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Abstract—This paper is devoted to the blended (joint) finance mechanism of a megaproject
consisting of several projects. One part of the megaproject budget comes from the megapro-
ject manager and the other part from project contractors. When distributing this budget,
the megaproject manager considers information about the amount of the contractor’s internal
funds allocated to project implementation. Project contractors seek to get more funds from
the megaproject manager; in turn, the megaproject manager is interested in attracting more
funds from project contractors. To achieve this goal, the megaproject manager applies different
procedures to distribute the budget. Project contractors use the information reported to the
megaproject manager to increase the funds allocated to them. Straight and reverse priority dis-
tribution procedures in the blended finance mechanism are analyzed. A distribution procedure
is determined that stimulates project contractors to allocate more of their internal funds to the
project in a Nash equilibrium.
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1. INTRODUCTION

Megaprojects are often financed by several sources jointly. In this case, a typical situation is
that one source is the megaproject manager and the other is the contractors of the individual
projects making up the megaproject. In other words, the blended finance mechanism is imple-
mented; see [1-3]. (Such a mechanism is also called joint finance.) As a rule, the budget of the
entire megaproject is limited and turns out to be insufficient to implement the required projects.
According to [4], the idea of blended finance is that funds from the megaproject budget are allo-
cated on the condition that the contractor of each project commits to allocate its internal funds to
its project.

Blended finance implies that it is profitable for project contractors to invest their internal funds.
However, the megaproject manager faces the problem of distributing the budget among project
contractors. Traditionally, in the theory of active systems [5, 6], the megaproject manager requests
information about the necessary funds from project contractors to implement the corresponding
distribution mechanisms. The amount of funds received by the project contractors significantly
depends on the information reported, the megaproject budget, and its distribution procedure.
At the same time, the amount of funds for each contractor depends on its information and the
information of all project contractors.

In the studies of foreign researchers, the consideration of blended finance mechanisms is associ-
ated with the evaluation of specific instruments, such as equity capital, guarantees, loans, etc. [7, 8].
Blended finance is treated as the use of capital from public or philanthropic sources to augment
private-sector investment [9]. Special attention is paid to the issues of investment under which
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1458 SHCHEPKIN

blended finance increases the potential return on investments or reduces risk factors, making them
more attractive to investors [10, 11].

In this paper, we analyze straight and reverse priority distribution procedures applied by the
megaproject manager in the blended finance mechanism. We determine a distribution procedure
that stimulates project contractors to allocate more of their internal funds to the project in a Nash
equilibrium [5].

2. AGENTS FUNDING UNDER PRINCIPAL’S COMPLETE AWARENESS

Consider a two-level system consisting of a Principal (the megaproject manager, the upper level),
which distributes a budget for project implementation, and agents (project contractors, the lower
level). The megaproject consists of n projects and is implemented by n contractors (agents). Each
agent knows the factual costs z; of implementing project ¢, where ¢ = 1,...,n. The Principal has
funds in an amount R, which are distributed among project contractors. The Principal’s complete
awareness implies that the Principal knows the factual costs of each project.

The game-theoretic statement of the problem is as follows.

1. Each agent reports to the Principal the value w, which is some part of the factual project

implementation costs allocated by the agent from its internal funds. For agent i, the planned
(p)

amount u;  of its internal funds for project implementation is therefore given by
ugp) =w;ziy, t=1,...,n.
It follows that the finance request of agent 7 is given by
si=1—w)z, i=1,...,n.

2. The Principal determines the amount of funds ¢;, i = 1,...,n, for all projects based on the
information received. If ¢; < s;, the factual amount ugf), i=1,...,n, of agent’s internal funds for
project implementation is given by

ugf) =zi—c¢, t=1,...,n.

3. The agents and the Principal determine their payoffs. The agent’s payoff is its profit. The
Principal’s payoff function may have different forms. It does not matter here: this paper aims to
establish conditions ensuring the allocation of more agents’ internal funds to the project.

