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Abstract: Green residences have enormous potential for energy savings, emission reduction, and
other comprehensive benefits, and their growth is crucial to achieving China’s carbon neutrality
and carbon peaking targets. Nevertheless, at the moment, the national green residence is impacted
by complicated factors at several levels, including government agencies, green residence builders,
and green residence consumers, which results in the low-quality development of domestic green
residences overall. As of 2020, 94% of all labeled green residences are design-label residences that can
only be achieved during the design stage, while less than 10% are operational-label residences with
stronger energy and emission-saving benefits. This causes the phenomenon of “green residences on
the planning” to be serious. In order to accomplish the promotion of high-quality development of
green residences and to promote green residences in China, this paper analyzes the influencing factors
of green residence promotion from the multi-level perspective of macro-landscape signals, meso-
collective agent green residences, and micro-individual agent consumers, based on the multi-level
perspective (MLP) framework of sustainability theory. The paper subsequently builds a simulation
model of green residence promotion using the agent-based system dynamics modeling method.
Additionally, Jiangsu Province’s green residence promotion data are chosen for analogue simulation
experiments, and the simulation results are also used to analyze the success conditions as well as
the path to green residence promotion. This study demonstrates that (1) the agent-based simulation
model of dynamics for the green residence promotion system has high reference value for the
simulation of the promotion of green residences, and the model can clearly simulate the impact
of micro-individual agent–consumer factors on the promotion of green residences; (2) in order to
promote green residences, exterior landscape signals must be continuously improved; the stronger the
landscape signals, the quicker the development of operationally labeled green residences; (3) priority
is given to the development of two-star design-labeled green residences before 2035, and three-star
operationally labeled residences will occupy the majority of the market after 2040. Meanwhile, the
duration of landscape signals and the change in behavioral preferences of individual agents must be
maintained for a long time.

Keywords: green residence; sustainability theory; agent modelling; system dynamics

1. Introduction

High-star operational-labeled green buildings provide higher advantages in energy
saving and emission reduction than standard energy-saving residence buildings [1]. The
development of operationally branded green residences has been delayed in the process of
promoting green residences, and it is challenging to measure their comprehensive benefits,
such as energy savings and emission reduction. Approximately 6% of all projects with a
designation are operationally labeled as green buildings, according to government statistical
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records [2]. The reason for this is that a variety of complicated elements operating at various
levels have an impact on the marketing of high-star operationally labeled green buildings.
Therefore, the success conditions and pathways for the promotion of green buildings
are defined by researching the essential factors in the promotion of green buildings and
elucidating their complicated functions. The findings of this investigation have beneficial
significance for the promotion of operationally labeled green residences.

There are two main issues that deal with the success conditions and pathways around
the promotion of green residences. Firstly, a thorough and precise identification of the
crucial influencing factors affecting the promotion is required. Secondly, the intricate roles
played by each influencing factor must be rigorously analyzed. Recently, numerous studies
on factors influencing the promotion of green residences have been carried out by rele-
vant academics, including crucial factors, such as promotion strategies, incremental costs,
incremental benefits, energy savings, and pollution reduction advantages, etc., on green
residences [3–7]. Green residences, in the opinion of Andrea Chegut, are useful for energy
saving and emission reduction. However, incremental expenditures have also contributed
to the phenomenon known as “green residences on the planning” [3]. For the development
of green buildings, 40 elements were statistically examined by Chen LY [4]. The study’s
findings indicate that policy incentives, legal mandates, the level of green technology
innovation, the effect of energy saving and emission reduction, incremental costs, and
incremental benefit factors all play a significant role in the promotion of green residences.
A study by Zhangxia Song revealed that the development of green buildings is significantly
influenced by construction costs [5]. According to Qiang Zhou, the development of green
buildings is primarily driven by the economy, technology, culture, market, developers, and
government [6]. In addition, Baoxing Qiu’s research on the trajectory of the development
of green residences demonstrates that the factors affecting development are dynamic and
complicated [7]. These existing studies are relatively homogenous in terms of the level of
research involved, simply covering the macro-policy and the green residence’s individual
components. However, for individual consumers, as the ultimate purchasers and users of
green residences, their preference for green residences is a key factor influencing the pro-
motion of green residences. There is currently little research on how consumer behavioral
characteristics at the micro level affect the promotion of green buildings. Clarifying the
role of the factor of individual consumer preference in the promotion of green residences is
crucial to the process.

Structural equation modeling [8] and system dynamics [9–11] are two of the research
methods that are now available to study the complex interactions between the factors that
contribute to the promotion of green residences. Nuri Cihat Onat applied system dynamics
to the study of the medium- and long-term impacts of green building-related policies on
greenhouse gas emissions [9]. According to the study’s findings, green retrofit policies for
existing buildings are more effective in energy saving and emission reduction than green
residence policies for new buildings. Technology and policy are the two main influencing
elements, according to Guoshuai Sun, that performed a system dynamics modeling simula-
tion analysis on the interaction mechanisms of green construction technology drivers [10].
The system dynamics simulation of Dingxuan Huang’s symbiotic game model of building
and conventional buildings revealed that the effectiveness of policy incentives is highly
correlated with the behavioral preferences of micro customers [11]. There are numerous
additional characteristics of modeling approaches. For instance, Heejung Park’s proposed
stochastic programming model offers important benefits for the optimal capacity and
optimal solution issues for utility-scale solar PV and battery storage systems [12]. Using
this model helps to solve the second-order optimal solution problem.

