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Green building materials have brought fundamental changes to the traditional construction 

methods, enabling better environmental protection and energy-saving performance of the 

buildings. However, due to the various material types and the large property differences, 

until now there isn’t a uniform evaluation index system (EIS) for green building materials, 

the existing studies on the green-level evaluation of green building materials during 

production and use are insufficient, and the research on energy-saving design is just getting 

started. For this reason, this paper attempted to launch a research on the multi-objective 

energy-saving optimization design of buildings based on the application of green building 

materials. First, the quantification method for the environmental impact factors of green 

building materials was elaborated, and the intervals and standards of the quantification 

evaluation were given; then, a green building material optimization selection model was 

constructed, and a multi-objective energy-saving optimization algorithm was proposed; at 

last, experimental results gave the green levels of a few candidate green building materials 

and the scores of the environmental impact factors, which had verified the effectiveness of 

the proposed algorithm. 
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1. INTRODUCTION

According to the 2019 China Energy Statistics Yearbook, 

the total energy consumption of the construction industry 

throughout the year is about 1.43 billion tons of standard coal, 

which is more than a quarter of the total final energy 

consumption of China [1-3]. In recent years, as the concept of 

sustainable development has been put forward, the energy-

saving of buildings has gradually transformed to green 

buildings, and the industry of green building materials has 

ushered in a fast growth [4-6]. Green building materials can 

achieve the environmental protection and energy-saving goals 

by employing new science and technology means, and they 

have brought fundamental changes to the traditional 

construction methods, in this way, the issues of building 

energy-saving, environmental protection, and pollution 

control have been well integrated [7, 8]. 

Field scholars have made great progress in the application 

of green building materials [9-12]. With the rapid development 

of the building materials industry, new-type construction and 

decoration materials have emerged in large quantity, and some 

of them have brought serious threat to the indoor environment 

and human health [13, 14]. Lee [15] took 7 kinds of building 

materials including sanitary ceramics, mortar, concrete, 

energy-saving glass, ceramic tiles, masonry materials, and 

thermal insulation materials as the research objects, and 

established a practical comprehensive evaluation system for 

green building materials based on life cycle assessment and 

life cycle cost analysis [16]. According to the requirements for 

building materials in terms of production technology, 

properties, input and output costs, and environmental impact, 

Kaur et al. [17] evaluated the green property of building 

material products using a AHP-based fuzzy comprehensive 

evaluation method; in order to improve the accuracy and 

discriminability of weight coefficients and index values, they 

adopted a fixed index scale to construct the judgement matrix 

and comprehensively evaluated 8 types of representative green 

building materials. Affected by processing techniques and 

production output, the prices of most green building materials 

are higher, and their market acceptance willingness is 

generally low, therefore it’s necessary to comprehensively 

consider the economy and energy efficiency to better promote 

the application of green building materials [18-21]. Regarding 

the construction of evaluation systems for green building 

materials, Berseneva et al. [22] proposed a specific core index 

evaluation method based on single-factor evaluation and a full 

life cycle evaluation method based on fuzzy comprehensive 

evaluation; through a green evaluation case analysis, they 

obtained the final green levels of green building materials, and 

improved the operability and discriminability of the evaluation. 

For the definition and purpose of green building materials, 

Ilham et al. [23] established a promotion evaluation model for 

green building materials based on fuzzy evaluation and 

TOPSIS method, and comprehensively considered the 

influence of value factors such as use value, economic value 

and environmental value on the promotion of green building 

materials. Pioppi et al. [24] introduced green building 

materials and green building technologies into the 

construction of energy-saving campus, the involved green 

building materials mainly included aerated concrete blocks, 

high-strength steel bars and high-performance concrete, 

inorganic thermal insulation mortar, foam glass, heat-

insulating multi-cavity sealed metal window frames, and high-

efficiency energy-saving lamps, etc.; and the involved green 
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building technologies mainly included roof greening, ground 

source heat pump (GSHP) and air source heat pump (ASHP) 

heating systems, integrated sun shading design, independent 

temperature and humidity control air conditioning system, and 

real-time visualized building energy consumption 

measurement, etc. Echeverria et al. [25] optimized the cost and 

energy efficiency of composite heat-insulating concreate 

blocks via the aspects of insulation layer thickness and block 

wall thickness, and verified the thermal performance of the 

blocks through energy-saving experiments. 

