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Abstract 6 

Feed-in tariff (FiT) is one of the most efficient ways that many governments 7 

throughout the world use to stimulate investment in renewable energies (REs) 8 

technology. For governments, financial management of the policy could be 9 

challenging as it needs a considerable amount of budget to support RE producers 10 

during the long remuneration period. In this paper, it has been illuminated that the 11 

early growth of REs capacity could be a temporary boost and the system structure 12 

would backlash the policy if some social mechanisms are not considered. Social 13 

tolerance for paying REs tax and potential investors’ trust emanated from budget-14 

related mechanisms - which have rarely been considered in the previous researches- 15 

are taken into consideration to reflect the roots of the policy resistance behavior. Iran 16 

was chosen as the case, which is in the infancy period of FiT implementation with the 17 

target of 5 gigawatt (GW) REs capacity until 2021. To illuminate those interrelated 18 

complexities, in an integrated framework, system dynamics methodology was used. 19 

Computer simulation shows that the likely financial crisis will not only lead to 20 

inefficient REs development after the target time (2021) but may also cause the 21 

existing plants to fail. Three alternative policies are tested in the model, and the results 22 

demonstrate that the most favorable policy is “adjusting the REs tax on electricity 23 

consumption based on budget status” which hits the target in 2021 and reach around 24 

14 GW until 2035 without inducing any negative social effects and financial crises. 25 

Policymakers can use this model to test other scenarios and improve the FiT policy 26 

design process before the implementation phase.  27 

Keywords: Feed-in tariff, Renewable energies, System dynamics, Policy resistance, 28 

Social acceptance 29 

 30 

 31 
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1 Introduction 32 

Finite resources and environmental degradation are two main reasons for governments 33 

thinking of providing electricity from renewable rather than non-renewable resources. 34 

By such a diversification, besides empowering energy security and retaining 35 

sustainability in production, they combat climate changes as well [1]. Renewable 36 

energies (REs) are recognized as one of the best alternatives substituting fossil fuels; 37 

nonetheless, high capital costs and changes in the level and composition of investment 38 

make them an expensive energy resources [2]. 39 

Low fossil fuel prices prevent REs to expand rapidly in the absence of effective 40 

incentives [3]. To tackle this issue, various types of policy tools including price-based 41 

incentives such as feed-in policies, quantity-based incentives or quota obligations, 42 

including renewable portfolio standards (RPS) in combination with REs certificate or 43 

credit (REC) markets, fiscal and financial incentives such as tax credits, and voluntary 44 

measures such as green tariffs have been used by governments to support REs 45 

development [2]. One of the most popular policies has been adopted by many 46 

countries is feed-in tariff (FiT). FiT is an intensive program that provides investors 47 

with a set of payments for the electricity which is produced by REs and fed into the 48 

power grid. Small-scale developers like homeowners and medium to large-scale 49 

companies can benefit from the supporting program to encourage their participation in 50 

such programs by securing definite returns of their investments [4]. When the private 51 

independent producers receive a long-term, minimum guaranteed price for the 52 

renewable electricity they generated, a certain degree of financial reliability is 53 

provided, which resulted in less investment risk and more willingness to invest. This 54 

is the considerable benefit of FiT.  55 

Even though FiT is one of the most effective REs policy mechanisms in promoting 56 

and sustaining REs growth [5], it may lead to some drawbacks if it is not applied 57 

correctly. There exist some real-world examples of governments with electricity 58 

consumers facing financial burdens imposed by the FiT policy [5–7]. FiT prices, 59 

depreciation rates and the period in which FiT policy is applied are the most critical 60 

factors when utilizing this policy. FiT rates must be high enough to recover the 61 

investment cost within a reasonable timespan and simultaneously small enough to 62 
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avoid enforcing a significant financial burden [8]. A long-term, stable and high price 63 

can negatively affect the actual energy market. When the FiT price is too high, the 64 

pace of REs growth may exceed the goal predicted by policymakers [9], which may 65 

restrict them under different economic conditions and adversely affect the investors' 66 

confidence in this incentive program [1]. 67 

The objective of this study is to diagnose the FiT policy structure and evaluate its 68 

effect on the REs growth trend in the long-term. A system dynamics (SD) approach is 69 

used to show the dynamic interaction of FiT policy and other factors such as potential 70 

investors' trust and social acceptance, and to test the alternative or corrective policies. 71 

The dynamic mechanism of the FiT system, which considers social and economic 72 

interactions in the long-term, has been rarely studied; what this research focuses on. 73 

To the best of authors’ knowledge, this study is amongst the first ones that sheds light 74 

on the role of social mechanisms in the success of FiT Policy. Using SD approach, 75 

this paper warns policy makers that the early growth of REs capacity could be a 76 

temporary boost and the system structure would backfire because of the existence of 77 

some social feedbacks.  78 

For analysis, country of Iran was selected as the case. Although Iran is an energy-rich 79 

country, both energy security and contribution to fewer carbon emissions for the 80 

country require the faster development of REs. Due to the little share of REs in the 81 

current energy portfolio, expanding the electricity production from renewable 82 

resources is significantly essential [10].  83 

The structure of this paper is as follows: Section 2 briefly reviews the relevant 84 

literature concerning the FiT and REs development. The status of REs and FiT in Iran 85 

is described in Section 3. In the next section, a brief explanation of the research 86 

methodology and the modeling process is given, and the suitability of the SD 87 

approach for investigating the problem is discussed. Section 5 explains the detailed 88 

qualitative and quantitative aspects of the model. Section 6 discusses the simulation 89 

results considering different policies and finally, Section 7 concludes the paper. 90 

2 Literature review 91 

FiT has appeared as one of the most popular policies for supporting renewable 92 

technologies. Several papers have discussed the advantages or disadvantages of 93 
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different FiT policies, as well as the potential financial difficulties created by 94 

implementing the policy [5,7,11–14]. To evaluate the FiT policies, some researchers 95 

developed different assessment models and approaches. For instance, Dusonchet and 96 

Telaretti [15] performed an economic analysis to investigate the effect of FiT on 97 

promoting photovoltaic (PV) technology in the eastern European Union (EU) 98 

countries. The analysis showed that, in some cases, supporting policies could be 99 

inappropriate for the owner of the PV system. In addition, in many cases, the 100 

difference of the implementation of the same supporting policy in different countries 101 

lead to significantly different results. Erturk [16] examined the onshore wind energy 102 

potential of Turkey to discover if FiT would enhance this potential. In this study, the 103 

economic analyses were conducted by the construction of a static model 104 

accompanying an uncertainty analysis in order to find out which kinds of onshore 105 

wind projects are feasible and more attractive. Bakhshi and Sadeh [17] suggested a 106 

dynamic FiT strategy can be implemented in developing countries like Iran, where 107 

high technology equipment is imported, and the economic situation is not stable. In 108 

the proposed scheme, FiT was updated once a year respecting two main parameters 109 