Overall, structural equation modeling is suitable for statistical analysis but is less
effective in establishing the complicated dynamic relationship between the influencing
factors. System dynamics modeling is top-down global structural dependency perspective
modeling, which is suitable for analyzing the dynamic interactions between multiple factors
from a holistic perspective and simulating future outcomes. But it is difficult to reflect the
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impact of individual behavioral preferences at the micro level on outcomes. Huan Gao
presented an overview of the development of research on carbon emission accounting
and prediction modeling for buildings and made the case that system dynamics has the
benefit of being able to successfully handle nonlinear, complex, and higher-order practical
issues as well as reflecting the interaction between the internal and external factors of the
research object [13].

Agent-based modeling consists of a space, frame, or environment in which interactions
take place, and a number of individual agents whose behavior in this space is defined
by a set of basic rules and characteristic parameters of the agent. These spaces, frames,
or environments in which interactions occur identify and constrain the boundaries of the
simulation system, a number of individual agents form the internal body of the simulation
system, a set of basic rules define how individual agents move, and multiple characteristic
parameters of the agents collectively construct a multidimensional practice space in which
each individual agent occupies a position based on its heterogeneous characteristic param-
eters. Agents are associated with a specific location in a multidimensional practice space
from which they may or may not move. The agent-based modeling paradigm emphasizes
decentralization and is bottom-up modeling. This model defines behavior at the individual
level and considers the macro-level behavior to be the result of the sum of millions of
individual behaviors [14–16]. Agent-based modeling offers an approach of connecting a
system’s micro-level behavior to its macro-level behavior, while system dynamics correlates
system structure to system behavior. Barry G. Silverman investigated whether agent-based
modeling and simulation can assist medical administrators in raising population health
and the standard of treatment while lowering costs [17]. Attallah S O argued that previous
sustainable decision making has often lacked subsequent outcome displays and that agent-
based modeling approaches analyze sustainable decision making by building sustainable
decision-making simulation models [18].

Aiming at the advantages and shortcomings of different simulation modeling methods,
related scholars proposed to combine agent-based modeling methods with system dynam-
ics modeling. In 2001, Scholl first published an article calling for a joint study of agent-based
modeling and system dynamics modeling by comparing two approaches to modeling com-
plex dynamic systems. Such techniques are known as agent-based approaches to modeling
system dynamics. The two approaches complement each other, with details and macros
coexisting. This combined modeling approach helps to select the appropriate modeling
method for each subsystem in the system. Additionally, system dynamics and agent-based
modeling can jointly speed up computation for many modeling issues. At the same time,
another potential advantage of combining system dynamics and agent-based modeling
is that the resulting simulation model allows for arranging agents in the spatial structure
while integrating important features of system dynamics modeling. Examples involve con-
tinuity and nonlinear multiloop feedback. When individual agents move, the approach can
be improved since the spatial dimension becomes dynamic. Accordingly, individual agents
interact with different system dynamics sub-models depending on their multidimensional
practice space location. Jo et al. designed dynamic alternatives for a cost–benefit analysis for
infrastructure projects [19]. This research combined both agent-based and system dynamics
modeling approaches, enabling dynamic feedback from the system dynamics modeling
state to the agent-based modeling environment and from the agent-based modeling en-
vironment to the rate of change in system dynamics. Tran developed a multi-paradigm
framework to analyze the dynamics of technological behavior in networks and to assess the
impact of technology on society [20]. The framework integrates the concepts of system dy-
namics to explore the most aggregated and macroscopic layers of a system and agent-based
concepts to study network structure and individual behavior. Lewe integrated modules
for system dynamics modeling and agent-based modeling, which represent macro- and
micro-level variables, respectively, to research intercity transportation. Kolominsky-Rabas
et al. developed the framework ProHTA, an agent-based system dynamics modeling tool
that aims to evaluate innovative health technologies before they are introduced [21]. There
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are case studies that integrate the two different techniques in other fields. As an example,
Yajie Zhang offered two different energy management system approaches that integrate
building physics with energy technologies, energy control, and management techniques,
effectively addressing the issues of inaccurate building simulations and time-consuming
control management [22].

The green residence promotion system, which is a long-term cyclical and nonlinear
complex system, involves complex characteristics, including top-down macro landscapes,
bottom-up micro individual market consumers, and meso-green residence types. The
agent-based system dynamics modeling method is used to match the characteristics of
complex systems. Therefore, this paper applies the agent-based system dynamics mod-
eling approach to construct a simulation model for green residence promotion from a
macro/meso/micro multi-level perspective. The model may successfully address the
issues of successful conditions and pathways for the promotion of green residences as
well as the issue of previous simulation models’ lack of micro-individual consumer pref-
erence factors. At the same time, simulation experiments are carried out to confirm the
applicability and practicality of the model using the green residential development data
from Jiangsu Province.

