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Abstract: Among the regulatory policies, feed-in tariffs (fFIend renewable
portfolio standards (RPS) are the most popular rompte the development of
renewable energy power industry. This paper uss®isydynamics (SD) to establish
models of long-term development of China’s biompewer industry under FIT and
RPS schemes, and provides a case study by usimgrgcenalysis method. The
model, on the one hand, not only clearly shows dbmplex logical relationship
between the factors but also reveals the proces@fdination between the two
policy tools in the development of the industry. @ other hand, it provides a
reference for scholars to study similar problemsdifferent countries, thereby
facilitating an understanding of biomass powerisgkterm sustainable development
pattern under FIT and RPS schemes, and helping rewide references for
policy-making institutions. The results show thatthe perfect competitive market,
the implementation of RPS can promote long-termrapetl development of China’s
biomass power industry given the constraints atidras of the mechanisms of RPS
guota proportion, the TGC valid period, and finemnpared with FIT. At the end of
the paper, policy implications are offered as rfiees for the government.
Key words: biomass power, the development of industry, feethriff, renewable

portfolio standard, system dynamics, China

1. Introduction
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1.1 Background

Countries around the world have proposed variougips to promote the
development of renewable energy, because renewablergy policies can
significantly contribute to the expansion of donestdustrial activities in terms of
sustainable energy [1]. Among the regulatory pef$icifeed-in tariffs (FIT) and
renewable portfolio standards (RPS) are the mgstilpa More than 60 countries and
regions worldwide have implemented one or othetheftwo policies [2]. FIT and
RPS have common attributes, in that both are patiols with dual characteristics of
government intervention and market regulation.

FIT policy, represented by China, South Americal arost European countries,
is a scheme designed to accelerate investmenhewable energy technologies. It is
a government-led regulatory mechanism that requooeger grid enterprises to buy
electricity from renewable energy producers at gowveent-specified prices. In the
early stages of renewable energy developmentsiired the sale of renewable energy
at a protected price, ensuring that the high coBislectricity generation associated
with certain renewable energy technologies do mohipit the development and use
of those technologies, eliminating the usual uroeties and risks of renewable
energy [3]. The goal of the FIT is to offer cossbd compensation to renewable
energy producers, providing them with price cettaiand long-term contracts that
help finance renewable energy investments [4].

RPS policy, represented by the United Kingdom, Behg and multiple states in
the USA, is a main promotion scheme of a quotagakitbn on electricity suppliers to
supply an increasing proportion of their electyiditom renewable sources [5]. It is
structured as a quantity regulation, letting thekeadetermine a reasonable price for
renewable energy power. In this approach, govertsrest targets or quotas to ensure
that power grid enterprises purchase a certain ehatkare of capacity or generation
of electricity coming from renewable energy sourdesmost cases, governments
create tradable green certificates (TGC) to trdek fulfilment of quotas [6]. The

competitive market determines the transaction pfi¢te advantage of RPS policy is
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that it is a framework policy that is easy to irmg with other policy measures and
can be implemented in conjunction with the FIT.

Renewable electricity production is in China atger® supported by a FIT
support scheme. Taking China’s biomass power asexample, the National
Development and Reform Commission (NDRC) issued No&ce on Improving
Feed-in Tariff of Biomass Power in July, 2010, to standardize biomass power prices
within the whole country [7]. The main contentstloé notice cover two aspects: one
of these is that biomass power FIT would be appéie®.75 yuan/kwWh for all the
power plants, and the other is that the biomasspgwice cost sharing system would
be implemented continually. However, the currehiaion is likely to change in the
future. Along with the economic transformation aadjustment of its industrial
structure, China has implemented new power syseéfarms. The NDRC issued the
Notice on Trial Implementation of Renewable Energy Tradable Green Certificate
Issuance and Voluntary Subscription Trading System on January, 18th, 2017 [8]. The
notice stipulates that the wind power and phot@iolpower sectors trial RPS policy
from July 1st, 2017, and that all renewable eneeppurces must subscribe to TGC
from January 1st, 2018. The introduction of RPSicgolvill greatly change the
biomass power industry, which is an important indudor resource-saving and
eco-friendly society in China, and there are mangartant problems worth studying,
such as the direction of the development of bionpasger in the long term under the
two policy schemes, potential problems that mageanuring the development

process, and future policy-making.

1.2 Literature review

Many scholars have built various models to study rénewable energy power
industry under FIT and RPS schemes. Some schokre hsed multi-objective
programming approaches to serve the decision makeithe renewable energy
industry. Ref. [9] emphasizes a method that integrahe backward dynamic

programming algorithm and Least-Squares Monte Qagthod to assess the optimal
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levels of FIT for photovoltaic power generation ustty in China. Ref. [10]
guantitatively compares the impact of RPS and HhTrenewable energy power
industry via a dynamic long-term capacity investtmaodel, which includes various
objects and constraints. Some scholars have us#dnbaip models. Ref. [11]
develops a long-term consumption forecasting meoledtudy the influence of FIT
variables on energy industry in Italy. Ref. [12]abizes the potential of renewable
energy for power generation under RPS scheme irstaakusing a bottom up type of
long term energy system based on the MARKAL framiwO®ther models have also
been used. Ref. [2] establishes a two-stage modebmpare the affect of FIT and
RPS on renewable energy power industry. Ref. [@h@Rres the relative effectiveness
of FIT and RPS in promoting wind power industrysvdlopment using non-linear
econometric and statistical model with panel data.