At present, the green building materials are of diverse types 

and different properties, so the evaluation focuses are quite 

different, and until now there isn’t a unified EIS for green 

building materials, which has caused certain difficulties for the 

selection, optimization, and energy-saving design of green 

building materials. At the same time, the existing studies on 

the green-level evaluation of green building materials during 

production and use are insufficient, and the research on 

energy-saving design is just getting started. For this reason, 

this paper conducted a research on the application of green 

building materials and the multi-objective energy-saving 

optimization design. The main content of this paper includes 

the following aspects: 1) the quantification method of the 

environmental impact factors of green building materials was 

elaborated, and the green levels of the materials were analyzed 

based on calculation results; 2) the intervals and standards of 

the quantification evaluation of green building materials were 

given; 3) a green building material optimization and selection 

model was constructed, a multi-objective energy-saving 

optimization algorithm was proposed, and the flow of the 

algorithm was introduced; 4) experimental results gave the 

green levels of a few candidate green building materials and 

the scores of the environmental impact factors, which had 

verified the effectiveness of the proposed algorithm. 

 

 

2. QUANTIFICATION OF ENVIRONMENTAL 

IMPACT FACTORS OF GREEN BUILDING 

MATERIALS AND THE EVALUATION OF GREEN 

LEVELS 

 

Under normal circumstances, a same-type environmental 

impact may be caused by different factors; for each 

environmental impact type, an index value could be set to 

calculate the environmental impact potential values of the 

different environmental impact factors. This paper adopted the 

equivalent factor method to calculate the environmental 

impact potential values of different environmental impact 

factors, and further obtained the comprehensive 

environmental loads of each environmental impact type. In the 

following paragraphs, the specific calculation method of the 

environmental impact potential values of green building 

materials during production and use will be introduced.  

Non-renewable resources such as ore, fossil fuels, and land 

are resources without biological characteristics. Assume Tc 

represents the total consumption of non-renewable resources 

during the production and use of green building materials; pi 

represents the consumption of the i-th resource of the green 

building materials in the inventory analysis; and δci represents 

the equivalent limestone coefficient of the i-th resource; then, 

the total consumption of non-renewable resources during the 

production and use of green building materials can be 

expressed by Formula 1: 

 


=

=

n

i

ciic δpT

1

 (1) 

 

Energy consumption refers to the comprehensive 

consumption of primary energy, secondary energy, non-

renewable energy and renewable energy during the production, 

construction, transportation, utilization, and treatment 

processes of green building materials. Assume δdi represents 

the standard coal coefficient of the i-th energy source; RD 

represents the total energy consumption during the production 

and use of green building materials; di represents the energy 

consumption of the i-th energy source of the green building 

materials in the inventory analysis; and δdi represents the 

equivalent standard coal coefficient of the i-th resource; then, 

the total energy consumption of the green building materials 

during production and use can be calculated by Formula 2: 

 


=

=

n

i

diiD δdR

1

 (2) 

 

The space occupied by solid construction wastes buried 

underground or put in garbage landfills is the consumption of 

space resources. Assume ρi and Mi are the density and mass of 

the i-th solid construction waste; VT represents the total space 

resource consumption of solid construction wastes generated 

during the production and use of green building materials; it 

can be expressed by Formula 3 as: 

 


=

=

n

i

iiT /ρMV

1

 (3) 

 

