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abstract

Green construction is becoming a mainstream model of the transformation and upgrading of the

construction industry, which has the advantages of energy saving, environmental protection and

ecology, which can e�ectively reduce energy de�ciency and improve environmental quality, which is

the need for high quality sustainable development. This study is based on BIM software and the

intelligent construction technology to propose the green architectural design party case. Building

energy-saving e�ciency evaluation system, using fuzzy Borda method and the CRITIC method of

evaluation, the objective of the index, and the example of a community, the use of the object meta-

e�ect model. The evaluation scores of the energy saving e�ciency of the building of green energy

saving and renovation are in the 90.11-99.28 points, and the high energy demand in the process of

running the use of the building is excellent in the heating, refrigeration and other aspects of the

building. This paper shows that the goal of the green transformation project is basic, which is

e�ective and the e�ciency of energy e�ciency is generated. This study can provide guidance for

the work of the green building energy saving and renovation work, and further promote the energy

saving and transformation of China.

Keywords: green construction, BIM software, fuzzy borda method, CRITIC method

1. Introduction

Intelligent construction technology provides an integrated approach to connect the stages of design,

construction, and operation through digital modeling, data sharing, and collaborative work, and is

a new technological tool with features such as digitization and visualization, which can e�ectively
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improve the de�ciencies of construction site information management [19, 12]. Intelligent construction

technology includes automation, Internet of Things and arti�cial intelligence technology, which can

improve the e�ciency and quality of building construction. Intelligent construction technology can

be used to design the optimal layout of these systems to ensure that they are coordinated with

the overall design of the building, optimize the appearance of the building, insulation, lighting,

and reduce energy consumption [26, 5]. Smart construction mainly includes digital modeling and

design, automation and robotics, sensors and the Internet of Things, virtual and augmented reality,

etc., which use modern technologies and digital tools to take building project management and

execution to a higher level, thus increasing e�ciency, reducing costs, and providing a safe working

environment. Intelligent construction is based on building information modeling, which is a three-

dimensional digital model that includes building geometry information, attribute information, and

associated data [31, 16, 8, 2].

Smart construction technology features include, integration, collaborative work, visualization, and

data-driven [23]. Integration refers to the fact that smart construction technology integrates all

the information of a building project, enabling designers, engineers, architects, and contractors to

work together on the same digital platform, real-time collaboration refers to the fact that smart

construction technology allows multiple team members to access and edit project information at the

same time, ensuring that all parties keep up-to-date with the most current designs and data, and

visualization represents the fact that smart construction technology provides a visual building model

so that team members are can better understand and evaluate the design, and data-driven means

that smart construction technology transforms the building design and management process into a

data-driven process that allows decisions to be made based on data [1, 22].

Compared with traditional construction technology, the reasonable introduction of intelligent con-

struction technology in the process of engineering construction can not only integrate the green

building design concept through engineering design, construction, and post-operation and mainte-

nance, but also achieve the design goal of building energy conservation and consumption reduction,

thereby e�ectively making up for the shortcomings of traditional construction technology, realizing

the coordinated development of buildings and the natural environment, creating a healthier and more

comfortable living environment, and promoting the sustainable development of China's construction

industry [15, 29].

On the other hand, the crisis of global warming and resource scarcity seriously a�ects the survival

and development of human beings, and has become a focal point of the international community's

general concern, and the World Climate Conference held in Copenhagen in 2009 aimed to seek ways to

reduce energy consumption in buildings and reduce carbon emissions to solve global warming [9, 21].

In the face of the increasingly severe situation of environmental pollution and climate change, green

building as an important means of realizing sustainable development has gradually attracted people's

attention [25]. Green building is one of the key means to achieve the goal of carbon neutrality, and it

is also a construction form that needs to be developed in depth in the current urbanization process.

By implementing the construction concept of green building, it can give the building the attribute

of �people-oriented�, and at the same time, it can signi�cantly reduce the carbon emissions in the

whole life cycle of the building, which is of great signi�cance for realizing the goal of �dual-carbon�

[34, 7].

The application of intelligent construction technology in construction projects helped achieve in-

formatization in construction safety management, improved visibility, communication, and coordi-

nation, e�ectively predicted construction risks, and ensured smooth information �ow for managerial
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communication. Baduge et al. [3] introduced the latest research and practical advancements in arti�-

cial intelligence, deep learning, and other technologies in the construction �eld from conceptual design

through the implementation process, and discussed future directions for intelligent technologies in

construction. Sacks et al. [24] noted that the use of digital information technologies in architecture

dated back to dissertation research in the 1970s, and highlighted that digital building information

systems underwent extensive periods of testing and re�nement before widespread practical applica-

tion. Li and Cao [20] described the pivotal role of Building Information Modeling (BIM) in smart