Numerous system dynamics (SD) simulation modelk byischolars have been
developed and applied successfully to a varietypaiblems related to energy
planning and management [13]. Ref. [14] simulates TGC price dynamics of a
market designed to support an aggressive mandatgirio power generation in the
northwestern USA. Ref. [15] describes the concdmtaaelopment of the SD model
of U.S. energy supply and demand, and its use atyaimg national energy policy
issues. Ref. [16] shares reflections on why SD tiiracers have been successful in
energy power industry. Ref. [17] uses SD modelstaoly various aspects of security
of energy supply faced by the Swiss electricity ketair Ref. [18] establishes a SD
model to analyze the regulation and interventiothg markets affect the long-term
prospect for the secure supply of gas in Argentief. [19] addresses SD models
considered for the assessment of policy optionghm natural gas industry in
Colombia, which focus on both modeling and polisgecifically with respect to

industry sustainability, and also on environmeirtglacts.

1.3 Rationale and structure of the paper

In the existing literature, scholars have presemadous methods to provide
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useful analysis for renewable energy industry’seflggment under FIT and RPS
schemes. However, the dynamics of development efréhewable energy industry
are complex. Most of the literature examines tlaicstimpact of a single factor on
renewable energy power industry’s development, famdexamples visually indicate
the complex relationship between various imporfaators and long-term renewable
energy power industry’s development. Thus, our go#b fill this gap. In this paper,
we synthetically consider various important factetith the analysis of the existing
literature, and use SD to establish models of kemgy development of China’s
biomass power industry under FIT and RPS schemea$ioluld be noted that in the
countries with mature energy policies and a soumergy system, some countries
implement one of the FIT and RPS schemes, andthmgilement the two schemes
at the same time but never on the same energy powestry. However, China is
now in the stage of power system reform, the Flfieste is implemented to
encourage the development of biomass power geoeratilustry, while RPS scheme
is implemented to realize the institutional chamjebiomass power industry from
government subsidy policy to a mandatory systemwhith the government policies
and the market mechanism work together. In otherdgjoin view of the current
situation of China’s renewable energy power systéme, market mechanism of
biomass power industry will gradually transfer frdaiT scheme to RPS scheme
rather than the RPS scheme immediately replaceflthaecheme without a perfect
TGC trading system (Figure 1 shows the changinggs® of the market mechanism
of China’s biomass power generation, and Chinaaw n the stage of market
mechanism transferring from FIT to RPS scheme)TBlis, the contents of this paper
are divided into two parts, one part is the develept of China’s biomass power
industry under FIT scheme, and the other is thesldpment of China’s biomass
power industry under FIT and RPS integrate scherhe. model not only clearly
shows the complex logical relationship between fiagtors but also reveals the
process of coordination between the two policygaolthe industry’s development. In
addition, the paper studies the development of &hibiomass power industry by

using scenario analysis model. The models propasetiis paper can provide a
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reference for scholars to study development of bssnpower industry, thereby
facilitating an understanding of biomass powerisgkterm sustainable development
pattern under FIT and RPS schemes and helping twider references for

policy-making institutions. The structure of thigper is as follows. Section 2
establishes the models of development of biomasgpmdustry under FIT and RPS
schemes. Section 3 carries out data analysis, misesiee results of simulations of
different scenarios, and conducts a sensitivitylyama Section 4 is the discussion,

and conclusions and policy implications are show8ection 5.

2. Methodology

SD is a systems modeling and dynamic simulatiorhoulogy for the analysis
of dynamic complexities in socio-economic and bigbal systems with long-term,
cyclical, and low-precision requirements [20]. Tigb the complex relationship
between the various elements of the system, S[blestas a relatively effective
model, which can achieve the predetermined goal we@t the predetermined
requirements. Based on the principle of systenkthghand feedback control theory,
SD helps understand the time-varying behavior ohmgex systems [21]. The
development of the renewable energy power indusider FIT and RPS represents a
dynamic system that contains a range of factodyding investment, cost, installed
capacity, quota, TGC price, and TGC demand andlgugipown in Figure 2. These
factors affect and restrict each other and dete¥mire behavior mode of TGC
suppliers and demanders (for details, please sde[RE). Development of the
renewable energy power industry under FIT and RR®Ives multivariable, high
order, and nonlinear, dynamic feedback complex esyst with obvious SD
characteristics. Although other types of quantt&atmodeling can be used for the
impact analysis, the SD model, which has the adgnbf solving dynamic problems,
can better simulate the process of developmenthef renewable energy power

industry [22].
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2.1 Theoretical framing analysis

FIT and RPS policies are the two instructional soguiding investors’
confidence and direction for the renewable enem@yeqv industry. In the process of
renewable energy power industry’s developmentjrttreduction and implementation
of FIT and RPS first lead to the change of investimgentiment, which is the
investors’ enthusiasm, and then affect the new stment, thereby affecting the
industrial scale and industry’'s profits, which dafee most important evaluation
indicators of the development of the industry. \a see that investors’ enthusiasm is
very important for the industry development, thtlee theoretical framing of the
model in this study analyzes the main factors arilting the investors’ enthusiasm
under FIT and RPS schemes, as shown in Figure us&/dhe installed capacity of
biomass power to represent its industrial scatberfigure.