The greenhouse effect is mainly caused by greenhouse 

gases in the atmosphere, they absorb long-wave radiations 

from the earth surface, causing them unable to smoothly 

penetrate the atmosphere. Assume ECO2 represents the 

equivalent weight of CO2 produced during the production and 

use of green building materials; Ai and HNQi respectively 

represent the i-th greenhouse gas’s inventory analysis volume 

and global warming potential value; Formula 4 gives the 

calculation method for the type of factors related to global 

warming during the production and use of green building 

materials, see below: 

 


=

=

n

i

iiCO AHNQE
2

1

 (4) 

 

If acidic substances are discharged during the production 

and use of green building materials, acidification effect and 

acid rain will be generated, SO2 is the reference data of such 

acidification effect, and it can be described by the acidification 

potential value. Assume ESO2 represents the equivalent weight 

of SO2 during the production and use of green building 

materials; Ai and SNi respectively represent the i-th acidic 

substance’s inventory analysis volume and acidification 

potential value during the production and use of green building 

materials; Formula 5 gives the calculation method for the type 

of factors related to the acidification effect during the 

production and use of green building materials, see below: 

300



 


=
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n

i

iiSO ASNE
1

2
 (5) 

 

The ozone layer in the stratosphere can absorb ultraviolet 

light. If ozone-depleting substances that can damage the ozone 

layer are emitted during the production and use of green 

building materials, the earth's ecological environment will be 

damaged by ultraviolet rays. Assume ECFC-11 represents the 

equivalent weight of CFC-11 during the production and use of 

green building materials; Ai and EHi respectively represent the 

i-th ozone-depleting substance’s inventory analysis volume 

and depletion potential value; Formula 6 below gives the 

calculation method for the type of factors related to ozone 

depletion during the production and use of green building 

materials: 

 


=

− =
n

i

iiCFC AEHE
1

11  (6) 

 

Photochemical smog is the product of oxidation reactions 

between NOx and volatile solvent under the action of sunlight. 

Assume EC2H4 represents the equivalent weight of C2H4 during 

the production and use of green building materials; Ai and 

VOSi respectively represent the i-th volatile organic 

compound’s inventory analysis volume and photochemical 

smog potential value; then, the type of factors related to 

photochemical smog can be calculated by Formula 7: 

 


=

=
n

i

iiHC AVOSE
1

44
 (7) 

 

Nutrients such as phosphorus and nitrogen in the industrial 

wastewater can accelerate the proliferation of aquatic fungi 

and microorganisms in the water body, which would result in 

a decrease in the content of dissolved oxygen in the water and 

causing eutrophication to the water body. Assume EPO43- 

represents the equivalent weight of PO4
3- during the 

production and use of green building materials; Ai and LVAi 

respectively represent the i-th nutrient’s inventory analysis 

volume and eutrophication potential value; then the type of 

factors related to water body eutrophication can be calculated 

by Formula 8 as: 


=

=−

n

i

iiPO
ALVAE

1

3

4

 (8) 

 

Based on the above analysis of the potential values of 

various types of environmental impact during the production 

and use of green building materials, this paper selected the 

green-level evaluation indexes of green building materials and 

constructed the evaluation space for the corresponding 

production and use processes. Assume Rmax and Rmin are the 

upper and lower limits of the evaluation standards. First, 

according to the relevant national industry norms or standards, 

the national statistical yearbooks, and the relevant research 

results, an evaluation space with the value range of (Rmin, 

Rmax) was constructed and divided into three sub-intervals of 

(0, Rmin], (Rmin, Rmax], and (Rmax, ∞). Because the value range is 

the entire range of positive real numbers, the green-level 

divisions for the various green building materials become 

more distinguishable. Table 1 gives the divided quantitative 

evaluation intervals of green building materials. 

