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Abstract—Infrastructure public private partnerships (PPP) 
procurement must be carefully selected on the basis of value 
for money when compared to conventional procurement. 
While the value for money analysis has been widely used to 
ensure low procurement cost in PPP, little is known with 
respect to its effectiveness and data source. The paper ex-
plores existing value for money assessment model and re-
ports its deficiencies in ignoring project revenue and net-
work data collecting. Addressing the current issues, a new 
revenue based value for money assessment model with Mon-
te Carlo simulation technique is proposed. Data used for 
simulation come from project participants who obtain and 
share data through an online virtual collaborative platform. 
By applying this online technique, project data is more easi-
ly shared and reused. This data transmission process is au-
tomated and seamless. Then, the effectiveness of new model 
was examined by using a hypothetical toll road case. It 
shows that the new value for money assessment model 
demonstrates the significant advantage in estimating the 
risk, cost, and revenue variance and assisting the public 
agency to make decision in the procurement phase. 

Index Terms—Public Private Partnerships, Value for Mon-
ey, Simulation, Decision Support. 

I. INTRODUCTION 
Since the use of Public Private Partnerships (PPP) has 

gained increasing global popularity, countries such as 
United Kingdom spent approximately 12% of its total 
annual infrastructure capital expenditure in PPP. PPP can 
often be characterized as a contractual agreement where 
the private entities provide the construction or manage-
ment of public facilities to the users on behalf of the pub-
lic agency. In return, the government would compensate 
the private sectors for the provision of services with pro-
ject revenue or payments. 

The paramount objective of undertaking PPP is achiev-
ing improved value for money, or improved services for 
the same amount of money, as the public sector would 
spend to deliver a similar project [1]. Since, the public 
agencies often conduct the Value for Money (VfM) analy-
sis to ensure the VfM result. VfM is often regarded as a 
monetary value savings produced by selecting the PPP 
option versus a traditional procurement option. The calcu-
lation of such savings is the concept behind the VfM anal-
ysis or VfM assessment. If the cost of the traditional pro-
curement is higher than the PPP, the difference between 
the two costs is the potential savings, or the VfM that can 
be achieved through the PPP procurement option [2]. 

However, the current VfM analysis deals only the first 
phase of ensuring VfM from PPP projects, namely pro-
curement cost. The analysis demonstrates that once the 
best deal is secured, VfM is assured. Nevertheless, the 
cost is just one dimension of the VfM objectives. It is also 
critical to comprehensively consider the impact of project 
revenue and risk variance and use the online simulation 
technique to get the accurate data. So attention must be 
paid to the integration of lifecycle data include cost, reve-
nue and risk from multiple project disciplines.  

Given that, our paper tries to present a revenue-based 
VfM assessment model using online simulation technique. 
Before delving into the specifics of the simulation model, 
however, it is first necessary to discuss the typical VfM 
assessment tool. Thus, the second section of the article 
provides an overview of existing VfM research. The third 
section presents typical VfM assessment procedure. Final-
ly, a case study was given, where the online Monte Carlo 
modeling technique was used in the new model to assess a 
range of potential cash flow outcomes for the PSC (Public 
Sector Comparator) and PPP bid.   

II.  LITERATURE REVIEW OF VALUE FOR MONEY 
ASSESSMENT 

The central element of VfM assessment is the standard 
investment appraisal technique based on the comparison 
of the discounted cash flows of different options. In the 
comparison, it aims to select the one that offers the great-
est financial benefits, although affordability and public 
service obligations should also be considered [3]. Adopt-
ing appropriate methods to determine value for money for 
a PPP is not an easy work.  

Many researchers found several faults in VfM assess-
ment, including PSC assumption [1], affordability [4], 
accountability [5], risk [6], unreliability of assessment [1] 
and quantitative assessment [7], [8]. The major critiques 
and concerns were summarized to the traditional PSC-PPP 
VfM tests; say the arbitrariness of the cost comparison. It 
is suggested that the PSC calculation is merely one factor 
in the procurement decision. The value for money is more 
often than not poorly understood and often equated with 
the lowest cost.  

Against the faultiness and deficiencies of the appraisal 
approach, researchers have also tried to make improve-
ment in NPV calculation [9], robust PSC mechanism [10], 
usage of Life Cycle Costing [11], the design of evaluation 
approach [12] and post-evaluation [13]. For example, a 
method integrating cost-benefit analysis and option pric-

88 http://www.i-joe.org



PAPER 
USING ONLINE SIMULATION TECHNIQUE FOR REVENUE-BASED VALUE FOR MONEY ASSESSMENT MODEL IN...  