(1) FIT module

To encourage the investment to the developmerteofénewable energy power
industry under FIT, the government subsidizes tleetecity price of renewable
energy power through developing an appropriate gntam of the long run marginal
cost of renewable energy power [23]. This parhefsubsidy price is a premium price,
which directly determines the on-grid prices of ewable energy power. The FIT
scheme improves investors’ enthusiasm for devetppnewable energy projects. On
the one hand, FIT scheme can make renewable epevggr compete in the market at
a lower on-grid price to ensure that power gridegmises acquire renewable energy
power in priority [24]. On the other hand, it camsare that renewable energy power
investors legitimately recover the cost of investm&hus, the FIT is a main factor
affecting the investors’ enthusiasm.

FIT scheme ensures investment and revenue of bgrpasver industry.
However, with the growing scale of the industryrieas construction costs, land
occupation costs, raw materials and fuel costs, dmmesources costs, and loans
gradually increase within the construction of bies@ower projects. The profits of

biomass power industry continuously change, whigh ot only directly affect the
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development of the industry but also influence sterm investment of construction
projects. Investors will adjust the new investmantthe next period according to
changes of profits. It reveals that industry’s grad a main factor affecting the
investors’ enthusiasm.

(2) FIT and RPS integrate module

The implementation of FIT and RPS integrate schegties on FIT policy, that
is, FIT ensures the initial investment and indusitgle when RPS implementing at
early stage according to the above analysis, whigha good foundation for the TGC
market transaction scale. TGC refers to a certdicd renewable energy generation
mode, which can be tradable and honored as a oyrreRGC system is a
market-based subsidy scheme designed to promowwadte energy power by
prescribing the RPS quota proportion, which is iicat policy variable reflecting
government policy objectives [25]. In this markiedditional power plants and power
grid enterprises (TGC demanders) that purchase ngrestificates undertake
designated RPS quota proportion. The renewablggmawer plants (TGC suppliers)
that sale green certificates can trade with TGC atetars on the basis of the
renewable energy power generating capacity. In rgénene kWh of electricity can
be converted to one unit of TGC. The supply andatehof TGC determine the TGC
price in the trading market. Besides, TGC hasal&dyperiod. TGC suppliers need to
sell TGCs, and TGC demanders need to turn TGC<PiE Before expiration. Thus,
TGC valid period affects the amount of TGC solddemanders. To ensure the
implementation of RPS, the government will punisithes TGC suppliers or
demanders who do not fulfill their quota obligasdy setting a fine.

Within the implementation of RPS, the formationT@&C trading market affects
the development of biomass power industry. Themegeof biomass power plants is
not only from electricity sales but also from TGéles, which is determined by TGC
price and amounts of TGC sold to demanders. Thagehaf revenue affects the
industry’s profits. In addition, according to mieanomics theory, TGC price
increases when TGC demand (amount of TGC purchasegjeater than supply

(amount of TGC sales). In this situation, the inees hold that selling TGC is
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profitable, and invest new biomass power projemtsl vice versa. It shows that TGC
price affects investors’ enthusiasm, thereby infieg new investment and the

development of biomass power industry.

2.2 Model design

At the beginning of model design, we define themmgs energy of our study.
Different regions or countries have different digioms of biomass energy that can be
generated. For example, the raw material for bienpasver generation in Europe is
the biodegradable part of different types of waateording to the “Renewable
Sources” European Directive 2001/77/CE. China asggral plants, poultry manure,
and organic waste from urban and rural areas fonhss power generation according
to the Renewable Energy Law (2006). Agriculture as one of the largest industries in
China provides a rich source for biomass resouj2ék As the residue of wood
harvesting in agriculture and the forestry indestri crop straw accounts for
approximately 60% of the total biomass resourcesChna [27]. The future
development of biomass energy resources is likelgontinue and expand from the
traditional agriculture and forestry residues iat@as as poultry excrement, urban
garbage and biological liquid fuels [28]. The reseuamounts and availability of
biomass energy in China is shown in Ref. [28] itade

To facilitate the theoretical study and establishinef the model, there are
several assumptions in the process of model eskabént: 1) The market is a perfect
competitive market, that is, the market traders rat@nal economic people, and
supply and demand determines the transaction pf&geDo not consider the
technological progress, that is, FIT and unit aisthot change with time. 3) Do not
consider the impact of tail gas on the environm#vat is, the residents do not hinder

but accept the construction of biomass power plants

2.2.1 Model under FIT scheme

Based on the above analysis, we believe that thel@@nent of biomass power
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industry under FIT is mainly affected by FIT lewaid industry’s profits. This study

sets the variables showing the cumulative resalstdte variables (shown in boxes),
the variables showing the changing rate of stateabi@s to rate variables (shown
with double triangles), and the rest of the reléwaariables to auxiliary variables

according to the characteristics of the factorq.[ZBe flow graph is a good tool for

modeling the cause and effect relationships betweeious components of the SD
model. A flow graph of the development of biomass&grondustry under FIT scheme

is established in this paper using Vensim softwa®,shown in Figure 4. The

directions of the arrows indicate the influencesrattion, and the impact of the FIT
level and industry’s profits on the developmentha industry is stressed via boldface
and thick line.

