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Abstract — In order to make limited large-scale public works projects investment to meet the requirements of low carbon economy, 
a complete scientific performance evaluation of large-scale public works projects system is required. The research of this paper 
firstly determined indicators according to literature research methods, expert interviews and other methods. Also it involved 
sending out questionnaires to experts for advice, according to the recommendations given by experts to modify the preliminary 
indicators, and establishing a low-carbon performance evaluation index system of public works projects. The paper determines the 
weight of each index level by AHP. Finally, taking a domestic public work project as an example, the paper puts the index system 
into practice, and the evaluation results provide reference for the evaluation of the government. 
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I. INTRODUCTION 

The idea of low-carbon economy has been proposed 
under the greenhouse effect constant serious[1], and the 
development of low carbon economy, energy saving and 
emission reduction[2-3], developing new energy, etc., are as 
the Chinese new development strategy[4]. In recent years, 
the Government has increased investment in public works 
projects[5], public economic responsible burden by 
government department also increasingly aroused public 
attention, and the public inevitably ask government to 
conduct effective economic regulation behaviors[6-7], from 
the past high consumption, high input and extensive growth 
mode into sustainable economic development of low carbon 
environmental protection. At the same time, Chinese 
investment in large-scale public works projects also further 
enhance GDP, because of their large scope, more energy[8], 
the negative impacts on the environment and ecology also 
have produced. But the current project performance 
evaluation systems are focusing primarily on estimating 
performance afterward, but cannot be from the fountainhead 
control and evaluate the low-carbon performance of projects. 
In order to get rid of this problem, assessment and control of 
low-carbon projects performance in all aspects must be 
carried out in the input stage by project owners and project 
managers[9-11]. 

Due to the low-carbon construction of public works 
projects involving multi-level and multi-branch items[12], 
therefore, the design of good evaluation system is not easy, 
but without perfect evaluation criteria and evaluation 
methods, performance evaluation is difficult to 
implement[13]. Now there is not a suitable evaluation 
criteria, the most important reason is that each various 
project company has their own indicators to suit their own 
projects, and corresponding weight configuration and scoring 

standards, therefore, this is not easy to horizontal compared. 
Next, the evaluation criteria for each unit is different, the 
information cannot exchange, which results in waste of 
human resources. The financial evaluation of fiscal revenue 
and expenditure audit is more perfect evaluation system[14], 
and it uses expert advice given from the quality rating system 
and low-carbon evaluation. Such low-carbon assessment of 
public works is not comprehensive enough, and performance 
assessment is usually made by static evaluation afterwards, 
lack of consideration for the dynamics of the project and the 
evaluation throughout the life cycle of the project[15], such 
as the initial design, bidding, construction, maintenance, and 
effect on society in process, and so on. 

The paper constructs performance evaluation system of 
public works projects based on low-carbon economy, will 
not only be able to play a role in the evaluation of the project 
afterward, and can also provide part of the reference value 
for the pre-evaluation of the project, so that the government 
will be able from the perspective of a low-carbon economy, 
to control the project in advance, back from the source to 
avoid the construction of public works projects do not meet 
the requirements of a low-carbon economy. 

II. METHODOLOGY  

The research of paper firstly determined indicators 
according to literature research methods, expert interviews 
and other methods; and sending out questionnaires to experts 
for advice, according to the recommendations given by 
experts to do importance analysis, and to modify the 
preliminary indicators, establishing a low-carbon 
performance evaluation index system of public works 
projects. The paper determines the weight of each index level 
by AHP. Through analytic hierarchy process the paper 
conducts factor decomposition of index system to the target 
layer, criterion layer, and programs. Finally, taking a 
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domestic public work project as a case, the paper validates 
the low-carbon performance evaluation index system by 
putting the index system into practice, and the evaluation 
results provide reference for the evaluation of the 
government. 

