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Abstract

:

Public private partnership (PPP) models are often used in delivering wastewater treatment (WWT) projects. When existing PPP projects need expansion due to higher demand for WWT, in many cases, the expansion may involve a new PPP contract involving a new concessionaire. Expansion PPPs have unique challenges as the sharing of responsibilities and risks can become complex. The complexities are further exacerbated when there are government guarantees involved. Structuring inappropriate guarantees can often lead to high costs for the government. This study focused on the choice of government guarantee in PPP expansion projects in the WWT sector by examining two popular guarantee mechanisms: minimum revenue guarantee and exclusive right. A decision model was developed and applied in a real WWT expansion PPP project in China to illustrate the optimal guarantee under varying circumstances related to service demand, expected unit price, and the existing guarantees in the existing PPP project. The contribution of the study lies in the applicability of the model to facilitate better decisions for the government in selecting the optimal guarantee mechanism in PPP expansion projects.
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1. Introduction


As cities around the world experience more urbanization, the demand for wastewater treatment (WWT) infrastructure has increased [1]. In many cases, the design and the capacity of existing WWT plants have become inadequate due to higher demand, necessitating new greenfield projects to be developed or for existing projects to be expanded. With the growing pressure on governments to provide the essential infrastructure, public private partnership (PPP) models are adopted as a means to attract private sector funds as well as to utilize the technical and managerial skills of private partners in the delivery of these projects [2]. Despite its acceptance and reported advantages, the complexity of PPPs combined with characteristically lengthy concession periods create high risks in these projects [3,4]. Governments often provide various guarantees as risk sharing mechanisms to make PPPs viable and financially attractive to their private partners. These incentives create stronger competition, which in theory, leads to lower costs for the government and creates higher value for money (VfM) [5].



Project risks are shared by governments in PPP projects using a variety of methods that take the form of reimbursements, subsidies, price adjustments, concession period extension, termination arrangements, and guarantees [6]. In the face of inherent systematic risks related to the market demand, it is common for the government to provide a minimum revenue guarantee (MRG) to the concessionaire/operator in revenue funded PPPs, while where there are possibilities of increased demand, exclusive right (ER) is provided [7]. The MGR presents one of the most attractive forms of incentives. This guarantee mechanism ensures that the project operator/concessionaire obtains a certain (predetermined) amount of income regardless of the exogenous factors affecting the project revenue. ER, also known as restrictive competition guarantee, is the provision of an exclusive right to the operator/concessionaire to be the sole provider of the services for an agreed amount of time [7]. In some cases, the operator/concessionaire is provided with subsidies for the amount of revenue lost where a new project is built to provide the same services. The MRG and ER are both popular in PPP wastewater treatment projects, however, when these guarantees are not carefully designed, it can create serious issues for the governments [2].



PPP expansion projects could be required as a result of (unanticipated) growth in demand or due to inaccurate forecasts made in the original PPP [8], and in other cases, could be planned extensions. Regardless of the reasons, the expansion adds to the complexities of an already complex PPP by involving a second project bidding and negotiations for a fresh PPP contract with new concession terms and risk transfer mechanisms. The difficulty may lie in determining how the expanded project is structured and delivered. Moreover, the design of the guarantee mechanisms is also important in these type of projects as they not only influence the financial viability of the new expansion PPP, but they also have a significant impact on the existing or original PPP project’s revenue. As such, this will have an impact on the governments’ costs.



The research on risk sharing mechanisms between the public and the private partners in PPPs has grown substantially in recent years, and much of the focus has been on PPPs utilizing revenue from user fees or tolls [9,10,11,12]. However, PPPs where the service fees are remunerated by the government, as in the case of many WWT PPPs, have received less attention. It can be argued that the government’s involvement in PPPs of this type is greater as they directly manage the fees paid to the project operator. Moreover, to the best of the authors’ knowledge, there are no studies that have focused specifically on the structure of government guarantees in PPP expansion projects. Expansion projects herein refers to PPPs where the project (that is operational) is expanded with a new PPP contract to construct additional infrastructure and operate and manage the facility to improve/increase service provision. This study attempts to fill that gap. In doing so, this study focused on examining the decision to select between MRG and ER mechanisms in government remunerated WWT PPPs. The primary objective of this study was to examine the cost of MRG and the ER, based on which the government can make an informed decision to utilize the most optimum guarantee mechanism. Specifically, a stepwise mathematical framework was used to assess the government’s decision based on their payments for different scenarios, and the factors that influence government decisions were also analyzed. Finally, the framework was used in a real-life PPP WWT expansion project in China to provide an illustrative example.



The contribution here is twofold; first, this study contributes to the theory by building to the existing knowledge of decision-making, specifically on the choice of guarantee mechanisms. Second, it presents a practical instrument that can be employed by governments to make better decisions, particularly in expansion WWT PPPs, where the service fees are remunerated by the government. As the complexities in these types of projects create uncertainties, wrong decisions on the government’s part can be very costly. Thus, the framework developed here can facilitate government decision-making in relation to PPP incentives specifically for WWT projects.




2. Public Private Partnerships (PPPs) and Government Guarantees


In the water treatment sector, the government has long been the main investor and operator, while the efficiency for funding and operations has remained low [13]. As an alternative approach, PPPs have emerged as an attractive model for delivering water treatment projects [14]. This project delivery model is generally considered as an effective means to fund the growing demand for infrastructure and services in an environment of limited public funds. Governments adopt PPP for a variety of reasons including the use of private investment and the transfer of project risks to a more efficient private partner. However, with the complexity of PPPs and the underlying uncertainties that exist within the long term concession periods, major challenges remain for the efficient operation and management of these projects [5,15].



The major challenges for the private sector operator in any revenue-funded PPP is the efficient management of demand and revenue risk [16,17]. Even with comprehensive assessments to forecast demand, long-term projects face high revenue uncertainties [18]. The lower than anticipated demand is often taken as systematic risk that affects revenue. The risk generally lies with the possibility that the demand is inadequate and consequently, the revenue from the project will be insufficient to service the project’s operation and maintenance costs, repay debt, and provide a satisfactory return on investment. The majority of PPP renegotiations and cancellations occur due to revenue risks [19].



Sharing of the demand and revenue risk by the government in PPPs can take any number of forms that may include explicit guarantees, take-or-pay contracts, or cost-plus contracts. Various tools are used by governments for providing risk sharing incentives, for example, flexible contract designs that allow the private sector to (re)negotiate the length of the concession are used as an equivalent to revenue compensation [20]. Other common mechanisms include profit allocation when there are issues relating to the private sector operator generating excessive revenue. These revenue sharing mechanisms are used to balance the profit by giving the government the right to capture the excess revenue [15]. Additionally, to manage and share the cost of revenue uncertainties, a price adjustment mechanism is also designed in the contract. Generally, the customer price index (CPI) is used as the reference to adjust the unit price to cover parts of cost inflation when paying the service fees to the private sector operator [21].