The contributions of this paper can be summarized as follows.

1. Using the macro/meso/micro multi-level perspective framework of sustainability
theory, different levels of complex elements, such as landscape signals for green
residence promotion at the macro level, each social functional attribute of green
residence at the meso-level, and consumer preferences at the micro level, are analyzed.

2. Based on the macro/meso/micro multi-level complex factors derived from the anal-
ysis, an agent-based system dynamics modeling approach is used to construct a
simulation model for green residence promotion.

3. To determine the success conditions and the pathways to green residence promotion,
the model is applied to Jiangsu Province’s green residence promotion system. Ad-
ditionally, this study serves as a resource for advancing the development of green
residence promotion and helps the country achieve its carbon peak and carbon neu-
trality targets.

2. Principles of Model Construction
2.1. Model Theory

The theory of sustainability encompasses the theories of sustainable development and
sustainable transformation, both of which work to further sustainable development [23].
The theory includes a multi-level perspective framework (also known as the MLP frame-
work), which is made up of three perspective levels: macro-landscape, meso-institutional,
and micro-niche (see Figure 1). This framework has characteristics, like several partic-
ipating subjects, numerous constituent factors, multiple levels, and numerous models
encountered [21,24–26]. Based on the theory of sustainable transition, RD and Lu YJ estab-
lished a conceptual framework for green building promotion that demonstrates the chal-
lenges, complexities, and potential solutions for successful green building promotion [27].
According to Gibbs et al.’s analysis of the sustainable transition in the UK’s construction
industry, policies that actively encourage or establish niche markets can advance the de-
velopment of green buildings as a meso-regime [28]. A case study of the development of
green buildings in Norway was carried out by Nykamp, H [9]. The findings indicated that
the development of green buildings is a complex process of innovation and diffusion, in
which technologies, visions, players, and policies evolve together over time and are all
influenced by the level of support from actors (consumers).

From a macro/meso/micro multi-level perspective, this analytical framework sys-
tematically evaluates the elements impacting the promotion of green residences. It also
provides theoretical support for a clear exposition of the role correlations among the
influencing components.
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Figure 1. Theoretical model of MLP for sustainable transformation.

2.2. Model Structure

The green residence promotion system is divided into two categories by the agent-
based system dynamics modeling method: collective agents and individual agents. Collec-
tive agents, which include subsystems, like the general residence system and the one-star
design-labeled green residence system, are systems with an internal structure. Individual
agents are individual consumers of green residence systems. According to the MLP frame-
work, the model structure can be divided into three functional levels: landscape, regime,
and niche. This study’s model structure comprises a landscape, a regime, an empowered
niche, a niche, and a consumer.

The model exists in two compositional forms: one with only one regime and numerous
niches, and the other just includes niches. The role that dominates the system is that of the
regime, with empowered niches representing those that are more powerful but have not
yet reached the regime. By altering the optimal point of consumer preferences, landscape
signals put pressure on the present regime and open up a window for niche to become
regime. At the same time, there is a two-way coupling between collective agent and
individual agent behavior in the form of support mechanisms. Consumer support gives
niche and regime resources and space for development, and niche and regime adapt their
operations to win over consumers. Figure 2 illustrates how regime frequently obliterates or
abolishes niche as opposed to changing “self-maintenance” through innovation.
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Figure 2. Model’s overall structure.

Agent-based models also simulate, in some detail, ways in which individual agents
make decisions, specifically how an individual agent chooses which collective agents
to support. Multidimensional “practice spaces” are used to encode the preferences of
individual agents as well as the many different social system functions of collective agents.
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The dimensions are usually in a range of 2–6 numbers, with a continuous range of values
from 0 to 100, and each agent occupies a position in the practice space based on the value of
its dimension. Because distance represents real-world positions, and the closer the distance
depicting those positions, the more similar they are, individual agents support the collective
agents with the shortest distance. According to the conclusions of related research, two
thresholds of agency intensity, 0.15 and 0.5, are set to distinguish collective agency. That is,
0 ≤ niche < 0.15 ≤ empowered niche < 0.5 ≤ regime.

Collective agents have an internal structure. Their internal structure is abstractly
defined as physical and institutional capacity (as shown in Figure 3). Resource generation
is introduced to characterize how the size of various types of collective agents develops
or declines over time and, at the same time, to make explicit the impact of such changes
in size on other agents as well as on the landscape. The intensity of a collective agent is
an abstract concept that indicates the relative size of the collective agents. Intensity is the
result of adding physical capacity and institutional capacity, and it additionally decides
how collective agents behave in the practice space. The collective agents’ infrastructure,
production potential, and other factors that affect resource generation are represented by
physical capacity. Physical capacity and producing resources have an important feedback
cycle. If the system expands its physical capacity (building new factories), it can produce
more resources (cars). If not, the system’s physical capacity become depleted. The produced
resources are primarily distributed to its two capabilities, and a resource allocation rule
is established to indicate the percentage of resource allocation required for physical and
institutional capabilities.
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Landscape signals are often configured using a group of two to six quantities, which
frequently contain important external variables like policy.