There are approximately twenty control functionghis flow chart that are used
to express the quantitative relationships betwegampeters. Due to the limited length
of the article, only the main formulas and sigrafit functional relationships of the
impact of the FIT level and industry’s profits dmetdevelopment of biomass power
industry in the flow chart are enumerated, as Wdlolinterested readers can collect all
the necessary information from Refs. [29,30] to ptately understand the model

under FIT scheme.

s =(FIT +a)/LMC,,,, . (1)
p=IPxe ()
1Cpeces = (8 + P)X I Comsaune X & (3)
IC,mane = | (1C =~ ED)t +1C e (4)

Where,

S is the impact of subsidy price on investment,

LMC is the long run marginal cost of biomass power,

biomass

p, is the impact of industry’s profits on investment,

IP is industry’s profits,
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|Copecied 1S the expected installed capacity to construceurIT,

IC is the cumulative installed capacity,

cumulative

IC., isthe newly-added installed capacity,

ED is equipment depreciation,

IC is the initial value of the cumulative installedpacity when time

‘cumulativey
equals zero,

a, £,and ¢ are economic parameters.

§ can be seen as a comparative advantage over UdhG,,, ., and it is

positively correlated with FIT levels, as shown farmula (1). IP directly

determines investors’ investment strategies, gndis positively related to the profits,
as shown in formula (2) [29]. Botls and p can be seen as the proportion of

investment in the next period of the constructitanpwith IC thus IC

‘cumulative ? expected
is shown as formula (3). The biomass power projeetd to be operational after the
construction period, thus, we use the delay funciio Vensim to represent the

newly-added installed capacity, which is

DELAY FIXED (CP,construction period,0). IC is the cumulative value of

cumulative

the difference between the newly-added installgglacidy and ED each year, as

shown in formula (4), whereED is calculated by the average depreciation method.

Cb = CbO X ICcumuIative_g (5)

Where,

C, is the biomass cost per unit of power generation,

C,, Is the initial value of the biomass cost per whipower generation,

@ is the learning rate index of cumulative instalteghacity in the biomass cost
per unit of power generation.

The price of biomass is changing, which leads &offinctuation of raw materials
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and fuel costs, and with the expansion of industale, the biomass cost per unit of
power generation is decreasing gradually [31]. dlbereasing biomass cost with the
expansion of industry scale can be quantified bsrnieg rate of industrial
development, which is estimated by learning curvaeh [32]. Thus, the biomass
cost per unit of power generation is shown in equafs) (for details, please see Ref.

[31])

2.2.2 Model under FIT and RPS integrate scheme

Based on the above analysis, we believe that thelof@ment of biomass power
industry under RPS scheme is mainly affected by IEVEI, industry’s profits, and
TGC price. A flow graph of development of biomasswvpr industry under RPS
scheme is established, as shown in Figure 5, wheFempact of FIT level, industry’s
profits, and TGC price on the industry’s developimisnstressed via boldface and
thick line.

There are approximately forty control functionsthis flow chart, and only the
main formulas and significant functional relatioipshof the impact of TGC price on
the development of biomass power industry and tbhegss of TGC fluctuation in the
flow chart are enumerated, as follows. Intereseatiers can collect all the necessary

information from Refs. [14,33,34] to completely enstand the model under RPS

scheme.
t; = (AP +77)/ LMC,yoee (6)
|Cogees = (8 + B +1) %1 Copyage X W)
TGCqe = f /mx(TGC,/TGC, xTGC,,) (8)

e P if T6C, >T6C,
purchases ~ ) £ [ mx [TGCpo /TGCp X (TGCt _TGChd )] Jf TGChd < TGCt ©)

TGC, =-TGC,xA/t,, (10)

Where,

t. is the impact of TGC price on investment,



334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

AP is TGC annual price,

IConecea IS the expected installed capacity to construdearRPS,

t' is the impact of TGC price on investment after atfient,

TGC,,. is the expected TGC sales amount,

f isfine,

m is the maximum value of probable TGC price,

TGC, is TGC price,

TGC,, is the initial value of TGC price when time equzdso,

TGC,, is TGC held by biomass power plants,

TGC is the expected amount of TGC purchases,

purchases

TGC,, is TGC held by demanders,
TGC, is TGC turned in for RPS,
TGC, is TGC price fluctuation,
TGC, is TGC oversupply,

t,, is adjustment time of TGC price fluctuation,

p

n, o,and A are economic parameters.

t. can be seen as a comparative advantage bivC which is similar to

biomass !
S, and, as mentioned above, the higher the TGC pheegreater the enthusiasm of
investors; thusyt is positively correlated withTGC,. In addition, investors use

AP, a relatively stable price, as a reference forrbet period of investment [35];

thus, t is shown in formula (6).IC, e is similar to formula (3), as shown in

formula (7). As there is a time difference betweed GC price signal and a new

biomass power project starting to produce enetflyis shown by using a delay
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function in Vensim, as DELAY1(t,adjustment time of TGC pricetrend)

Newly-added installed capacity and cumulative itestlacapacity are the same as

those under FIT.