Government guarantees remain as one of the most popular incentive mechanisms, and a variety of complex techniques have been developed by researchers to establish an optimum level of government guarantees to resolve the issues around demand and revenue uncertainties. Existing studies have generally examined MRG threshold [16], demand guarantee [22], interest rate guarantee [23], and concession period extensions [24,25,26]. Of the many studies that have focused on models to assess the optimum level of MRGs, the real option approach has been widely used to explicitly price the guarantees [27]. Among others, Liu and Cheah [28] used Monte Carlo simulation to analyze embedded options in the form of government guarantees and Ashuri et al. [29] developed a risk-neutral binomial lattice based on real option theory for toll roads. Attention has also been given to develop models to value guarantees for the governments [30,31] and to calculate MRG levels to achieve a balanced outcome for both the private and the public sector parties [11,23]. Specifically, in the water sector, Park et al. [32] proposed a real option-based model focusing on maximum revenue limit and maximum expense limit, and Sun and Zhang [27] presented a model to optimize the MRG and royalty collection with a focus on balancing the risk and reward for the government and the private sector.



Studies on ER, on the other hand, has attracted research to a lesser degree. The exception is the work of Liu, Yu, and Cheah [7], who argued that ER is generally common and necessary in PPP projects, and modeling ER mechanisms can lead to better decision making for the government. Project revenue may be impacted when another project delivering the same services is developed and the end users may opt to use and pay for the new project [33]. To avert this risk, the concessionaire may ask for an ER from the government, which can be an assurance that no new competing project will be developed. ER may also take the form of a guarantee to compensate the losses in revenue caused by the rival projects. Provision of ER to deliver services changes the nature of the revenue risks and may impact the MRG calculations if MRG is already structured in the contracts.



For the government, higher than expected (or forecasted) demand during the project operation can also create a challenge. The concern could either be related to not being able to deliver the required level of services, or it could be related to the private sector operator generating excess revenue [27]. The effective and efficient operation of projects in some sectors such as the water and wastewater treatment sectors can be more important for governments as these provide basic services to its citizens [32,34]. Moreover, not being able to meet the demands even when the PPP infrastructure is already operating at a high capacity level can be a major concern for the government. To solve this problem in particular, governments may have to either create a new greenfield project or to expand the existing project. PPP contracts can often have a clause where the government will have the right to authorize expansion to the project when the service demand exceeds the project’s capacity (or is close to being exceeded) to deliver those services [5]. For the government, future expansion to the project can make more sense than to build a larger facility and not let it run it to its full capacity in the earlier years of operation when the demand is low. This is particularly true in the revenue funded water projects where the sunk costs are high and the private sector partner are not willing to bear the risk of investing in a facility that only operates partially, without favorable guarantees from the government.



All demand risks in PPPs can be costly, and as seen from many transport PPPs, these risks ultimately become the government’s responsibility [35]. Carpintero and Peterson [36] studied 131 WWT PPPs in Spain to conclude that one of the key issues in WTP PPPs is the misallocation of demand risk to the private sector operator. Forecasting demand over the long-term concession period can be difficult [15,18], and when government guarantees are not devised well, it creates serious threat to their credibility, while imposing a serious burden on taxpayers. Jang et al. [37] highlighted the high costs to the government as a result of expensive MRGs. Similarly, Chiara and Kokkaew [38] used the example of the revenue guarantees provided during the 80s and 90s in Mexican PPP toll roads to highlight the high costs of these guarantees. Song et al. [39] provided examples of PPP project failures in the water treatment sector in China as a result of sub-optimal guarantees.



Existing studies on this topic have focused heavily on user pay or toll funded PPPs. There are fewer studies that have focused specifically on WWT projects, and this could be because the risk of lower than expected demand for the operators in utility sectors is not as severe as in the case of toll funded projects. WWT service users do not have the option to choose between service providers, so there is less fluctuation in demand for services [32].



However, with the expansion of an existing WWT PPP due to higher demand, there can be new and complex challenges, particularly in designing the contracts and structuring guarantees for the expansion PPP. The conditions for expansion PPPs are different to that of normal PPPs since the original or existing PPP will strongly (and unavoidably) be linked to its expansion PPP, and the guarantee decisions made for the latter will also impact the former. For example, structuring the demand responsibility and guarantees, which directly impact the service fee payments for both the original and the expansion PPP operators, can be problematic.



More importantly, guarantees cost governments money, as they assume all contingent liabilities that these support instruments may create [2], and the wrong choice of guarantee may result in excessive costs for them, which defeats the purpose of using the PPP model. Prior to structuring the guarantees in expansion PPPs, the first key step for the government is to assess the choice of guarantee based how much it will cost them. This paper attempts to solve this problem in part through a model that can facilitate that decision, specifically the choice between MRG and ER in government renumerated WWT PPPs.




3. Modeling the Guarantee Decision


This study developed a deterministic decision model for governments to choose between MRG and ER in PPP WWT expansion projects. The focus of this study was on the expansion component of an existing PPP, wherein the expansion is a new PPP. Herein, this paper refers to the existing PPP project as the phase I project and the expansion PPP project as the phase II project.



The decision model is presented in the following four steps. In the first step, basic assumptions are put forth and the numerical model is constructed to assess the government’s payments in regard to the two guarantee options. In doing so, the following four conditions are considered:




	
Government’s payment to phase I PPP before phase II PPP begins operation;



	
Government’s payment to phase I PPP after phase II PPP begins operation;



	
Government’s payment to phase II PPP; and



	
Government’s total payment to phase I PPP and phase II PPP.








In the second step, a decision factor model is developed to facilitate the government’s decision on providing MRG or ER for the phase II project. In the third step, factors that affect the government’s decision making are analyzed. Specifically, the following two factors are considered:




	
WWT service demand, and



	
Expected unit price of WWT.








Finally, in the fourth and final step, a real WWT project in China consisting of phase I and phase II, is used as the illustrative example to show the applicability of the decision model. In the following sub sections, each of the four steps are discussed in detail.



3.1. Modeling Government Payments


First, the following assumptions are made for developing the model:




	
The concession period of the phase I project under a PPP contract is  N  years including a construction period of    N c    years and an operation period of    N o    years, and the unit price of the service provided by the project is    p 1   .



	
The government has provided a MRG to the phase I project for the whole concession period. The MRG is defined as a certain percentage ( α ,   0 ≤ α ≤ 100 %  ) of the designed capacity (   Q 1   ) of the phase I project. Consequently, if the demand is lower than the MRG during the concession period, the government will compensate the project based on the MRG as promised in the contract.