III. OBSERVATIONS AND DISCUSSION  

A. Design Steps of Low-carbon Performance Evaluation 
Index System  

Low-carbon performance evaluation system for public 
works projects is a system that needs to build a scientific and 
reasonable performance evaluation system, and include these 
steps: 

(1) A clear evaluation objective. Low-carbon objective 
of public works project and performance evaluation 
objective are two different concepts, in practice, the 
performance objectives provide the reviewers a standard, to 
help evaluate project performance. After the performance 
target established, the entire job of performance evaluation 
can begin, otherwise the evaluation would be no purpose. 

(2) The evaluation structure. The evaluation structure is 
including the design of frame system and establishment of 
indicators dimensions, etc. A scientific evaluation structure 
need to formulate comprehensive evaluation indicators, in 
the specific application need concretely to the number and 
level of the indicators, but too many useless indicators 
prepared will reduce the evaluation results. 

(3) The choice of indicators. Choosing indicators of low-
carbon public project performance evaluation is the most 
important step throughout the evaluation process, so the 
indicators should be effective, comprehensive, feasible, and 
at the same time, evaluation criteria also decide whether the 
results valuable. Referring to scholars’ research, the 
evaluation criteria drawn up is: economy, effectiveness, 
fairness and accountability. 

(4) The index weight. Low carbon index system of 
public works projects includes multi-dimensional, multi-
level indicators, and there is a certain relationship between 
them. When setting according to the degree of influence of 
different indicators on the evaluation effectiveness to 
determine the various indicators weights. Conventional 
weight determination methods are: Delphi method, Analytic 
Hierarchy Process (AHP), expert advice method. 

B. Construction of Low-carbon Performance Evaluation 
System of Public Works Projects  

In the implementation process of the project, when 
working as performance evaluation of low-carbon 
construction of public works projects, according to the 
project phasing to divide the index into cost indicators, 
progress indicators and safety indicators during project 
investment phase, project implementation phase and project 
acceptance phase. With the requirements of economy, 
effectiveness, efficiency, accountability and fairness, and 
following the AHP and the relevant principles of 

performance evaluation system, the paper choose project 
inputs, project outputs, the direct impact of the project, the 
indirect impact of the project, these four indicators as 
second-class indexes of performance evaluation index 
System,  and the establishes third-class indexes under 
second-class indexes, specific performance evaluation 
indexes can be seen at Table 1. 

TABLE 1. INDEXES WAITED FOR ACCEPTANCE OF LOW-CARBON 
PERFORMANCE EVALUATION OF LARGE PUBLIC WORKS PROJECTS 

Target layer
Criterion 

layer 
Index layer 

 
Low Carbon 
Performan-ce 
evaluation of 
public works 

projects 
A 

Project 
inputs 

1B
 

Clear and practical low-carbon target 
Carbon emissions monitoring 

established by construction agent 
Staff ratio of mastering low-carbon 

technologies and knowledge 
Expense ratio for low-carbon 

knowledge training 
Low-carbon investment rate in 

environmental protection technology 
refreshed 

Low-carbon material input rate 
Low-carbon equipment investment rate

Investment per unit of land area 
uses layer of risk management method

Project 
outputs 

2B
 

The actual use rate of low-carbon 
material 

The actual use rate of low-carbon 
equipment and machinery 

The actual use rate of low-carbon 
technology 

The actual extent of the use of energy-
saving technology 

The degree of utilization of renewable 
energy 

Degree of innovation and optimization 
of eco-design 

Project energy carbon emission factor
The amount of prestigious awards 

related to low-carbon won by project 

The direct 
impact of 

project 

3B
 

The low-carbon construction of 
regional housing 

The low-carbon way of income and 
wealth of regional residents 

low-carbon lifestyle of residents 
carbon emission intensity of waste 
The Improvement of investment 

environment 
Direct employment effect 

The amount of change of regional 
carbon emission 

Satisfaction of local government 

The indirect 
impact of 

project 

4B
 

carbon emissions contributed for GDP
Energy utilization index 

Public satisfaction 
Income improvement degree of 

residents 
Environmental Noise 

change rate of  local inhabited green 
area 

Engineering three-waste disposal rate
Change rate of soil erosion area 
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C. Analysis of Expert Acceptability for Indexes  

Based on the results of the questionnaires, and 
calculating the average of each index scores, the means are 
shown in Table 2. The higher average index score, the higher 
degree of index acceptability, the more important of index; 
on the contrary, the lower the average index, the lower the 
index is acceptable, and this indicator should be improved. 

