_'_'_,_.—l‘

2015 2018 2021 2024 2027 2030 2033

Time (year)

Budget : Policy 3
Budget : policy2
Budget : Policyl
Budget : Base run

Fig. 19. Policy simulation results for the budget.
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Fig. 20 presents the dynamics of the installed c&pgrowth under different policies.
When Policy 1 is applied, the installed capacitgcrees to 5 GW by the year 2021,
which seems desirable for the policy-makers with@ubng-term view. This policy,
sooner than the other policies, makes the systénafal the installed capacity faces a
rapid drop after 2027. Considering Policy 2, althlouhe installed capacity grows
slower, taking feedback from the budget statusyaped drop in installed capacity is
not seen; instead, it follows a more stable trém@ddition, due to the budget increase
that occurs in the year 2031, when the simulatiomzbn increases, the stated drop is
less. The installed capacity does not fall whenidyoB is applied; it follows a

favorable trend even with a later take-off.

15

10

GW

0
2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

Time(vear)

Installed capacity : Policy3
Installed capacity : Policy2
Installed capacity : Policyl
Installed capacity : Base run

Fig. 20. Policy simulation results for installecbeaity.

Figs. 21 and 22 present the tendency to investsanthl acceptance under different
policies. Regarding Policy 1, the tendency to imvesimilar to the base run but the
increase happens sooner, and finally, reachesynsand. The inefficiency of Policy 2
can be seen where the tendency to invest drop®do zero and then rises a little
towards its value at the begining of the simulatids a consequence, there would be
few FIiT requests with Policy 2 implementation, iyiph that this policy can just

avoid the budget shortage. Thus the financialsmsil be prevented, but on the other
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hand, it means reducing the ROI of renewable ptejewhich causes investment
attractiveness to fall, and therefore, lower temgeto invest. Policy 3 shows a
favorable trend. Applying this policy, the tendenoynvest increases up to 5 times by
the year 2035 compare to the base run scenariaeTibeno debt to influence the
tendency to invest negatively; hence the capitat edll decrease by the learning
process, the decision makers will not be forcedeuce FiT prices, the ROI of
renewable projects will increase and accordindig, REs capacity will grow with a

stable desirable trend.

6

44

2015 2017 2019 2021 2023 2025 2027 2029 2031 2033 2035

Time (vear)

Tendency to invest : Policy3
Tendency to invest : Policy2
Tendency to invest : Pocilyl
Tendency to invest : Base Run

Fig. 21. Policy simulation results for the tendeteynvest.
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Fig. 22. Policy simulation results for social aczece.

The reason why the tendency to invest starts tease with a delay is rooted REs
tax rising and falling of social acceptance in #zly years. When enough budget is
funded for installed capacity development, the amiai REs tax gradually reduces,
and social acceptance begins to rise, leading te memdency to invest.

The summary of policy analysis results depictediable 6. Policy 3 is the best one as
it prevents debt for SUNA, and therefore, avoidsiaoeffects caused by the debt.
Moreover, it assures the satisfying developmemRB$, reaching up to the amount of
14019MW by the year 2035. Renewables' penetratitmmreaches 0.13, meaning that
13% of the energy supply would be based on renewaddources. For an oil-
dependent developing country like Iran, increashrgyshare of renewables from zero

to 13% would be very promising.
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Table 6. Policy simulation results for the year 203

Variable (unit) Baserun Policyl Policy2 Policy 3
Installed capacity (MW) 8434 4594 6069 14019
Renewables' penetration rate 0.08 0.04 0.05 0.13
(range of [0, 1])

Tendency to invest (dimensionless) 0.07 0.01 097 .7 5
SUNA debt (dollar) 44200000 54200008081 0

Delay in debt payment (year) 23.07 28.27 0.99 0

8 Conclusions

Air pollution, energy security, and increasing GH&sission are some of the critical
energy-related challenges for most countries. graent of REs is one of the most
effective solutions to deal with these challengesreasing REs share is not that
straightforward. On the one side, there are somehnteal challenges that
governments should tackle with; on the other sideestment cost of renewable
projects is much higher than the cost of conveafiomays of energy production.
Dealing with economic challenges, some supportialicies have been initiated in
recent decades. FiT is one of the most popularsandessful ones of these supporting
policies. Although the FiT supporting policy is ookethe most widely used policies to
develop REs, it could lead to some financial protseln this paper, Iran was selected
as the case to show how the financial crisis cbalopben and how could governments
prevent this by revising the FiT policy structul@espite efforts made in recent
decades by the government of Iran, REs developmamit desirable yet. Therefore,
in 2015, the government implemented a FiT policgdévelop REs and determined a
target of 5 GW renewable installed capacity undi22. A SD model was established
to inquire whether the FiT policy could assure lbreg-term growth of REs in Iran or
it is just a temporary solution. By considering gosocial mechanisms including the
effect of the government's delay in payment orténelency to invest of REs investors
and doing O&M activities by power plant owners dahd effect of REs tax on social