Euro exchange rate and reasonable retail prices. After economic analysis and 110 

calculating net present value (NPV) and internal rate of return (IRR) of PV projects, 111 

they concluded that by applying this scheme, the PV viability for short- and mid-term 112 

would be guaranteed. Tabatabaei et al. [2] discussed the economic, welfare and 113 

environmental impacts of FiT policy in Iran. They examined the effect of FiT policy 114 

under different scenarios to increase the production of electrical energy from 115 

renewable resources up to 10%. The results showed that the application of subsidies to 116 

REs and the way the government finances these subsidies could affect the results of 117 

FiT policy. Lan et al. [18] evaluated the effectiveness of FiT policies for promoting 118 

household solar energy adoption in Southeast Queensland, Australia using a spatial 119 

dynamic panel model. The results showed that the residential PV adoption was highly 120 

correlated with the change of FiT policies. Moreover, installation of solar panels is an 121 

investment behavior, which is influenced by the neighbourhood peer effect and market 122 

speculation. Karimi Firozjaei et al. [19] used a NPV model and evaluated the effect of 123 

different parameters such as geographical, topographic and climatic conditions on FiT 124 
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optimization for solar photovoltaic electricity generation in Iran. The results 125 

confirmed that the optimum FiT is varied for different provinces of the country. 126 

Different SD simulation models were designed and applied successfully to a variety of 127 

problems relevant to FiT. In the following, some of the mentioned models are 128 

reviewed.  129 

Using the methodology of SD, Baur and Uriona [20] developed a model of the 130 

German PV market for small plants on private houses and tested public policies. 131 

Different scenarios respecting the reduction or even elimination of the FiT scheme 132 

were analyzed. They concluded that public policy has a crucial role in the path of 133 

transition to RE growth patterns and consequently it has to be cautiously employed. 134 

Zhang et al. [21–24] developed a SD model to evaluate the effect of FiT and 135 

renewable portfolio standards (RPS) on the development of China's biomass, wind, 136 

and PV power industries. The results showed that in the purely competitive market, 137 

RPS could promote PV, waste incineration, and biomass development better than the 138 

FiT; however, the integrated implementation of FiT and RPS can result in better 139 

outcomes for the wind power industry. Ye et al. [25] examined the FiT policy for PV 140 

devlopment in China. The economic tools of NPV, IRR, learning curve and the SD 141 

method were applied to analyze the dynamic mechanism of the FiT system. The 142 

finding of the study indicated that the authority should adopt the FiT more frequently, 143 

at least once every year. A SD model was designed by Hsu and Ho [13] to assess the 144 

FiT policy effect on wind power installation in Taiwan. They concluded that the FiT 145 

policy could lead to a reduction in greenhouse gas (GHG) emissions and development 146 

of wind power industry. Li et al. [26] discussed the paper and put forward suggestions 147 

to perfect the historical test. Castaneda et al. [27] presented a SD model to evaluate 148 

the effects of FiT policy in the British electricity market. Results suggested that FiT 149 

scheme is a suitable policy tool for reaching emission reduction at a lower cost. A SD 150 

model was proposed by Ahmad et al. [1] for analyzing the role of FiT policy to 151 

promote PV investments in Malaysia. The results demonstrated that higher FiT rates 152 

resulted in higher installed PV capacity. Shahmohammadi et al. [8] propounded a SD 153 

model to evaluate the effect of the FiT mechanism on Malaysia's electricity generation 154 

mix. They concluded that albeit the policy can lead to satisfactory results, the 155 
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government may encounter an increasing budget shortage and it is necessary to 156 

increase its income sources.  Akhwanzada and Tahar [28] developed a SD model and 157 

analyzed the effect of FiT policy and reserve margin on the expansion of PV and 158 

municipal solid waste capacities in Malaysia. Using a SD model, Hsu [9] assessed the 159 

effects of Fit and capital subsidies on PV installations in Taiwan. They illuminated 160 

appropriate policies such as reasonable FiT prices or subsidies, and mandatory 161 

regulations can result in PV capacity development. Lyu et al. [29] created a SD model 162 

to study the influence of FiT and RPS on the installed capacity of PV and emission 163 

reduction in China. The best solution was the combination of FiT and RPS policies. 164 

Hoppmann et al. [30] analyzed the evolution of the FiT system for PV development in 165 

Germany. By investigation dynamics of the system, they explained how the 166 

characteristics of socio-technical systems affect policy interventions.  167 

In almost all of the previous works, it is given that the government could cover the 168 

policy expenses and there would be no financial burden. While the budget and 169 

monetary mechanisms have a pivotal role in the FiT policy success, in many of the 170 

past researches, the budget mechanisms have  not been modeled, and only the cost of 171 

the policy or the cost of the GHGs reduction is calculated. If the mechanisms are not 172 

well designed, then the REs development pathway could be affected adversely. This 173 

may be the root of many long-term harmful social effects on the system; the focal 174 

point that this research want to address.   175 

3 The case of Iran: status of REs and FiT  176 

REs hold a tiny share of energy production in Iran. Low fossil fuel prices and the 177 

subsidies on energy consumption are the main reasons for the low share [2]. Based on 178 

the statistical reports published by Iran's Ministry of Energy [31], the share of fossil 179 

fuels in the total primary energy supply was 98.77% in the year 2016, and the number 180 

for REs and nuclear energy were 0.94% and 0.29%, respectively. Iran's energy 181 

economy indexes reflect a high rate of energy consumption per capita. The high 182 

consumption of fossil fuels is one of the main causes of air pollution in Iran, which 183 

imposes high environmental and economic costs. Four of the top ten air polled cities 184 

in the world are situated in Iran. Power supply during peak hours in summer 185 

afternoons is also a serious problem. Thus the construction of new power stations, 186 
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especially renewable systems with the natural peak shaving in hot climates is 187 

compulsory [17].  188 

There is an enormous potential for electricity production from renewable resources in 189 

Iran.. The annual average of solar radiation and sunny hours during different seasons 190 

has provided high potential for solar power generation in the country. Besides, due to 191 

strong winds in several locations, more development of wind power capacity is 192 

possible. Iran also has many rivers with ideal conditions to expand hydropower plants. 193 

The potential for power production from biomass resources is high as well [32]. 194 

Furthermore, since Iran is located on the geothermal belt, there exists a high potential 195 

for geothermal energy production. The government encounters technical and 196 

economic difficulties to utilize this potential. In addition to the huge capital and 197 

technological investment needed for expanding REs, from the technical point of view, 198 

current grid structure of Iran has some limitations such as being highly centralized and 199 

having hierarchical topology with high probability of domino effect failure 200 

occurrence. These features along with the stochastic nature of renewable energy lead 201 

to noticeable challenges such as difficulty in generation planning and coordination of 202 

supply with demand in real time [33].  203 

Based on the mentioned facts, Iran's Ministry of Energy have been enhancing the 204 

network structure and also planning for new investment policies to tackle such 205 

challenges and use the high potential of renewable energies in Iran. More specifically, 206 

considering the scope of this research, the Ministry, introduced new regulations to 207 

promote the investment of renewable technologies. After unsuccessful net-metering 208 

and capital subsidies program during 2013-2014, the new FiT program was introduced 209 

in 2015 to convince investors to invest in renewable systems. It should be noted that 210 

the target capacity was determined to be 5 GW until 2021. According to the new 211 

scheme, all individuals, including house owners and commercial investors can 212 

produce electricity from RE systems and sell it for up to 20 years at a guaranteed 213 

price, regardless of their domestic consumption [17]. The renewable organization of 214 

