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The most important issue related to the establishment of carbon emission trading in China
is how tomotivate the owners of public buildings to participate. However, Existing research
few considered the characteristics of public building owners and the influence of various
uncertain factors in carbon emission trading investments. To fill this gap, this study
constructs a carbon emission trading investment decision model of public building
owners to study the mechanism that encourages them to participate, incorporating
these characteristics and uncertain factors. The findings are as follows. First, carbon
price is important in adjusting the emission reductions of different owners to minimize the
total social cost of emission-reduction measures. Second, the price of carbon-emission
permits has a significant impact on the investment threshold and decision-making behavior
of public building owners. Finally, reducing the cost of energy-conservation and emission-
reduction technologies in public buildings and appropriately subsidizing owners for their
emission-reduction investment were effective methods to motivate them to participate in
carbon emission trading. The results were used to quantitatively analyze the impact of a
carbon emission trading mechanism on the decision-making behavior of public building
owners and to construct the carbon emission trading mechanism used in China’s public
building industry.

Keywords: carbon emission trading market, public building owner, behavioral selection, carbon price, external
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INTRODUCTION

At present, one of the biggest environmental problems that humans face on a global scale is climate
change caused by the high concentration of greenhouse gases (GHG) in the atmosphere from fossil
fuels and industrial processes (Burciaga, 2020). Controlling GHG emissions is an important goal for
human societies. As early as 1997, the Kyoto Protocol indicated that there are six GHGs of
anthropogenic origin that must be reduced: carbon dioxide (CO2), methane (CH4), nitrous
oxide (N2O), hydrofluorocarbon (HFC), perfluorocarbons (PFC), and sulfur hexafluoride (SF6).
In this sense, CO2 is the main anthropogenic GHG, composing approximately 76% of the total GHGs
considered by the Kyoto Protocol (IPCC, 2014). Meanwhile, the Kyoto Protocol established a series
of innovative cooperation mechanisms with the aim of decreasing the costs of GHG mitigation,
namely, International Emission Trade, Joint Implementation, and Clean Development Mechanisms.
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These three mechanisms involve carbon emission trading
between countries (Liu and Dai, 2004). Since then, the carbon
emission trading mechanism has become an important means to
effectively decrease energy consumption. Internationally, there
are large-scale trading platforms, such as the European Union
Emissions Trading System (EU-ETS) and the Regional
Greenhouse Gas Initiative. Following the official launch of
carbon emission trading in China at the end of 2007, the
carbon trading market completed 4,340.09 million tons of CO2

trading volume in 2020.
At present, the three fields with the highest energy

consumption in China are industry, transportation, and
construction. In the construction industry, public buildings
consume a relatively large amount of energy. Carbon
emissions for the whole process of construction in China
amounted to 4.93 billion tCO2, or 51.3% of the national
carbon emissions as of 2018. In addition, China’s energy
consumption in the building sector increased from 460 million
tons to 2.23 billion tons, with an annual growth rate of 9.2% from
2000 to 2018. The rigid growth trend of carbon emissions in the
construction sector is obviously higher than the growth rate of
energy carbon emissions in industry and transportation (Li et al.,
2021; Luo et al., 2021; Luo and Liu, 2021). The energy-
consumption permit trading scheme (ECPTS) was proposed
by the National Development and Reform Commission and
the National Education Association in 2016 to achieve the
dual energy control targets, selecting Zhejiang, Fujian, Henan,
and Sichuan provinces as the pilot areas. By the end of 2020,
nearly 1,000 enterprises in the four pilot provinces had
participated in the ECPTS, with a volume of approximately
five million tons of standard coal equivalent (Mtce), the value
of which exceeded 110 million CNY (Zhang et al., 2021). With
continuing urbanization, people’s demand for public services will
increase and the area occupied by public buildings will continue
to grow. Predictably, the high energy consumption of public
buildings will become increasingly severe. Therefore, introducing
an appropriate carbon emission trading mechanism into the
public building market can effectively decrease energy
consumption in this sector. This issue involves the system
builder (government), the GHG emission controller (public
building owners), and transaction service providers
(transaction agency, verification agency, and intermediary).
The government is the representative of social interests, and
its support for the establishment of the mechanism is self-evident.
Service providers will emerge as needed when the mechanism has
been established. Since the owners of public buildings are used to
the current profit model and their concept of sustainable
development is weak, the key issue, particularly at the outset,
is to motivate them to participate in the mechanism.

Based on this, we studied the incentive and coordination
mechanism of China’s public carbon emission trading market.
The rest of this paper is organized as follows. First, the literature
review shows the theoretical influence mechanism of the carbon
emission trading market. Literature Review presents an economic
analysis of the behavioral decisions of public building owners. In
this section, we investigate how carbon price affects the decision-
making of owners after they enter the carbon emission trading

market. Then, considering several uncertain factors, an emission-
reduction-investment decision model was established under the
constraint of a total amount, which was based on the real-option
characteristics and several adjustable uncertain factors of public
building owners’ investments in carbon emission trading. This
model was applied to further explore the impact of carbon prices
on the decision-making behavior of individual public building
owners. Economic Analysis of the Behavior Decision-Making of
Public Building Owners discusses external coordination
mechanisms for carbon emission trading in the public
building sector. While also considering effective measures of
public building owners who participate in carbon emission
trading, this paper establishes a series of external coordination
mechanisms. These include a risk-diversification mechanism, a
technical-guarantee mechanism for trading media, an incentive-
and-restraint mechanism for trading behaviors, and a policy-
support mechanism for trading activities. These tools ensure
smooth progress in the decision-making of owners to the final
transactions. Finally, Conclusion and Outlook concludes the
paper and offers future research prospects. The research
framework of this study is shown in Figure 1.