	
The concession period of phase II project under a PPP contract is  M  years including a construction period of    M c    years and an operation period of    M o    years, and the unit price of public service provided by the project is    p 2   .



	
The phase II project begins operation at year   m  . This study will concentrate on the timeframe during which the phase I and phase II operation overlap (see Figure 1), thus, it is assumed that    N c  < m ≤ N  .



	
The total service demand in the region in    i  t h     year is    q i   , and it will be met solely by the phase I and phase II projects. The service provided by the phase I project in the    i  t h     year is    q  1 i     and the service provided by the phase II project in the    i  t h     year is    q  2 i    .



	
The government has two guarantee options for the phase II project. Option A is a MRG to the phase II project for the whole concession period. The MRG is defined as a certain percentage ( β ,    0 ≤ β ≤ 100 %  ) of the designed capacity (   Q 2   ) of the phase II project. The total demand is shared by the phase I and phase II projects based on their design capabilities. If the demand is lower than the MRG during the concession period, the government will compensate the project based on the MRG as promised in the contract. Option B is that the government grants an ER to phase II for providing the public services in the region, which means that once phase II begins operation, the service provision to meet the demand in the region should be first undertaken by the phase II project to full capacity, and when the demand is higher than its capacity to deliver, the remaining demand responsibility should be given to the phase I project.



	
The government’s total payment to the phase I project during the concession period is TA, and the government’s annual payment to the phase I project in the    i  t h     year is    A i   . The government’s total payment to the phase II project during the concession period is TB, and the government’s annual payment to the phase II project in the    i  t h     year is    B i   .



	
The discount rate is assumed as zero when calculating the government’s costs. This is because there are no hard and fast rules as to what rate to use, and governments generally use different rates on a case by case basis. Moreover, in China, government guidelines on affordability assessment in government renumerated PPPs advise that no discount rate is to be considered in such fiscal affordability assessments.









3.2. Modelling Payment to Phase I Prior to Phase II Operation


Before the phase II project begins operation, if the actual revenue is lower than the MRG threshold, which is due to lower demand, the government will pay the project based on the MRG to the phase I project as promised in the contract. However, if the actual revenue is more than the MRG threshold, the service fees will be calculated based on the actual demand. Therefore, the payment to the phase I project prior to the phase II operation is stated numerically as shown in Equation (1).


   T  A  b e   =   ∑   i =  N c  + 1   m − 1    A  i − b e   ;     A  i − b e   =  {       p 1  × α ×  Q 1  ,                q i  ≤ α ×  Q 1         p 1  ×  q i  ,             α ×  Q 1  <  q i  ≤  Q 1         p 1  ×  Q 1  ,                                                q i  >  Q 1        ;    i =  N c  + 1 ,    N c  + 2 , ⋯ , m − 1 ;    0 ≤ α ≤ 100 % ;   



(1)




where   T  A  b e     is the government’s total payment to the phase I project prior to phase II operation and    A  i − b e     is the government’s payment to phase I project in the    i  t h     year before the phase II project begins operation.




3.3. Modeling Payment to Phase I after Phase II Begins Operation


Once the phase II project begins operation, the government’s payment to the phase I project is influenced by whether or not the government has granted an ER to phase II. If the government selects option A, the government will provide a MRG to the phase II project for the whole concession period. The MRG is defined as a certain percentage ( β ,     0 ≤ β ≤ 100 %  ) of the designed capacity (   Q 2   ) of the project and there is no ER for the phase I and phase II projects. The payment to the phase I project after the phase II project begins operation is stated numerically as shown in Equation (2).


   T  A  a f − M R G   =   ∑   j = m  N   A  j − M R G   ;     A  j − M R G   =  {       p 1  × α ×  Q 1  ,                            q  1 j   ≤ α ×  Q 1         p 1  ×  q  1 j   ,                       α ×  Q 1  <  q  1 j   ≤  Q 1         p 1  ×  Q  1 ,                                                                q  1 j   >  Q 1        ;     q  1 j   =    Q 1     Q 1  +  Q 2     q j  ;    j = m ,   m + 1 , ⋯ , N ;    0 ≤ α ≤ 100 % ;   



(2)




where   T  A  a f − M R G     is the government’s total payment to the phase I project after the phase II project starts operating and    A  j − M R G     is the government’s payment to phase I project in the    j  t h     year if the government provides a MRG to the phase II project.



If the government selects option B, the government will provide an exclusive right to the phase II project during its entire concession period. Here, the ER is defined as the services being provided by the phase II project first up until the total demand increases beyond the designed capacity (   Q 2   ) of the phase II project to meet those demands. Therefore, the payment to the phase I project after the phase II project begins operation is stated numerically as shown in Equation (3).


   T  A  a f − E X   =   ∑   j = m  N   A  j − E X   ;     A  j − E X   =  {       p 1  × α ×  Q 1  ,                          q  1 j   ≤ α ×  Q 1         p 1  ×  q  1 j   ,                     α ×  Q 1  <  q  1 j   ≤  Q 1         p 1  ×  Q 1  ,                                                          q  1 j   >  Q 1        ;     q  1 j   =  {      0 ,                                            q j  −  Q 2  < 0        q j  −  Q 2  ,                      q j  −  Q 2  ≥ 0          j = m ,   m + 1 , ⋯ , N ;    0 ≤ α ≤ 100 % ;   



(3)




where   T  A  a f − E X     is the government’s total payment to the phase I project after the phase II project starts operation and    A  j − E X     is the government’s payment to the phase I project in the    j  t h     year if the government provides an ER to the phase II project.




3.4. Modeling Payment to the Phase II


If the government selects option A, that is the government provides an MRG to the phase II project, the payment to the phase II project is stated numerically as shown in Equation (4).


   T  B  M R G   =   ∑   j = m  M   B  j − M R G   ;     B  j − M R G   =  {       p 2  × β ×  Q 2  ,                                    q  2 j   ≤ β ×  Q 2         p 2  ×  q  2 j   ,                               β ×  Q 2  <  q  2 j   ≤  Q 2         p 2  ×  Q 2  ,                                                                  q  2 j   >  Q 2        ;     q  2 j   =    Q 2     Q 1  +  Q 2     q j  ;    j = m ,   m + 1 , ⋯ , M ;    0 ≤ β ≤ 100 % ;   



(4)




where   T  B  M R G     is the government’s total payment to the phase II project for the concession period if the government provides a MRG and    B  j − M R G     is the government’s payment to the phase II project in the    j  t h     year if the government provides a MRG.



If the government selected option B, that is the government provides an exclusive right to the phase II project for the whole concession period, the payment to the phase II project is stated numerically as shown in Equation (5).