Let agent i gain an effect E; from the project implemented. Assume also that the project will
()

i

be implemented (and the agent will gain the effect) only if ¢; + u
agent ¢ can be written as

> z;. In this case, the profit of

fi=Ei+e—ul

7 )

i=1,...,n. (1)

We begin with the case when the Principal can distribute the requested funds in full to all
agents. Then, obviously, ¢; =s;, 1 =1,...,n, and

fi:Ei—i-(l—Q'wi)Zi, 1=1,...,n. (2)

According to (2), to increase their profits, agents are interested in reducing their internal funds
for project implementation and maximizing their finance requests. To eliminate this interest, the
Principal introduces an additional condition. For receiving funds from the Principal, agents should

allocate their internal funds in an amount not less than dz;, where d is the share of factual costs
set by the Principal. In this case, the request of agent ¢ is given by

si:(l—d)zi, i:1,...,n.
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Consequently, the profit of agent i is given by
fi:Ei—i-(l—Qd)Zi}O, 1=1,...,n.

Due to the latter expression, the agent can affect the amount of profit only when setting w; > d.
However, see the discussion above, agents are interested in reducing their internal funds for project
implementation; this corresponds to w; = d.

If the Principal’s funds are limited, priority distribution procedures [6] are used to determine

the amount of funds ¢; for project i, ¢ = 1,...,n. These procedures have the following form:
A;s
CZ(Sp) =min\ S;; —5 " Ry, i=1,...,n
> Agsq
q=1

(straight priorities) and

(rp) . A; .
¢, =minds; ———F——Rp, i=1,...,n 3
si 2. Aq/sq ®)
qgeN

(reverse priorities). Here, A; denotes the project priority set by the Principal for agent 1.

First, we study the straight priority procedure. Since the agents are financed under the Princi-
pal’s complete awareness, the amount of funds allocated to project i is given by
A (1 —w;)z;
cESp): - il )% R, i=1,...,n. (4)
21 Aq(1 = wq)zq
q:

(sp)

The condition ¢;" + ugf) > z; must hold for agent i to gain the effect E;. Hence,

n

n
Z ugf) > Z zg — R. (5)
q=1 q=1
This conclusion seems obvious enough. If the implementation of all projects requires the amount
n
of funds ) z,4, and the Principal allocates the amount of funds R, then the expression (5) exactly
q=1
determines the amount of agent’s internal funds.
Given (4), the goal function (1) of agent i takes the form

2Ai(1 — wi)zi

fi=Ei+— R—z, i=1,...,n.
> Ag(1 —wg)zg
q=1
Obviously,
> Ag(1 —wg)zg — Aizi(1 — wy)
ofi a=1
= —24A;z R < 0.
8’(02‘

2
(Z Aq(l - wq)%)
q=1

Therefore, the agents have an interest in reducing their internal funds for project implementation
and maximizing their finance requests.
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1460 SHCHEPKIN

On the other hand, the Principal seeks to attract more of the agents’ internal funds for project
implementation. Accordingly, the Principal sets the priority of agent i so that it increases with the
growing amount of the agent’s internal funds allocated to the project. For example, the priority
can be defined as o

(2

A=

(6)

This priority has a peculiarity as follows. The more internal funds the agent allocates to the
project, the higher its priority will be.

1—wi’

In this case, formula (4) can be written as

P = _BE poi=1,...n (7)
2. ag7g
q=1
Accordingly, agent i, i = 1,...,n, allocates the following factual amount of its internal funds

for project implementation:
ugf’dp) =2z — c(SP) 1=1,.

i—c .M.
Let all projects being implemented satisfy the following requirement.

Condition 1. All projects are divided into two groups. The projects of the first group, those with
the numbers i = 1,...,m, have the high priorities a; = b3 > 1. The projects of the second group,
those with the numbers ¢ =m + 1,...,n, have the low priorities a; = 1.