If the evaluation index is a cost-type quantitative index, the 

evaluation interval (Rmin, Rmax) can be divided into equal m-2 

parts; at the same time, order Rmax be R1 and Rmin be Rm-1; then, 

the value of the lower limit Rj of the interval corresponding to 

the j-th level can be calculated by Formula 9: 

 

( ) ( )   m/RRRR mjj 2111 −−−= −−  (9) 

 

If the evaluation index is a benefit-type quantitative index; 

order Rmin be R1 and Rmax be Rj-1. At this time, the value of the 

lower limit Rj of the interval corresponding to the j-th level can 

be calculated by Formula 10: 

 

( ) ( )  m/RRRR mjj 211-1 −−+= −  (10) 

 

If Rmin is equal to 0, Formula 9 and Formula 10 can be 

modified as follows: 

 

( ) ( )1111 −−−= −− m/RRRR jjj  (11) 

 

( ) ( ) m/RRRR jj 111-j1 −−+= −  (12) 

 

Table 2 shows the quantitative evaluation standards of green 

building materials proposed in this paper. 

 

Table 1. Quantitative evaluation intervals of green building materials 

 
Level Unqualified Level A Level B Level C Level D 

Interval [0,1.5] (1.5,2.5] (2.5,3.25] (3.25,4.25] [4.25,5] 

 

Table 2. Quantitative evaluation standards for green building materials 

 

Level 
Cost-type quantitative index; Benefit-type 

quantitative index 

Standard 

range 
Description 

Unqualified (R1, ∞)  (0, R1) [0,1.5] Does not reach the qualified level in the industry 

Level A  [R1, R2)  (1.5,2.5] Reach the qualified level in the industry 

Level B  [R1, R2)  (2.5,3.25] Reach the medium level in the industry 

Level C  [R1, R2)  (3.25,4.25] Reach the leading level in the industry 

Level D (R4,0)  (R4, ∞) [4.25,5] Reach the top level in the industry 
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3. CONSTRUCTION OF OPTIMIZATION SELECTION 

MODEL FOR GREEN BUILDING MATERIALS 

 

Through the calculation of environmental impact potential 

values during the production and use of green building 

materials and the discussion and analysis on the evaluation 

interval division of green building materials in the previous 

section, this paper chose to use the material optimization 

selection method that is most suitable for the evaluation 

standards and evaluation space of green building materials to 

construct the corresponding mathematical model. 

Taking the different environmental impact potential value 

variables as the objective function variables, the objective 

function and the corresponding constraints that keep the 

production and use costs of green building materials at the 

minimum level could be constructed. Assume Nz represents 

the number of types of candidate green building materials; the 

quantity, demand, price, and use proportion of each-type 

candidate material are represented by Ns, Qji, Jji, and Sji, 

respectively, wherein j∈Nz, i∈Ns, then the constructed 

objective function can be expressed as: 

 

  
=

zN Ni jijiji
s

SJQMinW
j

 (13) 

 

In the formula, the value range of the use proportion of the 

candidate green building materials was [0%, 100%], the 

corresponding constraint conditions can be expressed by 

Formula 14: 

 

szji Ni,Nj;S  10  (14) 

 

For each type, the sum of use proportions of the candidate 

green building materials must be 100%, the corresponding 

constraint conditions can be expressed by Formula 15: 

 

 
=

sNi szij Ni,Nj;S 1  (15) 

 

In order to ensure that the water saving rate reaches 80% 

while the construction cost is as low as possible, assuming the 

water saving rate or energy saving rate of a specific material is 

ηji, then constraint conditions shown as Formula 16 can be 

constructed: 

 

 


sNi szjijiji Ni,Nj;ηQS 0.8  (16) 

 

Suppose that the determination of whether a specific 

material is a recycled material can be described by a binary 

function Yji-1; if it is a recycled material, then the value of Yji-1 

takes 1; otherwise, its value is 0. Lji represents the unit weight 

of the material. In order to ensure that the weight of recycled 

green building materials accounts for more than 10% in the 

weight of candidate materials, a constraint condition shown as 

Formula 17 was constructed: 

 

0.11-   z sNj Ni jijijiji YLQS  (17) 

 