   T  B  E X   =   ∑   j = m  M   B  j − E X   ;     B  j − E X   =  {       p 2  ×  q j  ,                                q j  ≤  Q 2         p 2  ×  Q 2  ,                            q j  >  Q 2        ;    j = m ,   m + 1 , ⋯ , M ;   



(5)




where   T  B  E X     is the government’s total payment to the phase II project during the concession period if the government provides an ER and    B  j − E X     is the government’s payment to phase II project in the    j  t h     year if the government provides an exclusive right.




3.5. Modeling Total Payment to the Phase I and Phase II Projects


If the government selects option A, the total payment to the phase I and phase II projects is stated mathematically as shown in Equation (6).


   T  P  M R G   = T  A  b e   + T  A  a f − M R G   + T  B  M R G  N  ;    T  P  M R G   =   ∑   i =  N c  + 1   m − 1    A i  +   ∑   j = m  N   A  j − M R G   +   ∑   j = m  N   B  j − M R G   ;    i =  N c  + 1 ,    N c  + 2 , ⋯ , m − 1 ;    j = m ,   m + 1 , ⋯ , N ;   



(6)




where   T  P  M R G     is the government’s total payment to the phase I and phase II projects during the phase I project’s concession period, if the government provides a MRG to the phase II project. By integrating Equations (1), (2) and (4), the   T  P  M R G     can be obtained as shown in Equations (7) and (8).


   T  P  M R G   =   ∑   i =  N c  + 1   m − 1    (    ∑    q i  ≤ α ×  Q 1     p 1  × α ×  Q 1  +   ∑   α ×  Q 1  <  q i  ≤  Q 1     p 1  ×  q i  +   ∑    q i  >  Q 1     p 1  ×  Q 1   )  +      ∑   j = m  N   (    ∑    q  1 j   ≤ α ×  Q 1     p 1  × α ×  Q 1  +   ∑   α ×  Q 1  <  q  1 j   ≤  Q 1     p 1  ×  q  1 j   +   ∑    q  1 j   >  Q 1     p 1  ×  Q 1   )  +      ∑   j = m  N   (    ∑    q  2 j   ≤ β ×  Q 2     p 2  × β ×  Q 2  +   ∑   β ×  Q 2  <  q  2 j   ≤  Q 2     p 2  ×  q  2 j   +   ∑    q  2 j   >  Q 2     p 2  ×  Q 2   )  ;   



(7)






   T  P  M R G   =   ∑   i =  N c  + 1   m − 1    (    ∑    q i  ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q i  ≤  Q 1     p 1   q i  +   ∑    q i  >  Q 1     p 1   Q 1   )  +      ∑   j = m  N   (    ∑    q  1 j   ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q  1 j   ≤  Q 1     p 1   q  1 j   +   ∑    q  1 j   >  Q 1     p 1   Q 1  +       ∑    q  2 j   ≤ β  Q 2     p 2  β  Q 2  +      ∑   β  Q 2  <  q  2 j   ≤  Q 2     p 2   q  2 j   +   ∑    q  2 j   >  Q 2     p 2   Q 2  ) ;     q  1 i   =  q i  ,                 i =  N c  + 1 ,    N c  + 2 , ⋯ , m − 1 ;     {       q  1 j   =    Q 1     Q 1  +  Q 2     q j         q  2 j   =    Q 2     Q 1  +  Q 2     q j          ;    j = m ,   m + 1 , ⋯ , N ;    0 ≤ α ≤ 100 % ;    0 ≤ β ≤ 100 % ;   



(8)







If the government selects option B, the total payment to the phase I and phase II projects is stated numerically as shown in Equation (9):


   T  P  E X   = T  A  b e   + T  A  a f − E X   + T  B  E X  N  ;    T  P  E X   =   ∑   i =  N c  + 1   m − 1    A i  +   ∑   j = m  N   A  j − E X   +   ∑   j = m  N   B  j − E X   ;    i =  N c  + 1 ,    N c  + 2 , ⋯ , m − 1 ;    j = m ,   m + 1 , ⋯ , N ;   



(9)




where   T  P  E X     is the government’s total payment to the phase I and phase II projects during the phase I project’s concession period, if the government provides an ER to the phase II project. By integrating Equations (1), (3), and (5), the   T  P  E X     can be obtained as shown in Equations (10) and (11).


   T  P  E X   =   ∑   i =  N c  + 1   m − 1    (    ∑    q i  ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q i  ≤  Q 1     p 1   q i  +   ∑    q i  >  Q 1     p 1   Q 1   )  +      ∑   j = m  N   (    ∑    q  1 j   ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q  1 j   ≤  Q 1     p 1   q  1 j   +   ∑    q  1 j   >  Q 1     p 1   Q 1   )  +   ∑   j = m  N   (    ∑    q j  ≤  Q 2     p 2   q j  +        ∑    Q 2  <  q j     p 2   Q 2   ) ;  



(10)






   T  P  E X   =   ∑   i =  N c  + 1   m − 1    (    ∑    q i  ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q i  ≤  Q 1     p 1   q i  +   ∑    q i  >  Q 1     p 1   Q 1   )  +      ∑   j = m  N   (    ∑    q  1 j   ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q  1 j   ≤  Q 1     p 1   q  1 j   +   ∑    q  1 j   >  Q 1     p 1   Q 1  +   ∑    q j  ≤  Q 2     p 2   q j  +        ∑    Q 2  <  q j     p 2   Q 2  ) ;     q  1 j   =  {      0 ,                                        q j  ≤  Q 2         q j  −  Q 2  ,                q j  >  Q 2        ;    j = m ,   m + 1 , ⋯ , N ;    0 ≤ α ≤ 100 % ;   



(11)









4. Modeling Decision Factor


In this step, the decision factors are examined to help governments make the optimal decision, based on the government’s total payment. Therefore, the decision factor (  D  F  c m p    ) is defined here as the difference in the government’s total payment in the phase I and phase II projects while considering the different type of government support mechanisms for the phase II project, which is shown in Equation (12).


