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1   Introduction  
 

The project environmental performance (PEP) prototype model has been 
described in Chapter 2. It is a system dynamics model, in which various 
parameters will be provided with specific values. As assumed, the weighting 
factors WEI, WER and WCS in the model are constants, and the values of 
these parameters need to be specified in particular applications. As different 
decision makers are in different environments where various types of projects 
have different characteristics, different decision makers may allocate 
weighting values to WEI, WER and WCS differently. For example, when a 
decision maker is in a situation where the environmental impact is considered 
more important, and the weight of environmental impact, WEI, will be more 
than 1/3. In another application, all the three weighting factors may be 
considered equally important and be given with the same value (namely, 1/3). 
On the other hand, the parameters IEI, IER, ICS in the PEP model are defined 
as the functions with time, indicating that the implementation of a 
construction project will have different environmental impacts, different 
utilization of environmental resources and different contribution to the 
mission of sustainable development at different stages across the project life 
cycle. The values of IEI, IER, ICS are affected by a wide range of factors. 
Furthermore, the application of PEP prototype requests for the establishment 
of the relationships between the system elements in the prototype in a specific 
application, including stock, flows, converters and connectors. These 
relationships can be adjusted in different applications. 

 

It is considered that simulation is an effective approach to conduct analysis on 
a system dynamics model such as the PEP prototype model. For this purpose, 
there are existing computing softwares, such as DYNAMO, ‘ithink’, and 
Matlab. The software ithink is a well developed simulation tool by High 
Performance Systems, Inc. (HPS, 1997). This software was selected for 
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supporting the analysis in this example discussion. The procedures for 
applying the software ‘ithink’ to the model PEP are presented in Fig.3-1. 

 

 

In PEP prototype model, project environmental performance is measured by 
three indicators, namely, environmental impact (EI), utilization of 
environmental resources (ER), and contribution to sustainability (CS) (Shen et 
al., 2005b). The performance of these attributes is affected by various factors at 
different stages across its life cycle which is divided into five stages: inception 
stage; construction stage; commission stage; operation stage; and demolition 
stage. 
 

A real-life case is simplified to demonstrate the application of the simulation 
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Fig. 3-1  Procedures of simulating PEP prototype model using system dynamic 
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procedures described in Fig.3-1. The project was a manufacture innovation 
project. The data used for application in this study are from the project 
feasibility study, which includes economic, social, environmental, and 
technical assessments. According to the feasibility study, the project life cycle 
includes (I) inception stage (1/4 year); (II) construction stage (1 year); (III) 
commission stage (1/4 year); (IV) operation stage (10 years); and (V) 
demolition stage (1/4 year). The definition of the project life cycle is 
graphically shown in Fig.3-2. 

 

 

 
 
2   Defining the feedbacks in the prototype model 
 

In the PEP prototype model shown in Figure 2-3, the feedbacks indicate that 
the stock of PEP and project performance flows will interact. For example, if 
PEP stock value is reduced and becomes lower than specification, actions or 
measures will be taken to reduce out-flows (negative impacts) or to increase 
the in-flows (positive impacts). If PEP is very high, increase of certain level of 
negative impacts (out-flows) may be allowed, and management efforts can be 
allowed to look after social and economic aspects. Therefore, it is important to 
define a benchmark of the stock value.  
 

For the sample case, when PEP is less than its lower limit, denoted by L4PEP 
(with ʺL4ʺ denotes ʺlower limit forʺ), an adjustment LA (“lower limit 
adjustment”) will be applied to reduce the negative impacts (out-flows) and 

increase the positive impacts (in-flows). On the other hand, when PEP is more 
than its upper limitation, denoted by U4PEP (with ʺU4ʺ denotes ʺupper 
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Fig. 3-1  Procedures of simulating PEP prototype model using system dynamics 