city development, particularly in ensuring the e�ciency and completeness of information exchange

throughout the smart construction process, and supporting lifecycle decision-making. Jiang et al. [17]

explored a digitally-enabled smart MiC system (DT-SMiCS), which supported on-site assembly re-

design and integrated data such as personnel identity, location, cost, and construction progress using

digital twin technology. Woodhead et al. [27] presented a longitudinal analysis revealing that In-

ternet of Things (IoT) technologies brought transformative changes to the construction industry,

describing these innovations as a wave of disruption and providing forward-looking insights for cor-

porate transformation. Collectively, the reviewed scholars described the evolution of digital and AI

technologies in construction, analyzed their application performance, and outlined future research

directions grounded in intelligent construction advancements.

The promotion of green buildings emerged as a key initiative within the construction sector to

support national goals of energy conservation, emission reduction, and sustainable development -

particularly aligned with the �dual carbon� objectives. Zhang et al. [33] emphasized the need to

promote green building concepts due to the construction industry's high energy consumption and

greenhouse gas emissions, and analyzed the indicator framework to enhance China's green build-

ing assessment systems. Darko et al. [6] investigated the drivers behind green building technologies

through expert surveys and found that energy e�ciency, environmental impact, water e�ciency,

occupant health, and comfort were central motivations. Geng et al. [10] assessed green buildings

in terms of indoor environmental quality, user satisfaction, and energy performance, and identi�ed

discrepancies between certi�ed energy e�ciency levels and actual outcomes. Hwang et al. [14] identi-

�ed key factors in�uencing green building construction e�ciency, including worker experience, green

technologies, design modi�cations, and work planning. Gui and Gou [11] reviewed green building

certi�cation systems and analyzed performance indicators in Australia's NABERS system�such as

energy intensity, emissions, indoor environment quality, and water usage�comparing it with global

systems to conclude NABERS provided regionally adaptable assessments. Chel and Kaushik [4]

outlined strategies for improving building energy e�ciency, including passive design, e�cient mate-

rials, equipment, and renewable integration across the lifecycle. These studies collectively provided

comprehensive insights into green building technologies, their assessment frameworks, performance

metrics, and policy implications for the construction sector and environmental regulators.

After analyzing the feasibility of intelligent construction technology in green building design, this

paper uses BIM software to model the designed building and optimize the green performance of the

building based on intelligent construction technology to ensure the realization of building energy

e�ciency. Subsequently, a green building energy e�ciency assessment index system including energy

e�ciency, economic e�ciency and environmental e�ciency is proposed, and the fuzzy Borda method

is used to subjectively assign weights to the indexes, and the weights of the indexes are corrected

and processed by the CRITIC method. Then the object element topology model is used to calculate

the correlation function and correlation degree of energy saving bene�ts to realize the comprehensive

assessment of green building energy saving bene�ts. In this study, two research cases, namely, hotel
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and residential building, are validated to detect the changes in energy consumption of the buildings

after green retro�t and evaluate the energy saving bene�ts in order to explore the e�ectiveness of

the implementation of the method.

2. Green building design technology based on intelligent construction

2.1. Technical feasibility of smart construction

Intelligent construction technology [32] refers to the integrated fusion of sensing technology, commu-

nication technology, data technology, construction technology and project management and other

knowledge, the construction of buildings and their construction activities, such as safety, quality,

environmental protection, progress, cost and other content of the theory, method, process and tech-

nology of perception, analysis, control and optimization, in order to promote safety, high quality,

green, e�cient construction. Intelligent construction technology is a new mode of construction that

integrates information technology and construction engineering. Digital technology is the foundation

of intelligent construction, and on the basis of digitalization, construction requires standardized and

visualized building models, digital network interaction platforms, and an integrated digital chain

drive that carries out the whole industry chain from decision-making to operation and maintenance.

The development of intelligent construction requires technological progress in four aspects, including

integrated engineering software for the whole industry chain, intelligent site engineering Internet of

things, human-machine integration of engineering machinery and intelligent decision-making driven

by engineering big data. The characteristics of intelligent construction include six aspects: data-

driven, online connection, closed-loop regulation, continuous optimization, cognitive response, and

collaborative sharing. Data is the core of intelligent construction and core competitiveness. Connec-

tion is the foundation of smart construction, and everything in the project is interconnected through

IoT technology. Overall, intelligent construction is carried out in the whole life cycle of construction

projects, promoting the construction industry to realize industrialization and upgrade, and ultimately

to intelligent construction.

2.2. Green building intelligent construction platform design

2.2.1. Green building energy e�ciency design process. The process of green building design and

energy e�ciency optimization based on intelligent construction technology is shown in Figure 1.