   D  F  c m p   = T  P  M R G   − T  P  E X   ;    D  F  c m p   = T  A  a f − M R G   + T  B  M R G  N  − T  A  a f − E X   − T  B  E X  N  ;   



(12)







By integrating Equations (8) and (11), the decision factor (  D  F  c m p    ) can be calculated as follows:


   D  F  c m p   =   ∑   j = m  N   A  j − M R G   +   ∑   j = m  N   B  j − M R G   −   ∑   j = m  N   A  j − E X   −   ∑   j = m  N   B  j − E X   ;    D  F  c m p   =   ∑   j = m  N   (    ∑    q  1 j   ≤ α  Q 1     p 1  α  Q 1  +   ∑   α  Q 1  <  q  1 j   ≤  Q 1     p 1   q  1 j   +   ∑    q  1 j   >  Q 1     p 1   Q 1  +        ∑    q  2 j   ≤ β  Q 2     p 2  β  Q 2  +   ∑   β  Q 2  <  q  2 j   ≤  Q 2     p 2   q  2 j   +   ∑    q  2 j   >  Q 2     p 2   Q 2  )   −   ∑   j = m  N   (    ∑    q  1 j   ≤ α  Q 1     p 1  α  Q 1  +      ∑   α  Q 1  <  q  1 j   ≤  Q 1     p 1   q  1 j   +   ∑    q  1 j   >  Q 1     p 1   Q 1  +   ∑    q j  ≤  Q 2     p 2   q j  +       ∑    Q 2  <  q j     p 2   Q 2  ) ;   



(13)






   D  F  c m p   =   ∑   j = m  N   (    ∑    q j  ≤ α (  Q 1  +  Q 2  )    p 1  α  Q 1  +   ∑   α (  Q 1  +  Q 2  ) <  q j  ≤  (   Q 1  +  Q 2   )     p 1     Q 1     Q 1  +  Q 2     q j  +  )      ∑    q j  ≤ β  (   Q 1  +  Q 2   )     p 2  β  Q 2  +      ∑   β  (   Q 1  +  Q 2   )  <  q j  ≤  (   Q 1  +  Q 2   )     p 2     Q 2     Q 1  +  Q 2     q j  +   ∑    q j  >  (   Q 1  +  Q 2   )     (   p 1   Q 1  +  p 2   Q 2   )  ) −   ∑   j = m  N   (    ∑    q j  ≤  Q 2     (   p 1  α  Q 1  +  p 2   q j   )  +      ∑    Q 2  <  q j  ≤ α  Q 1  +  Q 2    (  p 1  α  Q 1  +  p 2   Q 2  ) +       ∑   α  Q 1  +  Q 2  <  q j  ≤  Q 1  +  Q 2     (   p 1  (  q j  −  Q 2  ) +  p 2   Q 2   )  +   ∑    q j  >  (   Q 1  +  Q 2   )    (  p 1   Q 1  +     p 2   Q 2  )  ) ;   0 ≤ α ≤ 100 % ;    0 ≤ β ≤ 100 % ;    j = m ,   m + 1 , ⋯ , N ;   



(14)







Equation (14) can be further simplified as Equation (15):


   D  F  c m p   =   ∑   j = m  N   (    ∑    q j  ≤ α (  Q 1  +  Q 2  )    p 1  α  Q 1  +      ∑   α (  Q 1  +  Q 2  ) <  q j  ≤  (   Q 1  +  Q 2   )     p 1     Q 1     Q 1  +  Q 2     q j  +     ∑    q j  ≤ β  (   Q 1  +  Q 2   )     p 2  β  Q 2  +      ∑   β  (   Q 1  +  Q 2   )  <  q j  ≤  (   Q 1  +  Q 2   )     p 2     Q 2     Q 1  +  Q 2     q j   )    −   ∑   j = m  N   (    ∑    q j  ≤  Q 2     (   p 1  α  Q 1  +  p 2   q j   )  +      ∑    Q 2  <  q j  ≤ α  Q 1  +  Q 2    (  p 1  α  Q 1  +  p 2   Q 2  ) +     ∑   α  Q 1  +  Q 2  <  q j  ≤  Q 1  +  Q 2     (   p 1  (  q j  −  Q 2  ) +  p 2   Q 2   )   )  ;    0 ≤ α ≤ 100 % ;    0 ≤ β ≤ 100 % ;    j = m ,   m + 1 , ⋯ , N ;   



(15)







Assuming that the design capacities of phase I and phase II are both known prior to the tendering of the phase II project,    Q 1    and    Q 2    are considered as constants. Thus, and as shown in Equation (15), the   D  F  c m p     will be mainly influenced by the variables   α  ,   β  ,    p 1   ,    p 2   , and    q j   . In order to minimize the government’s total payment, the factors that influence government decision need to be analyzed in detail.




5. Factors Influencing Government’s Total Payment


To further analyze the influencing factors on the government’s decision for providing MRG or ER to the phase II project, several assumptions were made to simplify the model.



The assumptions are as follows:




	
The core contract terms involving the phase I and phase II project are known during the procurement of the phase II project. These include the concession period (N, M), percentage of guaranteed demand (  α ,   β  ), design capability (   Q  1 ,      ,    Q 2   ), etc.



	
It is assumed that “   Q 1  =  Q 2  = Q  ”; the unit price (   p 1   ) of the phase I project is known; and the bidders tender for the unit price (   p 2   ) of the phase II project. Prior to the tendering, information on the design capacity of phase I and II project is provided in the request for quotation (RFQ) documents. The bidders estimate the forecasted revenue, investment, and operation cost, etc. and bid for the unit price.



	
The forecast of the demand for services as the    q j    in the    j  t h     year is given in the technical feasibility report conducted prior to the tendering for the phase II project.



	
As the unit price determination is closely linked to the MRG provided by the government, it is assumed that the  β  for the phase II project is known during procurement if the government has decided to provide MRG. Generally, if the government decides to provide MRG, the  β  will be provided in the RFQ documents.



	
To ensure that the model is equitable for the project company, the model is simplified by assuming “  α = β = ε  ”, and   50 % < ε ≤ 100 % ,   considering that a MRG of less than 50% is generally insufficient for the project company.








Based on the above assumptions, Equation (15) can be simplified as Equations (16)–(19):


   D  F  c m p   =   ∑   j = m  N   (    ∑    q j  ≤ 2  ε Q     p 1  ε Q +   ∑   2  ε Q  <  q j  ≤ 2 Q   0.5  p 1   q j  +   ∑    q j  ≤ 2  ε Q     p 2  ε Q +   ∑   2  ε Q  <  q j  ≤ 2 Q   0.5  p 2   q j   )  −      ∑   j = m  N   (    ∑    q j  ≤ Q    (   p 1  ε Q +  p 2   q j   )  +   ∑   Q <  q j  ≤  (  ε + 1  )  Q   (  p 1  ε Q +  p 2  Q ) +   ∑    (  ε + 1  )  Q <  q j  ≤ 2 Q    (   p 1  (  q j  − Q ) +  p 2  Q  )   )  ;    j = m ,   m + 1 , ⋯ , N ;   



(16)