I: inception stage; II: construction stage; III: commission stage 

IV: operation stage; V: demolition stage
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limitation forʺ), an adjustment UA (“upper limit adjustment”) will be applied 
to allow for certain negative impacts (out-flows) and reduce the positive 
impacts (in-flows). For the purpose of demonstration, assume that L4PEP=-50 
and LA=15% are applied. When PEP<-50, the converters will decrease 15% 
from those negative impacts and increase 15% from those positive flows. 
These adjustment values will be applied to all five stages across project life 
cycle. The processes of adjusting PEP value in the prototype are graphically 
presented in Fig.3-3. There are other codes used in the figure. For examples, 
I4EI, II4EI, III4 EI, IV4 EI and V4 EI denote respectively the environmental 
impact for stage 1, 2, 3, 4, and 5. I4ER, II4 ER, III4 ER, IV4 ER and V4 ER 
denote respectively the utilization of environmental resources for stage 1, 2, 3, 
4, and 5. I4CS, II4 CS, III4 CS, IV4 CS and V4 CS denote respectively the 
contribution to sustainability for stage 1, 2, 3, 4, and 5; I4EI0, II4EI0, III4EI0, 
IV4EI0, and V4EI0 denote respectively the initial values of I4EI, II4EI, III4EI, 
IV4EI and V4EI; I4ER0, II4ER0, III4ER0, IV4ER0, and V4ER0 are for the initial 
values of I4ER, II4ER, III4ER, IV4ER and V4ER; I4CS0, II4CS0, III4CS0, IV4CS0, 
and V4CS0 are for the initial values of I4CS, II4CS, III4CS, IV4CS and V4CS. 
For processing the simulation analysis on the model, all the initial values need 
to be provided. 

 

Concerning weighting parameters (WEI, WER, WCS), four scenarios are 
considered: (1) WEI=WER=WCS=1/3, indicating that environmental impacts, 
utilization of environmental resources and contribution to sustainability are 
considered as equally important; (2) WCS= 1/2, WEI= WER =1/4, considering 
that contribution to sustainability is more important than environmental 
impacts and utilization of environmental resources; (3) WER= 1/2, WEI= 
WCS=1/4, considering that utilization of environmental resources is more 
important than environmental impacts and contribution to sustainability; and 
(4) WEI=1/2, WER= WCS=1/4, considering that the environmental impact is 
more important than utilization of environmental resources and contribution 
to sustainability. For the control limit, the lower limit L4PEP=-50 and the 
upper limit U4PEP=100 are adopted. The adjustment values LA=15% and 
UA=10% are used. To simplify the demonstration, it is assumed that L4PEP, 
U4PEP, LA and UA are constants across project life cycle. The values of these 
parameters are summarized in Table 3-1. 
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Fig.3-3  Modeling PEP for the sample project (Shen et al, 2005) 
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Table 3-1  Specifications on the parameters in the PEP prototype for the sample project 

Scenarios Parameters 

(1) WEI = WER = WCS = 1/3 

(2) WCS = 1/2, WEI = WER = 1/4 

(3) WER = 1/2, WEI = WCS = 1/4 

(4) WEI = 1/2, WER = WCS = 1/4 

LA=15% 

L4PEP=-50 

UA=10% 

U4PEP=+100 

 

Notes: LA: Lower limitation adjustment; L4PEP: Lower limitation for PEP; UA: Upper limitation 
adjustment; U4PEP: Upper limitation for PEP 

 

 

3 Simulation Analysis 
 

The data defined in the above discussion enable us to conduct the simulation 
based on the model equation (5) by applying the function described in Table 
3-2.  
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By applying the software ‘ithink’, simulation results can be generated, as 
shown in Table 3-2, and presented graphically in Fig.3-4. 

 

Table 3-2  Simulation results on PEP prototype for the sample project (Shen et al 2005) 

Time (1/4y) Scenario (1) Scenario (2) Scenario (3) Scenario (4) 
1 0 0 0 0 
2 -32.5 -43.75 -11.25 -42.5 
3 -70.08 -91.97 -31.25 -86.28 
4 -101.92 -137.09 -51.25 -127.16 
5 -133.75 -182.22 -60.75 -168.03 
6 -145.96 -196.69 -69.5 -181.44 
7 -136.37 -176.56 -56.91 -185.41 
8 -121.71 -148.31 -40.84 -189.28 
9 -107.04 -120.06 -28.34 -193.16 
10 -92.37 -91.81 -15.84 -197.03 
11 -77.71 -63.56 -3.34 -200.91 
12 -63.04 -39.44 9.16 -204.78 
13 -48.37 -19.44 21.66 -208.66 
14 -41.71 0.56 34.16 -212.53 
15 -35.04 20.56 46.66 -216.41 
16 -28.37 40.56 59.16 -220.28 
17 -21.71 60.56 71.66 -224.16 
18 -15.04 80.56 84.16 -228.03 
19 -8.37 100.56 96.66 -231.91 
20 -1.71 115.06 106.78 -235.78 
21 4.96 129.56 114.53 -239.66 
22 11.63 144.06 122.28 -243.53 
23 18.29 158.56 130.03 -247.41 
24 24.96 173.06 137.78 -251.28 
25 31.63 187.56 145.53 -255.16 
26 38.29 202.06 153.28 -259.03 
27 44.96 216.56 161.03 -262.91 
28 51.63 231.06 168.78 -266.78 
29 58.29 245.56 176.53 -270.66 
30 64.96 260.06 184.28 -274.53 
31 71.63 274.56 192.03 -278.41 
32 78.29 289.06 199.78 -282.28 
33 84.96 303.56 207.53 -286.16 
34 91.63 318.06 215.28 -290.03 
35 98.29 332.56 223.03 -293.91 
36 102.29 347.06 230.78 -297.78 
37 103.63 361.56 238.53 -301.66 
38 104.96 376.06 246.28 -305.53 
39 106.29 390.56 254.03 -309.41 
40 107.63 405.06 261.78 -313.28 
41 108.96 419.56 269.53 -317.16 
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42 110.29 434.06 277.28 -321.03 
43 111.63 448.56 285.03 -324.91 
44 112.96 463.06 292.78 -328.78 
45 114.29 477.56 300.53 -332.66 
46 115.63 492.06 308.28 -336.53 
47 78.29 468.13 270.66 -375.19 