2.3. Modelling Method

1. Function for Generating Resources

It is thought of as a simple production function with output and a price that generates
resources for a collective agent. Resource production is influenced by both the collective
agents’ existing physical capabilities (infrastructure productivity, etc.) and the support
price of each individual agent.

R = Price × PC. (1)

R stands for the quantity of resources produced, PC for the physical capability of a
collective agent, and Price for the cost of support from an individual agent to a collective
agent. Based on realistic values, they are currently calibrated to an exact value. Resource
production is used for the growth and maintenance of the physical capacity and the
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institutional capacity. Assuming that the resources are distributed equally, the resource
allocation ratio is fpc to fic in this study.

fpc + fic = 1, (2)

fpc = fic = 0.5. (3)

2. Physical Capability Function of Collective Agents

The stock of physical capacity at moment t0 and the landscape signals both have an
impact on the physical capacity at moment t1.

PCt1 = PCt0 + ∆PC, (4)

∆PC = R × fpc × landscape signals. (5)

The physical capacities of the collective agents at times t0 and t1 are, respectively, PCt1
and PCt0.

3. Movement Function of Collective Agents in Practice Space

In order to obtain additional resources, collective agents require more assistance
from individual agents. This means that the collective agent needs to constantly change
its position in the practice space. Additionally, the type of agent, the landscape signals,
and the level of support from individual agents all have an impact on how collective
agents move. Collective agents move in the same direction as long as individual agents
continue to support them; otherwise, they move in the opposite direction. At the same
time, agents have inertia of movement; the more powerful the agents, the greater their
inertia of movement. According to Bergman’s research, the regime, empowered niche,
and niche all move at 0.1, 0.15, and 0.25 mph, respectively [29,30]. By altering collective
agents’ functional bias, landscape signals have an impact on the direction and speed of
their movement. We assume that the collective agents’ position in the practice space is
(Ci,t0) at time t0 and that the collective agents’ velocity of movement at time t1 is Vcit:

Ci,t1 = Ci,t0 + ∆Ci,t, (6)

∆Ci,t = Ci,t0 × Vcit × landscape signals. (7)

4. Motion Function of Individual Agents in Practice Space

Similar to collective agent movements, individual agent movements are influenced by
landscape signals. These signals have the ability to alter an individual agent’s optimum
points, reflecting alterations to that agent’s desired consumption habits and way of life.
According to Geels F’s research, the movement speed Vmit, which is inversely propor-
tional to the intensity of landscape signals, regulates the movement of individual agent
consumers [25,26]. The pressure and, consequently, the direction and speed of consumer
movement depend on the consumer’s ideal point. Additionally, the movement of different
types of individual agent consumers in the multidimensional practice space is influenced
by the consumer weights of individual agents. In the multidimensional practice space
region, we set the value of W for the weight of the number of individual agents supporting
other collective agents over the number of all individual agents. The weight (1 − W) is
the ratio of the number of individual agents supporting this collective agent to the total
number of agents. We assume that the individual agents’ position in the practice space is
(Mi,t0) at time t0 and that the collective agents Mi’s movement speed at time t1 is Vmit:

Mi,t = Mi,t0 + ∆Mi,t, (8)

∆Mi,t = ∆Mi,t × Vmit, (9)
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Vmit = (1 − Wt)
2 × landscape signal. (10)

5. Support Function of Individual Agents

Each individual agent is dynamically linked to a collective agent in a process called
“supporting” the collective agents. The concept of “support” is used to indicate the effect
of an individual agent’s support for a specific collective agent, whether through monetary
trade or social acceptance. For instance, it is possible that an individual agent buys a
product from the “regime” and then, over time, it transfers that purchase to a product
produced by a growing “niche”. Every time a simulation step occurs, each individual
agent chooses which collective agents to support. Based on their choices, individual agents
automatically adopt the practices used by the collective agents they support. Based on
their Euclidean distance from each collective agent in the practice space, individual agents
decide which supports to provide. The collective agent is more alluring to this individual
agent the closer the distance between them, which indicates how similar their positions are.
In other words, the attraction of the collective agent to the individual agent is measured
using the inverse of the Euclidean distance between the two. Assuming that the collective
agent C and the individual agent M are in the practice space at time t0 as (Ci,t0) and (Mi,t0),
respectively, the attraction between the two agents at that time can be written as (C, M):

(C, M) =
1√

∑n
i (Ci,t − Mi,t)

2
. (11)

Support (Sc) is the abbreviation for individual agent M’s assistance to collective agent C.