Iran (SUNA) was assigned to make appropriate arrangements for the implementation 215 

of the policy. 216 
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4 Research methodology 217 

This study uses the SD approach to diagnose the FiT policy structure in Iran and 218 

construct a “policy laboratory” to assess different scenarios. SD is a systems modeling 219 

and dynamic simulation methodology for the analysis of dynamic complexities in 220 

socio-economic systems with long-term, cyclical, and low-precision requirements 221 

[21]. With a social system-related management concept developed by Jay W. 222 

Forrester, SD deals with interconnections, nonlinearities, and complexity of systems. 223 

Causality is a basis for this approach, and causal feedback loops can be realized and 224 

analyzed through systems thinking. Using computer simulations, the real influence of 225 

a policy on a social system and its consequences can be studied to understand the 226 

implied causal feedback in the system [21].  227 

While other methods of policy assessment like econometric models, and cost-benefit 228 

analysis emphasize the direct relationship between the parameters and the 229 

effectiveness of the model [13], using SD in this study -which is concerned with the 230 

consequence of process shifts’ policies, identifying the structure of the system and 231 

distinguish the patterns of behavior rather than its exact numerical features- is much 232 

more well-suited. 233 

The process of system dynamics analysis is comprised of the steps of (1) system 234 

understanding, (2) problem identification and definition, (3) system conceptualization, 235 

(4) simulation and validation, (5) policy/decision analyzing and improvement, and (6) 236 

policy/decision implementation [34].  237 

In this paper, by reviewing a large amount of existing literature, annual reports, 238 

detailed government reports, and published investigations about REs status and FiT 239 

history in Iran, the problem is articulated, and the boundary of the model, endogenous 240 

and exogenous variables, and the corresponding relationships are determined. In the 241 

next step, a conceptual framework is formulated in which subsystems and balancing 242 

and reinforcing causal mechanisms are presented through subsystem and causal loop 243 

diagrams respectively. Next, a mathematical simulation model is developed to 244 

simulate the current and future trends of FiT policy. Before simulation, the validation 245 

of the model is tested. In this step, both the structural and behavior validities are 246 
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examined. Finally, the current FiT policy, as well as three alternative policies, are 247 

simulated and analyzed.  248 

 249 

5 SD model 250 

5.1 Conceptual framework 251 

The subsystems of the model, their interactions, and their ingredients are 252 

conceptualized by the subsystems diagram illustrated in the Fig. 1. Subsystems 253 

diagram corresponds well with mental models of system structure and provides an 254 

overview of model structure, which is one of the valuable products of any system 255 

dynamics study [35]. This diagram draws a big picture of the model so that it provides 256 

a better understanding of the systematic endogenous perspective of the structure at a 257 

highly aggregated level. The detailed causal feedback relations of variables and the 258 

stock-flow structure of the model will be discussed in the next sections. 259 

There are three subsystems in this model: Budget, REs development, and FiT 260 

payment. The budget subsystem includes tax for renewable development (REs’ tax), 261 

the budget allocated for REs development (REs budget), accumulated governmental 262 

debt to RE producers (debt payment), and the amount of money should be paid to RE 263 

producers each year (production payment). REs development subsystem includes 264 

installed capacity, tendency of investors to invest in REs projects (tendency to invest), 265 

social acceptance of REs, and learning curve effect of growing REs’ capacity 266 

(learning effect).  267 

Budget and REs development subsystems interact with each other through the FiT 268 

payment subsystem. As depicted by arrows between subsystems, the budget 269 

subsystem provides the financial source of FiT policy, and the FiT payment subsystem 270 

uses the financial resources. On the other hand, the FiT payment subsystem 271 

strengthens the REs expansion process, and the level of REs development signals the 272 

policymakers to adjust the FiT policy specifications.  273 

 274 
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Budget subsystem 
• REs tax
• REs budget
• Debt payment
• Production payment

REs development subsystem 
• Installed capacity
• Tendency to invest
• Social acceptance
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Fig. 1. Subsystems diagram of the model. 

 275 

5.2  Causal feedback loops 276 

In this section, the causal feedback loops of the system are presented and analyzed. 277 

There exist two general types of loops: reinforcing and balancing. The reinforcing 278 

loops (indexed by R) have an intensification effect, while the balancing loops 279 

(indexed by B) have a limiting effect on the system. The interaction between these 280 

two types of loops drives the dynamics of the system [36].  281 

 282 
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5.2.1 Social acceptance (R1) 283 

Wuestenhagen et al. [37] emphasize that social acceptance is a crucial factor affecting 284 

the REs development plan implementation. They conceptualize one of the essential 285 

aspects of social acceptance by defining market acceptance, which implies the 286 

diffusion of the innovation process. There are other research showing that the 287 

diffusion of different kinds of REs, induces environmental behavior, and awareness 288 

that leads a society more welcome to REs [14,38]. The social acceptance loop is 289 

constructed as follows. When the tendency to invest increases, FiT requests increases, 290 

which, in turn, leads to investment. The higher the investment, the more the installed 291 

plants. Increasing the installed capacity leads to increasing the diffusion of 292 

renewables, which is conceptualized by the variable renewables' penetration rate in 293 

the model. More renewables’ penetration rate, causes more social acceptance and 294 

awareness of renewable energies [39], and therefore higher tendency to invest. This 295 

loop (R1) is depicted in Fig 2. 296 

Tendency to
invest

Renewables'
penetration rate

Social
acceptance

+

+

FiT requests

Installed
capacity

Investment

+

+

+

+

Social
acceptance

(R1)

 

Fig. 2. Social acceptance loop. 

 297 

5.2.2 Learning effect (R2) 298 

The learning effect loop is shown in Fig. 3. REs capacity growth influences the 299 

experience of using and constructing renewable systems [40]. This learning lowers the 300 

capital cost [1], meaning the higher return of investment (ROI) [35] and more 301 
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tendency to invest in renewable resources. It also leads to more FiT requests, higher 302 

investments, and then more installed capacity. This is how learning positive feedback 303 

loop works. This loop (R2) is depicted in Fig 3. 304 

Tendency to
invest ROI of renewbale

projects

Capital cost

-

Learning effect

-

FiT requests

Installed
capacity

Investment

+

+

+

+

Learning
effect
(R2)

+  

Fig. 3. Learning effect loop. 

