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Abstract 

China power year book in 2014 set the target of 300GW of PV installed capacity in 2030. Solar 
photovoltaic (PV) has shown a significant rise because of green-trading mechanisms. This study focuses 
on feed in tariff (FIT) and renewable portfolio standard (RPS). The objective of these two policies is 
attracting the public to invest in and to use solar PV system. Based on the experience of Germany about 
FIT, this paper aims to evaluate the FIT and RPS policies in promoting installed PV capacity in China. A 
system dynamics (SD) model of PV system that includes FIT, RPS, PV cost, and installed capacity is 
built in this study. By using Vensim_DSS software, this paper assesses the effect of different 
combinations of policies on installed capacity of PV and emission reduction, and finds optimal policy 
combination. The results show that all four scenarios can reach the target of 300 GW in 2030. The 
government cost of optimal scenario will be 251 billion RMB less than the scenario of historical trend. 
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1. Introduction 

China power year book in 2014 set the target of 300GW of PV installed capacity in 2030. Solar 
photovoltaic (PV) has shown a significant rise in the past several years in China. The accumulation 
installed capacity reached 43000 MW in 2015 [1]. In order to promote the installation of PV, different 
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countries adopt different policies, including price driven policies, such as feed in tariff (FIT), and volume 
driven policies, such as renewable portfolio standard (RPS).  

FIT is believed to be a more effective support mechanism compared to RPS [2]. However, because FIT 
subsidies place a financial burden on governments, the cost of the government is huge. FIT in Germany is 
quite mature and has made a really good effect on renewable energy [3]. China should learn the 
experience from Germany to have a better development of PV. Based on experience of Germany, 
suggestions are made on FIT and subsidy of China [4]. 

Renewable portfolio standard mechanism is recommended to increase the share of renewable 
generation in a predictable way [5]. An early general economic assessment of RPS in Texas was 
conducted in Ref. [6]. To reduce the cost for meeting the requirement of RPS and increase flexibility, 
tradable green certificates (TGC) are used to track and verify compliance. FIT has been adopted since 
2011 in China, while RPS and TGC have not been implemented yet.  

Different policies can be implemented simultaneously to achieve a faster development. Chiung-Wen 
Hsu [7] sets several simulation scenarios to assess the combined promotion policies of capital subsidy and 
FIT by using system dynamics model. Besides FIT and subsidy, Xiaodan Guo and Xiaopeng Guo [8] also 
analyze environmental factors. However, it is not applied into PV simulation model.  

Despite the contributions, there has been no effort toward combined policies that combine price driven 
policy and volume driven policy. In addition, previous studies didn’t apply experience of other countries 
into the model. This paper aims to evaluate the effectiveness of FIT and RPS policies in promoting solar 
PV installed capacity in China by using a system dynamics model. Several scenarios are set based on the 
analysis of Chinese policy environment and the experience of Germany.  

2. Methods 

2.1. System dynamics model 

System dynamics (SD) is an approach to understand the behavior of a complex system through its 
components [9]. SD can describe inter-locking and time-delayed relationships among factors, thereby 
simulating the long-term dynamics behavior of the entire system more accurately [10].  

2.2. Model framework 

The simulation model of PV System includes three parts that interact mutually. The first part is the 
loop of the installed capacity of PV, as shown in Fig.1. As the return on investment (ROI) increases, the 
willingness to use PV increases. The manufacturers will produce more solar PV system, thereby lowering 
solar PV system cost because of effect of learning. If the profit is still unchanged, return on investment 
will increase, leading to greater public willingness to use the system.  

The second part is the FIT and CO2 emission causal feedback loop. A bigger FIT price will cause a 
higher return on investment and a bigger government cost. The use of PV will replace part of thermal 
power. Therefore, as the increase of installed capacity of PV, total green electricity generation will 
increase, leading to an increase of CO2 emission reduction.  

The third part is RPS interaction loop. Based on the overall target of renewable energy, the 
government sets national renewable portfolio standard. Local governments set targets for each electricity 
producer. If the electricity producers can’t reach the target, they need to buy TGC in TGC market, or they 
will face a big penalty. Electricity producers by whom the amount of green electricity produced is more 
than that of RPS target can get a bigger return on investment from a higher TGC price by selling TGC.  
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Fig. 1. Model flow diagram 

2.3. Computer simulation model 

By using Vensim_DSS, the PV system simulation model is shown in Fig.2. Vensim_DSS is the 
industrial strength simulation software for improving the performance of real systems. Its rich feature set 
emphasizes model quality, connections to data, flexible distribution, and advanced algorithms [11].  

PV system is divided into three parts. The main part is installed capacity of PV. This study assumes 
that willingness to use equals to annual return on investment (ROI) divided by base value of ROI. Base 
value of ROI is 24.92% according to model reality check. Willingness to use decides the annual 
installation capacity of PV. It will affect the annual cost of PV because of learning effect factor. Annual 
CO2 emission reduction is directly proportional to annual installation capacity, the capacity factor of PV 
system, and the electricity emission factor (kgCO2/kWh). 

