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1- INTRODUCTION

The use of electric energy technology, as one of the renewable energies historically existed before the
exploitation of fossil fuels and in recent years has provided more than 20% of the world's electricity. The
development of the electricity industry has been explicitly emphasized in the sixth development Plan of the
country and the Ministry of Energy has been given a mission to increase the power generation capacity up to
twenty five thousand MW during the implementation of the Plan through the investment of the non-governmental
sector and common methods of investment, including BOO and BOT and the guaranteed purchase of electricity
will be based on the rate determined by the Iran’s Economic Council. Among the types of renewable energy
included in the laws, is the use of electric energy potential on water and wastewater transmission pipelines and
the side facilities of dams (at the dam’s outtakes and transmission lines) in the form of small electric power plants
(with a capacity of 10 MW and less). Based on this, executive bodies in the field of water supply and water and
wastewater treatment, including regional water companies and water and wastewater companies (in the role of
investees), using the mechanism of public and private sector participation in the aforementioned contractual
methods, will entrust the implementation of these plans to the private sector investor.

2- PURPOSE

The conventional method of selecting an investor is to auction a percentage of the income earned by the
investor. Since these projects are not among the projects whose implementation is usually in the set of duties of
the executive body, usually the basic studies to determine the production capacity and other technical aspects of
the projects are not carried out by these bodies with the accuracy and level of other. The importance of this point
is determined when the selected private party has the ability to generate more energy from a project and, as a
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result, more income than what is stated in the auction documents. From the point of view of the government, in
the absence of detailed technical and specialized studies regarding the estimation of project dimensions, the
amount of energy production, and the risks associated with energy production in the long term, there is a
possibility that the estimated amount of energy production is lower or higher than the actual amount. The result
of this is the emergence of contractual disputes and the violation of long-term contract terms between the public
and private sectors. For this purpose, the government side (investee) has two options: a) preparing a technical plan
before handing over the plan to the investor and b) conducting annual inspections, reviewing the investor's
financial documents and processing the financial model in the years of commercial operation period. The result
of such a mechanism is creating costs for each of the parties to the contract (government and private parties). For
the government side, paying for the hiring of a consulting engineer to conduct basic design studies and preparing
a technical plan, or paying for the hiring of a consulting engineer for annual inspections and annual audits, and in
case of proof of violation, fines should be predicted and imposed on the private party in the contract. Therefore,
the current research intends to use the Game Theory approach in reaching the optimal point and restoring the
contract conditions to the initial state in this two-way relationship.

3- METHODOLOGY

The tool used to reduce risks caused by information asymmetry is game theory. Game theory tries to model
the behavior governing a strategic situation (conflict of interest). This situation is formed when a person's success
depends on the strategies that others choose. The ultimate goal of this knowledge is to find the optimal strategy
for the players. The contract concluded between the government and the private party for the use of the electric
energy potential of the water transmission facilities belonging to the government, by the private party, is long-
term. The financial model used in this contract is a model for determining the financial indicators of the project
based on calculation assumptions and by examining the income and costs of the project during the period of
construction and operation. In the preparation of financial models in this financing method, the purpose of
determining financial indicators by considering assumptions including: 1) Energy sales price announced by the
Ministry of Energy; 2 (the length of the exploitation period; 3 (the adjustment rate of initial investment costs during

the construction period, the adjustment rate of operation and maintenance costs and project revenues during the
operation period and 4) The volume of energy production.

Based on this, the financial indicators of the plan, including the IRR of the project, are calculated by applying
the above assumptions and in a certain operating period. This rate is compared with common investment rates and
the investor's expected IRR, and based on that, comments are made regarding the justification or unjustification
of the project.

The model used in this study is as follows:

Ltk a+pm - (1+ D"
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Tyl=

where in:

7: Project profit

Pi: Guaranteed price of product purchase by government

Qi: Product volume (electricity produced due to the potential of water transmission lines in kWh)
Clm: Capital costs

C2n: operation and maintenance costs

r: Discount rate r

k: Inflation rate of incomes during the operation period

j: The adjustment rate of construction period costs

I: Inflation rate of operating costs during the construction period

n: Length of construction and operation period
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m: The length of the construction period is

If the parties of the public-private partnership contract, during the period of commercial operation of the
project, comply with the provisions of the contract without any problems and issues, and the contract is formulated
and continues in accordance with all the facts, requirements and technical, contractual and legal risks, the profit
equation of the parties will be as follows:

* Private party profit function (Prvt)

If P is the price of the product (here, each kWh of energy produced in the project), the investor (the private
party) will be the winner of the auction, who is willing to give a larger share of this number to the public party (b)
(assuming the same amount of energy production for all investors of the company competitor). This share is
defined as a percentage of gross income. Considering that the amount of the product is given, this percentage of
the gross income can be a percentage of the price. Therefore, his profit function will be:

Tprve = Z(Pi— b)Q; — C; 2

mpnt: Private Party Profit

Pi: Guaranteed price of product

b: The level that the private party offers to the public party or so called BID. 0<b<P

Qi: product volume

Ci: Costs

n: Length of construction and operation period

* Government party profit function (Gov)

According to the above equation, if b is a part of the price of the product (here, each kWh of energy
produced) that the private party is willing to pay to the government party, the profit function of the
government party will be as follows:

RGOUZZ(bi)Qi i=1,2,...,n 020 (3)
i=1

Tieovt: Government side interest
bi :The level that the private party offers to the public party or so called BID. 0<b<P

Qi: product amount

If the government party wants to carry out complete studies in the initial definition and design phase of the
project and based on that choose the private party and assign the partnership contract to him, he must bear the cost
of conducting the studies (CPe). Considering that the use of the mentioned potential is not one of the inherent
duties of the government party (here water and wastewater companies), it usually does not bear such a cost. The
private party as the person entered into this contract, considering the nature of the investment, is highly sensitive
to the return of the principal and profit of his capital during the 20-year commercial operation period (based on
the partnership agreement between the public sector and the private sector), and enters into the contract
negotiations and investor selection, with a more detailed level of information about the project. As a result,
information asymmetry is likely to occur. The result of this information asymmetry can be showing a lower
production level (d) than the actual production amount (Q). Of course, the probability of such a phenomenon is
not 100% (0). In other words, in conditions of information asymmetry:

d= The amount of concealment of production from the private side. 0 <d < Q

With the possibility of information asymmetry, the government party can carry out periodical inspections
during the period of commercial operation to test the accuracy of the information received from the private party.
These inspections have a cost for the government party (Cauw), but in case of discovery of cases caused by the
provision of false information by the private party, it can compensate for part or all of it by receiving fines.



VFF oS Lk gl o ol

The assumption of concealment in the presentation of the actual production amount (Q) means that the
private party cheats in providing information and does not report the production to the government as much as
(di) or declares that the total production (Qi) is as much as (di) ) has been less. In this situation, the profit functions
of the private party and the government party will be as follows, respectively:

Taow = > (B)(Qr = d)d; )

In the tree diagram below, the different game modes between the government side and the private side
are specified. The profit functions in case of the behavior of each of the parties are modeled below.

[ Government Party (1) }

v ¥
[ With pre-evaluation Studies (2) } [ Without pre-evaluation Studies (1) ]
I |
v v v ¥
The 131."1‘I'3tE party is The privat; party The private party is The private party
hiding (2) does not hide (1) hiding (2) does not hide (1)

Government || Government | | Government || Government | | Government | | Government | | Government | | Government

party party does party party does party party does party party does
inspect (b) not inspect inspect (b) not inspect inspect (b) not inspect inspect (b) not inspect
(a) (a) (a) (a)

Figure 1. Game theory tree diagram
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*Technical studies and design (pre-evaluation)

Cre is the cost of pre-evaluation studies, which is usually estimated as a percentage of the capital cost.
The important point is that, this cost is not paid due to the uncertainty of the government in attracting the
participation of the private sector to implement the investment project in using the potential of electric
energy in water transmission pipelines, or it is severely lower than the indicated percentages. The result of
which is the lack of reliable information to enter into negotiations with the private sector.

The more the public party spends on pre-assessment studies, the less successful the private party is in
concealment. (k) can be considered as the private party's success rate in concealment, which will be
between zero and one.
0<k<1

The profit function of the government party is as follows:
on = D (b)(Qi — kd)d; — Cre (6)
i=1

If k=0, that means the private party could not be successful in concealment, in this case a fine should
be considered for him, which can bring him to the same receipt before concealment.
Regarding the profit function of the private party:

if Cpp =0 = K=1
In this case, the private party completely succeeds in hiding the amount of d.
n
Tprye = Z(Pi— b;)Q; — C; + Pikd;0; C'>0 C">0 (7
i=1

But if the government party pays the pre-assessment costs effectively and completely, the private party
loses its chance to hide 100%. On the other hand, the government will face less income .

In the profit equation of the private sector (number 7), if (k) is the success factor of the private party
equal to zero, the third term is practically equal to zero and the equation will be similar to equation number
2.

¢ Post-contract inspection

When the government party has not done the pre-assessment studies, we will return to the relations
number 4 and 5. In this case, the government party pays the inspection fee (Caud), Which should logically
be a value between zero and (bQ). The pre-assessment fee was preventive in nature. That is, as Cpe
increases, the probability of success of the private party in concealment, i.e. (k), decreases. Therefore, (k)
had an inverse relationship with Cpe. But here the cost of Cauq is related to the next stage of concealment.
It is natural that the higher this cost, the higher the probability of discovering the secret that we represent
with 8.