Sc = ∑
i
×MiGroup weights W × normalised(C, Mi). (12)

6. Institutional Capacity Function of Collective Agents

Institutional capacity is a collective agent quality that changes over time. The institu-
tional capacity includes the relational network of stakeholders and the level of support of
individual agents, etc., which is influenced by the resource allocation and the support of
individual agents. The institutional capacity of the collective agent M is designated as ICm.

ICm = R × fic + Scm. (13)

7. Intensity Function of Collective Agents

The Intensity of the collective agent, designated as ηc in the model, is the sum of the
physical capacity PC and institutional capacity IC of collective agent C.

ηc = PC + IC (14)

2.4. Causal Loop Diagram and Stock Flow Diagram of the Model

Landscape signals, which have the attribute of being a function of time, are em-
ployed as external input variables in the model. The function of collective agents and
the preferences of individual agents can change in response to changes in the landscape
signals’ vectorial qualities, which further reflect changes in the positions of the agents in
the practice space.

In summary, the effects of external variable landscape signals on the system’s internal
variables are underlined in terms of a change in the collective agents’ intensity and, conse-
quently, in the type of collective agents. Agent-based system dynamics modeling was used
to create the causal loop diagram (as shown in Figure 4) and stock flow diagram (as shown
in Figure 5) of this study’s model.
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3. Model Data and Landscape Signal Determination

Jiangsu Province is at the forefront of the nation in the development of green residences,
but the issue of “green residences is on the planning” is significant. By choosing Jiangsu
Province as a model, other provinces can follow. As a result, a sample of data from Jiangsu
Province is chosen.

3.1. Identify Institutions, Niches, and Consumers for the Model

Based on the residential market data in Jiangsu Province, one-, two-, and three-
star labeled and operated green residential properties in Jiangsu Province in 2016 were,
respectively, 85%, 5.34%, 0.11%, 7.93%, 0.21%, 0.77%, 0.77%, and 0.16%, and based on
the area of each type of residential property and the collective agency intensity of the
seven categories of general residential property. For each type of residence, the equivalent
agent categories are Institutional, Niche 2, Niche 4, Niche 1, Niche 3, Niche 5, and Niche 6
(see Table 1).
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Table 1. Collective agent categories in the residential system in Jiangsu Province in 2016.

Type of Residences Area (Million
Square Meters) Weight of Area

General Residences 15,165.22 85%
One Star Design Label Green Residences 947.16 5.34%

One Star Operation Label Green Residences 19.01 0.11%
Two-star Design Mark Green Residences 1407.43 7.93%

Two Star Operational Label Green Residences 36.69 0.21%
Three-star Design Label Green Residences 136.25 0.77%

Three Star Operational Label Green Residences 28.24 0.16%

Individual agent consumers are divided into two distinct categories based on con-
sumption statistics from the Chinese residential market: green residential consumers and
general residential consumers. Each group takes up a position in the practice space in the
form of a normal distribution.

3.2. Selection of Practice Indicators and Determination of Data
3.2.1. Selection of Practice Indicators

This paper selects practice indicators from both qualitative and quantitative perspec-
tives in order to better respond to the preferences of consumer points and the social system
function of green residences in collective agency. Among these, the quantitative indica-
tors are accurately depicted by utilizing Jiangsu Province’s green residential development
data. The quantitative metrics include the green residences’ carbon dioxide emissions
(kg CO2eq/(m2·a)), incremental costs (CNY/m2), incremental benefits (CNY/m2/year),
and energy consumption (kWh/(m2·a)). Only descriptive assignments are accepted for the
qualitative indicators, which are chosen from the categories of green technology, health,
and comfort.

3.2.2. Identifying Collective and Individual Agent Locations in Practice Space

The initial locations of both collective and individual agents in the practice space were
established through statistical analysis of data pertaining to green residences in Jiangsu
Province. Following dimensionless processing, all practice indicators ranged from 0 to 100;
see Tables 2 and 3.

Table 2. Jiangsu Province practice space initial location of collective agents in 2016 (after dimension-
less processing) (0–100).

Carbon
Emissions

Incremental
Cost

Incremental
Benefits

Energy
Consumption

Level of Green
Technology Adoption

Level of Health
and Comfort

Regime 100 0 0 100 5 5
Niche 1 49.29 19.44 31.54 54.19 35 30
Niche 2 60.85 9.42 12.74 76.34 15 15
Niche 3 29.71 57.73 56.37 23.38 50 65
Niche 4 44.77 20.66 17.51 59.56 30 45
Niche 5 32.82 44.50 46.71 39.15 65 85
Niche 6 0 100 100 0 85 100

As the landscape signals change, the proportion of individual proxy consumers in each
group changes from moment to moment. An early period in 2016 when 30% of the green
residential customers and 70% of the general residential consumers were each represented
was determined via statistical analysis of the green residential market data.
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Table 3. Individual agent initial positions in Jiangsu Province in 2016 (0–100).