In the TGC market,TGC,,, is based onTGC,, and is affected by two aspects
of f and TGC,. On the one handJGC,, changes as thdGC, changes, thatis,
biomass power plants plan the sales amount bydakia ratio of the currenTGC,
to TGC, as a reference [14]. When based on marginal aost,pTGC,, is the

difference betweenLMC and the long run marginal cost of traditional poawe

biomass
On the other hand, ag set by the government is generally higher than TGC
suppliers would rather sale more TGC than acceptsharent [33]. To show the
promotion effect of a fine, we sef /m as a proportion representing the more

amount of TGC sales based on the initial sales atnaftbiomass power plants. Thus,

TGC,, is shown in formula (8). SimilarlyTGC is shown in formula (9),

purchases
which is a conditional function shown as
IF ELSE THEN (TGC,, >TGC, 0, f /ImxTGC, /TGC, x(TGC, ~TGC,,)) in

Vensim. TGC,,, is the difference between TGC sold to demandeds B&C, , where

TGC sold to demanders is shown by wusing extremahction as

MIN(MAX (TGC,,, TGC )MAX(TGC_,TGC,,..)) in Vensim (TGC, and

purchases

TGC, are the amount of expired TGC of TGC demanders aogpliers,

respectively). TGC, is determined by electricity demand and RPS gpotportion

each year. As mentioned above, TGC supply and demhaectly determines the TGC

price changes: the greater the supply of TGC, itjeen the TGC price. ThusJGC

is negatively correlated witiTfGC,, as shown in formula (10) [36].

2.3 Validation of dynamic models
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SD models are causal models, suitable for anafysisevaluation of the policy
in a period of time, rather than a precise numenxadiction at a time [37,38].
Consistent with this assertion, the key purpos®wf developed SD models is to
assist us in the assessment and analysis of biorpass&r industry sector.
Furthermore, all the models which produce the aue®based on the right structure
should be tested its validity. Without appropriatdidity testing of the model, it is
hard for anyone to buy in the claims of the stu89]] Therefore, we followed
validation methods and steps that the SD commusitlyjects their models to
according to Refs. [40,41]. Both the structuralo{@h as follows) and behavior
validity procedures (shown in the analysis of tesuits) are applied to SD models. It
is noted that the validation methods and stepseifs.R40,41] are suitable for all SD

models, and directly used by us for a certain sasay in the following contents.

2.3.1 Boundary adequacy

Figure 6 summarizes the major endogenous and emagewariables in the
models. Consistent with the purpose of the devetognof biomass power industry,
all the major aggregates: investment, capacityfiterocosts, and TGC price are
generated endogenously. Electricity demand, Flfisttaction and equipment factors,
RPS mechanisms, long run marginal costs, rate adpstment times are exogenous

variables.

2.3.2 Structure verification

The structure verification of the models are testgdwo aspects. One of them is
the specific case-China’s biomass power industtg (lar available knowledge about
the real system) shown in Section 3, and the ahersub-models/ structures of the

existing models of the domain shown in Table 1.

2.3.3 Dimensional consistency

The dimensional consistency test requires testingathematical equations in
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the models, and ensuring that the units of vargableeach equation are consistent.
We have used “Unit Test” in Vensim and found tha¢ timensional consistency
passed the test. We take formula (1) as an exarttpeyalue ofa is estimated
based on the effect of FIT implementation in Chivée considered all 34 locations
(except for Hong Kong, Macao, and Taiwan) of biosng®wer plants, and the
relation among the development of biomass poweerggion, the long run marginal
cost of biomass power, and the FIT at each of thpeginces were obtained to
estimate the value ofr =-055. Now if we do the dimensional analysis of formula
(2) using “Unit Test”, we can have
[dimensionless]=[(yuan/kWh)/(yuan/kWh)]=[dimensiea§]. Thus, not only the value
of a is based on the existing knowledge of the realesysdut also the formula is

dimensionally consistent.

2.3.4 Parameter verification

The selection of parameter values determines thdityaand feasibility of the
model outcomes. The values in this study are sduficen the existing knowledge
and numerical data form case-China’s biomass pandustry data. The detailed

description is given in Section 3.

2.3.5 Extreme condition test

We set (i) both FIT and RPS quota as 0, and (ijstrmiction delay to a very
large number as several extreme conditions. We fawed that installed capacity,
investment and industry profits gradually reduced a&lose to zero in these cases,
shown as Figure 7. It reveals that the output efrtitodels is in line with the actual
situation under extreme conditions, and the modelproduced passes the extreme

condition test and their validity is enhanced.

2.3.6 Structurally oriented behavior test

In this test, the behavioral sensitivity of the ralsdare evaluated, which are
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shown in sensitivity analysis of Section 3 in detai

In summary, the structure of SD models of biomassgy industry development
under FIT and RPS schemes were exposed to allithiests for overall structural
validity. Based on these evaluations, we have gtimonfidence in the credibility of

our scenario-based conclusions.

3. Data, simulation results and analysis

3.1 Data

To facilitate the study of the dynamic developmehg temporal resolution of
the model needs to be small. This study assuméstthastep size is 1 month. At
present, each country’s TGC contract period usuahges from 3 to 10 years. To
study the impact of policy on the long-term devebgmt of the industry, this study
considers the actual situation in China, and assutimgt the simulation time is 10
years, or 120 months, and that the start timensaly, 2016. The key parameters and
their practical initial values in the study are wimoin Table 2. Most of the data are
collected from the China Statistical Yearbook, avey of the data from the China
Electricity Council and National Energy Adminisicat. The initial value of the RPS
guota proportion of 1.3% is the proportion of bi@mgower generating capacity
represented in the total electricity consumptiondamuary, 2016. As the RPS quota
proportion of China’s biomass power will reach eadt 5% we estimate in 2025
according to NDRC [42], its growth rate is set a$3% each month. As China’s
long-term electricity demand growth rate is appnoxiely 3% each year [43], it is set
as 0.25% each month. The key parameters and thmimeed values in the study are
shown in Table 3. According to Ref. [44], the leagnhrate index of cumulative
installed capacity in the biomass cost per unipofver generation is 0.48. As the
maximum value of the probable TGC price is appratety twice the long run

marginal cost of biomass power [36], we set it @sylian/kWh.