LITERATURE REVIEW

Since 1968, when Dales (2002) first proposed the “emission
market” to address global climate change, many scholars have
suggested that the use of market trading can better lead to a
reduction of pollution emissions. For example, using economics
theory, Montgomery (1972) proved that the carbon emission
trading market can optimize the allocation of environmental
resources and thus minimize total emission costs for society.
Chen and Tseng (2008), Chèze et al. (2009), and Anger (2010)
analyzed carbon emission market mechanisms in the fields of
power, industry, and aviation, respectively. Since 2010, an
increasing number of scholars has focused on the carbon
emission trading framework and its concrete operation. Based
on issues in the USmarket, Kumarappan et al. (2011) constructed
the carbon market trading framework.

Perino and Willner (2017) examined the impact of the market
stability reserve (MSR) on the price and emission path of the EU
emission trading system. They showed that the MSR will adjust the
quota of the auction according to the surplus size, shifting the quota
issue date to the future for large surpluses. Cansino et al. (2016) used
the structural decomposition model to study the influencing factors
of Spanish carbon emissions, and obtained six factors, including
technology, energy intensity, and consumption mode. Jin et al.
(2021) studied the impact of carbon trading prices on emissions and
emission efficiency, and addressed the problem with a classic six-
unit system. At the same time, with the expansion of building
energy consumption, an increasing number of scholars are paying
more attention to carbon emission trading in the field of building
construction. For example, Chen et al. (2015) showed that carbon
emission trading can promote building energy conservation and
emission reduction, and further proposed steps to establish the
carbon emission trading market in construction. Song et al. (2018)
found the probability of local prosecution, the punishment of
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violations, and the loss of the owner’s reputation to be the key
factors affecting the owner’s behavior. Their multi-objective model
provides a quantitative theoretical basis for promoting the
construction of the ETS market in the construction industry.

Despite these contributions, few studies have addressed the
investment decision-making behavior of carbon emission trading
entities in China and internationally. However, research on the
investment decision-making behaviors of energy conservation
entities is similar to studies of the investment decision-making
behaviors of carbon emission trading entities, such as the
incentive policies for new buildings and analyses of stakeholders
in energy-conservation renovations of existing buildings. This
involves energy-saving building-renovation entities, energy-saving
building developers, and energy-saving building consumers. Their
willingness to participate is based on the investment income ratio
(e.g., cost distribution and profit sharing). Therefore, research on the
investment behaviors of public building owners participating in the
carbon emission trading mechanism is of great significance. Qi et al.
(2021), using the differentiation model and a series of robustness
tests, examined whether the carbon trading market would produce
the Porter effect. Astiaso Garcia et al. (2016) focused on the
cost–benefit idea and explored the effects of different
interventions (e.g., active or passive energy-conservation

technologies) on different types of public buildings. Furthermore,
they investigated the feasibility of an integrated power grid, new
energy, and renewable energy for public buildings. Based on life-
cycle costs, energy savings, carbon emissions, and indoor comfort,
the energy-conservation renovation schemewas optimized to ensure
the active application of energy-conservation technologies by
different stakeholders, such as governments, developers, and
consumers (Liu et al., 2020; Luo et al., 2021).

Compared with general carbon emissions trading, relatively
little research has addressed the carbon emissions trading
mechanism in the public building sector. The available
research mainly focuses on theoretical explanations of the
proposals and the feasibility of the trading framework in the
construction sector. Essentially, scholars in this field have studied
how to incorporate buildings into carbon emission trading from
the perspective of the trading mechanism; however, they lack a
quantitative analysis of the influence of this mechanism on public
building owners’ decision-making. The researchers also do not
offer specific solutions for current problems in the field of public
building energy conservation. In addition, domestic research on
the investment decisions of public building owners tends to focus
on a cost–benefit analysis. Most use traditional technical
economic indicators, such as the net present value, the

FIGURE 1 | Research framework.
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internal rate of return, and the dynamic investment payback
period. However, few have considered the option characteristics
of energy-conservation and emission-reduction investment based
on total control. Furthermore, few have clarified public building
owners’ investment decision-making behavior under the
influence of various uncertain factors.

Therefore, this paper analyzes the influence of social and
economic factors on carbon emission trading to illustrate the
importance of this practice in Chinese cities from the macro
perspective. Furthermore, we use economics to analyze how the
carbon price affects the carbon emission trading market from the
macro perspective. Then, from the micro perspective, a carbon-
emission-reduction investment model is built, and a numerical
analysis of public building owners is applied under the constraint
of a total amount. This is done to further explore the impact of
carbon price on individual public building owners’ emission-
reduction-investment decision-making, and it provides a
theoretical basis for the construction of carbon emission
trading mechanisms for public buildings. Combined with the
analysis of effective incentives to promote the participation of
public building owners in carbon emission trading, an external
coordination mechanism of carbon emission trading for public
buildings is constructed. The findings contribute to the
quantitative analysis of the influence of the carbon emission
trading mechanism on public building owners’ decision-
making behaviors. Furthermore, the carbon emissions trading
mechanism in the public building sector in China is constructed.

ECONOMIC ANALYSIS OF THE BEHAVIOR
DECISION-MAKING OF PUBLIC BUILDING
OWNERS
Behavioral Decision-Making of Owner
Groups Based on a Macro Perspective
Normally, the energy consumption of public buildings varies, and
the cost of energy conservation per unit also differs. If carbon-

emission permits can be transferred for a fee, public building
owners, who are subject to relatively low costs of energy
conservation and emission reduction, may be willing to engage
in substantial transfers, thus benefiting from selling surplus
carbon-emission permits. Consequently, they are economically
motivated. Public building owners with relatively high costs of
energy conservation and emission reduction must purchase
carbon-emission permits because the cost of taking steps to
improve energy conservation is higher than that of purchasing
the permits. Therefore, they are economically constrained.
Carbon price can be used as an important means for the
government to regulate motivation and constrain energy-
consumption management during the operation of public
buildings. The specific behavioral strategies of public building
owners based on carbon emission trading are illustrated in
Figure 2.