It can help designers and decision makers understand the green performance of the building more

comprehensively, optimize the energy-saving design scheme, and improve the energy e�ciency and

environmental protection level of the building. Firstly, BIM software is used to model the build-

ing, including information on building structure, materials, and equipment. At the same time, data

related to green performance, such as energy consumption, material properties, and environmen-

tal parameters, are collected. Simulate and analyze the green performance based on the modeling

data, including energy simulation, lighting analysis, indoor environment simulation, etc. Evaluate

the performance of the building in terms of energy consumption, lighting e�ect, indoor comfort,

etc. through the simulation results. Based on the results of the performance simulation, identify

the green performance problems of the assembled building, such as excessive energy consumption,

insu�cient lighting, and excessive indoor temperature. Corresponding optimization measures are

then proposed, including adjusting design parameters, improving material selection, and optimizing

system con�guration. The energy-saving solutions are evaluated, including economic and environ-
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mental impact considerations, to provide a basis for the �nal decision. Based on the assessment

results, the optimization scheme is implemented, and the implementation process is monitored and

managed using BIM technology to ensure the realization of energy-saving bene�ts.

Fig. 1. Green building design based on intelligent construction technology

2.2.2. Platform development architecture. In this paper, the platform development architecture

adopts B/S architecture, which is a commonWeb application architecture that divides the application

into two main parts, the client side (browser side) and the server side. Browser-side is mainly

expressed through front-end development. The front-end interface is constructed by HTML, CSS

and JavaScript, which is used to display the structure, style and interactive elements of the page.

The back-end application is written in a server-side language and undertakes the important tasks of

processing requests, executing business logic and returning responses, simplifying the development

process through tools and libraries provided by back-end frameworks.

3. Methods for assessing the energy e�ciency of green buildings

3.1. Assessment indicators and calculations

3.1.1. Assessment of the indicator system. In this study, a comprehensive assessment indicator sys-

tem is initially established by systematically summarizing and extracting relevant indicators from

three key dimensions: energy e�ciency, economic e�ciency, and environmental e�ciency. These

dimensions are selected to ensure a holistic evaluation of the energy-saving performance of green

buildings based on intelligent construction technology. The speci�c indicators formulated within this

framework are presented in Table 1 and are categorized into three major groups: energy bene�t

indicators, economic bene�t indicators, and environmental bene�t indicators. The energy e�ciency

indicators primarily focus on metrics that evaluate energy conservation levels and the degree of re-

newable energy utilization, aiming to re�ect the actual e�ectiveness of green energy practices. To

more accurately assess the �nancial viability of the construction project, the economic bene�t indica-

tors are selected from two complementary perspectives: capital recovery time and resource utilization

e�ciency, thereby ensuring a balanced and scienti�cally grounded evaluation of economic returns.
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Lastly, the environmental e�ciency indicators are designed to capture both indoor and outdoor envi-

ronmental quality parameters, recognizing the importance of creating healthy and sustainable built

environments for occupants and the broader ecological context.

Table 1. Green building e�ciency assessment index

Target layer Criterion layer Index layer Index number

Green building e�ciency

assessment index

Energy bene�t (A)

Pitch quantity A1

Electric discharge A2

Renewable energy utilization A3

Economic bene�t (B)
Internal rate of return B1

Investment recovery period B2

Environmental bene�t (C)

CO2 emission reduction C1

SO2 emission reduction C2

NOx emission reduction C3

Soot reduction C4

Indoor thermal wet environment improvement C5

Indoor halo improvement C6

Improved indoor air quality C7

Indoor acoustic environmental improvement C8

Extended building life C9

Transformation sustainability C10

3.1.2. Methodology for calculating assessment indicators.

1) Energy e�ciency indicators. Coal saving rate refers to the coal saving capacity of green buildings

[13], i.e., the extent to which a building's coal consumption is reduced after energy-saving green

retro�t compared with that before retro�t. The formula for calculating the coal saving rate is as

follows:

εc =
QBc −QAc

QBc

, (1)

where εc is the coal saving rate, QBC is the coal consumption during the heating period before the

retro�t (Kg), and QAc - the coal consumption during the heating period after the retro�t (Kg).

Electricity saving rate refers to the building's ability to save electricity. The formula for calculating

the electricity saving rate is as follows:

εe =
QBe −QAe

QBe

, (2)

where εe is the power saving rate, QBe is the power consumption during heating period and summer

air conditioning operation before green retro�t, (Kwh), and QAe is the power consumption during

heating period and summer air conditioning operation after green retro�t (Kwh).