 

ing concepts was proposed into urban renewal projects 
[12]. This model is more appropriate to realizing social 
benefits and costs yielded to the local residents in the ap-
praisal process.  

III. CURRENT  VALUE FOR MONEY ASSESSMENT MODEL 
Although the specific workings of VfM assessment 

may differ between agencies, typically the analysis in-
volves some financial comparison of the net present cost 
of PPP with that of conventional procurements. There are 
usually two components to a VfM assessment through the 
project lifecycle: quantitative and qualitative assessment. 
In the quantitative assessment, PSC has been developed as 
a benchmark to test whether a private investment pro-
posals offers value for money in comparison with the pub-
lic procurement. The PPP bids will be assessed against the 
PSC shown as Fig. 1, which adapted from [2]. The PSC 
estimates the hypothetical risk-adjusted costs of public 
procurement which mainly includes four core elements 
including the raw PSC, competitive neutrality, transfera-
ble risks and retained risks. These elements incurred in the 
project’s delivery are discounted as net present cost terms 
by using the nominal discount rate. Both probability valu-
ation technique and sensitivity analysis were used to eval-
uate the risk adjusted PSC and the received PPP bids.  

Assessing the private bids against the PSC gives a 
quantitative answer to the question of value for money. 
After quantitative assessment, the next step is to qualita-
tively assess all the factors that cannot be quantified. If 
VfM is demonstrated in the quantitative process, then a 
public agency can set up to pursue the project as a PPP 
(assuming the project also passed the qualitative test). If 
VfM is not demonstrated, then alternative procurement 
routes would be considered.  

IV. REVENUE-BASED VALUE FOR MONEY ASSESSMENT 
MODEL 

Generally, toll revenues and other project-based reve-
nues reduce the net financial impact to the public agency 
in pursuing the project through a conventional procure-
ment or PPP procurement. The present value of these rev-
enues is therefore should be deducted from the total pre-
sent value of the PSC to get the NPV for PSC or PPP bid. 
However, the current VfM assessment model does not 
have this step. Thus, we propose a new model of compar-
ing the PSC to the PPP alternative which incorporating the 
project revenues in PSC and PPP bids, shown as in Fig. 2. 
The data source used in the model comes from the virtual 
collaborative platform by online way. These data mainly 
include project cost, risk profile, revenue information pro-
vided by stakeholders, such as public sector, private sec-
tor, operator and contractor. The virtual collaborative plat-
form provided project data resource forming a reliable 
information basis during the whole project life-cycle from 
the early conception stage to the final demolition [14]. 
This platform maintains a single, non-redundant reposito-
ry of project data, and allows native applications to import 
and export files from the database for viewing, checking, 
updating and modifying procedure [15]. The overall sys-
tem is automated and seamless, shown as Fig. 3. Since the 
platform produced the reliable data source, online Monte 
Carlo simulation is then developed within three steps (pre-
processing-Simulation-Post-processing), as shown in Fig-
ure 4, which illustrates the general uncertainty/ sensitivity 
analysis procedure. These steps of online-based uncertain- 

 
Figure 1. VfM Comparison of PSC and PPP bids 

 
Figure 2. Revenue-based VfM comparison model 

 
Figure 3. Data acquisition mode and source 

ty analysis proceeds as follows: (1) selection of input vari-
ables plausible ranges and simulation scenario from virtu-
al platform, (2) sampling of unknown variables performed 
by toolkit, and (3) self-activating uncertainty and sensitivi-
ty analysis. The results are saved in the folder of the pro-
ject executive file. 

After we get the sampling simulation result, the final 
outcome of value for money assessment is depending on 
the difference of NPV between traditional and public-
private routes (the bar2 and bar 3 in Fig. 2.) which can be 
calculated as follows.  

!"#!"# !
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!!! !

!
!!! ! !!!!

!!!                  (1) 
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!!! !!!             (2) 
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The degree of value for money !!" is represented by 
the deviation  of  net  present  value  of  tow  procurement 
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Figure 4. Online based Monte Carlo simulation  

routes. Where, !! is the sum of costs including design, 
construction, operation, maintenance, financing and other 
project costs incurred by the entity in the ith year. !! is the 
project revenue item. And !! represent the retained and 
transferred risk value. The index !"! !" and !"! !" denote 
the corresponding indexes of PSC and PPP bid respective-
ly. And ! is the discount rate in calculating the present 
values of the costs and revenue.  