Suppose that the determination of whether a specific 

material is a construction waste material can be described by a 

binary function Yji-2; if it is a construction waste material, then 

the value of Yji-2c takes 1; otherwise, its value is 0. In order to 

ensure that the weight of construction waste materials 

accounts for more than 30% in the weight of candidate 

materials, a constraint condition shown as Formula 18 was 

constructed: 

 

0.321   z sNj Ni -jijiji-ji YLQY  (18) 

 

Suppose that the determination of whether a specific 

material is recyclable can be described by a binary function Yji-

3; if it is a recyclable material, then the value of Yji-3 takes 1; 

otherwise, its value is 0. In order to ensure that the weight of 

recyclable materials accounts for more than 5% in the weight 

of candidate materials, a constraint condition shown as 

Formula 19 was constructed: 

 

0.0531   z sNj Ny -jijiji-ji YLQY  (19) 

 

 

4. MULTI-OBJECTIVE ENERGY-SAVING 

OPTIMIZATION DESIGN BASED ON THE 

APPLICATION OF GREEN BUILDING MATERIALS 

 

Based on the obtained green-level evaluation and 

optimization results of green building materials, we can 

perform dynamic energy-saving design on buildings with the 

change of time. The calculation and data analysis of the design 

process, as well as the input/output of the system, all change 

with the time, and they meet the multi-objective optimization 

laws at the same time. Figure 1 gives the flow of the multi-

objective optimization algorithm for the energy-saving design 

of buildings. The specific steps are: 

Step1: Make conditional assumptions, clarify the boundary 

of the building energy-saving design process, and calculate the 

construction cost based on each link of the production and use 

processes of green building materials. The construction cost of 

each link mainly includes the resource consumption cost, the 

energy consumption cost, and the environmental protection 

cost, and the corresponding calculations were completed 

within the specified inventory analysis time range. In the 

statistical stage, the calculated values of the construction cost 

of each link need to be discounted to the initial boundary of 

the time range of the inventory analysis. If the inventory 

analysis time range of each link belongs to the time range set 

by the evaluation strategy, then initial value of the 

environmental impact factors of each link is assumed as 

known. When the output of a previous link is the input of the 

next link, the cost of this link can be ignored. 

Step2: Assume bji represents the consumption of the j-th 

resource or energy in the i-th link, nl represents the number of 

the resource or energy types, mh represents the number of links 

in the production and use processes of green building materials, 

then, the input process matrix could be constructed as Formula 

20: 

 





















=

hlll

h

h

mnnn
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22221
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 (20) 

 

Step3: Assume dxy and s represent the value and type of a 

factor related to environmental impact that appears in the i-th 
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link but does not appear in the i+1-th link, then the output 

process matrix can be constructed as Formula 21: 
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m
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ddd
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221

11211
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 (21) 

 

Step4: Construct the summation matrix E=(1,1,…,1,)T. The 

number of column vectors of the matrix that is subjected to the 

left multiplication operation with the summation matrix 

determines the number of the horizontal vectors of the matrix. 

Step5: Assume ej1 represents the unit cost of the j-th 

resource or energy in B, then the constructed input cost matrix 

can be expressed as G=(g11,g21,…,gj1,…,gnl1)T. Assume fj1 

represents the unit increased cost of the j-th environmental 

impact factor in D, then the output cost matrix can be 

constructed as F=(f11,f21,…,fj1,…,fv1)T. 

Step6: Assume DV and AV represent the discounted value 

and actual value of the future operating cost of the building, β 

represents the benchmark discount rate of the production 

industry of green building materials, and the discount period 

is θ years; then the discounted value of the operating cost of 

the building can be calculated by the Formula 22: 

 

( )θβAV/VD += 1  (22) 

 

Step7: Construct model for the relationships between B, D 

and the operating cost of the building. Because the row vectors 

of the two process matrices have different links that have time 

span and different cost discount rates, it is necessary to 

introduce the same type matrix respectively. Suppose the 

duration of the i-th link is Ti, then, the introduced time 

coefficient matrix H1 of nl×mh order can be described by 

Formula 23: 
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The time coefficient matrix H2 of nl×p order can be 

described by Formula 23 as: 
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It satisfies h=1/(1+β). 