In Figure 2, the horizontal axis represents the energy-
conservation and emission-reduction amount of each public
building owner, while the vertical axis represents the marginal
cost of energy conservation and emission reduction. The figure
assumes that AC + BC � CD (i.e., QQ1 + QQ2 � Q3Q), and that
the carbon-emission market consists of three public building
owners (1, 2, and 3), with carbon-emission permits traded
between them. Based on the research on the marginal cost of
emission reduction in China (Li et al., 2021), their marginal cost
curves can be assumed as MAC1, MAC2, and MAC3,
respectively. According to the atmospheric environment
quality requirements, the volume of energy conservation and
emission reduction should be 3Q. Initially, the government
equally allocates carbon-emission permits to the three owners.
Therefore, the three owners hold 3Q fewer carbon-emission
permits than their current carbon emissions.

According to Figure 2, the behavioral strategies of the public
building owner group are categorized as three cases based on
different carbon prices:

• Case 1: Carbon price of P1. P1 is higher than the marginal
cost of public building Owners 2 and 3 when the amount of
energy conservation and emission reduction is Q. Owners 2
and 3 are willing to decrease their carbon emissions and sell
their carbon-emission permits. For Owner 1, P1 is equal to
the marginal cost when the amount of energy conservation
and emission reduction is Q; therefore, the owner does not
need to purchase carbon-emission permits.

• Case 2: Carbon price of P3. P3 is lower than themarginal cost
of public building Owners 1 and 2 when the amount of
energy conservation and emission reduction is Q. Owners 1
and 2 are willing to purchase carbon-emission permits. For
Owner 3, P3 is equal to the marginal cost when the amount
of energy conservation and emission reduction is Q, and
Owner 3 will not decrease more to sell the carbon-emission
permit.

• Case 3: Carbon price of P2. P2 is lower than themarginal cost
of public building Owners 1 and 2 when the amount of
energy conservation and emission reduction is Q. Owners 1
and 2 will decrease emissions Q1 and Q2, respectively. The
carbon-emission permits they purchase from the trading

FIGURE 2 | Behavioral strategies of owner groups in carbon emissions
permit trading in the public building sector.
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market are QQ1 and QQ2, respectively. For Owner 3, P2 is
higher than the marginal cost when the amount of energy
conservation and emission reduction is Q3; therefore, the
owner is willing to decrease emissions Q3 and sell carbon-
emission permits Q3–Q. Consequently, QQ1 + QQ2 � Q3Q.
At this point, the carbon emission trading market of the
public building sector reaches a balance between supply and
demand.

Further analysis of the abatement costs and social costs
undertaken by the public building owners in the above three
cases is presented in Table 1, which compares the abatement
costs in the case of carbon emission trading and non-carbon
emission trading.

Consequently,∫Q

Q1

f1(Q) + ∫Q

Q2

f2(Q) − ∫Q3

Q
f3(Q)> 0 (1)

If the price of carbon-emission permits fluctuates around P2
between P1 and P3, the emission reduction of different owners can
be adjusted by the carbon price. Thus, the total social cost of
emission reduction is minimized. From the macro perspective of
the public building owner group, price fluctuation indicates the
process of regulating the supply and demand of carbon-emission
permits among public building owners in the trading market.
During this process, the allocation of permits in the field of public
building energy conservation is continuously optimized.

Behavioral Decision-Making of Individual
Owners Based on a Micro Perspective
The carbon-emission-reduction investment of public building
owners, under the constraint of a total amount, has clear real-
option characteristics. Individual owners have two main ways to
reduce emissions: one is to purchase carbon-emission permits
from the market, and the other is to voluntarily reduce emissions.
If owners adopt energy-conservation technology to decrease
carbon emissions, they need to invest in technology, which is
an investment choice. Its realization is affected by the income of
future carbon emission trading (return), which, in turn, is affected
by further uncertainties. Therefore, this section considers
uncertain factors by using the real option theory. An
emission-reduction-investment decision model of public
building owners is established under the constraint of a total
amount. This further explores the impact of carbon price on the
investment behavior of individual owners.

The following presents the variable settings and basic
assumptions:

1) The investment cost of public building owners’ emission
reduction measures is C � ∑n

i�1Ci +∑m
i�1Cj, where Ci (i � 1,

2, 3, . . . , n) represents the costs of public buildings that
participate in carbon emission trading. This includes the
information cost to obtain information on potential trading
partners, market supply and demand, prices, negotiation cost
for bargaining, GHG emissions monitoring, and verification
cost. Cj (j � 1, 2, 3, . . . , m) represents the costs incurred
throughout the life cycle of public building energy-
conservation technology. This includes the cost of pre-
planning, design and feasibility studies for energy-
conservation and emission-reduction technology, building
energy-conservation technology, equipment construction
and installation cost, and equipment maintenance and
management cost.

2) The proportion of government subsidies for emission
reduction is θ, and the probability is λ. The government
switches between implementing subsidies and not
implementing subsidies. This process fits a Poisson
distribution with the parameter λ (i.e., during the period of
dt→0, the probability of governmental implementation of
subsidies is λdt).

3) The carbon-emission reduction is Qc � Qc0 − Qc1, where Qc0

represents the carbon emissions before the emission-
reduction measures are implemented, and Qc1 represents
the carbon emissions after the measures are implemented.

4) The price of a carbon emissions permit is Pc. We assume that
it obeys a Brownian motion (i.e., dPc � μcPcdc + bcPcdWc,
where μc represents the carbon price growth rate, and bc
represents the carbon price volatility).