S5 = Caua (8)
b; Q;
In this case, the profit functions of the parties will be as follows:

Toree = ) (P b)Q: = G+ (1= )P, ®
i=1

Moy = Z(bi)(Qi —d;) + 6(bid;) — Cpug, (10)

i=1
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Now if:
Ef CAud — D = 5 — D

This means that no inspection is done during the operation period and as a result no concealment is found.
In this case, the profit function of the private party will be the same as function number 4 and the profit function
of the government party will be the same as function number 5. But if:

if Copg =PQ =6=1

Concealment of the private party is recognized when providing false information. The minimum penalty
for the private party in this case, is that the government party considers the income that was predicted for the
private party in the initial proposal and shares the excess income with him. However, in practice the
government pays a fee between zero (0) and (bQ) to carry out the inspections.

fO<Cua<bQ =20<d<1

In the above equations, the inspection fee should be entered in such a way that in case of violation by the
private party, all the inspection fees will be borne by him, and otherwise (when di=0), the inspection fee will
be paid by the government party. So we can write:

Tprve — Z(Pif b)Q; —C; — (1 — 8)P;d; — 6b;Q; (11)
=1
Since the:
C
5 — Aud
b; Q;

If Caua = 6b;Q;

we will have:
Mo = Z(bE)Qi - [CAud,- - 5biQi] (12)
i=1

However, if the private party's fine is only equal to the public party's cost for the inspection, it may create
the necessary incentive for the private party to repeat the failure to disclose correct information. Therefore, it
is necessary to think of a mechanism so that in addition to paying the inspection fees, a fine is considered
according to the amount of the private party's error. The important point is that determining the amount of the
fine should be such that the net present value of the benefits of the private party, after receiving the fines, is at
least equal to the amount seen in the project assignment documents.

4- FINDINGS

In this research, the conflicts of public-private partnership contracts in the use of electric energy
production from water transmission lines were analyzed with the approach of game theory. Information
asymmetry and as a result, accessing of one party of the contract to more and more accurate information, will
lead to changes in the terms of the contract in the long run. Using game theory, different game modes were
modeled and an attempt was made to rule the initial conditions of the contract on the outputs of the financial
model. The results showed that the best game mode for the government side (the highest net present value for
the government side) is when the study plan has no pre-evaluation, there is secrecy and there is periodic
inspection (30,165 million Rials), which in this case, the IRR of the private party will be 13%. On the other
hand, the best game mode for the private party (the highest net present value for the private party) is when the
study plan has no pre-evaluation, there is secrecy and there is no periodic inspection (26,794 million Rials),
which in this case the IRR of the project will be 17%. Finally, in the most logical case, i.e. when the plan has
pre-evaluation studies, there is no concealment and therefore there is no need for periodic inspection, the IRR
of the project will be 15% and the present value of the net benefit of the parties will be almost to each other.
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5- CONCLUSION

1) Considering the growth of replacing small hydropower plants with pressure relief valves (flow control)
to consume excess energy in the gravity lines of water transmission in the country, which can lead to the
recovery of significant amounts of energy, the existence of precise contractual and calculation frameworks In
which the role and influence of the parties to the contract are well explained, it becomes necessary .

2) Since the results of the research showed that the use of the model designed in the present study based
on game theory is able to analyze different modes of public-private partnership models in the use of electric
energy production from water transmission lines. It is suggested to the relevant officials and planners,
especially the Ministry of Energy, to use the mentioned model in public-private partnership contracts.

3) In order to prevent the emergence of opportunistic behavior and to design more suitable mechanisms
to deal with concealment by private sector investors, it is suggested to the government experts to examine the
project implementation costs as closely as possible. Because the result of this research shows that assuming
the existence of such concealment on the part of the private sector, the cost of verifying the information at the
investor selection stage is justified.

4) In order to increase the accuracy of the proposals presented by the private sector investors in the
investor selection processes, it is suggested that the government determine awards and give the best proposal.
This award will increase the motivation of investors to examine the project more closely. Government experts
can also include minimums for the desired items in the contract.

5) Due to the long duration of the project, it is better to set fixed time periods for negotiations between
the parties during the project, so that any differences can be identified and resolved quickly and accurately.
Also, in case of unexpected changes in the scope of the project or the price of the required goods and materials,
an extraordinary meeting is held and necessary amendments are made.

6) The existence of such studies gives a warning to the private sector parties to put on the agenda the use
of accurate and factual information in the proposal and implementation of the project.

7) Although there is always the possibility of renegotiation, the government should provide conditions
that limit the hope of the investor to obtain more privileges. Continuous and accurate monitoring of the project
and keeping in touch with other investors can make this possible.

Keywords: Public-Private Partnership, Information Asymmetry, Contractual Conflicts, Game Theory, Hydro-
Electricity Energy, Water Transmission Lines
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