   D  F  c m p   =   ∑   j = m  N   (    ∑    q j  ≤ 2  ε Q    (  p 1  ε Q +  p 2  ε Q ) +   ∑   2  ε Q  <  q j  ≤ 2 Q    (  0.5  p 1   q j  + 0.5  p 2   q j   )   )  −      ∑   j = m  N   (    ∑    q j  ≤ Q    (   p 1  ε Q +  p 2   q j   )  +   ∑   Q <  q j  ≤  (  ε + 1  )  Q   (  p 1  ε Q +  p 2  Q ) +       ∑    (  ε + 1  )  Q <  q j  ≤ 2 Q    (   p 1  (  q j  − Q ) +     p 2  Q  )  ) ;    j = m ,   m + 1 , ⋯ , N ;   



(17)






   D  F  c m p   =   ∑   j = m  N   (    ∑    q j  ≤ Q    (   p 2  ε Q −  p 2   q j   )  +       ∑   Q <  q j  ≤ 2  ε Q     (   p 2  ε Q −     p 2  Q  )  +     ∑   2  ε Q  <  q j  ≤  (  ε + 1  )  Q   ( 0.5  p 1   q j  +   0.5  p 2   q j  −  p 1  ε Q −  p 2  Q ) +   ∑    (  ε + 1  )  Q <  q j  ≤ 2 Q   (  p 1  −  p 2  ) ( Q −    0.5  q j  ) ;    j = m ,   m + 1 , ⋯ , N ;   



(18)






   D  F  c m p   =   ∑   j = m  N   (    ∑    q j  ≤ Q    p 2   (  ε Q −  q j   )  +   ∑   Q <  q j  ≤ 2  ε Q     p 2  Q  (  ε −    1  )  +   ∑   2  ε Q  <  q j  ≤  (  ε + 1  )  Q   (  p 1   (  0.5  q j  − ε Q  )  +  p 2   (  0.5  q j  − Q  )  ) +   ∑    (  ε + 1  )  Q <  q j  ≤ 2 Q   (  p 1  −  p 2  ) ( Q −    0.5  q j   )  ;    j = m ,   m + 1 , ⋯ , N ;   



(19)







5.1. Wastewater Treatment (WWT) Service Demand


As shown in Equation (19), the WWT service demand during the concession period has an obvious impact on the decision factor (  D  F  c m p    ), and the choice of government incentive under different situations with regard to service demand is shown in Table 1. For example, if the service demand is less than   ε Q  , the optimal choice is to provide ER to the phase II project, regardless of what the unit price (   p 2   ) of the phase II project is. This is because under the ER arrangement, the service demand is still lower than the level of MRG threshold, even though the total service provision responsibility is taken by the phase II project.



The phase II project may have been initiated as a result of the service demand going beyond the phase I project capability to deliver the services, thus, it is very unlikely that the demand would be less than  Q . On the other hand, if the demand is more than   2 Q   (total capacity of both phase I and phase II projects), the government’s total payment will be the same while providing MRG or ER to the phase II project, as both projects will be paid for the full capacity operation, and the government support mechanism is not necessitated.



If the demand is less than   2 ε Q  , but more than   Q  , the better choice is to provide MRG to the phase II project, as shown in Table 1. In such situations, if the ER is provided to the phase II project, the total government payments will be based on the service quantity of (  Q   +   ε Q  ), which is more than   2 ε Q   for MRG.



If the demand is less than   2 Q  , but more than   2 ε Q  , the decision on selecting MRG or ER will depend on the relationships between the unit price (   p 1   ) of the phase I project and the unit price (   p 2   ) of the phase II project, as shown in Table 1.



It should be noted that the demand can fluctuate every year during the concession period, and the actual demand for each year may involve different scenarios, as shown in Table 1. Therefore, a comprehensive forecasting of the service demand for each year can be done based on a simulation process as shown in Figure 2, where Equation (19) is used to determine the government’s final decision.




5.2. Unit Price of WWT


Aside from the service demand, the unit price of the WWT is also one of the key factors influencing total government payments, as shown in Equation (19) and Table 1. The unit price here is the expected unit price or expected bid price, as actual bids are generally only received after the guarantee mechanisms are disclosed to the bidders. Based on the assumptions made, if the service demand is between   2 ε Q   and   2 Q  , the unit price will have a clear influence on the government’s total payments (see Table 1 and Table 2).



This implies that when the expected unit price is lower in the phase II project, the better option for the government is to provide an ER. This makes sense because in order to save cost on the government’s total payment, it is better to design a contract allowing more demand to be met by the phase II project. Therefore, in practice, before the tendering of the phase II project takes place, the government could determine the upper price ceiling and the bid price would need to be lower than the upper price ceiling provided in the RFQ. It is important that the upper price ceiling would need to be based on the financial and market analysis. Moreover, as the decision factor is related to the phase II project’s unit price, the price ceiling should be carefully determined not only by considering the financial viability of the expansion project, but also the MRG or ER decision.





6. Illustrative Example


The decision model was applied in a case of a PPP wastewater treatment plant project in Shenzhen, China. The test case involved an original phase I PPP project that was later expanded with a phase II PPP project. The data on the projects were collected by reviewing the project feasibility report for the phase II project and the PPP contracts signed between the government and the concessioners in the phase I and phase II projects. Additionally, several interviews were conducted with the project consultants and the local authorities; specifically two interviews were conducted with project consultants, where one was conducted with an official from the Shenzhen PPP Center and one was conducted with an official from the Water Affairs Bureau.



6.1. Project Case Profile


The Shenzhen Gushu wastewater treatment plant (phase I) is held by the concessionaire, the Shenzhen Hanyang Wastewater Treatment Company. The phase I project provides the wastewater treatment service for the Xin’an and Xixiang areas in Bao’an district in Shenzhen. According to the contract, the government is required to pay the wastewater treatment fee to the project company for the duration of the concession period. The phase I project, which began operation in 2009, has a concession term of 22 years. At the end of the concession term, the project is to be transferred back to the government free of charge in 2028.



Table 3 provides the details of the phase I project. The wastewater treatment unit price in the project was 1.377 RMB/ton, and the MRG is equivalent to the revenue generated from 60% of designed capacity of the project. Based on the contract, if the quantity of wastewater in this area was to be less than the project’s design capacity, the service fee should be paid based on the MRG as in the concession contract.



The details in the wastewater demand, project capacity, and the MRG for the project are illustrated in Figure 3 and Table 4, where it is shown that after 2019, there will be a gap between the demand for wastewater treatment and the capacity of the phase I project (   Q 1   ) to meet that demand. This was expected as a result of the rapid urbanization in the city of Shenzhen. Consequently, an expansion wastewater treatment plant (phase II) was essential and it was commissioned in order to satisfy the demand of the Xin’an and Xixiang areas. The construction for the phase II project began in 2019, and the wastewater treatment plant is expected to begin operation in 2021. According to the feasibility study conducted for the phase II project, the wastewater treatment demand is expected to level with the total treatment capacity of the phase I (   Q 1   ) and phase II (   Q 2   ) project in 2030, which is 17,520,000 tons, as shown in Table 4.