5) r represents the risk-free interest rate of public building
owners’ carbon-emission reduction investment: r > 0.

According to the above variable settings and assumptions, the
value function V of the carbon-emission reduction investment of
public building owners is:

V � tmax⎡⎢⎢⎣∫∞

s�t
e−rs(Q0

c − Q1
c )Pcds − (1 − θ)⎛⎝∑n

i�1
Ci+∑m

j�1
Cj
⎞⎠⎤⎥⎥⎦
(2)

The impact of the amount of emission reduction on the
owners’ investment income is clear, and a positive correlation
exists between them. To simplify calculations, the carbon price is
used to characterize the income of carbon-emission reduction
investment. Let Qc � Qc0 − Qc1 � 1 and C � ∑n

i�1Ci +∑m
i�1Cj; the

above equation can be simplified as:

TABLE 1 | Comparison of carbon-emission reduction between owner participating in trade and not participating in trade.

Owner Owner 1 Owner 2 Owner 3 Owner group

Cost when carbon price is P1 or P3 ∫Q

0
f1(Q) ∫Q

0
f2(Q) ∫Q

0
f3(Q) ∫Q

0
f1(Q) + ∫Q

0
f2(Q) + ∫Q

0
f3(Q)

Cost when carbon price is P2 ∫Q1

0
f1(Q) ∫Q2

0
f2(Q) ∫Q3

0
f3(Q) ∫Q1

0
f1(Q) + ∫Q2

0
f2(Q) + ∫Q3

0
f3(Q)

Cost reduction ∫Q

Q1
f1(Q) ∫Q

Q2
f2(Q) −∫Q3

Q
f3(Q) ∫Q

Q1
f1(Q) + ∫Q

Q2
f2(Q) − ∫Q3

Q
f3(Q)
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V � tmax[∫∞

s�t
e−rsPcds − (1 − θ)C] (3)

In this equation, C does not change with time, and the
emission-reduction investment is equal at any time. Pc obeys
the Brownian motion:∫∞

s�t
e−rsPcds � Pc

r − μc
(4)

Therefore, the investment value can be expressed as:

V � Pc

r − μc
− (1 − θ)C (5)

The Bellman equation of Eq. 5 is:

rVdt � E(dV) (6)

where E(dV) represents expectations. From the above, the
probability that the government subsidizes the emission-
reduction behavior of public building owners is λdt. Using Ito
to develop E(dV) yields:

E(dV) � zV
zt

dt + μcPc
zV
zPc

dt + 0.5σ2c P
2
c

z2V
zP2

c

dt + λ[V1(P)
− V0(P)]dt (7)

The Bellman equation of V � Pc
r−μc − (1 − θ)C can be

expressed as:

zV
zt

dt + μcPc
zV
zPc

dt + 0.5σ2c P
2
c

z2V
zP2

c

dt − (λ + r)V0(P) + λV1(P) � 0

(8)

The corresponding characteristic equation of Eq. 8 is:

T � 0.5σ2cβ(β − 1) + μcβ − (λ + r) (9)

Let T � 0, and the positive solution of the characteristic
equation is:

β � 1
2
− μc
σ2
c

+

�����������������(1
2
− μc
σ2c
)2

+ 2(r + λ)
σ2c

√√
(10)

Then, the general form of the solution of Eq. 8 can be expressed as:

V(Pc) � APβ
c /(1 − θ)Cβ−1 (11)

Assuming value matching and smooth conditions:⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
V(Pc) � Pc

r − μc
− (1 − θ)C

z(Pc)
zPc

� 1
r − μc

(12)

Equations 11, 12 yield:

Pp
c �

β

β − 1
(r − μc)(1 − θ)C (13)

Equation 13 shows that, only when the permit price P > Pp
c

will public building owners choose to invest in emission
reduction. Thus, Pp

c indicates the investment decision point of
public building owners. A larger Pp

c indicates a higher threshold of
owners’ emission-reduction investment, and their decision-
making behavior tends to delay investment. In contrast, a
smaller Pp

c indicates a lower threshold for the owners’
emission-reduction investment, and their decision-making
behavior tends to accelerate investment. According to Eqs. 10,
13, the value of the investment decision point is related to the
risk-free interest rate r, the expected rate of return μc, the
proportion of governmental subsidy θ, the technical
investment costs of unit energy savings C, the government
subsidy probability λ, and the carbon price volatility σc.

Numerical Analysis of the Influencing
Factors of Owners’ Behavioral
Decision-Making
Based on the investment decision model established above, this
section uses data from real cases to illustrate the influence of
various uncertain factors, such as carbon price volatility,
technology emission-reduction cost C, government subsidy
proportion, and government subsidy probability, on the
investment decision point of emission reduction.

The investment for the renovation of solar water heating
technology for a public building in Xi’an is used as example.
The initial investment cost, corresponding to unit power savings,
is about 1.459 yuan/kwh (calculated via the total initial emission-
reduction investment divided by the annual electricity savings).
The annual electricity savings are 870,254 kwh, and the annual
carbon-emission reduction is 823 t of CO2. The adopted
electricity price is the first level of public building electricity
price in Xi’an in 2016. With regard to the setting of parameter
values of μc and bc0, please refer to the relevant literature (Gülay
Zorer Gedik et al., 2017; Xu andWang, 2018; Luo Xi, et al., 2019).
The initial values of each parameter are listed in Table 2.

Matlab (R2012a) was used to simulate the carbon-emission
reduction investment model of public building owners and to
assess the impact of various uncertain factors on the investment
decision point. The model-building process is shown in Figure 3,
and the results are shown in Figures 4–7.