Individual Agent Type General Residential Customers Green Residential Customers

Carbon Emissions 90 Approaching regime’s
carbon footprint 45 Near Niche 1’s carbon emissions

Incremental Costs 0 The regime’s incremental cost
is the same

15 Increasing expense of
entering a specialty

Incremental Benefits 0 Having no incremental advantage over
the regime

40 Added advantages of going after
Niche 5

Energy Consumption 85 Closeness to the regime’s energy use 35 Energy use in the vicinity of Niche 5

Level of Green Technology Adoption 5 Adoption of green technologies at the
same level as the regime

30 Adoption of green technology at the
same level as that of Niche 1

Level of Health and Comfort 5 The same level of comfort and health as
the program

Health and comfort level 35 Slightly
above the Niche 5

Consumer Weighting 0.7 0.3

3.3. Landscape Signal Determination

The development of green residences in Jiangsu Province from 2016 to 2060 was pre-
dicted using the contextual analysis approach to analyze and summarize the texts of policies,
announcements, opinions, etc., and the related literature. The results are shown in Figure 6.

Buildings 2023, 13, x FOR PEER REVIEW 11 of 17 
 

As the landscape signals change, the proportion of individual proxy consumers in 

each group changes from moment to moment. An early period in 2016 when 30% of the 

green residential customers and 70% of the general residential consumers were each rep-

resented was determined via statistical analysis of the green residential market data. 

Table 3. Individual agent initial positions in Jiangsu Province in 2016 (0–100). 

Individual Agent Type General Residential Customers Green Residential Customers 

Carbon Emissions 
90 Approaching regime’s carbon foot-

print 
45 Near Niche 1′s carbon emissions 

Incremental Costs 
0 The regime’s incremental cost is the 

same 

15 Increasing expense of entering a 

specialty 

Incremental Benefits 
0 Having no incremental advantage 

over the regime 

40 Added advantages of going after 

Niche 5 

Energy Consumption 
85 Closeness to the regime’s energy 

use 
35 Energy use in the vicinity of Niche 5 

Level of Green Technology Adoption 
5 Adoption of green technologies at the 

same level as the regime 

30 Adoption of green technology at the 

same level as that of Niche 1 

Level of Health and Comfort 
5 The same level of comfort and health 

as the program 

Health and comfort level 35 Slightly 

above the Niche 5 

Consumer Weighting 0.7 0.3 

3.3. Landscape Signal Determination 

The development of green residences in Jiangsu Province from 2016 to 2060 was pre-

dicted using the contextual analysis approach to analyze and summarize the texts of pol-

icies, announcements, opinions, etc., and the related literature. The results are shown in 

Figure 6. 

 

Figure 6. The date of Jiangsu Province landscape signals from 2016 to 2060. Note: The purple line 

for ‘Level of Green Technology Adoption’ overlaps with the yellow line for ‘Level of Health and 

Comfort’. 

4. Simulation Results 

4.1. Testing of Model Validity 

For the period of 2016–2060, simulations were run using Vensim@ PLE7.3.5 (Single 

Precision) x32 software with a 1-year simulation step. The years for simulating the current 

scenario were 2016–2020, while the years for simulating the anticipated growth of green 

Figure 6. The date of Jiangsu Province landscape signals from 2016 to 2060. Note: The purple line for
‘Level of Green Technology Adoption’ overlaps with the yellow line for ‘Level of Health and Comfort’.

4. Simulation Results
4.1. Testing of Model Validity

For the period of 2016–2060, simulations were run using Vensim@ PLE7.3.5 (Single
Precision) x32 software with a 1-year simulation step. The years for simulating the current
scenario were 2016–2020, while the years for simulating the anticipated growth of green
residences in Jiangsu Province were 2021–2060. The data related to green residences in
Jiangsu Province in 2016 were brought into the model, and the market share of each type
of green residence was used as the test variable. Table 4 displays the test results, which
indicate that the relative inaccuracy is less than ±10%, better reflecting the real conditions
and allowing for simulation to be performed [31].
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Table 4. Results of the model validity testing.

Vintages
Relative Tolerance

2016 2017 2018 2019 2020

Regime 1.90% 4.20% 5.24% −3.08% 2.71%
Niche 1 −4.14% −2.50% 6.28% 0.35% −6.46%
Niche 2 2.46% −3.79% 1.66% −3.23% −0.94%
Niche 3 −4.58% −6.48% 1.78% 5.39% 0.88%
Niche 4 −0.47% −2.72% −8.98% 0.00% 0.00%
Niche 5 9.25% 9.64% 6.47% 0.90% 2.91%

4.2. Simulation Results of Green Residence Promotion

Two sets of simulated signals are designed in this paper.

• An energy–carbon dual-control group with landscape indications that only operates
in 2020–2030. Figure 7 displays the fundamental control group signals, and Figure 8
displays the simulation results.

Buildings 2023, 13, x FOR PEER REVIEW 12 of 17 
 

residences in Jiangsu Province were 2021–2060. The data related to green residences in 

Jiangsu Province in 2016 were brought into the model, and the market share of each type 

of green residence was used as the test variable. Table 4 displays the test results, which 

indicate that the relative inaccuracy is less than ±10%, better reflecting the real conditions 

and allowing for simulation to be performed [31]. 