Perform Hadamard product operation on B and H1, then 

there is: 
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Perform Hadamard product operation on D and H2, then 

there is: 

 

( )





































==

+++++++

+++

++++++

++++++




+++

lnj

i

lnj

ln

l

l

l

i

T......T...TTTTT

T...TT

T...T...TT
2TTT

T...jT...2TT

...
2TTT

xyl
np

T...TT

ppp

j

nppp

n

n

jji

hhh

h

hhh

hhh

ddd

d

ddd

ddd

hdHD

21211

21

21

2
1

2
1

2

11
1

1
1

22221

11211

21

1

2

21















 
(26) 

 

In this paper, the matrices G and F were converted from 

nl×1 order and mh×1 order to nl×mh order and p×mh order as 

shown in Formula 27. The purpose is to satisfy the 

requirements of the Hadamard product same-type matrix: 
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(27) 

 

The mh×1-order total construction cost matrix CMTotal can 

be calculated by Formula 28: 

 

( )

( )

1 1

2 1

l

T

Total n

T

p

CM B H G D

D H F E





 =   

 +   

 (28) 

 

It can be seen from the above formula that each row vector 

of CMTotal is the increased cost CMmh of the corresponding link 

and the factor related to environmental impact, therefore, the 

cost of the production and use processes of green building 

materials can be expressed as ∑mh
j=1CMTj. 
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Step8: Combine with the genetic algorithm to obtain the 

multi-objective optimization results of building energy-saving 

design. First, adopt random ergodic selection to perform 

coding operations on the optimization factors related 

environmental impact, perform random discrete 

recombination on individuals selected from the generated 

population, and determine the crossover recombination rate of 

the genetic algorithm. Then, within the evaluation intervals of 

each optimization factor related to environmental impact, 

perform mutation operations and determine the mutation rate 

of the genetic algorithm. After that, execute the algorithm until 

the number of iterations reaches the preset maximum value 

and terminate the calculation. 

 

 
 

Figure 1. Flow of multi-objective optimization algorithm for building energy-saving design 

 

 

5. EXPERIMENTAL RESULTS AND ANALYSIS 

 

Combining with the quantitative analysis of environmental 

impact factors of green building materials and the 

understanding of green-level evaluation indexes of the 

materials, this paper extracted the related quantifiable indexes 

of green building materials from the evaluation index system, 

and listed the evaluation scoring requirements of different 

green levels. Table 3 shows the green levels of green building 

materials and scores of environmental impact factors. 

According to the table, the extracted quantifiable indexes 

included all the terms related to environmental protection in 

the evaluation index system, which can better reflect the green 

levels of the candidate green building materials. 

 

Table 3. Green levels of green building materials and scores of environmental impact factors 

 

 

Factors related 

to resource 

consumption 

Factors 

related to 

energy 

consumption 

Factors 

related to 

global 

warming 

Factors 

related to 

acidification 

effect 

Factors related to 

ozone depletion 

and 

photochemical 

smog 

Factors related 

to water body 

eutrophication 

Number 

of terms 

Level 1 4 3 2 2 4 1 16 

Level 2 5 4 3 3 5 2 22 

Level 3 6 5 4 4 6 3 28 

Candidate-

related 

terms 

4 2 2 3 6 2 19 

Total score 7 6 5 6 8 6 38 
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Figure 2. Increased costs of environmental impact factors of 

green building materials 

 

In order to verify the effectiveness of the constructed 

optimization selection model of green building materials, this 

paper calculated the environmental impact factors and the 

increased costs of the candidate green building materials, and 

the calculation results are given in Figure 2. According to the 

figure, green building materials with a green level of level-3 

outperformed level-2 and level-1 green building materials in 

terms of evaluations of all environmental impact factors 

(namely factors related to resource consumption, energy 

consumption, global warming, ozone depletion & 

photochemical smog, acidification effect, and water body 

eutrophication), which had further verified that the green 

levels of green building materials classified based on the 

quantitative analysis of environmental impact factors were 

scientific. This paper selected building green materials with 

higher green levels for the energy-saving design of buildings. 