The Impact of Carbon Price Volatility on Investment
Decisions
Let C0 � 1,543, r � 0.059, μc � 0.01, θ0 � 0, and λ0 � 0 to explore the
impact of carbon price volatility (bc) on public building owners’
carbon-emission reduction investment decision point. The variation
of the decision point Pp

c (carbon price) with bc is shown in Figure 4.
When bc � 0.03, the carbon price is 95 yuan/t of CO2; when bc
increases to 0.07, the carbon price increases to approximately 105
yuan/t of CO2. With the increasing volatility of the carbon price, the
decision point Pp

c increases continuously, which indicates that large
fluctuations of carbon price will increase the threshold for
investment by public building owners. This hinders owners from
investing in carbon emission reduction.
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TABLE 2 | Values of parameters in the carbon-emission reduction investment model of public building owners.

Parameters Initial values Notes

QC0 823 tCO2 Actual project value
Qe0 870,254 kwh Actual project value
C0 1,543 yuan Calculated from actual project values (1.459 yuan/kwh/0.9457 kg CO2 × 1,000 kg)
r 0.059 Obtained from literature
μc0 0.01 Obtained from literature
bc0 0.01 Obtained from literature
θ0 0 Initial value of governmental subsidy proportion being zero
λ0 0 Initial value of governmental subsidy probability being zero

FIGURE 3 | Model-building process.

FIGURE 4 | Curve of [Pp
c − σc] FIGURE 5 | Curve of [Pp

c − C]
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The Impact of Carbon-Emission Reduction
Technology Cost on Investment Decisions
Let r � 0.059, μc � 0.01, θ � 0, and λ � 0; the impact of different
technology costs on the decision point for owners’ carbon emission-
reduction investment is explored in the case of carbon price
fluctuations. The variation of the decision point Pp

c (carbon price)
with C is shown in Figure 5. When bc � 0.01, technology costs are
1,500 yuan, 1,700 yuan, and 1,900 yuan. The corresponding carbon
prices are 89 yuan/t of CO2, 101 yuan/t of CO2, and 113 yuan/t of
CO2, respectively. With increasing carbon emission-reduction
technology costs, the decision point Pp

c continues to increase,
indicating that higher technology costs will increase the threshold
for the investment of public building owners. This hinders owners
from investing in carbon emission reduction.

The Impact of Government Subsidy Proportion on
Investment Decisions
Let C � 1,543, r � 0.059, μc � 0.01, and λ � 0.1; the impact of different
government subsidy proportions on the decision point for owners’

carbon emission-reduction investment is explored in the case of
carbon price fluctuations. The variation of the decision point Pp

c
(carbon price) with θ is shown in Figure 6. When bc � 0.01, the
government subsidy proportions (θ) are 0.1, 0.2, and 0.3, and the
corresponding carbon prices are 83 yuan/t of CO2, 74 yuan/t of CO2,
and 64 yuan/t of CO2, respectively. With increasing government
subsidy proportions, the decision point Pp

c decreases. This indicates
that the increase in government subsidies of carbon emission reduction
will decrease the threshold for owners’ investment. This encourages
public building owners to invest in carbon-emission reduction.

The Impact of Government Subsidy Probability on
Investment Decisions
Let r � 0.059, μc � 0.01, and bc � 0.1; the impact of government
subsidy probability (λ) on the decision point for owners’
emission-reduction investment is explored in the case of
simultaneous changes in government subsidy probability and
subsidy proportion. The variation of the decision point Pp

c
(carbon price) with λ is shown in Figure 7. With an
increasing probability of government subsidies, the decision
point Pp

c decreases, indicating that increasing the probability of
government subsidies will decrease the risk expectations of
owners for investment in emission reduction. This lowers the
threshold for public building owners’ investment and encourages
them to invest in carbon-emission reduction.

Effective Measures to Stimulate and
Restrict Public Building Owners’
Participation in Carbon Emissions Trading
The above analysis of the impact of carbon price on public building
owners’ trading behaviors and emission-reduction investment
decisions from macro and micro perspectives indicates that the
uncertainties affecting owners’ decision-making in emission-
reduction investment can be identified. The following presents a
summary of the effectivemeasures to stimulate and restrict owners’
participation in carbon emissions trading.

Ensure Small Fluctuations of the Carbon PriceWithin a
Reasonable Range
Large carbon price fluctuations will cause public building owners
to expect higher risks in the emission trading market, thus raising
the threshold for emission-reduction investment and hindering
both energy conservation and emission reduction of public
buildings. Therefore, corresponding management measures
should be taken to regulate the carbon price, which will
ensure that fluctuations remain within a reasonable range. The
aim is to reduce the risk expectations of public building owners in
carbon-emission reduction investment to promote investment
and applications of energy-conservation and emission-reduction
technologies.

Reduce the Cost of Energy-Conservation and
Emission-Reduction Technologies
Reducing the cost of energy-conservation and emission-
reduction technologies can lower the decision point of owners
with regard to emission-reduction investment. Consequently,

FIGURE 6 | Curve of [Pp
c − θ]

FIGURE 7 | Curve of [Pp
c − λ]
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they are still willing to invest in emission reduction at a lower
carbon price. Furthermore, to utilize the energy-conservation
potential of public buildings, conserve energy, and improve
energy efficiency, the model relies heavily on energy-
conservation technologies. These can significantly improve
energy efficiency, decrease energy consumption, reduce costs,
and increase the possibility that public building owners will
participate in the emission trading market. Moreover, imitative
innovation plays an important role in emission reduction, while
the introduction of technology does not work very well, and
original innovation even increases carbon emissions.

Appropriately Subsidize Owners for Their
Carbon-Emission Reduction Investment
Providing government subsidies to public building owners who
invest in energy conservation and emission reduction can
decrease their investment decision point. Consequently, they
can invest at a lower carbon price. The greater the probability
of the government’s subsidies, the more likely owners will be to
have good expectations for emission-reduction investment,

leading them to make investment decisions accordingly.
However, excessive governmental subsidies create fiscal
pressures for the government; therefore, subsidies should
remain within a reasonable range to encourage owners to
implement market-oriented energy conservation and emission
reduction.