In this case, formula (7) can be written as

3,
e R, i=1,...,m,
b3qu+ Z Zq
(sp) _ ammd (8)
Z
R, i=m+1
b3ZZq+ Z Zq
qg=m+1

Let z1 = z,, i.e., the costs of project 1 with the high priority coincide with those of project n
with the low priority. In this case, due to (8), the agent whose project has the low priority receives
fewer funds from the Principal and, accordingly, allocates more of its internal funds to the project.

In addition, according to (7), the amount of agents’ funds is independent of the information
reported by the agents.

Now, we analyze the reverse priority procedure. The procedure (3) can be represented as

cgrp) = min ¢ (1 — w;)z; Ry, i=1,...,n
( wz Zz A / wq Zq
qeN

The agent receives the maximum amount of funds under the condition
A
(1—wzz,ZA/ — Wq)Zq]

qeEN

(1 — wi)zi =

After straightforward calculations, we obtain

VAo
> VA

qeEN

(1 — wi)zi =
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If the Principal sets the priorities (6), then the relation (9) can be written as

3/~
Cgrp) = (1 — wi)zi = #R, 7, = 1, B D (10)
gz
JeN q~q

and, accordingly,

LB — 2z — Cgrp)

i , 1=1,....n.

Under Condition 1, formula (10) reduces to

b3/z
- Vi - R, i=1,....m,
DY vt Y Va
q=1 qg=m+1
) = (11)
V& .
- - R, i=m+1,...,n.
by yE+ > a
q=1 qg=m+1
: _ BT : (frp) _ _  (frp) (frp) _ _ _ (tp)
Assuming z; = z, and considering (11), we obtain u; =21 —¢ and up =z, —Cn .

Direct comparison of ugf’rp) and u&f’rp) gives a result similar to the one established for the straight

priority principle.

3. AGENTS FUNDING UNDER PRINCIPAL’S INCOMPLETE AWARENESS

Under incomplete awareness, the Principal does not know the factual costs z;, i = 1,...,n, of
each project and receives information about the planned costs Z;, i = 1,...,n, of projects from the
agents.

In this case, each agent reports to the Principal the planned costs Z;, i =1,...,n, and the

value w;, which is some part of the planned costs covered by the agent from its internal funds.
Hence,

w; = wiZ;, 1=1,...,n.
Accordingly, the finance request of agent i is given by
si=(1—w)Z;, i=1,...,n. (12)
The factual profit of agent ¢ is given by
fO=Ei+e¢—2z, i=1,....n, (13)
and its planned profit can be written as
fP =Ei+e-2Z, i=1,...n
Let us represent (13) in the form
fi(f) :Ei—i—ci—zi:Ei—i—ci—(zi—Zi—i—Zi):fi(p)—i—Zi—zi, t=1,...,n.

The factual costs z; are known to the agents, and the agent cannot receive more funds from the
Principal than it plans to spend. Therefore, by a natural assumption, the planned costs Z; exceed
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the factual ones. In this case, the difference (Z; — z;) > 0 can be treated as the excess planned
profit fi(ep) = Z; — z;. In the sequel, the factual profit of agent 7 is calculated as

O = 1 g =Ei+ ¢~ Zi+ (Zi — )

| (14)
=B +¢—(1-q9)Zi —qz, i=1,...,n,

where ¢ < 1. If ¢ € (0, 1], the Principal leaves some of the excess profit at the agent’s disposal. Ac-
cordingly, ¢ is the norm determining the amount of excess profit left to the agent. If ¢ < 0, then ¢ is
the penalty coefficient for manipulating the agent’s information about the project implementation
costs; see [12].

As before, we begin with the case where the Principal can distribute the requested funds to all
agents in full. Then, obviously, ¢; = s;, i =1,...,n, and

fi(f):Ei%—si—(l—q)Zi—qzi, i=1,...,n. (15)
In view of (12), the expression (15) can be written as
fi(f):Ei—i—(l—wi—i—q)Zi—qzi, i=1,...,n. (16)
According to (16), the agents always benefit by overestimating their planned costs: for ¢ € (0, 1],
1—w;+qg>0.