Before the design, all candidate materials were re-sorted 

according to the use cost and green-level evaluation, and the 

accumulated increased use cost of the materials and the 

accumulated increased green level of factors were calculated. 

Figure 3 gives the use costs of 20 candidate materials and their 

green-level evaluation results; Figure 4 gives the relationship 

between the accumulated use cost of a certain material and its 

accumulated green level. 

According to the figure, if we want to achieve a green level 

of about 8-9, it only needs to increase the input cost by not 

more than 1.1 million yuan; but if we want to achieve a green 

level of about 10-11, the increased input cost is about 1.55-165 

million yuan, and this money for a green level of 11 is as high 

as 4.5 million yuan or more. Under the three constraints of a 

weight proportion of recycled green building materials of 

more than 10%, a weight proportion of construction waste 

materials of more than 30%, and a weight proportion of 

recyclable green building materials of more than 5%, the 

additional cost was minimized to complete the optimization 

selection of the candidate green building materials. 

The multi-objective optimization results of building energy-

saving design before and after the optimization selection of 

green building materials were summarized, and Figures 5-8 

respectively give the change curves of the objective function 

of building energy-saving design, the change curves of 

building energy consumption, the change curves of building 

heat loss, and the change curves of construction cost. 

According to Figure 5, when the green level is set as 8, after 

100 iterations, the value of the objective function of building 

energy-saving design approaches the ideal value faster. 

 

 
 

Figure 3. Use costs of 20 candidate materials and green-level 

evaluation results 

 
 

Figure 4. Relationship between accumulated use cost of a 

certain material and its accumulated green level 

 

According to Figures 6 and 7, after 100 iterations, when the 

green level was 8, the energy consumption and heat loss of the 

building reached the minimum and the indoor thermal comfort 

of human body reached the optimal effect. According to 

Figure 8, compared with situations of other green levels, when 

the green level was 8, the construction cost, energy 

consumption of the building, and the thermal comfort all 

reached the optimal states. Therefore, the proposed green 

building material optimization selection strategy provided 

certain reference for the multi-objective optimization of the 

energy-saving design of buildings, the three were balanced to 

reach the ideal state. 
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(a)                                                                        (b) 

 

Figure 5. Change curves of the objective function of building energy-saving design before and after the optimization selection of 

green building materials 

 

 
(a)                                                                             (b) 

 

Figure 6. Change curves of building energy consumption before and after the optimization selection of green building materials 

 

  
(a)                                                                           (b) 

 

Figure 7. Change curves of building heat loss before and after the optimization selection of green building materials 

 

 

306



 

 
(a)                                                                            (b) 

 

Figure 8. Change curves of construction cost before and after the optimization selection of green building materials 

 

 

6. CONCLUSION 

 

This study carried out building energy-saving design and 

multi-objective optimization based on the application of green 

building materials. First, this paper elaborated the 

quantification method for the environmental impact factors of 

green building materials, analyzed the green-level evaluation 

of green building materials based on calculation results, and 

proposed the quantitative evaluation intervals and standards of 

green building materials. Then, experimental results had 

verified that the extracted quantifiable evaluation indexes can 

well indicate the green levels of the candidate green building 

materials. After that, the paper constructed an optimization 

selection model for green building materials, and gave the 

multi-objective optimization algorithm of the energy-saving 

design of buildings and the specific algorithm flow. The 

proposed green building material optimization selection 

strategy provided certain reference for the multi-objective 

optimization of the energy-saving design of buildings, it 

balanced the construction cost, the energy consumption of 

buildings, and the thermal comfort, and reached an ideal state. 
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