For the above measures to effectively stimulate and restrict
public building owners, a corresponding management
mechanism is required, as shown in Figure 8. Based on the
decision-making pattern of owners, all management mechanisms
should stimulate their participation in emissions trading.

EXTERNAL COORDINATION
MECHANISMS FOR CARBON EMISSION
TRADING IN THE PUBLIC BUILDING
SECTOR

Risk Dispersion Mechanism of Public
Building Owners’ Trading Decisions
Investment Risk Dispersion
Uncertainties affect both the application of energy-conservation
and emission-reduction technologies and the participation of
public building owners in carbon emission trading. The
discount period for the incremental cost of carbon emission
reduction and carbon emission trading (the incremental
benefits, in particular) can be extended to about 50 years or
more. This puts many public building owners at significant
investment risk. To disperse these risks, owners should count
on the capital advantages of financial institutions, such as banks,
investment companies, insurance companies, and fund securities
companies, to jointly disperse the investment risks.

The first method is to provide a wealth of financial services.
First, financial institutions jointly provide loans for large-scale
energy-conservation and emission-reduction projects with
promising potential. After the carbon emission trading has
been completed, the benefits can be used to pay for the costs
of carbon emission-reduction measures and for carbon emission
trading activities. Then, financial institutions can allow owners to
pledge the carbon-emission-reduction benefits to be earned. They
can also be provided with early funds to help smaller public
building projects overcome problems associated with front-end
investment. The specific model is shown in Figure 9.

The second method is to encourage energy service companies
to participate in carbon emission trading, which is a new type of
financing mode. These companies provide energy-conservation
renovation services for public building owners, gain benefits by
selling the remaining carbon-emission permits, and then invest
the money in the renovation project to overcome the funding
problem. To promote this trading model and attract participants,
the investment risk dispersion model, after adding the energy
service company, is shown in Figure 10.

The third method is to cultivate carbon finance professionals
in the public building sector. To propose a reasonable and
effective carbon finance policy, it is necessary to have a good
grasp of public building energy conservation, carbon emission

FIGURE 8 | Management mechanism to stimulate public building
owners to participate in carbon emissions permit trading.

FIGURE 9 | Pattern of dispersing carbon-emission reduction investment
and transaction risk of financial institutions.
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trading, and financial knowledge. However, the introduction of
carbon emission trading mechanisms to the public building
sector is still new, and professional talents are rare. Therefore,
both the energy-conservation-management department and the
carbon-emission-trading-management department should
jointly organize training programs and offer opportunities to
study at mature international carbon financial institutions.
Consequently, professional talents could be cultivated to
provide personnel support for making financial policies,
enriching financial services, and innovating financial
instruments and products.

Emission Reduction Risk Dispersion
Unlike industrial buildings, it is more complicated for public
buildings to measure energy consumption and determine energy
savings. Thus, owners need to take great risks. Therefore, to reduce
this uncertainty, first, methodology should be developed with
regard to carbon emission trading in the field of public building
energy conservation. The existing Kyoto Protocol framework treats
energy conservation in the public building sector and other
industrial fields as equal. However, this approach is
questionable because the basic methods of energy use and
emission reduction differ; they cannot simply be treated as
equal. It should be noted that public building energy
conservation is the combined result of various technical factors.
Using the government’s energy-conservation and energy-
consumption standards as a reference, appropriate methods
should be adopted to develop methodologies to determine the
baseline of energy consumption for public buildings and calculate
emission reductions. Second, professional energy-conservation-
monitoring agencies should be established to provide accurate
energy-consumption data and energy-savings data for owners.

Technical-Guarantee Mechanisms for the
Trading Medium of Public Building Owners
The medium with which public building owners can conduct
carbon emission trading is the carbon emissions permit (i.e., a
quota). The determination of such a carbon emissions permit is
closely related to the energy-consumption levels of public
buildings. Therefore, to protect the carbon emission permit to
which public building owners are entitled, it is necessary to
monitor energy-consumption levels of public buildings

accurately and scientifically using the appropriate energy-
consumption monitoring technology.

This requires the full utilization of the energy-consumption
monitoring platform of public buildings; it is also important to
establish energy consumption data monitoring platforms in
various provinces and cities, and achieve real-time monitoring
of equipment with high energy consumption in public buildings.
Via remote transmission, the energy consumption data can be
collected, classified (e.g., electricity, gas, and water), and itemized
(air conditioning electricity, lighting socket electricity, power
electricity, and electricity for special uses), as shown in
Figure 11. Regular surveys of public buildings need to be
conducted, and online monitoring and dynamic analysis of
energy consumption need to be realized to achieve accurate
control of energy consumption and to optimize energy
management. Work needs to be coordinated with public
building owners, property sectors, and energy departments to
improve data reporting efficiency, strengthen energy-
consumption data management, and provide both accurate
and reliable data for trading through manual and digital
collections.

Stimulation-And-Restriction Mechanism for
the Trading Behaviors of Public Building
Owners
As a post-evaluation system for the entire trading activity, the
stimulation-and-restriction mechanisms evaluate public building
owners’ trading behavior after a certain performance period. The
government rewards owners who follow the transaction rules,
and it punishes those who do not. It also allocates quotas for the
next performance period based on their performance according
to the contract. In this way, the carbon emission trading market
will play a significant role in the stimulation and restriction of
public building owners’ behavior in emissions reduction.