5.2.3 Closeness to the goal (B1) 305 

The gap between the government target and existing renewable capacity, and its effect 306 

on FiT mechanism is one of the frequent concepts modeled by some researchers like 307 

Ahmad et al. [1], Mousavian et al. [10], and Hsu [9]. When the installed capacity 308 

grows, the distance to the desired goal (5 GW installed capacity in 2021) decreases, 309 

and the government adjusts the FiT rate to a lower value. It causes a reduction in the 310 

ROI of renewable projects and thereby less tendency to invest, fewer request for FiT, 311 

less investment, and consequently fewer installed capacity. This phenomenon forms 312 

the negative feedback loop, namely “closeness to the goal”, which is shown in Fig 4. 313 

 314 
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Tendency to
invest ROI of renewbale

projects

FiT requests

Installed
capacity

Investment

+

+

+

FiT price

+

Closeness to
the desired goal

+

-Closness
to the goal

(B1)

+
 

Fig. 4. Closeness to the goal loop. 

 315 

5.2.4. Debt payment, production payment and tax balancing (B2, B3, B4) 316 

There are three causal loops in which budget is the common variable. All three loops 317 

are depicted in Fig 5. Each year, the government should pay for the renewable 318 

electricity produced in that year and should also pay for the debt accumulated due to 319 

probable budget shortage in previous years. The more the budget, the more payment 320 

for both the production and debt. On the other hand, more debt payment and 321 

production payment reduce the available budget. These two similar mechanisms 322 

forming balancing feedback loops B2, namely “debt payment” and B3, namely “actual 323 

production payment”. 324 

When the government perceives the budget shortage, it is decided to increase the REs 325 

tax paid by electricity consumers with the aim of compensating the budget shortage. It 326 

results in more amount of budget. This phenomenon forms the balancing feedback 327 

loop B4, namely “REs tax balancing” . However, though it is claimed that this 328 

controlling mechanism exists in the current system, the REs tax has remained constant 329 

in recent years and does not react to the budget variations. Therefore, it seems that the 330 

feedback link from the budget to REs tax has not been activated so far, although 331 

according to the policymakers, it potentially exists. 332 
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Budget

Actual production
payment-REs tax

+

Debt
payment

-
Debt

payment
(B2)

Production
payment

(B3)

Tax
balancing

(B4)

+

+

-

 

Fig. 5. Debt payment, production payment, and tax balancing loops. 

 333 

5.2.5. The whole causal diagram 334 

The whole causal loop diagram of the model, which is constructed by the main six 335 

loops and their relations is provided in Fig 6. Moreover, all of the causal loops, types 336 

of each one, their labels, and the source(s) used to construct the loops are provided in 337 

Table 1. 338 

   339 

Table 1. Causal loops specifications. 340 

Item Causal loop name 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 B1 [1,9,10] 

4 Debt payment Balancing B2 Existing real mechanism 

5 Production payment Balancing B3 Existing real mechanism 

6 Tax balancing Balancing B4 [10] 

 341 

 342 

 343 

 344 



15 

 

 345 

Tendency to invest

Renewables'
penetration rate

Social acceptance

+

+

ROI of renewbale
projects

O&M costs

Capital cost

-

-

Learning effect

-

Remuneration
period

+

FiT requests

Capacity factor

Intrest rate

+

+

Installed capacity

Investment

Depritiation rate

+

-

+

+

+

+

Electricity
production

+

+

Desired renewable
capacity

FiT price

+

Budget

Desired production
payment

Actual production
payment

+ +

Difference between the
desired and actual production

payments

-

REs tax

-

+

+

+

Closeness to the
desired goal+

-

-

Debt payment

Delay in debt
payment +

- -

Renewable
technologies

SUNA debt

-
+

-

O&M activities

-

Potential
investors' trust

+

+

-

Social
acceptance

(R1)

Learning
effect
(R2)

Debt
payment

(B2)

Production
payment

(B3)

Closness
to the goal

(B1)

+

Tax
balancing

(B4)

+

+

-

<Delay in debt
payment>

-

Fig. 6. The whole causal loop diagram of the model. 

 346 

5.3 Stock-flow structure 347 

Below are details of the model from the perspective of stock and flow variables, 348 

where the key mathematical equations of each subsystem are described. Stocks are 349 

accumulations, and so characterized the state of the system. By decoupling the inflows 350 

and outflows and causing delays, the sources of disequilibrium dynamics in a system 351 

are specified. Vensim, a SD simulation software (Vensim PLE for Windows Version 352 

6.0b), is going to be used to simulate the behavior of renewable installed capacity and 353 
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other related mechanisms of the system for the years 2015-2035. The decomposed 354 

stock-flow model based on each subsystem and their mathematical formulations is 355 

provided below. The references used for the formulation of entire or part of some 356 

equations provided in the tables as well. The whole stock-flow diagram is illustrated 357 

in Appendix A, Fig A.1. 358 

5.3.1 REs development 359 

Fig. 7 shows the stock-flow diagram of installed capacity. In the model, installed 360 

capacity is defined as the accumulation of construction rate minus depreciation (see 361 

row 1 in Table 2). Approved FiT requests divided by the time needed to build a 362 

renewable power plant makes the in-flow of installed capacity, namely “construction 363 

rate”  (see row 2 in Table 2). Since some requests are rejected by SUNA due to the 364 

legal or qualification reasons (according to SUNA experts, approximately half of 365 

annual FiT requests leads to capacity construction), a number of 0.5 is considered as 366 

the fraction of rejected requests (see row 3 in Table 2). While depreciation is an out-367 

flow of the installed capacity, it is the in-flow of the depreciated capacity stock 368 

variable and equal to the installed capacity divided by the equipment's lifetime (see 369 

row 4 in Table 2). Cumulative installed capacity is equal to the sum of installed 370 

capacity and depreciated capacity, which is demonstrated by row 5 in Table 2. The 371 

initial value of installed capacity is set as 120 MW according to the SUNA dataset in 372 

2015. The initial value of depreciated capacity equals to zero at the beginning of the 373 

simulation.  374 

 375 

Table 2. Renewables development subsystems' mathematical equations. 376 

Item Variable (Unit) Mathematical equation 

1 Installed capacity [1, 8, 9]  

(Megawatt (MW)) 

= INTEGRAL (Construction rate – Depreciation)dt, 

Initial value=120 

2 Construction rate [1] 

(MW/year) 

= Approved FiT requests/The time needed to build 

3 Approved FiT requests 

(MW) 

=Annual FiT requests × (1 – Fraction of rejected 

requests) 
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4 Depreciation [1,21] 

(MW/year) 

= Installed capacity/Equipment's lifetime 

5 Cumulative installed 

capacity 

(MW) 

= Depreciated capacity + Installed capacity 

6 Annual requests for FiT 

[9] 

(MW) 

= FiT requests of the previous year × Tendency to 

invest 

7 Tendency to invest [9] 

(Dimensionless) 

= ROI of renewable projects × Social acceptance × 

Potential investors' trust 

8 Renewables' penetration 

rate 

(Dimensionless) 

= Installed capacity/Total electricity generation 

capacity (Time-based linear regression) 

9 ROI of renewable projects 

[9,13]  

(Dimensionless) 

= (((Capacity factor × 8760 × (FiT price – operation 

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

^ Remuneration period – 1)/Interest rate × (1 + 

Interest rate) ^ Remuneration period) – Capital 

cost))/Capital cost 

 377 
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Fig. 7. Stock-flow diagram of installed capacity. 379 
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 380 