TABLE 2. ACCEPTABILITY ANALYSIS OF LOW CARBON PERFORMANCE 
EVALUATION OF PUBLIC WORKS PROJECTS 

Index N Mean 
Clear and practical low-carbon target 50 1.555 

Carbon emissions monitoring established 
by construction agent 

50 2.431 

Staff ratio of mastering low-carbon 
technologies and knowledge 

50 2.034 

Expense ratio for low-carbon knowledge 
training 

50 1.532 

Low-carbon investment rate in 
environmental protection technology 

refreshed 

50 2.771 

Low-carbon material input rate 50 3.024 
Low-carbon equipment investment rate 50 1.781 

Investment per unit of land area 50 1.971 
uses layer of risk management method 50 1.820 

The actual use rate of low-carbon material 50 1.992 
The actual use rate of low-carbon 

equipment and machinery 
50 1.254 

The actual use rate of low-carbon 
technology 

50 2.188 

The actual extent of the use of energy-
saving technology 

50 1.279 

The degree of utilization of renewable 
energy 

50 3.691 

Degree of innovation and optimization of 
eco-design 

50 2.322 

Project energy carbon emission factor 50 2.784 
The amount of prestigious awards related 

to low-carbon won by project  
50 1.925 

The low-carbon construction of regional 
housing  

50 1.471 

The low-carbon way of income and wealth 
of regional residents 

50 2.463 

low-carbon lifestyle of residents  50 2.376 
carbon emission intensity of waste 50 1.992 
The Improvement of investment 

environment 
50 2.577 

Direct employment effect 50 3.096 
The amount of change of regional carbon 

emission  
50 1.422 

Satisfaction of local government 50 2.441 
carbon emissions contributed for GDP 50 2.978 

Energy utilization index 50 2.984 
Public satisfaction 50 1.666 

Income improvement degree of residents 50 2.219 
Environmental Noise 50 2.431 

change rate of  local inhabited green area 50 2.682 
Engineering three-waste disposal rate 50 3.098 

Change rate of soil erosion area 50 1.333 

 
Among the average index, 2.5 or greater is considered to 

be more recognized index, excluding the average index of 
less than 2.5, the index system was as followed Table 3: 

 

TABLE 3. LOW CARBON PERFORMANCE EVALUATION INDEX OF PUBLIC 
WORKS PROJECTS 

Target layer Criterion layer Index layer 

Low Carbon 
Performan-ce 
evaluation of 
public works 

projects 
A 

Project inputs B1 

Low-carbon investment rate in 
environmental protection 
technology refreshed C1 

Low-carbon material input rate C2

Project outputs B2 

The degree of utilization of 
renewable energy C3 

Project energy carbon emission 
factor C4 

The direct impact 
of project 

B3 

The Improvement of investment 
environment C5 

Direct employment effect C6 

The indirect 
impact of project 

B4 

Carbon emissions contributed for 
GDP C7 

Energy utilization index C8 
Change rate of  local inhabited 

green area C9 
Engineering three-waste disposal 

rate C10 

D. Analysis of Low-carbon Performance Evaluation 
Index System of Public Works Projects  

1) Judgment matrix construction  
Judgment Matrix takes nine points scoring system, as 

shown in Table 4. According to experts on past experience, 
and two-element comparison, judgment matrix is 
established, the target layer and the criterion layer to 
establish judgment matrix A-B, as shown in Table 5.; 
criterion layer and index layer establish judgment matrix B-
C, as shown in Table 7,Table 8,Table 9,Table 10. 

TABLE 4. JUDGMENT MATRIX SCALE 

Scale Meaning 

1 
Comparing the two indicators, the two indicators are 
equally important.  

3 
Comparing the two indicators, the former is somewhat 
more important than the latter.  

5 
Comparing the two indicators, the former is obviously 
more important than the latter.   

7 
Comparing the two indicators, the former is strongly more 

important than the latter.  