In the following part, an example used the revenue 
based quantitative VfM analysis for a hypothetical high-
way project is presented. This model compares the NPV 
of cash flows under a traditional procurement PSC to PPP 
alternatives. The first step in performing a value for mon-
ey analysis should be to conduct the risk assessment. 
Therefore, we use the Monte Carlo simulation technique 
to quantify risks in terms of both cost and time impact 
with a value of 1,000 simulated runs. A Monte Carlo sim-
ulation produces a deterministic sample set of likely risk 
outcomes and the probabilities of their occurrence [16]. 
The sample set is then used to develop distributions and 
ranges for aggregate cost and schedule impacts. The main 
output of the simulation is total values for retained and 
transferred risks, for both the PSC as well as for the PPP 
Bid. Based on the data support from virtual collaborative 
platform, the P3 tool kit developed by the Federal High-
way Administration (FHWA) was selected as the simula-
tion tool to generate several types of simulation charts. 
Fig. 5 and 6 show examples of probability frequency dis-
tributions of aggregated cost and schedule risk impact. 

The simulation provides a range of aggregate risk val-
ues that the agency may choose from, depending on what 
confidence threshold is required. In Table I, the 10th per-
centile (also known as the P10), 50th percentile (P50) and  

 
Figure 5. Cost overrun estimates 

 
Figure 6. Schedule overrun estimates 
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90th percentile (P90) are shown since these are the most 
commonly reported risk statistics. A private bidder may 
choose to use a lower P-level to 50 estimate risk costs, 
choosing to be compensated through a higher required 
rate of return on equity contributions. 

The simulation provides a range of aggregate risk val-
ues that the agency may choose from, depending on what 
confidence threshold is required. In Table I, the 10th per-
centile (also known as the P10), 50th percentile (P50) and 
90th percentile (P90) are shown since these are the most 
commonly reported risk statistics. A private bidder may 
choose to use a lower P-level to 50 estimate risk costs, 
choosing to be compensated through a higher required 
rate of return on equity contributions. 

Fig. 7 and Fig. 8 provide the simulated PSC and PPP 
bid cash flow summary charts indicating the total costs 
and revenues of the public or private delivery over the 40 
years of project life. The first chart may be useful in un-
derstanding how the project's cash flows under public 
sector delivery impact the agency's budget. And the se-
cond chart is also helpful as it considers the budgetary 
impact of delivering the project as PPP. Using the Eq.1 
and 2 the net present value associated with the PSC and 
the P3 can be obtained for comparative purposes. Particu-
larly, the revenues in the PSC and PPP bid are $ 
5,828,794 and $ 873,189,169, respectively. The net pres- 

TABLE I.   
COST AND SCHEDULE RISK RESULTS 

Cost Risk 
Results Real Dollars Schedule Risk 

Results Days Delay 

P10 Im-
pact $29,856,295 P10 Impact     112 

P50 Im-
pact $54,561,206 P50 Impact     204 

P90 Im-
pact $84,373,579 P90 Impact     306 

 

ent value NPVpsc is $ 1,392,869,866, while the NPVppp 
is $ 1,051,586,891. Thus the notional value for money 

!!" is $341,282,975 which is around 25% of PSC val-
ue.In this scenario, it is reasonable to choose the PPP as 
the preferred delivery method. However if we do not con-
sider the revenue impact in the assessment process just as 
the traditional VfM method, the consequence is totally 
different. The total payment for the PPP bid is approxi-
mately 1.8 billion dollars which is larger than the 1.3 bil-
lion of public procurement cost. According to the tradi-
tional value for money analysis, the PPP procurement 
method is not a good choice in this case. The result pro-
vided in this case reflect the importance and effectiveness 
of new VfM assessment model in assisting governments 
to make the right decision. 

 

Figure 7. Simulated PSC cash flow summary 

Figure 8. Simulated PPP bid cash flow summary 
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V. CONCLUSION 
With respect to VfM, it is founded that although the 

standardized official definition is ensuring the best mix of 
quality and effectiveness, the evaluation is often based on 
a comparison of cost between alternative procurement 
routes. This evaluation has shortfall in its preoccupation 
with cost control rather than value delivery or impact of 
revenue. The current assessment framework requires 
modifications to analyze the projects where the project is 
expected to be financed through private funds. Thus, this 
paper suggests necessary revisions for current appraisal 
and consideration for the differences in the ability of the 
private and public sectors to maximize toll revenue yield 
over the term of the agreement. In which, online tech-
nique is applied to obtain more accurate, reliable and 
comprehensive cost and revenue data. This online way is 
transparent and automated. The results, partly shows the 
viability and effectiveness of revenue based VfM assess-
ment system. More examinations and refinements of this 
model are required in the future study. 
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