Table 5 provides the details of the phase II project, a 22-year concession contract including a 2-year construction period and a 20-year operation period. To share the demand risk, the government could either provide a MRG to the phase II project in the same way as in the phase I project, or could provide an ER to the phase II project. The wastewater treatment unit price of the phase II project would be determined through public tendering.




6.2. Wastewater Treatment Demand Sharing


Once the phase II project begins operation in 2021, the service demand sharing mechanism will affect the revenue of both the phase I and phase II projects, and additionally, it will affect the government’s total service fee payments. If the government decides to provide a MRG to the phase II project, the total wastewater treatment demand would be shared by the phase I and phase II project based on their design capacity following the assumptions made in this study.



Figure 4 illustrates the sharing mechanism of wastewater demand between the phase I and phase II projects in the case where a MRG is provided to the phase II project. As seen from Figure 4, before 2021, all the wastewater treatment demand responsibility is met by the phase I project. It can also be seen that since 2017, the phase I project has been operating at full capacity, which will continue up until the phase II project begins operation. If the MRG is provided to the phase II project, the total wastewater treatment demand would be shared by the phase I and phase II project after 2021. In this case, the estimated demand will always be above the level of MRG for each project, and the wastewater treatment fee will be paid based on the actual demand.



The concession period of phase I expires in 2028 and the analysis beyond that period is not covered in this study, as the phase I project will be transferred back to the government and will not operate as a PPP.



Figure 5 illustrates the sharing of wastewater demand between the phase I and phase II projects in the case an ER is provided to the phase II project. With an exclusive right provided to the phase II project, the responsibility to meet the total wastewater treatment demand should first be taken by the phase II project to its full capacity, and then the residual wastewater would be treated by the phase I project following the assumptions made in this study. As seen from Figure 5, the phase II project would be in operation at full capacity starting from 2021. However, the demand is expected to be lower than the level of MRG for the phase I project in the years 2021 and 2022. Only after 2022, will the actual wastewater treatment of phase I project be above the level of MRG. Therefore, in 2021 and 2022, the wastewater treatment fee of the phase I project will be paid based on the MRG, and after 2022, the government would pay for the services based on the actual demand.




6.3. Analysis and Discussion


As the quantity of wastewater forecasts and the demand sharing mechanism are given, the government’s total service fee payments to the phase I and phase II projects are different under MRG or ER arrangements for the phase II project. Applying Equation (8) and Equation (11), the government’s total service fees payment can be calculated. Moreover, the conditions in this case satisfies the assumptions put forth in Equation (19). The change in the decision factor based solely on the unit price of the phase II project is illustrated in Figure 6.



As shown in Figure 6, when the unit price of phase II project is 0.982, the total government payment is the same for MRG or ER. However, the decision factor decreases as the phase II project’s unit price increases, that is, when the phase II project’s unit price is lower than 0.982. Here, it is better to provide an ER instead of MRG and allow more demand responsibility to be taken by the phase II project.



On the other hand, if the phase II project’s unit price is higher than 0.982, it is more optimal for more demand responsibility to be given by phase I. Therefore, ER is not recommended here, and a MRG is a better option for the sharing of demand risk in the phase II project. Additionally, as shown in Figure 6, an increase in the level of MRG lowers the unit price equilibrium of the phase II project. This means that with a higher level of MRG provided, the optimal choice for the government is to provide an ER. In practice, the implication is that if the concessionaire demands too much in revenue guarantee in order to share the demand risk, it may be instead more favorable to provide an ER and let the concessionaire bear the demand risk.



As already mentioned, the choice of providing an ER or a MRG is based on the wastewater treatment demand. Figure 7 illustrates the changes in the decision factor with the fluctuation in wastewater treatment demand. It shows that, given the unit price of the phase I and II projects, the relationship of demand and decision factor is not linear.



This illustrates the same trend that is seen in Table 1. As seen from Figure 7 and Figure 8, given the service unit price in this case, when the total demand is even lower than one project’s guaranteed demand,   D  F  c m p     is positive, so it is better to allocate the phase II project with all the demand in order to save the government’s total cost. If the total demand is higher than one project’s MRG,   D  F  c m p     is negative and it is better to provide a MRG to the phase II project.



For example, if the actual demand is shared based on the design capacity, and is lower than the level of MRG for each project, the government’s total payment will depend on the MRGs of both projects, which can be expensive for the government. In such situations, if the demand responsibility is first taken by the phase II project under an ER arrangement, then the residual demand can be allocated to the phase I project. By doing this, the government’s total payment will depend on the MRG of the phase I project and the actual demand for the phase II project, which can ultimately save costs for the government.



The value of   D  F  c m p     declines as the total demand increases, so the minimum value of   D  F  c m p     is located at the point where demand goes down 34%. From then on, the value of   D  F  c m p     improves as the demand grows, and the MRG and ER decision is subsequently influenced significantly by the phase II project’s unit price (see Figure 7 and Table 1). The lower the phase II project’s unit price, the better it is to allocate more demand responsibility to the phase II project. This is where the advantage of providing an ER to the phase II project becomes obvious.



As seen from Figure 7 and Figure 8, when the demand for each year (from 2021 to 2028) is higher than the total capacity of the phase I and II projects, providing a MRG or ER does not show a distinct difference in term of cost savings for the government.





7. Conclusions and Future Work


As many PPPs around the world transition to their later years of operation, many projects may face the problem of higher demand for service provision, leading to expansion projects. In this study, a decision model for the selection between minimum revenue guarantee (MRG) and exclusive right (ER) for PPP wastewater treatment (WWT) expansion projects was developed, particularly in relation to the government’s service fee payments. The decision factor (  D  F  c m p    ) was developed to help the government select an optimal incentive for the expansion PPP. The model illustrates that if the   D  F  c m p     is less than zero, MRG is the optimal option, that is, it costs less for the government in relation to their total service fee payments. On the other hand, when the   D  F  c m p     is more than zero, providing ER to the expansion project is optimal.



The key factors that influence the decision on providing MRG or ER are identified as the service demand, service unit price, and the level of MRG in the original (phase I) project. These factors were analyzed in detail in this study. The findings showed that the demand has an clear impact on the decision factor and when the demand is (much) higher than the total capacity of both the original and the expansion PPPs, providing either a MRG or an ER to the expansion project does not make a significant difference in relation to the government’s cost savings. In this case, the decision is mainly dependent on the expected service unit price. If the unit price of the expansion project is expected to be lower, it can be suggested that an ER is provided to the expansion project and at the same time, allocate more demand responsibility to the expansion project.