9 
Comparing the two indicators, the former is extremely 
more important than the latter.  

     2,4,6,8 The median of two adjacent determine value. 
Recipro-

cal 
The latter is more important than the former. 

TABLE 5. B LAYER ELEMENTS RELATIVE TO A LAYER COMPARISON 
SCALE VALUES 

A B1 B2 B3 B4 Wi 

B1 1 1/3 1/4 1/5 0.076 

B2 3 1 1/4 1/2 0.167 

B3 4 2 1 1/2 0.302 

B4 5 2 2 1 0.455 

 
2) Calculation, test and analysis of matrix  

The first step, to compute eigenvectors of A-B: 
To calculate multiplication elements of each row in A-B 

judgment matrix, and then seek its n-th root, such as 

359.0,
60

1

5

1

4

1

3

1
1 4

111  MWM
              (1) 
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Similarly, 
115.2414.1782.0 432  WWW ，，  

To normalize the vector
TWWWWW ],,,[ 4321 :  

076.0
115.2414.1782.0359.0

359.0
n

1i
t

1
1 







W

W
W

     (2) 

Similarly, 455.0302.0W,167.0 432  WW ，   
The eigenvectors is calculated as 

TW ]455.0,302.0,167.0,076.0[ . 
The second step, to calculate the characteristic roots of 

the matrix A-B: 

AW=

T]455.0,302.0,167.0,076.0[

1225
2

1
124

2

1

4

1
13

5

1

4

1

3

1
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298.0455.0
5

1
302.0

4

1
167.0

3

1
076.011 AW

  (4) 
Similarly can be obtained: 

773.1,1675.1,698.0 432  AWAWAW 。 
Maximum characteristic root in judgment matrix can be 

calculated according to the following formula: 
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The third step, the consistency test 
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, 1.00/  RICICR  
 (7) 
From random Consistency Index Table 7 can learn RI = 

0.89, (CI <0.1, CR <0.1, the judgment matrix conforms to 
the requirements of consistency, otherwise it is necessary to 
compare any two again). 

TABLE 6.  AVERAGE RANDOM CONSISTENCY INDEX 

Order 3 4 5 6 7 8 9 10 11 12 13 14
RI 0.58 0.891.12 1.261.36 1.411.46 1.491.52 1.541.561.58

The eigenvector W=[0.076, 0.167, 0.302, 0.455]
T

, 
λmax = 3.965, CR=CI/RI=0<0.1, conforms to the 
requirements. 
3) Analysis of the various projects index layer data  

Data for each index layers are analyzed as follows: 

TABLE 7. COMPARISON OF C LAYER ELEMENT RELATIVE TO B1 

B1 C1 C2 Wi 
C1 1 1/3 0.25 
C2 3 1 0.75 

Wherein the feature vector W = [0.25,0.75] T, λmax = 2, 
CR = CI / RI = 0 <0.1, in full compliance with the 
conformance requirements. 
 

TABLE 8. COMPARISON OF C LAYER ELEMENT RELATIVE TO B2 
B2 C3 C4 Wi 
C3 1 1/2 0.33 
C4 2 1 0.67 

Among them the eigenvector W=[0.33 ， 0.67]
T
，

λmax=2，CR=CI/RI=0＜0.1， in full compliance with the 
conformance requirements. 

TABLE 9. COMPARISON OF C LAYER ELEMENT RELATIVE TO B3 

B3 C5 C6 Wi 

C5 1 2 0.67 

C6 1/2 1 0.33 

The eigenvector W=[0.67 ， 0.33]
T

， λmax=2 ，

CR=CI/RI=0＜0.1，they are all in full compliance with the 
conformance requirements. 