The renewable energy utilization rate is expressed in terms of the ratio of the total renewable energy

utilization to the total resource consumption after the green building project renovation based on

intelligent construction technology, and the calculation formula is as follows:

ηr =
Qr

Qs

, (3)

where ηr is the utilization rate of renewable energy, Qr is the utilization amount of renewable energy

(KJ), and Qs is the total energy consumption of the project (KJ).
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2) Economic e�ciency indicators. Internal rate of return refers to the discount rate when the cumu-

lative net present value of the net cash �ow of each year in the whole life cycle of the green building

project is zero, and the formula is as follows:
n∑

t=0

(CI − CO)t (1 + IRR)−t = 0, (4)

where IRR is the rate of return, (CI − CO)t is the net cash �ow in year t, and n is the project

lifetime.

The payback period is the time required for the cumulative net bene�ts of the retro�t project to

o�set the initial investment in the retro�t. A static payback period is used for the evaluation, and

the formula is as follows:
Pt∑
t=0

(CI − CO)t = 0, (5)

where Pt is the static payback period.

3) Environmental bene�t indicators. The pollutants reduced after the transformation include CO2,

SO2, NOx and soot, this paper mainly considers the CO2 emission reduction rate indicator, that is,

CO2 the proportion of emission reduction in the building after green transformation to the proportion

of emissions before transformation, used to measure the emission reduction ability of green buildings,

the calculation formula is as follows:

PC =
∆PC

Pbc

, (6)

where PC is the rate of CO2 emission reduction, Pbc is the emission CO2 rate before the retro�t, and

∆PC is the reduced CO2 emission rate.

The formula for ∆PC is shown below:

∆PC =
∑

∆Qi × αi, (7)

where ∆Qi is the energy savings of the ind energy source and αi is the CO2 emission factor of the

ith energy source.

3.2. Methodology for assessing the assignment of indicators

3.2.1. Subjective empowerment based on the fuzzy Borda method. Let Bm(Cp) denote the rating

given by the mth expert to the indicator Cp, where m = 1, 2, . . . ,M and p = 1, 2, . . . , N . The

following steps outline the procedure for determining the subjective weights of each indicator.

1) Determination of a�liation degree. For the mth expert, the concept of �most important� is de�ned

by the maximum rating max {Bm(Cp)}. The a�liation degree Dmp of each indicator relative to the

�most important� rating is then calculated as:

Dmp =
Bm(Cp)

max {Bm(Cp)}
, (0 ≤ Dmp ≤ 1) . (8)

2) Construction of the fuzzy frequency statistics table. The fuzzy frequency number fhp of indicator

Cp and its fuzzy frequency sum Rp are computed as follows:

fhp =
M∑

m=1

δhm(Cp)Dmp, (9)
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Rp =
∑
h

fhp, (10)

where δhm(Cp) is the coe�cient of the preferential order relationship of indicator Cp in the hth position.

3) Calculation of the fuzzy Borda number FB(Cp) [30]. De�ne Qh as the weight of the hth position

in the preference ranking, calculated by:

Qh =
1

2
(N − h)(N − h+ 1). (11)

Then, the fuzzy Borda number FB(Cp) is computed by:

FB(Cp) =
∑
h

(
fhp
Rp

)
Qh =

∑
h

WhpQh, (12)

where Whp =
fhp
Rp

represents the normalized fuzzy frequency.

4) Determination of subjective weights. Finally, the subjective weight Wp of indicator Cp is obtained

by normalizing its fuzzy Borda number:

Wp =
FB(Cp)

N∑
p=1

FB(Cp)

. (13)

3.2.2. Weight correction based on the CRITIC method. In this study, the CRITIC method [18] was

employed to adjust the initial evaluation score matrix, thereby deriving the objective weights of the

indicators.

1) Construction of the evaluation score matrix. Assuming there are m evaluators and n indicators,

let xij represent the score assigned by the ith evaluator to the jth indicator. The score matrix X for

the comprehensive energy e�ciency evaluation of green buildings is de�ned as:

X =


x11 x12 · · · x1n

x21 x22 · · · x2n

...
...

. . .
...

xm1 xm2 · · · xmn

 . (14)

2) Data standardization. The min-max normalization method was applied. For positive indicators,

the following transformation was used:

yij =
xij −min(xij)

max(xij)−min(xij)
, (15)

and for negative indicators:

yij =
max(xij)− xij

max(xij)−min(xij)
, (16)

where yij denotes the standardized value, and max(xij) and min(xij) are the maximum and minimum

values of the jth indicator, respectively.
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3) Calculation of indicator con�ict degree. The degree of con�ict between the jth indicator and other

indicators is denoted by Rtj, and calculated as:

Rtj =
n∑

t=1

(1− rtj), (17)

where rtj is the correlation coe�cient between indicators t and j, computed as:

rtj =

m∑
i=1

(yit − ȳt)(yij − ȳj)√
m∑
i=1

(yit − ȳt)2
m∑
i=1

(yij − ȳj)2
, t ̸= j. (18)

4) Calculation of indicator information content. The total information content Cj of the jth indicator

is determined by the variability and con�ict degree:

Cj = σj

n∑
t=1

(1− rtj), (19)

where σj is the standard deviation of the jth indicator.