 
 

 
(1) Scenario one: WEI=WER=WCS=1/3; (2) Scenario two: WCS =1/2, WER = WEI =1/4; (3) Scenario 
three: WER =1/2, WEI = WCS =1/4; (4) Scenario four: WEI =1/2, WER = WCS =1/4 

Fig.3-4  Simulation results on PEP prototype for the sample project (Shen et al 2005) 

 

 

Scenario one: WEI = WER = WCS = 1/3 

The Curve 1 in Fig.3-4 represents the simulation results of the value PEP for 
the project FD NaCN Innovation Project when the scenario WEI = WER = 
WCS = 1/3 is considered. It can be seen that the Curve 1 is flat, indicating that 
the environmental performance of the project is relatively consistent along the 
project life cycle. This implies that the project is acceptable from the viewpoint 
of environmental performance across project life cycle when the 
decision-maker gives equal weights to environmental impacts, utilization of 
environmental resources and contribution to sustainability of the project. 

 

Scenario two: WCS = 1/2, WEI = WER = 1/4 

The Curve 2 in Fig.3-4 gives the simulation results when it is assumed that 
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WCS =1/2, and WEI = WER = 1/4. It can be seen that the value PEP increases 
when the project proceeds. It indicates that the environmental performance of 
this project is very good when the contribution to sustainability is given 
higher weight than those given to environmental impacts and utilization of 
environmental resources. This project can be considered feasible and good in 
environmental performance. 

 

Scenario three: WER = 1/2, WEI = WCS = 1/4 

When the scenario of WER = 1/2, and WEI = WCS = 1/4 is considered, the 
simulation results are generated and represented by the Curve 3 in Fig.3-4. It 
can be seen that the value of PEP increases when the project proceeds, but 
slope of the increase is lower compared to the results in scenario two. The 
result indicates that the environmental performance of this project is good 
and acceptable when the utilization of environmental resources of the project 
is given higher weight than that given to environmental impacts and 
contribution to sustainability.  

 

Scenario four: WEI = 1/2, WER = WCS = 1/4 

The Curve 4 in Fig.3-4 represents the PEP simulation results when it is 
considered that WEI= 1/2, and WER= WCS = 1/4. It can be seen that the PEP 
decreases when the project proceeds. According to Tab.3-2, the value of PEP 
by the end of the project life is -375.19. It indicates that the environmental 
performance of this project is very poor when the environmental impacts of 
the project are given higher weight. This project may not be acceptable in an 
environment where environmental protection is emphasized or have higher 
priority.  

 

Furthermore, the parameters in the prototype model, including WEI, WER, 
WCS, L4PEP, LA, U4PEP and UA, can be provided with different values 
based on the project conditions, project nature and client requirement. 
Sensitivity analysis can be conducted by applying different values of these 
parameters. Assume that the parameters L4PEP, U4PEP and UA remain their 
values (namely, L4PEP=-50, U4PEP=+100 and UA=10%), the weighting 
parameters are WCS =WER = 1/4 and WEI= 1/2. Sensitivity analysis can be 
conducted by change the value of the parameter LA to 5%, 10%, 15%, 20%, 
and 25%. The simulation results of the sensitivity analysis generated 
accordingly are shown in Fig.3-5. It can be seen that the value PEP of the 
project will be improved when LA increases. In fact, the value PEP becomes 
positive and the project becomes feasible when LA assumes the value of 25%.  
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Curve 1 for LA = 5%; 2 for LA = 10%; 3 for LA = 15%; 4 for LA = 20%; 5 for LA = 25% 

Fig.3-5  Results of sensitivity analysis on parameter LA for the sample project 
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