TABLE 10. COMPARISON OF C LAYER ELEMENT RELATIVE TO B4 

B4 C7 C8 C9 C10 Wi 
C7 1 2 2 2 0.40 
C8 1/2 1 1 1 0.20 
C9 1/2 1 1 1 0.20 
C10 1/2 1 1 1 0.20 

The eigenvector W=[0.40， 0.20， 0.20， 0.20]
T
，

λmax=4 ， CR=CI/RI=0 ＜ 0.1 ， they are all in full 
compliance with the conformance requirements. 
 
4) Index weight assignment  

From table 5, table 7,table 8,table 9,and table 10, , the 
weights of criterion layer and index layer are calculated, the 
combination of the weight of the C layer index computed as 
Cn×corresponding criterion layer Bn , namely,  ,  
respectively to get combination weight corresponding to C1, 
C2, then followed by the combining weights corresponding 
to C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, get the 
following table 11. 

TABLE 11. INDEX WEIGHT ASSIGNMENT 

Target 
layer 

Weight
Criterion 

layer 
Weight Index layer Weight

combined 
weights 

Low  
Carbon 
Perform

-ance 
evaluati-

on  
of 

public 
works 

projects
 

1 

Project 
inputs   B1

0.076 

Low-carbon 
investment rate 

in 
environmental 

protection 
technology 

refreshed C1 

0.25 0.019 

Low-carbon 
material input 

rate C2 
0.75 0.057 

Project 
outputs B2

0.167 

The degree of 
utilization of 

renewable 
energy C3 

0.33 0.05511 

Project energy 
carbon 

emission factor 
C4 

0.67 0.11189 

The direct 
impact of 
project B3

0.302 
The 

Improvement 
of investment 

0.67 0.20234 
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environment 
C5 

Direct 
employment 

effect C6 
0.33 0.09966 

The 
indirect 

impact of 
project B4 

0.455 

carbon 
emissions 

contributed for 
GDP C7 

0.40 0.182 

Energy 
utilization 
index C8 

0.20 0.091 

Change rate of 
local inhabited 
green area C9 

0.20 0.091 

Engineering 
three-waste 
disposal rate 

C10 

0.20 0.091 

IV. VERIFICATION OF LOW-CARBON PERFORMANCE 

EVALUATION OF PUBLIC WORKS PROJECTS  

A. Low- carbon Performance Evaluation of Wuhuang 
Intercity Railway Project Second Division Second 
Section of China Railway Fourth Group  

According to the index evaluation system constructed, 
performance evaluation of Wuhuang intercity railway project 
second division second section of China railway fourth 
group is shown in table 12. And the table has been calculated 
the weight of the target layer, criterion layer and index layer. 

TABLE 12. INDEX WEIGHT 

Target 
layer 

Weig-
ht 

Criterion 
layer 

Weight Index layer Weight 
combined 
weights 

Low  
Carbon  

Perform-
-ance  

Evaluati
-on  
of  

public  
works  

projects 
 

1 

Project 
inputs   B1 

0.076 

Low-carbon 
investment rate 

in 
environmental 

protection 
technology 

refreshed C1 

0.25 0.019 

Low-carbon 
material input 

rate C2 
0.75 0.057 

Project 
outputs B2 

0.167 

The degree of 
utilization of 

renewable 
energy C3 

0.33 0.05511 

Project energy 
carbon 

emission factor 
C4 

0.67 0.11189 

The direct 
impact of 
project B3 

0.302 

The 
Improvement 
of investment 
environment 

C5 

0.67 0.20234 

Direct 
employment 

effect C6 
0.33 0.09966 

The 
indirect 

impact of 
project B4 

0.455 

carbon 
emissions 

contributed for 
GDP C7 

0.40 0.182 

Energy 0.20 0.091 

utilization 
index C8 

Change rate of 
local inhabited 
green area C9 

0.20 0.091 

Engineering 
three-waste 
disposal rate 

C10 

0.20 0.091 

B. Index Layer Evaluation  

The scores are obtained by inviting experts scoring to 
various indicators to evaluate the project. Scores are divided 
into {extremely poor, poor, fair, good, excellent}, the 
corresponding score interval are {0 ～ 40, 40 ～ 60, 60 ～ 
80,80 ～ 90, 90 ～ 100}. The score of each index layer in the 
following table 13-16. 