Fig. 8 demonstrates the annual FiT requests' causal relations. It is equal to the FiT 381 

requests of the previous year multiplied by the tendency to invest (see row 6 in Table 382 

2). As literature advises, it is assumed that the public tendency to invest for REs is 383 

correlated with the ROI of renewable projects, social acceptance, and the potential 384 

investors' trust (see row 7 in Table 2). Renewables' penetration rate, which is one of 385 

the factors affecting social acceptance, is equal to the installed capacity of REs 386 

divided by the total electricity generation capacity, which is calculated through a time-387 

based linear regression of historical data (see row 8 in Table 2).  388 

Fig. 9 displays the causal relations of ROI of renewable projects. The decision about 389 

investment in REs projects is based on their ROI that is a performance measure, which 390 

is used to evaluate the efficiency of an investment. ROI measures the amount of return 391 

of investment, relative to the investment's cost. To calculate the ROI of renewable 392 

projects, the benefit (or return) of the investment is divided by the cost of the 393 

investment (see row 9 in Table 2). The remuneration period refers to the time horizon 394 

that SUNA is obliged to purchase the electricity produced by REs and fed into the 395 

grid. According to the SUNA regulations, this period is 20 years [41]. 396 
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 397 

Fig. 8. Annual FiT requests' causal relations. 398 
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Fig. 9. ROI of renewable projects' causal relations. 401 

 402 

5.3.2 FiT payment 403 

Fig. 10 displays the stock-flow diagram of the FiT payment subsystem. The installed 404 

capacity of REs multiplied by the capacity factor determines the electricity production 405 

in a year, which should be paid according to the FiT policy (see row 1 in Table 3). To 406 

calculate the money that should be paid by the government to electricity producers in 407 

each year, the total electricity production and the total FiT paid from the beginning of 408 

the simulation (2015) are accumulated in two stocks. Then the average FiT price is 409 

calculated by dividing the total electricity production by total FiT (see row 2 in Table 410 

3). So, the average FiT price multiplied by electricity production determines the 411 

desired production payment for each year (see row 3 in Table 3). The initial values of 412 

both stocks are supposed to be zero at the beginning of the simulation.  413 

 414 

 415 

 416 
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 417 

Table 3. FiT payment subsystems' mathematical equations. 418 

Item Variable (unit) Mathematical equation 

1 Electricity production [8,9] 

(MWh/Year) 

= Installed capacity × Capacity factor × 8760 

2 Average FiT price 

(Dollar/MWh) 

= Total Electricity production/Total FiT payment 

3 Desired production payment 

(Dollar/year) 

= Electricity production × Average FiT price 

 419 
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 420 

Fig. 10. Stock-flow diagram of the FiT payment subsystem. 421 

5.3.3 Budget 422 

Fig. 11 displays the stock-flow diagram of the budget subsystem. The accumulated 423 

debt in the stock of SUNA debt plus the desired production payment, which is the 424 

output of the FiT payment subsystem, determines the whole desired payment of the 425 

year (see row 1 in Table 4). If the whole desired payment is more than the amount of 426 

budget accumulated in the stock of budget, it would be possible to pay the whole 427 

desired payment; otherwise, all the available budgets would be spent (see row 2 in 428 

Table 4). The available whole payment should be allocated to the production payment 429 

and debt payment with the priority of reducing the accumulated SUNA debt and then 430 

the production payment of the current year (see rows 3 and 4 in Table 4). SUNA debt 431 
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is the cumulative amount of debt creation, which is rooted in the difference between 432 

the desired and actual production payments minus the debt payment (see rows 5, 6, 433 

and 7 in Table 4). The budget is the cumulative amount of budget increase minus 434 

budget decrease plus the initial value of the budget injected into the budget stock at 435 

the beginning of the policy implementation (see row 8 in Table 4). The budget 436 

decrease is defined as the summation of debt payment and actual production payment, 437 

and the budget increase is calculated by multiplying REs tax by electricity 438 

consumption (see rows 9 and 10 in Table 4). Electricity consumption is defined as an 439 

exogenous variable that is calculated by a linear regression equation through the time 440 

horizon of the simulation. The initial value of the budget is set as 2.5 million dollars 441 

[41]. Moreover, the initial value of SUNA debt equals to zero at the beginning of the 442 

simulation.  443 

 444 

Table 4. Budget subsystems' mathematical equations. 445 

Item Variable (unit) Mathematical equation 

1 Whole desired payment  

(Dollar) 

= SUNA debt + Desired production payment 

2 Available whole payment 

(Dollar) 

IF THEN ELSE (Budget≥Whole desired payment, 

Whole desired payment, Budget) 

3 Actual production 

payment 

(Dollar) 

= IF THEN ELSE ((Available whole payment - 

SUNA debt) ≥ Desired production payment, 

Desired production payment, Available whole 

payment – SUNA debt) 

4 Debt payment 

(Dollar/year) 

IF THEN ELSE (Available whole 

payment≥SUNA debt, SUNA debt, Available 

whole payment) 

5 Difference between the 

desired and actual 

production payments 

(Dollar)  

= Desired production payment – Actual production 

payment 

6 SUNA debt = INTEGRAL (Debt creation – Debt payment)dt, 
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(Dollar) Initial value=0. 

7 Debt creation 

(Dollar/year) 

= Difference between the desired and actual 

production payments 

8 Budget [8] 

(Dollar) 

= INTEGRAL (Budget increase – Budget 

decrease)dt, Initial value=2500000. 

9 Budget decrease [8] 

(Dollar/year) 

= Debt payment + Actual production payment 

10 Budget increase [8] 

(Dollar/year) 

= Electricity consumption (Time-based linear 

regression) × REs tax 

 446 
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Fig. 11. Stock-flow diagram of the budget subsystem. 448 

 449 

5.3.4 Social mechanisms  450 

Some social effects are considered in the model that are rarely mentioned in previous 451 

researches. They are the effect of delay in debt payment on the tendency to invest of 452 
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investors, the effect of delay in debt payment on O&M activities that the owners of the 453 

power plants do, and the effect of REs tax on social acceptance of renewables.  454 

It has to be mentioned that while these social effects are very crucial to capture the 455 

dynamics of the system, there is no quantitative data for them. The data are not only 456 

numerical data and that “soft” (unquantified) variables should be included in models if 457 

they are important to the purpose [42,43]. The quantified data are a tiny fraction of the 458 

relevant data needed to develop a socio-economic model and stressed the importance 459 

of written material and especially the “mental database” consisting of the mental 460 

models, beliefs, perceptions, and attitudes of the actors in the system [44]. Therefore, 461 

these effects were visualized and then mathematically formulated based on SUNA 462 

experts' knowledge, energy policy researchers' viewpoints, and the content analysis of 463 

semi-structured interviews with few existing renewable early adopters. 464 

The visual form of this non-linear function is shown in Fig. 12. The effects were 465 

formulated by an inverted sigmoid function depicted below:  466 

Y = Ymax/[1 + (X/X50) 
P] (1) 

where, Y∈[0,1] is the value of the effect, Ymax is the maximum value of the effect 467 

normalized to 1, X is the independent variable clarified for each specific effect, X50 is 468 