Diversified Stimulation Methods
When the benefits from the carbon emission trading market are
inadequate to appropriately stimulate the participation of traders,
the government can apply different stimulating measures for the
public building energy-conservation stakeholders who are
involved in carbon emission trading. With the applied
measures and the “profit-driven” effect, the carbon emission

FIGURE 10 | Pattern of dispersing carbon-emission reduction investment and transaction risk of financial institutions and energy service companies.
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trading market in the public building sector can function
smoothly.

The first measure is to issue goal-oriented stimulation policies
that aim to formulate targeted carbon emission trading incentive
policies in the public building sector. Successful examples from
other countries indicate that, instead of being generalized and
mutually contradictory, all policies of emission reduction and
energy conservation are independent and aimed to achieve
corresponding goals. The British carbon fund, for example,
was established to undertake the responsibilities as outlined in
the Kyoto Protocol to reduce GHG emissions. Therefore,
supportive documents about finance, regulation, stimulation,
and inspection should be presented prior to introducing the
carbon emission trading mechanism in the public building
sector. This will clarify the obligations and responsibilities of
carbon emission trading stakeholders, such as public building
owners, property sectors, construction units, materials and
equipment suppliers, design units, and government regulatory
agencies.

The second measure establishes special funds for carbon
emission trading in the public building sector. Here, trading
participants who are actively engaged in energy conservation
and emission reductions should receive priority when
subsidizing. These can be identified through energy-
conservation renovation, construction of green buildings, green
low-carbon technologies, and use of renewable energy. Currently,
the application of energy-conservation technologies introduced
by local governments is subsidized by area. For example, the
subsidy for solar energy projects is 200 yuan/m2 by the collector
area. For demonstration projects of renewable energy buildings
that use ground source heat pump technology, the subsidy is 30
yuan/m2 by the load area. This subsidy method is not based on
energy savings; therefore, when subsidizing public buildings that

are involved in carbon emission trading, the energy savings and
costs of related energy-conservation technologies need to be
considered.

For public building owners, the appropriate subsidy amount
can be estimated by the energy-conservation and emission-
reduction-investment decision model established as Eq. 14:⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

Pp
c �

β

β − 1
(r − μc)(1 − θ)C

β � 1
2
− μc
σ2
c

+

�����������������(1
2
− μc
σ2c
)2

+ 2(r + λ)
σ2
c

√√ (14)

The solar water heating technology of a public building in
Xi’an is used as an example. The proportion of subsidy that the
government should provide for the owners when the carbon price
is fixed is calculated. Let Pp

c � 80 yuan/t of CO2, r � 0.059,
μc � 0.01, bc � 0.1, λ � 1, C � 1,543 yuan, and θ � 0.0175;
therefore, the subsidy amount (yuan/kwh) that the
government should give to the public building owners who
invest in energy-conservation technologies can be calculated. It
can be expressed as a subsidy amount (yuan/kwh), which is equal
to the cost of energy savings per unit (yuan/kwh) times the
subsidy proportion.

According to Eq. 14, the subsidy amount is related to the
carbon price and the technology-based emission-reduction cost.
Let C � 1,543 yuan, and observe the change of θ with Pc. The
results are shown in Table 3. When the carbon price decreases,
higher government subsidies are required to encourage emission-
reduction investment by public building owners. However, when
the carbon price increases to a certain level, the owners will be
willing to invest and participate in the carbon emission trading
even without governmental subsidies.

FIGURE 11 | Topological graph of the energy-consumption monitoring system. Source: Energy-consumption monitoring platform of Xi’an
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Let Pc � 80 yuan/t of CO2; the change of θ with C is shown in
Table 4. After the costs of technology-based emission reduction
have been lowered to a certain level, even without government
subsidies, public building owners will still choose to invest in
emission reduction and participate in carbon emission trading.

The construction-related management department shall, in
combination with the carbon emission trading management
department, conduct research on the costs corresponding to
energy savings per unit of various energy-conservation
technologies. Relevant standards should be introduced so that
public building owners can better invest in emission reduction
and make appropriate trading decisions.

The third method is to provide tax preference or convenient
loan services. Proper tax preference or subsidies should be directed
to owners who are actively engaged in carbon emission trading and
who invest in emission reductions. Alternatively, subsidized funds
can be used to help trading agents purchase quotas for their
participation in carbon emission trading. This not only
stimulates the demands of the trading market, but also realizes
subsidization. Furthermore, financial institutions are encouraged
to provide loans to public building owners or energy service
companies that actively participate in carbon-emission reduction.

Multi-Level Punitive Measures
The carbon emission trading mechanism for public buildings is
still in its pilot stage, which lacks the protection of laws and
regulations. Therefore, to achieve the goals of energy
conservation and emission reduction, the policies, regulations,
laws, rules, and systems concerning public building energy
conservation must be comprehensively considered, and
corresponding punitive measures must be taken.

The first measure is to impose a fine. For those who do not
participate in carbon emission trading and who are responsible for
illegal emissions, a penalty is specified based on the amount of

illegal discharge. A bonus penalty strategy should be adopted (e.g.,
grading pricing is implemented for the part of carbon emissions
that exceeds the emission quota). The higher the amount of
excessive emissions, the higher the price will be. Suppose the
average carbon price of the trading market is PC over a period
of time; then, the total carbon-emission quota of a public building
owner is Q0, and the total carbon-emission amount of public
buildings is Q. According to the bonus penalty strategy, different
fines are imposed. As shown in Table 5, the ranges of A, B, and C
directly reflect the degree of punishment of the public building
owners. The larger the range of B and C, the greater the
punishment imposed on owners who fail to perform as required.

Moreover, the typical carbon emission trading systems in
foreign countries can be used as examples. For instance, in the
EU market, if the carbon emissions of a trader exceed the assigned
quota, the trader will be punished for excessive portions. The excess
will be deducted from the quota of the next year. In New Zealand, if
a trader who is forced to reduce carbon emissions intentionally fails
to fulfill their obligations, they will be subject to legal
accountability. Failing obligations due to negligence will be
punished with a fine, which will be doubled if non-compliance
occurs again. These negative incentives can effectively force public
building owners to actively reduce energy consumption.