TABLE 13. PROJECT INPUTS 

 C1 C2 B1 
Weight 0.25 0.75 1 
Score 87 91 90 

 

TABLE 14. PROJECT OUTPUTS 

 C3 C4 B2 
Weight 0.33 0.67 1 
Score 82 85 84.01 

 

TABLE 15. THE DIRECT IMPACT OF PROJECT 

 C5 C6 B3 
Weight 0.67 0.33 1 
Score 89 82 86.69 

TABLE 16. THE INDIRECT IMPACT OF PROJECT 

 C7 C8 C9 C10 B4 
Weight 0.40 0.20 0.20 0.20 1 
Score 88 83 86 86 86.2 

C. Evaluation Results  

The evaluation results show that low-carbon performance 
results of the public works projects in this case is quite 
consistent with low-carbon requirements, compared to direct 
and indirect effects of the project investment, the project 
inputs and outputs are more important. And the carbon 
emissions of the public works projects are obvious. By AHP 
low carbon performance evaluation results of this Public 
Works projects scores 86.27, showed in table 17, and the 
results of this evaluation meet the subjective evaluation of 
the clients, to verify the usefulness and correctness of the 
performance evaluation system. 

TABLE 17. GENERAL COMMENTS 

 B1 B2 B3 B4 A 
Weight 0.076 0.167 0.302 0.455 1 
Score 90 84.01 86.69 86.2 86.27 
Public works project performance evaluation concerns 

the control and evaluation of the project in construction or 
after construction. While there is no control estimate the low-
carbon performance project fundamentally. To overcome this 
difficulty, the public project owners and managers must 
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estimate the reason for a low-carbon performance of the 
project. 

V. CONCLUSION 

(1)Low-carbon investment rate in environmental 
protection technology refreshed is particularly important in 
the project inputs. Before the construction can open tender 
for more construction enterprises, and selecting the 
construction enterprises with high environmental protection 
technology refreshed invest, and more efficient low-carbon 
construction facility, which will most directly reduce carbon 
emissions and greatly improve energy efficiency. Then using 
the latest low-carbon eco-friendly materials also should be 
considerable. Facing the large market and do fair 
competition in the industry, which will prevent material 
supply monopoly of public works construction, allowing the 
construction of public works in the truly low-carbon 
environment. 

(2)In project outputs, the construction enterprises should 
increase the degree of utilization of renewable energy 
utilization in projects as much as possible, and resolutely do 
not waste natural resources, as much as possible to reduce 
unnecessary emissions and waste. In energy use, they as 
much as possible use low-carbon materials, and the carbon 
emissions so naturally reduced. In government's policies it 
needs to increase the efforts to support the use of renewable 
energy. The renewable energy development, use and 
popularization need to go a long way, the capacity of 
enterprises and individuals is limited, so the policy support is 
very necessary. 

(3)Clearly, the improvement of the investment 
environment is is the most basic requirement to achieve a 
low-carbon public works. Firmly opposing monopoly 
enterprises, and increasing the level of competition in the 
public works market, more and more excellent construction 
enterprises can construct more low-carbon, and more 
environmentally friendly. Also more and more 
environmentally friendly construction projects will raise a 
large number of employment related reactions, to create 
everyone environmental efficiency play a not inconsiderable 
effect in the society. 

(4)In the indirect impact of the project, the low-carbon 
energy use is necessary. The local green devastation and 
green possession in construction works, at the end of project 
need secondary repair construction, as much as possible to 
minimize the destruction amount of green space after the 
completion of the public works projects. To open up the 
roads during the construction and to mine resources and to 
collect the fertile farmlands and green spaces, are also the 
indirect impact of the project. But after finishing the duration 
of the project, the construction enterprises must fully treat 
waste water before emissions. Engineering waste (waste gas, 
waste materials, and waste water) emissions must be need 
strictly in accordance with national regulations by their own 
to deal with. The construction of public works projects as 
much as possible does not cause unnecessary damage to the 
environment. 
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