If the Principal’s funds are limited, then (similar to the case of complete information) the
Principal uses priority distribution procedures [6] to determine the amount of funds ¢; for project 4,
i=1,...,n, and the agent’s goal function has the form (14).

First, we consider the straight priority procedure. The amount of funds allocated by the Principal
for implementing project i is given by

) = nAi(l_wi)Zi R, i=1,...,n.
Zl Ay(1 —wy)Z,
q:

If the Principal sets the priorities (6), then

v ali gy
> agZg
q=1

In this case, the goal function (14) takes the form

fi(f):Ei_{_aiiZiR_(l_q)Zi—qzi, 1=1,....,n.

7

> agZg
q=1

To find the planned costs Z; in a Nash equilibrium, we solve the system of equations

R-(1-¢q)=0, i=1,...,n. (17)
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The solution of (17) is

-1 -1

Z7 = o ——R|1- nn , i=1,...,n (18)
(1—=qa; 3> — ai y. —
q=1GQq q=1 Qq

(sp) _ n—1 _
;kSp_ 1— _ R, i=1,...,n (19)
ai Y, —
q=10dq
(Sp) __ x(sp)
Accordingly, u; =z —c ,i=1,...,n.

Under Condltlon 1, the expression (18) can be written as

(n = D[(H* = 1)(n A o m
) Ol = 20
(n= DY’ —mE - 1]
(1= q)fm+ b(n —m)]?

1=m+1,...,n

In this Nash equilibrium, agent 7 receives the amount of funds
B —-1)(n—m)+1
m+b3(n —m)

b2 —m(b® —1)
m+b3(n —m)

R, 1=1,...,m,
#(sp) _

R, i=m+1,...,n

The positivity requirement of project funding leads to the inequality
b2 — (b3 —1)m > 0. (21)

From (21) we arrive at
b3

Due to (22), the greater ratio of the maximum priority to the minimum one is, the smaller the
number of projects with the maximum priority should be.

In the case m = n (all projects are equally important for the Principal), the expressions (18)

and (19) reduce to
n—1

gro =l
- =1 ..n (23)

& = R/n,

Using (23), we can express the amount of agents’ internal funds allocated to projects in the
Nash equilibrium: ﬂ:(Sp) =z — é*(Sp) i=1,.

Under the assumption z1 = z,, direct comparison of ﬁT(Sp) and QZ(SP) indicates the following:

the agent whose project has the low priority allocates more of its internal funds to project imple-
mentation.

AUTOMATION AND REMOTE CONTROL Vol. 84 No. 12 2023
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Indeed, this result is immediate from the inequality

b3—m(b3—1)R>Zl_(b3—1)(n—m)+1

- R.
m+b3(n —m) m+b3(n —m)

Zn

Now, we take the reverse priority procedure. In this case, the Principal distributes to the
implementation of project ¢ the amount of funds

Ai

(1 —w;i)Z; qZ:N Aq/[(l — wq)Zg]

=min ¢ (1 —w;)Z; Ry, i=1,...,n.

The agent receives the maximum amount under the condition

A;
(1 —wi)Z; % Ay /10— wy)Z,]

qeEN

(1—wi)Z,~: R, i:1,...,n.

Hence, it follows that

(tp) VaiZ;

C:

(3 = 7R’
> VagZg
qeEN

i=1,...,n. (24)

Let Condition 1 be valid; then (24) can be written as

b/ Z; R
by Y+ Y Y7,
q=1 g=m+1
- (25)
b YZ+ S V7,
q=1

g=m+1

1=1,...,m,

~p)

R, i=m+1,...,n.