3.2 Smulation results
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The simulation of the development of China’s biosypswer industry under FIT
and RPS schemes will be operated based on the $elsno Figure 4 and Figure 5.
We set up the three following scenarios of FITdomparative study. Scenario A is a
practical situation, with a subsidy rate of abod¥%@3relative to the long run marginal
cost of biomass power, while Scenario B and C amaparative scenarios, with
subsidy rates of 35% and 40%, respectively.

Scenario A: FIT is 0.75 yuan/kWh

Scenario B: FIT is 0.78 yuan/kWh

Scenario C: FIT is 0.81 yuan/kWh

The simulation results of the development of Chlinaiomass power industry
under FIT scheme are shown in Figure 8. We cantBat starting from the
commencement of operation, the expected instalipaaity to construct, cumulative
installed capacity, and industry’s profits continieegrow steadily under three FIT
levels, with increases in the level of subsidy disecorrelated with increases in the
speed of growth. Under the three FIT levels, thexdative installed capacities will
approach 25.5 GW, 30.6 GW, and 36.7 GW, respegtivaid the biomass power
industry’s profits will reach ¥57.1 billion, ¥70llion, and ¥87.5 billion, respectively,
in 2025.

We verify the behavioral validity of the model unddT scheme in this part by
comparing the results of the simulation with theinése government’s planning
values. As the industry planning of China’s biomps#er is up to 2020, we compare
the data in 2020 shown in Table 4. As the technoédgrogress is not considered in
the simulation, the planning value may higher thasm simulation results. Since the
model is not intended for forecasting but rather golicy analysis, the errors in
installed capacity and profits growth rate areitbliel concern, as it will not affect the
relative efficacy of policies [40]. As a resultjstfair to conclude that the model under
FIT scheme, a model used for policy analysis ratin forecasting purposes,
accurately replicates the actual data.

The simulation results of the development of Clenaiomass power industry

under RPS scheme are shown in Figure 9. By congpdhie results of TGC price
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with the related literature [14,33,35,36], we fiticht the overall trend of TGC prices
is an initial increase followed by a decrease dad the maximum TGC price is less
than the fine level. This proves that our simulatiesults are consistent with those of
other scholars.

First, we analyze the practical situation, namedgrg&rio A. We can see from the
figure that construction of the TGC market begm2016-2020 (Time from 0 to 60),
during which period, within the context of the doming growth in electricity
demand and the government’s requirement for the RRfa ratio, there is always
TGC excess demand in the market and the TGC priilceise steadily. The growth of
the TGC price causes two changes. First, invesémtsiusiasm grows, with the result
that new biomass power plants will access the maéke the other hand, the revenue
of biomass power plants increases. This causeglystgeowth of the expected
installed capacity to construct, cumulative ingt@dltapacity, and industry’s profits.

With the construction of the TGC market and the amgion in scale of the
biomass power industry, the electricity demandeases steadily and the generating
capacity of biomass power grows fast. In addititve, effect of a fine contributes to
increasing TGC purchases and sales. On the otinel; i&C demanders and biomass
plants use the TGC held by themselves and the anofwexpired TGC to adjust the
amount of TGC in the market. Thus, the market pitgr between TGC demanders
and biomass power plants gradually intensifies f@021 (Time=61) and begins to
fluctuate violently, while TGC excess demand desesaand TGC price, the expected
installed capacity to construct, cumulative instalicapacity, and industry’s profits
continue to grow.

With the further fast expansion of the biomass powaustry, fluctuating excess
demand for TGC gradually changes into oversupplye TGC price reaches a
maximum of 0.88 yuan/kWh in 2024 (Time=96) and thegins to decline rapidly.
Due to the delayed effect of the TGC price signalnew biomass power projects,
investors do not immediately reduce their investimemew biomass power projects
in 2024. Thus, the expected installed capacity ¢ostruct and the cumulative

installed capacity both still grow rapidly. Howeyére rapid decline of the TGC price
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and the growth of construction costs causes thitpa the biomass power industry
to increase slowly. Finally, the cumulative ingtdllcapacity and industry’s profits
approach 76.9 GW and ¥273 billion, respective\2025.

We verify the behavioral validity of the model undRPS scheme in this part. As
China has not yet implemented RPS, there is notipehcdata for comparison.
However, on the one hand, as mentioned above, aifonlresults of TGC price are
consistent with those of other scholars. On therotfand, according to the experience
of other countries, the installed capacity willgkdhe target ahead of time if RPS can
be well implemented. The simulation results of madel are consistent with the fact.
It reveals that the model under RPS scheme, a maael for policy analysis rather
than forecasting purposes similar to that under $dfieme, accurately reflects the
actual development trend.