5) Determination of objective weights. The objective weight ωj of the jth indicator is given by:

ωj =
Cj
n∑

j=1

Cj

. (20)

After obtaining both subjective weights ωsj and objective weights ωj, the �nal comprehensive

weight W 0
j is calculated using a multiplicative synthesis method:

W 0
j =

ωsj · ωj
n∑

j=1

ωsj · ωj

. (21)

3.3. Object element expandable evaluation model

3.3.1. Determine the bene�t assessment level. The establishment of the material element topological

model [28] needs to be divided into a reasonable bene�t assessment level, the comprehensive energy

e�ciency assessment index system of green buildings is composed of qualitative and quantitative

indicators, which needs to be comprehensively and systematically assessed and researched. In this

paper, according to the relevant regulations of green buildings and actual cases, and combining the

principles of qualitative and quantitative analysis, the e�ciency assessment level is divided into �ve

levels, namely, `poor, slightly poor, medium, good, excellent�, and the corresponding level intervals

are (0, 55], (55, 65], (65, 75], ( 75, 85], (85, 100]�, based on the evaluation grade to construct the

classical domain, section domain and object elements to be evaluated in the topological model.

3.3.2. Determine the object elements to be evaluated. The research object N is the object to be

evaluated, and the object element consisting of these characteristics is called the evaluation object
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element, and the object element matrix Ro is established based on the data values of the indicators

of the object element to be evaluated:

Ro = (No, Ci, Vi) =


No C1 V1

C2 V2

· · · · · ·
Cn Vn

 , (22)

where No is the object to be evaluated and Vi is the value corresponding to the evaluation feature

Ci.

3.3.3. Determine the classical domain. The classical domain object refers to the domain of values

contained in the thing N with respect to some of the features C. In the case of the object to be

evaluated N , the classical domain element Rj for the jth evaluation level (j = 1, 2, · · · , n) is:

Rj = (Nj, Ci, Vji) =


Nj C1 Vj1

C2 Vj2

· · · · · ·
Cn Vjn

 =


Nj C1 ⌊aj1, bj1⌋

C2 ⌊aj2, bj2⌋
· · · · · ·
Cn ⌊ajn, bjn⌋

 , (23)

where Nj is the jth assessment level of the rating object, Ci is the ith assessment indicator, and

Vji = ⌊aji, bji⌋ is the interval range of feature Ci corresponding to the jth assessment level.

3.3.4. Determination of section �eld. The section domain refers to the value range of the thing N

with respect to all the features C. For the assessment object N , the section elements Rp for all

assessment levels are:

Rp = (Np, Ci, Vpi) =


Np C1 Vp1

C2 Vp2

. . . . . .

Cn Vpn

 =


Np C1 ⌊ap1, bp1⌋

C2 ⌊ap2, bp2⌋
. . . . . .

Cn ⌊apn, bpn⌋

 , (24)

where Np is all the assessment grades of the rating object, and Vpi = ⌊api, bpi⌋ is the range of intervals
of feature Ci corresponding to all the assessment grades.

3.3.5. Determination of correlation function. The correlation function is a function used to deter-

mine the correlation value of the bene�t grade, and the speci�c calculation formula is:

Kj (Vi) =


−ρ(vi,vji)

|vji| vi ∈ vji
ρ(vi,vji)

ρ(vi,vpi)−ρ(vi−vji)
vi /∈ vji; ρ (vi, vji) ̸= 0

−ρ (vi, vji)− 1 vi /∈ vji, ρ (vi, vji) = 0

(25)

ρ (vi, vji) =
∣∣vi − 1

2
(aji + bji)

∣∣−1
2
(bji − aji) (i = 1, 2, . . . , n, j = 1, 2, . . . , k) (26)

ρ (vi, vpi) =

∣∣∣∣vi − 1

2
(api + bpi)

∣∣∣∣− 1

2
(bpi − api) (i = 1, 2, . . . , n) , (27)

where Kj (Vi) is the value of the correlation function of the ith assessment indicator about the jth

assessment level, ρ (vi, vji), ρ (vi, vpi) is the distance between point Vi and the classical domain and

section domain.
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3.3.6. Calculate the comprehensive correlation degree. The comprehensive correlation degreeKj (No)

of the object to be assessed N with respect to level j is calculated by the following formula:

Kj (No) =
n∑

i=1

ωiKj (Vi) (i = 1, 2, . . . , n) , (28)

where ωi is the weight of the determined indicators and Kj (Vi) is the value of the determined

correlation function.