In this case, the goal function (14) takes the form

b/ Z;
E; + R—(l—q)Zi—qzi, 1=1,...,m,

by Y+ S 7,
q=1 g=m+1

3
/7
E; + ! R(1—q)Z; — qzi, i=m+1,...,n.

bY. Y+ Y Y7,
q=1 q=m+1

Under the weak contagion condition [5]
0 1 B
0Zi 1 < 3 S 3 a
by VZ,+ > ¥4,
q=1 q=m+1

AUTOMATION AND REMOTE CONTROL Vol. 84 No. 12 2023
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the planned costs Z; in a Nash equilibrium are found by solving the system of equations

b
_ —R—(1—¢q)=0, i=1,...,m,
" 373 \be S YZ+ Y Y7,
af;" | a=1 g=m+1 | (26)
0Z; 1 ,
- —R—(1-q)=0, i=m+1,...,n.
37 e S VZi+ Y Y7,
| ¢=1 q=m+1 ]
From (26) we obtain
bvh R, 1=1,...,m,
3(1—9q) {mb\/g + (n— m)}
Zr = (27)

1
3(1—9q) {mb\/g + (n— m)}

R, i=m+1,...,n.

According to (27), the planned costs of the agent with the high priority exceed in the Nash
equilibrium those of the agent with the low priority.

Using (25), we calculate the amount of agent funds in the Nash equilibrium:
b3/2

R, i=1....,m
o b3/2 — 9 ) ) )
) _ m+(n—m) (28)

7
1
R, i= 1,...,n.
B2m+ (n—m) rEmE L

According to (28), the funding of the agent with the high priority exceeds in the Nash equilibrium
that of the agent with the low priority.

Using (28), we can express the amount of agents’ internal funds allocated to projects in the

Nash equilibrium: u:(rp) =2z — cz(rp)

Under the assumption z; = z,, direct comparison of u’{(SP) and uZ(SP) shows the following: the

agent whose project has the low priority allocates more of its internal funds to project implemen-
tation.

Indeed, this result is immediate from the inequality
1 b3/2
R >z —
T, 1 (n—m)

Ty, 1 (n—m)

In the case m = n (all projects are equally important for the Principal), the expressions (27)
and (28) take the form

R
7' =——— i=1,...,n,
to3(l-q)
and, consequently, c;k(rp) =R/n,i=1,...,n.
Let us demonstrate that
D A Y SR IS (29)

Inequality (29) can be written as

b3 —m(b3 —1) 1

< R.
m+b3(n —m) b3 /2m + (n —m)

AUTOMATION AND REMOTE CONTROL Vol. 84 No. 12 2023
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Trivial transformations yield
0* —m®* - 1)| (b*2~1) = (n— 1) — 1) <0. (30)
Since m > 1, inequality (30) holds if
(b2 =1) = (n =" - 1) <.
With this condition written as
1-(n—1)(0*2+1) <0,

inequality (29) obviously holds. In fact, we have established the following result: in a Nash equilib-

rium, using the inverse priority principle, the Principal distributes more funds to the agents with
(frp) *(f,dp)
< Uu;

the low priority than in the case of the straight priority principle. Therefore, u: i ,

t1=m-+1,...,n.

4. CONCLUSIONS

According to the above analysis of the blended finance mechanism model, we draw the following
conclusions. In the case of the Principal’s complete awareness and the straight (or reverse) priority
distribution procedure, agents allocate different amounts of their internal funds for projects with
different priorities but the same factual costs. In addition, the agent whose project has a low
priority receives less funds from the Principal and, accordingly, allocates more of its internal funds
for project implementation.

In the case of the Principal’s incomplete awareness and the straight (or reverse priority) distri-
bution procedure, the agent with the high priority receives more funds in a Nash equilibrium than
that with a low priority. Under the same factual costs, the agent whose project has a low priority
allocates more of its internal funds to the project. Note that in a Nash equilibrium, the Principal’s
reverse priority distribution procedure provides the agents with a low priority with more funds
compared to the case of straight priorities.
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