X value at 50% value of Y, and P is an exponent to be found by calibrating and 469 

maximizing the model's goodness of fit to the existing qualitative data derived from 470 

stakeholders’ knowledge.  471 

Conceptual details of each social mechanism and the numerical features are discussed 472 

in the following. 473 
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Fig. 12. Non-linear shape of social effect mechanisms. 475 

 476 
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Effect of REs tax on social acceptance: When the government increases the REs tax 477 

(X variable) social acceptance decreases, which indeed represents the reaction of the 478 

investors to the amount of REs tax. This reaction is named as “social tolerance” (Y 479 

variable). It is multiplied by the social acceptance value. When there is a low REs tax, 480 

Y value is around one, representing almost no effect on social acceptance. On the 481 

other hand, in extreme conditions, when the REs tax increases to $0.1 per kilowatt 482 

hour (kWh) that is 100-fold of the current rate, a Y value near zero multiplied by 483 

social acceptance that reduces the social acceptance to near zero. It means that the 484 

policy makers could not increase the REs tax forever because the society has a 485 

tolerance threshold and is not neutral to REs tax rising. Clearly, other variables such 486 

as culture, education, and media might affect the social acceptance of REs, which are 487 

not considered here.  488 

Effect of delay in debt payment on the tendency to invest: When the accumulated 489 

debt of the government to RE producers increases, indeed, the delay in FiT payment 490 

(variable X) increases so that the tendency of potential investors decreases. This 491 

concept is modeled by defining a variable named “potential investors' trust” (Variable 492 

Y). It is assumed that when the delay in debt payment is close to 10 years, the 493 

potential investors’ trust would be almost zero, and consequently people's tendency to 494 

invest in new REs projects tends to zero.  495 

Effect of delay in debt payment on O&M activities: When a producer is not paid on 496 

time and the delay in debt payment (Variable X) increases, he/she may cut off some 497 

O&M activities in comparison with the ideal condition. This effect was named as 498 

“percentage of ideal O&M activities” (Variable Y). While O&M activities decrease 499 

after a while, the equipment's lifetime decreases, and depreciation rate rises causing 500 

more decline in the installed capacity. 501 

5.4 Model validation 502 

The validation process is critical for building confidence in a model's output. The 503 

paper follows validation methods and steps that the SD research subjects their models 504 

according to Qudrat-Ullah and Seong [45] and Forrester and Senge [46]. It is to be 505 

noted that both the structural and behavioral validity procedures are applied to the 506 

model. 507 
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 508 

5.4.1 Structural validation 509 

Boundary adequacy 510 

The model boundary adequacy was discussed in some meetings with the experts of 511 

SUNA and researchers in the field. Consistent with the purpose of the development of 512 

REs capacity, all the significant aggregates including installed capacity, budget, 513 

SUNA debt, annual FiT requests, approved FiT requests, capital cost of REs, ROI of 514 

renewable projects, tendency to invest, social acceptance, potential investors' trust, 515 

FiT price and electricity production from REs are generated endogenously. Total 516 

electricity generation capacity and electricity consumption are exogenous variables. 517 

Structure verification 518 

The structure verification of the model was tested by the available knowledge about 519 

the real system. Knowledge sources were SUNA data and experts' viewpoints. 520 

Dimensional consistency 521 

The dimensional consistency test requires testing all mathematical equations in the 522 

model and ensuring that the units of variables in each equation are consistent. “Unit 523 

test” in Vensim was conducted and the model passed this test.  524 

Parameter verification 525 

The selection of parameter values determines the validity and feasibility of the model 526 

outcomes. Most values in this study are sourced from the existing knowledge and 527 

numerical data from SUNA. The remaining values are best guesses since no better 528 

data is available due to the fact that the policy implementation is in its infancy period. 529 

In addition, as the model is an aggregated model, which addresses the REs 530 

development in the country of Iran, some parameters like normal equipment's lifetime, 531 

initial FiT price and the time needed to build are the average values of different REs 532 

types. 533 

Extreme condition test 534 

In this test, extreme values are assigned to the selected parameters, and then the 535 

model-generated behavior is compared to the reference (or anticipated) behavior of 536 

the real system under the same extreme conditions. The model was tested through two 537 
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extreme-condition tests, and it was revealed that the outputs of the model were in line 538 

with the actual situation under extreme conditions, and its validity was enhanced. 539 

Firstly, the remuneration period of the FiT policy was set as its minimum value that is 540 

1 year, while the base value is 20 years. As an outcome, a declining trend of installed 541 

capacity, no tendency to invest and gradual growth of budget because of no payment 542 

for renewable electricity production were seen. 543 

Secondly, it is supposed that a huge amount of debt (100 million dollars) exists at the 544 

beginning point of the policy implementation. There was an initial tendency to invest 545 

because of the policy announcement with attractive financial aspects; however, after 546 

the policy was started, it decreased to zero. Also, there was a steep slope for the 547 

budget decline because of the large payment for debt at the beginning. 548 

Structurally oriented behavior test 549 

Structurally oriented behavior or behavior sensitivity test was conducted and it was 550 

found that the fundamental patterns of behavior of the critical variables such as SUNA 551 

debt and installed capacity were insensitive to the parameters' change. Scenarios of 552 

increasing and decreasing the parameters, separately and also a mixture of increasing 553 

and decreasing them were carried out. The details of one of the scenarios are depicted 554 

in Appendix B, Table B1 as a sample. The patterns generated by the model after these 555 

changes are shown in Appendix B, Fig. B1. The results indicated that changing the 556 

parameters could not alter the general behavior of the model. They could affect only 557 

some specific numerical values of the patterns such as a delayed take-off or a higher 558 

peak. 559 

5.4.2 Behavioral validity 560 

The historical data are too narrow since FiT policy has been implemented in Iran since 561 

2015. Therefore, it is hard to find a reliable reference mode, and this model should be 562 

seen as a laboratory to do what-if analysis rather than a tool for accurate numeric 563 

forecasting. However, the two variables of “installed capacity”  and “approved FiT 564 

requests”  were selected to find how much the model could reproduce the historical 565 

data. As indicated in Figs. 13 and 14, the results of the simulation reproduce Iran’s 566 

experience almost accurately regarding installed capacity, and approved FiT requests. 567 
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Fig. 13. Simulated and historical installed capacity. 
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Fig. 14. Simulated and historical approved FiT requests. 