Second, we conduct a comparative analysis usingetlscenarios. When the
TGC market is in the TGC excess demand phase, ighehthe subsidy price, the
greater the enthusiasm of investors, the greateredtpected installed capacity to
construct and industry’s profits, the more rapidvgh of the cumulative installed
capacity of biomass power, the greater the TGC Igupipe lower the TGC price
while the easier to balance TGC demand, and moieklgueaching the maximum
TGC price. Moreover, we find that the higher thebsdy price, the smaller
fluctuation of market interplay between TGC demasdend biomass power plants.
When TGC excess demand changes into oversupplyf @t price begins to drop.
We find that the higher the subsidy price, the Iowee TGC price, the slower the
growth of both expected installed capacity to camdt and cumulative installed
capacity of biomass power, and the slower the drasitbiomass power industry’s
profits. Although the high subsidy price contribaite increase investors’ enthusiasm,
the too-low TGC price caused by high subsidy pheaels to a reduction in the TGC
market transaction activity, thereby reducing theestors’ enthusiasm. Through the
contrast, we can see that a high subsidy price rapitious to the industry’s
development in the TGC excess demand phase whiighaTGC price is conductive

to the industry’s development in the TGC oversupgigse.
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In summary, we draw the following three conclusitnasn the simulation results.
First, China’s biomass power industry developsefiashcreases in scale, and profits
more with the constraints and actions of RPS gpotaortion, TGC valid period and
fines under RPS scheme. Second, the subsidy prinegatively correlated with the
TGC price in industry’s development. Third, the mation effect of FIT on new
investment in the TGC excess demand phase is srotgn that in the TGC
oversupply phase. In contrast, the promotion effécIGC price on new investment

in the TGC oversupply phase is stronger than thtte TGC excess demand phase.

3.3 Sengitivity analysis

As mentioned above, policy makers set up mechanidR$S quota proportion,
TGC valid period, and fine, to encourage industdeéselopment under RPS scheme.
Various values of the three mechanisms will haviéerdint effects on industry’s
development, and policy makers will develop thaitial values accordingly. On the
one hand, these values lead to different power tglamarket behavior
decision-making of RPS, and then make the TGC aeHalance. On the other hand,
the TGC equilibrium strategy in turn makes the ReBeme more adaptable, and its
performance is the dynamic adjustment and adaptafi®RPS quota proportion, TGC
valid period, and fine. Then, the TGC equilibriutnategy becomes the common
belief of all the power plants, and the RPS scheuitiebe strengthened. Thus, it is
necessary to study the scientific setting of RP8tajyroportion, TGC valid period,
and fine level for the current stage of China’'sn&ss power generation market. We

set the FIT of the biomass power as 0.75 yuan/kWthigs section.

3.3.1 RPS quota growth rate

We set the RPS quota proportion of China’s bionpasger in 2025 as 5%, 5.5%
and 6%; that is, the RPS quota growth rate is set.E¥3%, 1.21%, and 1.28%,
respectively, each month as Scenarios D, E, anespectively. The simulation results

are shown in Figure 10. We can see that the higleeRPS quota growth rate, the
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higher the TGC price, the greater the expectedhliest capacity to construct and
profits of the biomass power industry, with thergases being fast and steady, and the
more rapid growth of the cumulative installed cafyadhis is because higher RPS
guota proportion results in greater TGC demandregmed ease of promotion of
market TGC transactions, and increased investohusrdsm, thereby promoting

industry’s development.

3.3.2 TGC valid period

We set 12 months, 36 months, and 60 months of {BE Valid period as
Scenarios G, H, and I, respectively, in this sectithe simulation results are shown in
Figure 11. The figure shows, first, that the lontieyr TGC valid period, the lower the
TGC price, the smaller the magnitude of TGC pricettiation, and the slower the
growth of expected installed capacity to constraatpulative installed capacity, and
profits of the biomass power industry. This is hessaincreases in the TGC valid
period increases not only the amount of TGC thatlma held by the transactors but
also the length of time that it can be held andamm®unt that can be sold, thus being
helpful for transactors to deal with long-term riskthe TGC price, and resulting in
the lower TGC price and slower it rises and félecond, the figure also shows that
the change of the TGC valid period has no signifioaffect on expected installed
capacity to construct, cumulative installed capaenhd profits of the biomass power
industry. As a mechanism that can flexibly adjin transaction volume at different
times, the TGC valid period has little effect or tiotal amount of TGC transactions

and, thus, has no significant effect on developroétite biomass on power industry.

3.3.3 Fine level

Setting the fine level scientifically is an effeaiway to make the power plants
follow the RPS scheme, which is conducive to prangpthe TGC strategic choice of
power plants, thereby increasing the effectivengisshe RPS scheme and TGC
trading system. We set 1.3 yuan/kWh, 1.5 yuan/kwh h7 yuan/kWh of fine level
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as Scenarios J, K, and L, respectively, in thigieec The simulation results are
shown in Figure 12. We can see that the higherfithes the greater the market
incentive effect, the more active the market, tlyhér the TGC price, the greater the
enthusiasm of investors, and the more rapid theldpment of the biomass power
industry. However, a too high fine level causeshitoenass power industry to develop
too fast, resulting in TGC oversupply and a ra@tl in TGC price. Moreover, the
higher fine leads to the faster the rate of dechmach results in the rapid decline of
the growth of biomass power industry’s profits. $halthough a high fine level can
stimulate market transactions and promote industdgvelopment, it will lead to
greater fluctuations in the TGC price, which inaesthe risks of market transactions

and is not conducive to the growth of biomass panaustry’s profits.