The developed model specifically examines the choice between MRG and ER in government remunerated expansion PPPs in WWT projects. This study is important as it lays the groundwork for analyzing government decisions related to PPP expansion projects. Therefore, this study contributes to the theory by adding to the existing knowledge of government guarantee mechanisms for PPPs in the water sector. In the practical domain, the model can be applied as an instrument by governments to make the initial decisions to choose between the two types of guarantees in PPP expansion projects in the WWT sector. Following this decision, the government can focus on a detailed design of the selected guarantee mechanism by considering related uncertainties and risks over the new concession period.



There are some limitations in this study that need to be mentioned. First, when modeling the total government payment, a discount rate of zero was used mainly because there are no standard requirements on what rate is used and generally, governments select the discount rate on a case by case basis. The choice of discount rate can influence the decision; however, the decision factor model can be easily adapted in practice by using an appropriate discount rate when the model is used.



Second, for the purposes of model simplification and better comparability, it was assumed that both phase I and phase II would have the same levels of MRGs. In practice, this may not be the case. Therefore, future studies can consider developing the model by examining various levels of MGR provided to the two projects.



Third, in the decision factor model, the two factors, demand and service unit price, were analyzed independently and their relationship was not considered. This was mainly because the demand is usually not sensitive to the service price fluctuation in the government remunerated PPP contracts such as in the case of the WWT case study analyzed in this research.



Finally, the uncertainty of demand was only covered in terms of its sensitivity, while the volatility of demand for each year was not considered as a random variable. These limitations, however, provide opportunities for further studies. As such, future subsequent studies are planned, specifically to develop a more comprehensive model that focuses on exploring the relationships of service price and demand as well as the uncertainty of demand in each year. Furthermore, modeling using more advanced methods such as Monte Carlo simulations is proposed to incorporate more data inputs and improve the accuracy of model prediction to help improve the decision effectiveness.
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Figure 1. Concession periods of the phase I and phase II projects. 
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Figure 2. Simulation process for decision factor calculation. 
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Figure 3. Wastewater quantity in the Xin’an and Xixiang areas. 
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Figure 4. Demand sharing when MRG is provided to the phase II project. 
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Figure 5. Demand sharing where ER is provided to the phase II project. 
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Figure 6. Relationships between the decision factor and the unit price of the phase II project. 
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Figure 7. Change in decision factor based on the wastewater treatment demand fluctuation. 
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Figure 8. Demand fluctuation during the concession period. 
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Table 1. Decision factor in different scenarios of service demand.






Table 1. Decision factor in different scenarios of service demand.





	No.
	The     q j     during the Concession Period
	    D  F  c m p      
	Selection of Government Support





	1
	    q j  ≤ ε Q   
	   D  F  c m p   ≥ 0   
	ER



	2
	   ε Q <  q j  ≤ Q   
	   D  F  c m p   < 0   
	MRG



	3
	   Q <  q j  ≤ 2 ε Q   
	   D  F  c m p   < 0   
	MRG



	4
	   2 ε Q <  q j  ≤  (  ε + 1  )  Q   
	depends on the    p 1    and    p 2   
	depends on the    p 1    and    p 2   



	5
	    (  ε + 1  )  Q <  q j  ≤ 2 Q   
	depends on the    p 1    and    p 2   
	depends on the    p 1    and    p 2   



	6
	    q j  > 2 Q   
	   D  F  c m p   = 0   
	No difference between MRG and ER










[image: Table] 





Table 2. Decision factor in different scenarios of unit price.






Table 2. Decision factor in different scenarios of unit price.





	
No.

	
The     q j     during the Concession Period

	
Unit Price

	
    D  F  c m p      

	
Selection of Government Support






	
1

	
   2 ε Q <  q j  ≤  (  ε + 1  )  Q   

	
    p 1  >   Q − 0.5  q j    0.5  q j  − ε Q    p 2    

	
   D  F  c m p   > 0   

	
ER




	
2

	
    p 1  ≤   Q − 0.5  q j    0.5  q j  − ε Q    p 2    

	
   D  F  c m p   ≤ 0   

	
MRG




	
3

	
    (  ε + 1  )  Q <  q j  ≤ 2 Q   

	
    p 1  >  p 2    

	
   D  F  c m p   > 0   

	
ER




	
4

	
    p 1  ≤  p 2    

	
   D  F  c m p   ≤ 0   

	
MRG
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Table 3. Detailed information of the Shenzhen Gushu Wastewater Treatment Plant (Phase I).






Table 3. Detailed information of the Shenzhen Gushu Wastewater Treatment Plant (Phase I).





	No.
	Description
	Data/information





	1
	Location
	Shenzhen City, China



	2
	Total investment (Capital expenditure)
	RMB 330 Million (USD 47.8 Million)



	3
	Wastewater treatment capacity (tons/day)
	240,000



	4
	Concession period (years)
	22



	4.1
	Construction period (years)
	2



	4.2
	Operation period (years)
	20



	5
	Operation started at (year)
	2009



	6
	Operation expired at (year)
	2028



	7
	Unit price (RMB/ton)
	1.377



	8
	MRG (percentage of designed capacity)
	60%







Note: Data from the Phase I project contract; Capex based on 2019 values; USD 1 = RMB 6.91 (2019).
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Table 4. Wastewater treatment demand in the Xin’an and Xixiang areas.
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	Year
	Demand

(Thousand Tons/Year)
	Year
	Demand

(Thousand Tons/Year)





	2009
	73,000
	2020
	106,548



	2010
	71,540
	2021
	117,202



	2011
	65,335
	2022
	128,923



	2012
	72,150
	2023
	141,815



	2013
	73,550
	2024
	146,069



	2014
	74,977
	2025
	150,451



	2015
	76,432
	2026
	154,965



	2016
	79,942
	2027
	159,614



	2017
	73,000
	2028
	164,402



	2018
	71,540
	2029
	169,330



	2019
	96,861
	2030
	175,200
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Table 5. Detailed information of Shenzhen Gushu Wastewater Treatment Plant (Phase II).






Table 5. Detailed information of Shenzhen Gushu Wastewater Treatment Plant (Phase II).





	Description
	Data/Information





	Location
	Shenzhen City, China



	Total investment (Capital expenditure)
	RMB 1122.5 Million (USD 162.4 Million)



	Wastewater treatment capacity (tons/day)
	240,000



	Concession period (years)
	22



	Construction period (years)
	2



	Operation period (years)
	20



	Concession started at (year)
	2019



	Operation started at (year)
	2021



	Unit price (RMB/ton)
	To de determined through tendering







Note: Data from the Phase II business case; Capex based on 2019 values; USD 1 = RMB 6.91 (2019).
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