 568 

The error analysis regarding the coefficient of determination (R2), the mean squared 569 

error (MSE), the root mean squared percent error (RMSPE), and the Theil inequality 570 

statistics for these two variables are presented in Table 5. RMSPE provides a 571 

normalized measure of the magnitude of the error and MSE provides a measure of the 572 

total error. While the small total number of errors in the variables provides confidence 573 

in the model, large errors might suggest the presence of internal inconsistency of the 574 

model or the particular structure controlling the variables with significant errors. The 575 

Theil inequality statistics provide us with an excellent error decomposition to resolve 576 

such doubts [45]. 577 
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Table 5. Error analysis of the model. 578 

Uc Us Um RMSPE (%) MSE 

(Units2) 

R2 Variable 

0.61 0.29 0.1 9 523 0.96 Installed capacity (MW) 

0.19 0.7 0.11 23 891 0.89 Approved FiT requests 

 579 

Um, US and UC reflect the fraction of MSE due to bias, unequal variance, and unequal 580 

covariance, respectively. 581 

Considering the installed capacity, R2 is 0.96, showing a good ability of the model to 582 

reproduce the real historical data. RMSPE is 9%, which means that the variable 583 

replicates the behavior accurately. Of this small magnitude error, the significant 584 

portion (61%) is due to unequal co-variation, indicating that the simulated installed 585 

capacity tracks the underlying trend in the historical installed capacity almost 586 

perfectly but verges point-by-point. Considering the approved FiT requests, R2 is 0.89, 587 

which shows a reliable behavioral reproduction ability of the model. Decomposition 588 

of the error statistics shows that the error is more rooted in unequal variation. 589 

According to Sterman [36], since the model's purpose is capturing the overall trend 590 

rather than the cycles and noises, the error could be unsystematic. 591 

6 Simulation results 592 

In this section, the simulation results of the model are analyzed. As mentioned before, 593 

the government's short-term target is reaching 5 GW in 2021, and the policymakers 594 

focus on this target rather than on long-term targets. Thus, through their short-term 595 

viewpoint, the simulation results are analyzed until 2021 and then long-term results 596 

are discussed. The target year (2021) is marked with a dashed line in the graphs.  597 

6.1 Short-term future of REs  598 

As shown in Fig. 15, the budget has an increasing trend up to 2020. Although its drop 599 

in the last year could be a sign of the system's altering state, SUNA debt is still zero, 600 

and financially, the system's performance is good. Also the installed capacity will 601 

reach around 2,300 MW by the year 2021 (Fig. 16). Albeit it is less than half of the 602 

desired target, it has a favorable exponential trend and seems to reach the goal in the 603 

near future. The ROI of renewable projects, and consequently, the tendency to invest 604 
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as the main stimuli for REs development declare a desired exponential growth trend of 605 

approximately 0.1 and 1.75, respectively (Figs. 17 and 18). 606 
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Fig. 15. Simulation results for SUNA debt versus budget. 
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Fig. 16. Simulation results for installed capacity. 
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Fig. 17. Simulation results for ROI of renewable projects. 
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Fig. 18. Simulation results for the tendency to invest.  608 

6.2 Expanding the time horizon 609 

While everything looks desirable until 2021, expanding the time horizon to 2035 610 

shows the different behavior of the system in long-term. SUNA debt rises from the 611 

year 2024, and the budget begins to reduce. In the year 2035, the difference between 612 

budget and debt would be about $40 million, meaning that the system will face a 613 

severe financial crisis (Fig. 15). 614 

Only two years after the year 2021, the installed capacity will reach its desired target 615 

at 5 GW, and until then the exponential trend will remain unchanged, which may 616 

mislead the decision makers about the system's future behavior. After the year 2023, 617 

the behavior will gradually turn into an exponential decay. After reaching the peak of 618 
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12 GW in 2030, a dramatic decline will begin due to the depreciation rate overtaking 619 

the construction rate of installed capacity (Fig. 16). 620 

Because of the social acceptance and learning reinforcing mechanisms, the ROI of 621 

renewable projects is on a significant rise. This variable is one of the important stimuli 622 

of the tendency to invest. Contrary to the expectations, the tendency to invest starts 623 

declining severely, due to the budget shortage and consequent SUNA debt increasing. 624 

The renewable producers sense this financial crisis through the delay in governmental 625 

payments. They should be paid as soon as they produce the electricity and feed in it to 626 

the grid. This financial crisis triggers some social effects including reduced O&M 627 

activities by producers and a reduction in potential investors' trust, leading to the 628 

decline of a tendency to invest (Figs. 17 and 18). 629 

7 Policy Analysis 630 

In this section, the results from three policies considered for the FiT assessment model 631 

are discussed. The first policy is considered according to a short-term view of the 632 

issue, while the two other policies are based on a long-term view for sustainable 633 

development and taking the system feedbacks into account.  634 

Policy 1: The first policy assumes a continuation of the current program without any 635 

structural change. Just the $0.03 increase in FiT price is considered in order to speed 636 

up the REs installed capacity development to achieve the desired goal at the target 637 

time (5 GW in 2021). It is a probable decision by the policymakers without a long-638 

term systemic view.  639 

Policy 2: In this policy, there would be a dynamic FiT price that is adjusted according 640 

to the budget status. It means that when there is a budget shortage in a specific year, 641 

FiT prices would be lowered, and when the government is financially wealthy, higher 642 

FiT prices would be announced. 643 

Policy 3: Although SUNA believed that the amount of REs tax in the future would 644 

increase, due to the fact that in the year 2015 (which is the initial condition for this 645 

model), a considerable amount of budget was injected into the system, and apparently 646 

there was not a problem in the way of the REs development in the future, adjusting the 647 

budget based on the financial status has not been considered seriously so far. A 648 

suggested policy to resolve the SUNA debt problem is getting feedback from the 649 
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budget status to determine the amount of REs tax that is the entering rate of the budget 650 

stock. Policy 3 considers this issue. 651 

Fig. 19 presents the amount of budget under policies 1, 2, and 3 compared to the base 652 

run scenario. By applying Policy 1, the budget falls earlier compared with the base 653 

run. Higher FiT price causes a lower budget balance. The debt rises to $52 million that 654 

is approximately $6 million more than the base run; this means that the debt value is 655 

in its worst-case. Regarding Policy 2, the amount of budget is considered to determine 656 

the FiT price. Hence, the budget falls smoother and later. However, after a while, the 657 

budget increases more steeply. In 2029, the SUNA debt will be about $1 million, 658 

which will be compensated by the budget in the next year and give a chance to the 659 

budget to rise again. Despite considering the budget status for determining FiT prices, 660 

there would be a little debt when Policy 2 is considered. The reason is that the budget 661 

shortage is perceived with delay, triggering the system to decrease FiT price. When 662 

Policy 3 is applied, the increment amount of budget will be completely different from 663 

the previous ones. While Policy 2 focuses on decreasing the debt, Policy 3 focuses on 664 

increasing the budget's input rate by rising REs tax rates. In this case, there would be 665 

no debt because the budget shortage would never happen. 666 
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Fig. 19. Policy simulation results for the budget. 668 
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 669 

Fig. 20 presents the dynamics of the installed capacity growth under different policies. 670 