3.3.7. Determining the bene�t assessment level of the object to be assessed. According to the value

of the integrated correlation function, the corresponding bene�t assessment level of the object to be

assessed N can be determined:

Kj (No) = maxKj (No) (j = 1, 2, . . . , n) . (29)

The maximum value Kj = (K1, K2, K3, K4, K5) is the bene�t assessment grade corresponding

to U = (poor, poor, medium, good, excellent), and by the principle of maximum a�liation, the

bene�t assessment grade corresponding to the maximum value is the result of the energy e�ciency

assessment of the example green building project.

4. E�ect of green building design technology application

4.1. Analysis of green retro�t of hotel buildings

4.1.1. Project overview. In this paper, a resort paradise project in Rizhao City, the hotel part of one

of the research cases, the project is located in Rizhao City, Shandong Province, Donggang District,

west of the Bihai Road, east of Shanhaitian two roads, the planning land area of 96524.1m2, the

hotel building area of 195426.6m2, the ground �oor area of 184,251.2m2, the ground �oor area of

6,253.4m2, the building height of 21.64m, the ground �oor of 6, the main structure The form is frame

structure, the total bidding price of this project is 284152642.62 yuan. This project is a two-star

green building, declared on September 15, 2023 to obtain the two-star logo, with an overall score of

69 points. According to the results of the declared evaluation report, the main points of loss are as

follows:

1) The design and functional use of the building's usable space is low and lacks the necessary

variable measures, such as separating the building structure from the building's equipment pipelines.

2) The building has not been designed with adjustable sunshading measures to improve indoor

thermal comfort.

3) Failure to adopt mechanical parking facilities or underground parking, mainly utilizing surface

parking, and the ratio of surface parking area to total construction land area is more than 8.5%.

4) It does not adopt architectural style design suitable for regional characteristics, and inherits

regional architectural culture according to local conditions.

5) The land of the construction project was originally open land, so there is no score for the

reasonable selection of the abandoned site construction or making full use of the old buildings that

can still be utilized.

Based on this, this paper carries out green transformation and optimization of the hotel building

of the project based on the proposed intelligent construction technology to improve the energy

e�ciency of the building. The green energy-saving optimization design measures for the building
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using intelligent construction technology mainly include energy saving of maintenance structure and

energy saving of equipment operation system. The thermal insulation material of the external wall

extends to 500mm to the outdoor ground, and the overhead �oor or picket �oor in contact with

the outdoor air adopts 100-thick rock wool board for thermal insulation; the thermal bridge parts

between the external wall and roof and the inner side of the daughter wall adopt 20-thick A-grade

glass beads, and the picket components of the external wall and the components attached to the wall

(canopies, side wall lights of the windows and doors) all adopt thermal insulation measures. Roof

insulation adopts 80mm extruded polystyrene board with B1 grade combustion performance. In

terms of energy saving in the HVAC system, the heat source in the heating season is a combination

of municipal heating and boiler heating, with 3 sets of 2120KW hot water boilers in the boiler room,

and the boilers are dual-use oil and gas boilers. In the energy-saving lighting and electrical system,

the lighting method and control method are rationally selected by combining with natural lighting,

and energy-saving light sources are preferred. Intelligent lighting control system is set up in public

areas and large space areas, and human sensor lamps are used to control the lighting of aisles and

stairwells, and multiple modes of automatic control devices are set up for outdoor �oodlighting and

landscape lighting. The emergency lighting system adopts centralized power supply and centralized

control system. In terms of renewable energy, it makes full use of the roo�ng resources and sets up

450 square meters of solar energy on the roof, which is used to preheat the hot water of the hotel.

In addition, all sanitary appliances have reached the required water e�ciency level 2.

4.1.2. Analysis of energy e�ciency bene�ts of green buildings.

1) Weighting of assessment indicators. The results of the weighting analysis of the assessment indica-

tors of energy e�ciency of green buildings based on intelligent construction technology are shown in

Table 2. The results of the weighting values show that the weighting value of environmental bene�ts

(0.611) is the largest among the �rst-level indicators, which is mainly because the environmental

bene�ts are directly related to the energy-saving bene�ts of green buildings, and the environmental

bene�ts are more intuitive compared with the energy and economic bene�ts.