The second measure is to cause loss of reputation. Disclosure of
public building owners who do not participate in carbon emission
trading and who violate emission rules can cause loss of reputation
and encourage financial institutions to cancel their loans.

A Policy-Support Mechanism for Trading
Activities of Public Building Owners
Due to the large number of public building owners and various
interest demands, their trading behaviors differ greatly. To guarantee
the rights of traders, relevant policies and regulations are required to
guide and protect them. The carbon emission trading market is
strongly policy-oriented, highly risky, and professional, involving
issues of environmental property rights. Only a sound legal and
regulatory policy system can appropriately contribute to the
formation of a carbon emission trading market; such a system
would regulate and restrict the operation of the market to ensure
fair and equitable trading. Therefore, prior to the formation of a
national public building carbon emission trading market, relevant
laws and regulations need to be issued. These include detailed rules
for quota allocation, transaction procedures, verification methods,

TABLE 3 | The proportion of government giving subsidies to owner for investment of carbon-emission reduction under different carbon prices.

Pc 10 20 30 40 50 60 70 80 90 100 110

θ 0.877 0.754 0.632 0.509 0.386 0.263 0.140 0.018 −0.105 −0.228 −0.351

TABLE 4 | The proportion of government giving subsidies to owner for investment of carbon-emission reduction under different technical costs.

C 1,400 1,500 1,600 1700 1800 1900 2000 2,100 2,200 2,300 2,400

θ −0.083 −0.011 0.053 0.108 0.158 0.202 0.242 0.278 0.311 0.341 0.368

TABLE 5 | Bonus penalty strategy.

Range
of the difference

Fine (yuan)

A�(Q-Q0)/Q × 100%∈(0, a%] PC (Q − Q0)
B�(Q-Q0)/Q × 100%∈(a%, b%] 2PC (Q − Q0)
C�(Q-Q0)/Q × 100%∈(b%, ∝) 3PC (Q − Q0)

Frontiers in Energy Research | www.frontiersin.org August 2021 | Volume 9 | Article 71550412

Li et al. Carbon Emission Trading in China

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


regulatory measures, incentive measures, and punitive measures.
Legislation needs to come first and serve as a legal reference for
trading behaviors, thus reducing poor trading behaviors.

CONCLUSION AND OUTLOOK

Based on the high energy consumption of the operation of public
buildings, this paper uses the real option theory to construct a
carbon-emission reduction investment decision model for public
building owners from both macro and micro perspectives, and it
assesses the impact of the characteristics of public buildings and
various uncertainties on carbon trading investment. Furthermore,
an external coordination mechanism for carbon emission trading
in the public building sector is established to ensure efficiency for
owners from decision-making to the close of transactions. Through
this analysis, the following conclusions have been reached.

First, carbon price is important in adjusting the emission
reduction of different owners to minimize the total social cost
of emission-reduction measures. By applying economic theories
from amacro perspective, this paper analyzed the impact of carbon
price as an incentive for and constraint on the decision-making
behavior of property owners after they enter the carbon emission
tradingmarket. Price fluctuations indicate the process of regulating
the supply and demand of the carbon-emission permit among
public building owners in the trading market. During this process,
the allocation of carbon emission trading in the field of public
building energy conservation is continuously optimized.

Second, the price of carbon-emission permits has a significant
impact on the investment threshold and decision-making
behavior of public building owners. Considering several
uncertain factors, an emission-reduction investment-decision
model was established under the constraint of a total amount,
which was based on the micro perspective. Meanwhile, combined
with a case study, this paper simulated and analyzed the factors of
public building owners’ behavior decisions and explored the
influence of carbon price on the emission-reduction-
investment decision-making behavior of public building owners.

Third, based on the macro and micro perspectives of the
impact of carbon price on the main trading behavior and
emission-reduction-investment decisions, we identified
effective means to encourage and restrain public building
owners to participate in carbon emission trading. That is, to
ensure the small fluctuation of carbon prices within a reasonable
range, reduce the technical cost of energy conservation and
emission reduction of public buildings and appropriately
subsidize the owners’ emission-reduction investment.

Moreover, this paper constructs an external coordination
mechanism for carbon emission trading for public buildings while
fully considering the incentive and restraint behavior of the building
owners. The includes the risk-analysis mechanism, the technical-
guarantee mechanism, and the policy-support mechanism. Based on
the current research results, the following issues can be further
studied in the future. First, this study enables a comparative
analysis of the behavioral strategies of public building owners who
participate in carbon emission trading of different types, in different
countries, and in different regions, according to prevailing socio-

techno-economic conditions. Due to case limits, this paper only used
one case to numerically analyze the behavioral strategies of these
owners.However, conducting further comparative studies on owners’
decisions will help to set different carbon emission trading policies
(Fu et al., 2020; Li et al., 2021). Also needed is an in-depth study of the
risks associated with the introduction of carbon emission trading
market mechanisms in the public building sector. The relationship
between macro economy and carbon trading market still needs to be
studied in the future. During the early phase of the carbon emissions
trading market, environmental investment is associated with higher
risk, and its payback period can reach 100 years or more. In contrast
to general investment projects, the risk greatly impacts the formation
of the carbon emissions trading market in the public building sector.
Therefore, it is necessary to classify the risks that are introduced with
the implementation of a carbon emission trading mechanism in the
public building sector. Furthermore, to analyze the possible impacts
in detail, a risk aversion system needs to be formulated, a basis for the
government to formulate relevant policies needs to be provided, and
public building owners require help to make investment decisions
scientifically.
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