When Policy 1 is applied, the installed capacity reaches to 5 GW by the year 2021, 671 

which seems desirable for the policy-makers without a long-term view. This policy, 672 

sooner than the other policies, makes the system fail, and the installed capacity faces a 673 

rapid drop after 2027. Considering Policy 2, although the installed capacity grows 674 

slower, taking feedback from the budget status, the rapid drop in installed capacity is 675 

not seen; instead, it follows a more stable trend. In addition, due to the budget increase 676 

that occurs in the year 2031, when the simulation horizon increases, the stated drop is 677 

less. The installed capacity does not fall when Policy 3 is applied; it follows a 678 

favorable trend even with a later take-off. 679 

 680 

Fig. 20. Policy simulation results for installed capacity. 681 

 682 

Figs. 21 and 22 present the tendency to invest and social acceptance under different 683 

policies. Regarding Policy 1, the tendency to invest is similar to the base run but the 684 

increase happens sooner, and finally, reaches nearly zero. The inefficiency of Policy 2 685 

can be seen where the tendency to invest drops to near zero and then rises a little 686 

towards its value at the begining of the simulation. As a consequence, there would be 687 

few FiT requests with Policy 2 implementation, implying that this policy can just 688 

avoid the budget shortage. Thus the financial crisis will be prevented, but on the other 689 
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hand, it means reducing the ROI of renewable projects, which causes investment 690 

attractiveness to fall, and therefore, lower tendency to invest. Policy 3 shows a 691 

favorable trend. Applying this policy, the tendency to invest increases up to 5 times by 692 

the year 2035 compare to the base run scenario. There is no debt to influence the 693 

tendency to invest negatively; hence the capital cost will decrease by the learning 694 

process, the decision makers will not be forced to reduce FiT prices, the ROI of 695 

renewable projects will increase and accordingly, the REs capacity will grow with a 696 

stable desirable trend. 697 

 698 

Fig. 21. Policy simulation results for the tendency to invest. 699 
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 700 

Fig. 22. Policy simulation results for social acceptance. 701 

 702 

The reason why the tendency to invest starts to increase with a delay is rooted in REs 703 

tax rising and falling of social acceptance in the early years. When enough budget is 704 

funded for installed capacity development, the amount of REs tax gradually reduces, 705 

and social acceptance begins to rise, leading to more tendency to invest. 706 

The summary of policy analysis results depicted in Table 6. Policy 3 is the best one as 707 

it prevents debt for SUNA, and therefore, avoids social effects caused by the debt. 708 

Moreover, it assures the satisfying development of REs, reaching up to the amount of 709 

14019MW by the year 2035. Renewables' penetration rate reaches 0.13, meaning that 710 

13% of the energy supply would be based on renewable resources. For an oil-711 

dependent developing country like Iran, increasing the share of renewables from zero 712 

to 13% would be very promising. 713 

 714 

 715 

 716 

 717 

 718 

  719 

 720 
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Table 6. Policy simulation results for the year 2035. 721 

Variable (unit) Base run Policy 1 Policy 2 Policy 3 

Installed capacity (MW) 8434 4594 6069 14019 

Renewables' penetration rate 

(range of [0, 1]) 

0.08 0.04 0.05 0.13 

Tendency to invest (dimensionless) 0.07 0.01 0.97 5.7 

SUNA debt (dollar) 44200000 54200000 4081 0 

Delay in debt payment (year) 23.07 28.27 0.99 0 

 722 

8 Conclusions 723 

Air pollution, energy security, and increasing GHGs emission are some of the critical 724 

energy-related challenges for most countries. Development of REs is one of the most 725 

effective solutions to deal with these challenges. Increasing REs share is not that 726 

straightforward. On the one side, there are some technical challenges that 727 

governments should tackle with; on the other side, investment cost of renewable 728 

projects is much higher than the cost of conventional ways of energy production. 729 

Dealing with economic challenges, some supporting policies have been initiated in 730 

recent decades. FiT is one of the most popular and successful ones of these supporting 731 

policies. Although the FiT supporting policy is one of the most widely used policies to 732 

develop REs, it could lead to some financial problems. In this paper, Iran was selected 733 

as the case to show how the financial crisis could happen and how could governments 734 

prevent this by revising the FiT policy structure. Despite efforts made in recent 735 

decades by the government of Iran, REs development is not desirable yet. Therefore, 736 

in 2015, the government implemented a FiT policy to develop REs and determined a 737 

target of 5 GW renewable installed capacity until 2021. A SD model was established 738 

to inquire whether the FiT policy could assure the long-term growth of REs in Iran or 739 

it is just a temporary solution. By considering some social mechanisms including the 740 

effect of the government's delay in payment on the tendency to invest of REs investors 741 

and doing O&M activities by power plant owners and the effect of REs tax on social 742 

acceptance, the model became closer to the real world. .  743 
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The simulation results showed that the current FiT program could not guarantee REs 744 

expansion in the long-term and leads to a huge amount of government debt because of 745 

some malfunctions in the policy’s financial structure. Analysis showed that if 746 

policymakers do not consider the social aspect of such a complex energy system, then 747 

the system would backlash the policy and may react in the opposite way that it was 748 

supposed to move. A huge amount of debt would arise after early years of REs 749 

expansion. Government could not afford the payment to REs producers and it was 750 

supposed to move. The financial burden negatively affects the tendency of potential 751 

investors to invest in such projects and also it forces REs producers to decrease their 752 

operation and maintenance cost which increase the depreciation rate of their facilities 753 

in long run. Putting all these together, the REs capacity share would shrink and the 754 

policy might fail. To prevent this, three alternative policies of 1) continuation of the 755 

current policy structure with a higher FiT price, 2) adjusting FiT price based on the 756 

budget status, and 3) adjusting REs tax upon the budget status were analyzed. The 757 

findings demonstrated that adjusting REs tax based on the budget status is the best 758 

policy among different policies. By applying this policy, the budget input rate 759 

increases with rising REs tax, there would not exist any debt, the installed capacity 760 

will follow a favorable trend, social acceptance will rise after a while, and 761 

consequently, the system will follow an overall sustainable trend. Although the issue 762 

is already treated with a little more maturity in developed countries, the results 763 

acquired, create insight into how it can be implemented in any country that intends to 764 

implement FiT policies.  765 

Future studies may consider the issue of competition between different types of REs. 766 

Mixing the proposed policies with probable scenarios will most probably widen the 767 

decision makers' perspective. Moreover, considering electricity demand and the effect 768 

of increasing energy prices and taxes on electricity consumption as an endogenous 769 

mechanism can make the model closer to the real world. 770 

 771 

 772 

 773 

 774 
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Appendix A: Whole Stock-Flow Diagram. 
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Fig. A.1. Stock-flow diagram of FiT effects on REs development. 
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Appendix B 921 

Table B1. Parameters' change for structurally oriented behavior test. 922 

Change Parameter 

+70% The time needed to build (year) 

+30% Normal equipment's lifetime (year) 

+20% Remuneration period (year) 

-10% Initial FiT price (Dollar/MWh) 

-50% Learning curve parameter (dimensionless) 

 923 

 

 

Fig. B1. Structurally oriented behavior test's behavior for SUNA debt and installed 

capacity. 

 924 



Highlights: 

• A SD model is established to study the impact of FiT 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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