acceptance, the model became closer to the redd.wor
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The simulation results showed that the currentpridgram could not guarantee REs
expansion in the long-term and leads to a huge atrmfugovernment debt because of
some malfunctions in the policy’s financial struetu Analysis showed that if
policymakers do not consider the social aspectiofis@ complex energy system, then
the system would backlash the policy and may reathe opposite way that it was
supposed to move. A huge amount of debt would aafser early years of REs
expansion. Government could not afford the paymenREs producers and it was
supposed to move. The financial burden negativisces the tendency of potential
investors to invest in such projects and alsorntde REs producers to decrease their
operation and maintenance cost which increasedpeediation rate of their facilities
in long run. Putting all these together, the REsacéy share would shrink and the
policy might fail. To prevent this, three alternatipolicies of 1) continuation of the
current policy structure with a higher FiT pricg, &ljusting FiT price based on the
budget status, and 3) adjusting REs tax upon tligdiustatus were analyzed. The
findings demonstrated that adjusting REs tax basedhe budget status is the best
policy among different policies. By applying thioligy, the budget input rate
increases with rising REs tax, there would not teaisy debt, the installed capacity
will follow a favorable trend, social acceptancellwise after a while, and
consequently, the system will follow an overalltairgable trend. Although the issue
is already treated with a little more maturity ieveloped countries, the results
acquired, create insight into how it can be impleted in any country that intends to
implement FiT policies.

Future studies may consider the issue of compethietween different types of REs.
Mixing the proposed policies with probable scermanall most probably widen the
decision makers' perspective. Moreover, consideglagtricity demand and the effect
of increasing energy prices and taxes on elegtriminsumption as an endogenous

mechanism can make the model closer to the reddwor
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Appendix A: Whole Stock-Flow Diagram.

Total electricity
generation capacity

The time needed to buid

Effect of delay in
debt payment on
O&M activities
Equipment's liftimee—
Percentage of ideal

0&M activities Total
|nsta|le perlggﬂ'g_tgn
Renewables - - retiati <Delay in debt
peneteration rate ~ Construction rat Normal 4
<Time>—"" equipment's  Payment> Total FiT
o liftime FiT payme
. Cumulative installed ) Average
REs tax> .
<RES tax w CS:;; . capacity Renewable technologies FiT price
Approved FiT
ol (RY) pfequests
to%?gﬁce\ "W~ Fraction of reject&d Intial capital cost <Time> <FiT price> Difference between the desired
Social acceptance Annual FIT requests P! Eleciricty —— and actual production payments
requests Rejected Fif‘/ production Desired productiorr™
Effect of REs a\ reguests Learniny Vasd payment
tax on ?ocal Capital cost offect 9 Delay in debt
acceptance FiT requests of the
i Capacity factor
Tendemoyto  Previous year carning Intrest rate pacity
invest effect ROI grfc:jzr;?swable Learning curve ) Whole desired ~ Actual production
. (R2) parameter Initial tax payment payment
_ Potental ~~ Remuneration
investor's rusly,  <pelay in debt period Production Debt creatio
payment> payment
. <Capacity factor> A
Effect of delay in Closeness, <Installed e———— A -
debt payment on capacity> 0&M costs RES tax Available wh ~
tendency to invest payment Debt
FiT price A . \
. ayment |
<Time> [ Pay |
Ime: Closeness to the \ (B2 /,‘

goal

Desired renewable
capacity

Effect of closeness to
he goal orRﬂ'price

Initial FiT price

Lookup function

Budget

Budget increase

<Time> . .
Electricity consumption

Budget decrease

Fig. A.1. Stock-flow diagram of FiT effects on Résvelopment.
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921  Appendix B
922 Table B1. Parameters' change for structurally ¢egttvehavior test.

Parameter Change
The time needed to build (year) +70%
Normal equipment's lifetime (year) +30%
Remuneration period (year) +20%
Initial FiT price (Dollar/MWh) -10%
Learning curve parameter (dimensionles$0%
923
50
37.5
B
=
=
= 25
=
=
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Time (year)
SUNA debt : Behavior sensivity test
SUNA debt : Base run
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Fig. B1. Structurally oriented behavior tedtehavior for SUNA debt and installed
capacity.
924
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Highlights:

A SD modd is established to study the impact of FiIT mechanism on RES
expansion.

The trend of REs development in Iran is analyzed for both short-and long-term
horizons.

Three scenarios are tested as alternative policies for the development of REs.
Social mechanisms can weaken the effect of economic incentives in long-term.

Adjusting REs tax upon the budget status is the best policy.
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