Table 4. Results of the model validity testing. 

Vintages 
Relative Tolerance 

2016 2017 2018 2019 2020 

Regime 1.90% 4.20% 5.24% −3.08% 2.71% 

Niche 1 −4.14% −2.50% 6.28% 0.35% −6.46% 

Niche 2 2.46% −3.79% 1.66% −3.23% −0.94% 

Niche 3 −4.58% −6.48% 1.78% 5.39% 0.88% 

Niche 4 −0.47% −2.72% −8.98% 0.00% 0.00% 

Niche 5 9.25% 9.64% 6.47% 0.90% 2.91% 

4.2. Simulation Results of Green Residence Promotion 

Two sets of simulated signals are designed in this paper. 

• An energy–carbon dual-control group with landscape indications that only operates 

in 2020–2030. Figure 7 displays the fundamental control group signals, and Figure 8 

displays the simulation results. 

 

Figure 7. Landscape control group signals are used. Note: The black line for “Carbon Emissions” 

overlaps with the green line for “Energy Consumption”; at the same time, the red-red line for “In-

cremental Costs”, the blue line for “Incremental Benefits”, the purple line for “Level of Green 

Technology”, and the purple line for “Green Technology” are the same. The red line for “Incre-

mental Costs”, the blue line for “Incremental Benefits”, the purple line for “Level of Green Tech-

nology”, the red line for “Adoption, Level of Green Technology” and the purple line for “Energy 

Consumption” all overlap. Adoption, Level of Health and Comfort” yellow line. 

• The experimental group was recognized using Section 3.3′s textual description of the 

landscape signals. Figure 6 displays the experimental group signals, whereas Figure 

9 displays the outcomes of the simulation. 

The fundamental control group signals (Figure 7) and the simulation results (Figure 

8) are presented. The quick reduction in general residential intensity disappears in 2025 

only in the case of the energy–carbon dual-control signals between 2021 and 2030, which 

Figure 7. Landscape control group signals are used. Note: The black line for “Carbon Emissions”
overlaps with the green line for “Energy Consumption”; at the same time, the red-red line for
“Incremental Costs”, the blue line for “Incremental Benefits”, the purple line for “Level of Green
Technology”, and the purple line for “Green Technology” are the same. The red line for “Incremental
Costs”, the blue line for “Incremental Benefits”, the purple line for “Level of Green Technology”, the
red line for “Adoption, Level of Green Technology” and the purple line for “Energy Consumption”
all overlap. Adoption, Level of Health and Comfort” yellow line.

• The experimental group was recognized using Section 3.3’s textual description of the
landscape signals. Figure 6 displays the experimental group signals, whereas Figure 9
displays the outcomes of the simulation.

The fundamental control group signals (Figure 7) and the simulation results (Figure 8)
are presented. The quick reduction in general residential intensity disappears in 2025 only
in the case of the energy–carbon dual-control signals between 2021 and 2030, which is in line
with Jiangsu Province’s 14th Five-Year Plan’s aim. The system’s remaining collective agents
are slowly starting to advance, with two-star design mark green residences assuming regime
roles. The one-star design mark green residences continue to decline until disappearing
after reaching the authorized niche. In the years 2031 to 2060, the landscape signals vanish,
and the proportion of green residences with two-star operational labels and three-star
design labels progressively increases before gradually declining. In 2050, the percentage of
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three-star operational green residences will overtake three-star design green residences as
the predominate residences regime in Jiangsu Province. In 2060, 77.92% of all residential
systems will be three-star operationally labeled green residences.
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Figure 8. Results of the fundamental control group’s simulation.
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Figure 9. Results of an experimental group simulation.

The basic control group signals (Figure 6) and simulation results (Figure 9) are ana-
lyzed. The proportion of general residences decreases from 46.17% in 2021 to 0% in 2026.
The share of two-star design-labeled green residences rises from 36.8% to a peak of 65.9%
in 2025, becoming the dominant residential system in Jiangsu Province, and then continues
to decline until it disappears in 2044. Although it expands, the percentage of one-star
design-labeled green residences does not yet reach the permitted niche, which is declining
to nothing by 2034. The percentage of operational two-star and operational three-star green
residences exhibits a clear growing trend, with the development of three-star operational
green residences. After 2030, the three-star operational labeled green residences rise from a
niche to an empowered niche, reaching 50.3% in 2040 and becoming a regime, eventually
reaching 98.44% in 2060 to occupy the absolute dominance of building types in Jiangsu
Province. In Jiangsu Province, the objective of high-quality green residence development
is accomplished.
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5. Discussion