Table 2. Energy e�ciency index weight analysis

Criterion layer Weight value Index layer Index number Weight value

Energy bene�t (A) 0.241

Pitch quantity A1 0.059

Electric discharge A2 0.102

Renewable energy utilization A3 0.08

Economic bene�t (B) 0.148
Internal rate of return B1 0.054

Investment recovery period B2 0.094

Environmental bene�t (C) 0.611

CO2 emission reduction C1 0.106

SO2 emission reduction C2 0.078

NOx emission reduction C3 0.076

Soot reduction C4 0.089

Indoor thermal wet environment improvement C5 0.052

Indoor halo improvement C6 0.021

Improved indoor air quality C7 0.038

Indoor acoustic environmental improvement C8 0.037

Extended building life C9 0.062

Transformation sustainability C10 0.052
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2) Analysis of the results of energy e�ciency assessment. The results of the energy e�ciency as-

sessment of the green renovation and optimized hotel building are shown in Figure 2. The energy

e�ciency rating of the hotel project is between �good� and �excellent�, and the energy e�ciency

rating is not yet fully excellent. The indicators of economic bene�ts (88.65 and 90.40 points) are in

the �good� range. This indicates that the energy-saving and emission reduction technologies adopted

by green buildings are relatively mature in application and can generate considerable bene�ts. Al-

though the energy e�ciency of the energy saving index is evaluated at 82.84, which is �good�, it is

undeniable that the project has adopted a large number of green building energy-saving and emission

reduction technologies under the application of intelligent construction technology. The project is

a high-grade hotel, which has high requirements for the beauti�cation of the building and the com-

fort of the environment. Green plants have the characteristics of aesthetics, air puri�cation, carbon

dioxide absorption and reduction of the urban heat island e�ect, and the compound green plants

around the site and the green plants on the roof have achieved win-win e�ects of aesthetics and

greening. Although the project adopts a variety of energy-saving and emission reduction products

and technologies, it still generates a large amount of energy consumption and emits a large amount

of carbon dioxide gas every day during the operation period, and there is still a long way to go to

achieve a low-carbon building or even a zero-carbon building.

Fig. 2. Analysis of energy e�ciency and e�ciency of hotel buildings

4.2. Empirical analysis of green energy saving optimization of residential buildings

4.2.1. Basic information on residential buildings. In this paper, a building energy e�ciency retro�t

project of Building 12 in a neighborhood in Beijing, a northern heating area, is used to demonstrate

the comprehensive assessment model of bene�ts. This project is a Sino-German technical cooper-

ation project of �Energy Saving Retro�t of Existing Buildings in China�. The building is located

in Chaoyang District, adjacent to the North Fourth Ring Road, with 15 �oors, a total �oor area of

about 12,425m2, facing south, a form factor of 0.32, a window-to-wall ratio of 0.16, and a total of

154 households. The building is a prefabricated slab structure with internal casting and external

hanging, the external wall is composed of 250mm-thick ceramic concrete, the roof is composed of

220mm-thick aerated concrete, and most of the tenants have already replaced the external windows

with sliding or casement plastic steel windows on their own, and the heat transfer coe�cient of the

enclosure structure is relatively high. The site investigation found that after 20 years of use, although

the building has been repaired several times, some parts of the external wall have been leaking and

broken, resulting in dew and mold on some of the walls and low indoor temperature in winter. The

use of infrared thermal imager on the dew moldy place of the inner surface of the external wall
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detection, the results show that the temperature in 8.6 ◦C or so, which is lower than the neighboring

walls of the inner surface temperature of 3 ∼ 4 ◦C. These condensed and moldy walls resulted in heat

loss, thus lowering the indoor temperature, and the occupants needed to take additional warming

measures to solve the problem of poor thermal comfort. After measuring the heat transfer coe�cient

of the envelope on site, the speci�c primary energy demand data of Building 12 is calculated as

shown in Table 3, the total primary energy demand is 108.70kWh/(m2 · a), and the primary energy

demand for heating, cooling and ventilation is 39.40kWh/(m2 · a), which is 105kWh/(m2 · a) and
35kWh/(m2 · a) respectively in China's regulations on existing residential buildings, showing that

the primary energy demand of this building is too high, and that it is too high for this building. This

shows that the primary energy demand of this existing residential building is too high, which greatly

wastes the energy consumption of the building. Therefore, the green building design process based on

intelligent construction technology proposed in this paper is used to carry out green energy-saving

renovation in this neighborhood, and the energy-saving renovation project was o�cially launched

from the end of October 2023 to the end of January 2024, which lasted 83 days.

Table 3. One energy demand data (unit: kWh/(m2 · a))

Demand dimension Demand quantity

Heating demand 8.42

Refrigeration demand 14.26

Lighting demand 19.84

Ventilation and dehumidi�cation demand 16.72

Demand for hot water preparation 0.84

Life demand 48.62

Total 108.70

4.2.2. Green house performance and energy consumption monitoring results.

1) Residential performance monitoring results. After the construction of Building 12 was completed

and successfully passed the completion inspection, the performance monitoring of the residential

building was carried out, and the speci�c monitoring data are shown in Table 4, which shows that

the green renovation of the residential building did realize the excellent performance of the building

in terms of heating and cooling with a lower primary energy demand in the process of operation

and use. The indoor temperature was able to reach 21.4◦C in winter and the room temperature in

summer (23.5◦C) was also lower than the performance standard value (26◦C). In addition, the green

retro�tted homes have low indoor noise (25dB(A)), which meets the performance standard.