Table 1. Main formulas 

Parameter  Formula 

Annual installation capacity of PV = Willingness to use*Installation of previous year 

Willingness to use = Annual ROI/Base value of ROI 

Annual ROI = (Capacity factor of PV system*FIT price)*365/total cost of PV installation 

Annual cost reduction per kwh = Initial cost*(1-2^((-Learning effect factor)*LN((Accumulation of Solar PV +Annual installation 
capacity of PV)/Annual installation capacity of PV)/LN(2))) 

Annual CO2 emission reduction =Annual installation capacity of PV*Capacity factor of PV system*Electricity emission 
factor*365 

Annual cost of FIT = Accumulation of Solar PV*Capacity factor of PV system*(FIT price-Electricity price)*365 

Annual cost increase of PV installation = (Cost of PV system-PV system cost of previous year)*(1+Maintain cost rate +(1+Maintain cost 
rate)*Interest rate)-(Revenue of selling TGC- TGC revenue of previous year) 

Revenue of selling TGC = TGC price*(Accumulation of Solar PV*Capacity factor of PV system*365-Renewable portfolio 
standard*Total capacity of electricity) 

RPS and TGC  

FIT and 
CO2 
emission 

Installed 
capacity 
of PV 
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The second part is FIT. Cost of government is shown as annual cost of FIT in the model. Annual cost 
of FIT is correlated with the annual installed capacity of PV, the capacity factor of PV system, electricity 
price and FIT price, as shown in Table 1. 

The third part is RPS and TGC. The difference between the revenue from selling TGC and the sum of 
cost of PV, maintenance cost, and loan interest is the total cost of PV installation. Revenue of selling 
TGC is correlated with TGC price and the volume of green electricity that exceeds the RPS target. 

 
Fig. 2. PV system simulation model 

3. Results and discussion 

3.1. Scenario analysis 

This study will design the RPS based on the “Administrative Measures on Renewable Electricity 
Quotas (discussion draft) 2012” [1] and the quota in “the guidance for renewable energy development and 
target of utilization (2016)”. Three methods are used in this study to forecast FIT.  

Scenario 1(S1): FIT price and RPS follow the historical trend of FIT and RPS in China.  
Scenario 2(S2): FIT price is calculated by LCOE multiplying a certain ratio. The ratio equals to 1.2697, 

which is the average of the ratio of historical FIT to historical LCOE in Germany. RPS follows the 
historical trend of RPS in China. 

Scenario 3(S3): FIT price is forecast by learning the experience of Germany. This study makes an 
assumption that the change rate of FIT is same as that of German when these two countries’ share of PV 
are same. RPS follows the historical trend of RPS in China. 

Scenario 4(S4): FIT will bring huge financial burden to the government. To get the optimal scenario of 
minimizing the government cost, this study sets the RPS to the biggest. As the increase of RPS, the cost 
of electricity will increase, leading to bigger electricity price. Based on the average historical change rate 
of electricity price, this study gets the biggest RPS. To reach the target of installed capacity, FIT needs to 
conduct to reach the target that RPS can’t reach. Then, it will be the optimal scenario. 
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3.2. Accumulation of installed PV capacity 

China power year book in 2014 set the target of 300GW of installed PV capacity in 2030. According 
to the results shown in Fig 3, all of the four scenarios reach the target. The accumulation of installed 
capacity will reach 354GW in 2030 in S1. The optimal scenario shows that it will reach 372GW in 2030. 
The installed capacity will reach 338GW and 416GW respectively for S2 and S3. The descending order is: 
S3, S4, S1, and S2. The range of accumulation of installed PV capacity is 78GW. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Simulation results 

3.3. Government cost 

Government decides FIT price based on the cost of PV system. Government cost on promotion 
policies of PV should minimize because of limited government budget. Feed in tariff decreases every 
three years, so there is an obvious ladder. From 2007 to 2008, the annual government cost decreases. The 
reason is that FIT decrease and the revenue of selling TGC decrease, which is because of high RPS, 
leading to that the annual installed capacity increase a little. The descending order of both the 
accumulation and annual government cost are: S3, S1, S2, and S4. Compared with the biggest cost from 
S3 in 2030, the annual government cost will decrease of 35 billion RMB if the government chooses S4.  

Accumulation of government cost

Accumulation of installed PV capacity Accumulation of CO2 emission reduction
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3.4. Accumulation of CO2 emission reduction 

Solar PV is renewable energy. The application of PV will replace part use of thermal power. The 
descending order of accumulation of government cost is: S3, S4, S1, and S2.The accumulation of CO2 
emission reduction will reach 7.77 billion tons in 2030 as shown in S1. Optimal scenario can reduce the 
CO2 emission to 7.80 billion tons in 2030. Accumulation CO2 emission reduction will reach 7.78 and 7.81 
billion tons respectively as shown in S2 and S3. The range of accumulation CO2 emission reduction is 
0.04 billion tons.  

Conclusions  

The optimal policy combination of FIT and RPS can reach the target of accumulation installed 
capacity in 2030. And the accumulation government cost can decrease of 286 billion RMB compared to 
the biggest value of three other scenarios. The target can also reach if the FIT policy follows historical 
trend, however, the accumulation government cost is as much as 1351 billion RMB. In addition, the 
results are different under different methods of forecasting FIT, such as S2 and S3.  
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