A thorough and precise identification of these factors is essential for the effective
advertising of green residences because the growth of green residences is influenced by
numerous factors, leading to a market failure [32]. Existing research supports this viewpoint
and provides proof of this idea. Xi Liang et al. found that the policy combination of
dynamic subsidies and static taxes is superior to other policies in promoting green building
development [33]. Yanyu Wang et al. found that the incremental cost of green residences
is one of the key factors constraining their development [34]. Andrea Chegut found that
current economic analysis of more efficient green buildings ignores input costs [3]. This
finding also explains why green buildings have been adopted rather slowly in actual
construction, despite there being economic rationality. Wei Wang et al. considered the
development and popularization of green building technology as a key element influencing
the development of green buildings [35]. Weimin Wang [36], Xiaodong Yang [37], and
Yong Liu [38] et al. found that consumer preference for green residences has a significant
influence in the growth of green residences. These factors involve three levels of perspective:
macro-level policies, meso-level social functional attributes of green residences, and micro-
level individual consumer behavioral preferences. Only a small percentage of research
findings on the promotion of green residences, however, adequately accounts for the
three levels of macro/meso/micro. The macro landscape signals, the six meso-social
function attributes of residences (health and comfort, incremental cost, green technology
adoption level, incremental benefit, energy saving, and carbon emission), and the micro-
level individual actor’s preference for the six social function attributes of residences are
all thoroughly taken into account in this paper using the MLP analysis framework in
sustainability theory. The examination of the elements impacting the promotion of green
residences is more pertinent and useful when it is conducted from a macro/meso/micro
multi-level analytical perspective.

Simulation modeling studies of green residence promotion can effectively show the
dynamic relationship between the factors of green residence promotion. This was confirmed
by Nuri et al. Nuri applied system dynamics to study the short- and long-term effects
of green building-related policies on greenhouse gas emissions [9]. The study’s findings
demonstrated that the green building policy for new buildings has less of an impact on
reducing emissions and saving energy than the green retrofit strategy for existing buildings.
According to Fei’s simulation studies of multi-subject games in the promotion of green
buildings, the government is the industry pioneer in this field, and business consumer
decision making greatly depends on its support [39]. However, these studies mainly
focus on macro and meso-influences, with no examination of micro individual consumer
characteristics, failing to highlight the complex systematic challenge of green residential
promotion thoroughly and precisely. The agent-based modeling approach, which is a
bottom-up modeling approach that can clearly depict the influence of individual customers
on the system, is introduced in this study. The agent-based system dynamics modeling
method is used in this study to merge the two simulation modeling approaches to construct
a simulation model of green residence promotion based on macro/meso/micro multi-level
complex factors. It accurately depicts the interactions between the factors at all levels of
the green residence system during the promotion process, particularly the influence of
individual agents’ behavioral preferences on the promotion of green residence at the micro-
level, which can be difficult to accomplish using traditional system dynamics techniques.

6. Conclusions

With the increasing seriousness of resource consumption and environmental pollu-
tion, it is imperative to promote green residences with good energy-saving and emission
reduction benefits. However, the number of green residences with operational labels is
grossly insufficient. Clarifying the success conditions and pathways for the occurrence
of successful green residence promotion is the key to promoting the achievement of the
carbon peak and carbon neutral targets in China. Using MLP as a conceptual framework,
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we analyze the green residential system from different levels, incorporate agent-based mod-
eling ideas into system dynamics modeling, construct an agent-based system dynamics
model, and simulate the change in the area share of each type of residential property in
Jiangsu Province from 2016 to 2060. The main research conclusions are as follows:

(1) The agent-based simulation model of the dynamics of the green residence promotion
system has a good reference value for the simulation of green residence promotion.
According to the simulation results of the test group in Figure 9, the development
trend of various types of green residence has the same trend as the results of previous
studies. The small differences in turning points and peaks are due to the inclusion of
micro-individual agent consumers in the model.

(2) Macro landscape signals are necessary for the success of green residence promotion.
Furthermore, landscape signals indirectly promote green residences by changing
the behavioral preferences of micro-individual agents. The longer the duration and
intensity of the landscape signals, the faster and larger the development of high-star
operationally labeled green residences, and vice versa.

(3) Macro-level landscape signals are crucial for the success of promoting green residences.
However, until 2035, two-star design-labeled green residences will continue to be a
crucial transitional product. This is because two-star design-labeled green residences
have relatively low technical requirements and incremental costs, good infrastructure,
high individual agent consumer acceptance, and relatively good energy efficiency
and emission reduction benefits, when landscape signals change individual agent
behavioral preferences.

(4) Under regular landscape signal intensity, the intensity of three-star operationally
labeled green residences will reach more than 50% of the building system in 2040,
becoming the regime of the building system in Jiangsu. This illustrates that the
landscape signal duration and the behavioral preference shift of individual agents
must be maintained for a long period of time in the process of sustainable development
in the building sector in Jiangsu Province. Only in this way will the high-star green
residences of the operational designation achieve a level of foundational perfection
and technological advancement greater than that of the existing general residence.

The results of this study provide important guidance for the formulation of high-
quality development strategies for green residences. Researchers can utilize the agent-
based simulation model of green residence promotion system dynamics for in-depth study.
Meanwhile, policy makers can be guided by the continuously enhanced landscape signals
and the promotion pathway of developing two-star design-labeled green residences by
2035 and three-star operational labeled green residences by 2040 to achieve the carbon
peaking and carbon neutrality goals.
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