2) Energy saving energy consumption comparison analysis. According to the electrical design doc-

uments of Building 12 of the neighborhood, this paper calculates the energy consumption table of

electrical and lighting energy saving of green building in Building 12 and its energy saving situation

as shown in Table 5. It can be found that after remodeling by the green building design method pro-

posed in this paper, the combined cooling and heating energy consumption of the residential building

in Building 12 is reduced from 113.26kwh/m2 to 66.27kwh/m2, with an energy saving rate of 41.49%.

The energy consumption of heating, air conditioning and lighting decreases from 48.72kwh/m2 and

49.82kwh/m2 to 9.85kwh/m2 and 16.52kwh/m2 respectively, which indicates that the energy con-
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sumption of the existing residential building after green renovation has been e�ectively saved.

Table 4. Analysis of residential performance testing data

Performance monitoring project Performance monitoring data Performance indicator

Indoor temperature (winter) 21.4◦C ≥20◦C
Indoor temperature (summer) 23.5◦C ≤26◦C

Indoor relative humidity 55.4% 45%-60%

Supertemperature frequency ≤12◦C ≤12◦C
Indoor CO2 concentration 256-894ppm ≤1200ppm

Indoor noise 25 dB(A) Daytime≤42dB(A)Night≤30dB(A)
Indoor wind speed ≤0.25m/s ≤0.35m/s

Air tightness 0.34 ≤0.58

Table 5. Analysis of energy consumption comparison

Energy consumption classi�cation Energy class
Green building

(kwh/m2)

Basic building

(kwh/m2)

Energy e�ciency

(%)

Building load

Refrigerating quantity 49.85 84.62 41.09%

Heat consumption 16.42 28.64 42.67%

Cold heat 66.27 113.26 41.49%

Cooling power consumption

Central cold source 2.48 18.95 86.91%

Cooling water pump 2.67 14.26 81.28%

Refrigerated pump 3.59 12.48 71.23%

Multiple on-line air conditioning 0 0 0.00%

Cooling aggregate 8.74 45.69 80.87%

Heating consumption

Central reservoir 0.82 15.64 94.76%

Heating pump 2.69 1.52 76.97%

Multiple line heat pump 0 0 0.00%

Heating total 3.51 17.16 79.55%

Heating and air conditioning 9.85 48.72 79.78%

Illumination loss 16.52 49.82 66.84%

Combined electricity consumption 29.64 98.67 69.96%

Fig. 3. E�ciency assessment results
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4.2.3. Results of energy e�ciency assessment. The energy e�ciency assessment model is used to

assess the energy e�ciency of the green retro�t of the existing residential building and to determine

the e�ciency evaluation level, and the results of the energy e�ciency assessment of the green building

in Building 12 of this district are shown in Figure 3. The evaluation scores of each index are all

between 90.11-99.28, and the corresponding bene�t belongs to the interval of �excellent�, which

indicates that the goal of the green retro�t project is basically realized, and it has the e�ect of

generating energy-saving bene�ts, but there are still some problems. For example, although the

airtightness of the retro�tted building has been improved, the number of air exchanges is still on the

high side compared with that of new energy-saving buildings, which will be a place to pay attention

to and strengthen technical improvement in future energy-saving retro�tting.

5. Conclusion

Based on intelligent construction technology, this paper proposes a green building design scheme

process, and constructs a comprehensive evaluation method for the energy-saving bene�ts of green

buildings to verify the feasibility of the scheme implementation. In the �rst case, the energy-saving

bene�t level of a resort park project hotel after green renovation is between "good" and "excellent",

although the evaluation score of the energy-saving index in the energy consumption bene�t is 82.84

points, which is "good", it is undeniable that the project has adopted a large number of green building

energy-saving and emission reduction technologies under the application of intelligent construction

technology. In the second case, after the energy-saving renovation of a residential building, the

residential building was renovated and operated with a lower primary energy demand to achieve

excellent performance in heating, cooling and other aspects. The total energy consumption of cold

and heat was reduced from 113.26kwh/m2 to 66.27kwh/m2, and the energy saving rate reached

41.49%. The evaluation scores of each index of energy-saving bene�ts are between 90.11-99.28 points,

and the corresponding bene�t membership interval is "excellent", indicating that the goal of the green

transformation project has been basically achieved, and it has been e�ective and has produced energy-

saving bene�ts. This provides guidance for the smooth implementation of subsequent energy-saving

renovation projects and the improvement of bene�ts.
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