4. Discussion

To facilitate the theoretical study, the study setsne assumptions in the
modeling process. However, in the process of paligyiementation, many uncertain
factors, such as the assumptions, have complexcisipan the development of
China’s biomass power industry. In this section,wi discuss several assumptions

set in the study.

4.1 Imperfect competition market

In general, the electricity market has not beenideal perfect competitive
market for a long time. An imperfect competitive riket cannot fully realize
information symmetry and maximize the efficiencyre$ource allocation. Moreover,
the transaction price is not directly determinedsbpply and demand, and the market
price signal cannot accurately adjust the behavidraders, eventually resulting in
market failure. China’s electricity market, for exale, is mainly dominated by five
power generation groups, the China state grid,thedouthern power grid company,
although NDRC has issued policies to break thetrt#y market’s monopoly and

establish a perfect competitive market in the 1Bihe-Year Plan power reform
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system [46,47]. This study shows that RPS can telpromote the development of
China’s biomass power industry in the perfect caitipe market, when compared
with FIT. In contrast, Refs. [48,49] study the effeof FIT and RPS on electricity
market in an oligopoly market, and show that theeas threshold of the power
industries is high, the traditional power entemsiform a monopoly, renewable
energy power enterprises find it difficult to aceélse market, the transaction price is
distorted, and FIT is more effective than RPS ianpoting the development of the
renewable energy in an imperfect competition markéius, the degree of market
competition directly determines the policy effects RPS for the development of

China’s biomass power industry.

4.2 Technological progress

Technological progress is an important factor diffigcindustrial development.
With the continuous operation of new biomass powlkmts, related supporting
technologies of biomass power generation have ctumematurity [50]. Technical
progress, such as circulating fluidized bed, watarled vibrating grate furnace and
other industrial technologies, reduces the costshiofnass power infrastructure
construction, operation, and maintenance, in anito other costs [31,50]. Thus, it
reduces the long run marginal cost of generatirognbss power in China, increases
industry’s profits, and improves industry’s devetognt under FIT [51,52]. The
decline in long run marginal cost reduces the deeece of the biomass power
industry on subsidy prices. Thus, the governmetitaiso reduce the FIT level and
subsidy price at intervals [53]. This study shotat tthe reduction in FIT and subsidy
price contributes to the long-term developmenthef biomass power industry under
RPS. Overall, technical progress has a positivecefin the development of China’s
biomass power industry under FIT and RPS.

4.3 Environmental conflicts
China’s biomass power generation is mainly basetherdirect combustion of

straw and on waste incineration [28]. As the rapictease in straw and municipal
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solid waste generation coupled with the lack ofcgpar new landfill sites, China has
a strong demand for biomass power [54,55]. Howdwetause of the possibility that
harmful materials, such as dioxin, carbonaceousemnahtand levoglucosan-like

species, may be emitted into the air and then jeligm the residents’ health, the
construction of biomass power plans often meetstasce from residents who fear
negative environmental impacts [56,57]. Althougé technological progress can help
to solve the problems, the residents still hope tiiia biomass power projects will not
sit in the vicinity of their residential areas natter how good the technology is [58].
The construction of power plants need more suppbresidents because of rapid
development of biomass power industry when implamgrRPS. Lack of reasonable
strategies to solve the contradiction between esggdand the government may lead
to serious conflicts resulting in discontinuinggduetion both of industry’s profits and

investors’ enthusiasm, an insufficient TGC supplyl imbalanced market supply and
demand, which will, ultimately, seriously affectetidevelopment of the biomass

power industry.

5. Conclusion and policy implications

This paper establishes SD models and analyses @helogpgment of China’s
biomass power industry under the FIT and RPS schete simulation results show
that in the perfect competitive market, the implataton of RPS can promote
long-term and rapid development of China’s biomassver industry given the
constraints and actions of the mechanisms of RRfBaqoroportion, the TGC valid
period, and fines, compared with FIT. Then the paj&ducts a sensitivity analysis
of the three mechanisms, and finally discussesrakassumptions set in the study for
critical comments against current situation. In suary, some policy implications in
this paper are given as follows when implementifRBRoolicy.

First, at the beginning of RPS implementation, @plnakers should continue
implementing FIT to give biomass power subsidiefiewWthe supply and demand in

the TGC market tends to balance, policy makersetiéwer gradually reduce or cancel
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the subsidy price. This will contribute to the suisable development of China’s
biomass power industry.

Second, to promote the development of biomass pavderstry, policy makers
can, on the one hand, appropriately increase tt# dri®ta proportion, the TGC valid
period and fine level. In particular, the fine legbould not be too high. On the other
hand, on the basis of continuous technological igsxy policy makers should look
for adequate strategies to go beyond the end @lip& conflicts with residents, and
try to influence the behavior of them.

Third, to improve the effectiveness of RPS poljpglicy makers should actively
promote reform of the power system, establish depercompetitive market, and
improve relative market mechanisms as soon aslgessi

This paper notes some limitations that are stillbeo improved upon. Future
studies will consider more realistic factors, sashthe inflection point of electricity
demand load forecasting, the auxiliary policy, #mvironmental constraints, and
other uncertain factors, to generate a more séiemnd accurate simulation of the

development of biomass power industry.
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The highlights are as follows:

® The models are based on the affect of policiegfggstors’ enthusiasm.

® System dynamics is used to analyze complex systermdustry’s
development.

® The models are suitable for similar problems ifiedént countries.

® The results reveal a long-term sustainable devetopiof the industry.



