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ABSTRACT
This work presents GreenLine, a new auction-based mechanism for
integrating renewable power plants (RPP) in the power grid. We
address a challenging task, where RPP owners want to maximise
their profits by installing new power plants in the grid; while,
the Distribution Network Operator (DNO) seeks to maximise the
generated power while reducing potential installation delays due
to growing power demand. This paper formulates this task as a
multi-agent system, studies its useful properties such as incentive
compatibility, individual rationality and economical efficiency, and
discusses GreenLine under different deployment variations.
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1 INTRODUCTION
The global power demand is growing as the demand of industries,
transport, and data centres increases [3]. At the same time, renew-
able energy sources become more popular, and by 2030, they are
expected to contribute 46% of global electricity generation [4].

However, integrating renewable power plants (RPPs) into the
existing power grid brings its own challenges. Among others, long
queues of new RPP projects waiting years to connect have be-
come a bottleneck in renewable energy integration. Currently, the
power grid fails to quickly incorporate new RPPs due to insufficient
grid capacity and ageing infrastructure. Additionally, the so-called
phenomenon of “Zombie projects” slows down both power grid ex-
pansion as well as transition to a more sustainable power grid. Such
projects pile up in the queues, prolonging the time from acceptance
to becoming operational. As per Ofgem (an energy regulator for
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Great Britain), almost 60-70% of projects in the connections queue
ultimately fail to materialise or connect.1 Typically, the grid expan-
sion is carried out by the Distribution Network Operators (DNOs).
A DNO is responsible for operating and maintaining the electric-
ity distribution network and for expanding its part of the grid,
as it manages new connection requests from both customers and
renewable power plant generators.

This paper addresses the problem of allocating grid capacity to
new RPPs, models the problem as a multi-agent system and puts
forward a novel auction-based mechanism, calledGreenLine, to help
in accelerating the integration process of RPPs into the grid. In what
follows, we presentGreenLine, introducing the notation, the bidding
process and the payment scheme. Thereafter, we discuss three
desirable properties under two different deployment conditions.

2 GREENLINE MECHANISM
The grid capacity allocation problem involves multiple stakeholders
with diverse interests. On the one hand, RPP owners want to max-
imise their profits by installing new power plants in the grid. On
the other hand, the DNO seeks to maximise the generated power
while reducing potential installation delays due to growing power
demand. As such, here we cast the problem as a multi-agent system,
and propose GreenLine, an auction-based mechanism to solve it.

2.1 Notation
Let 𝐴 = {𝑎1, . . . , 𝑎𝑛} be a set of bidders, representing the RPP-
owners. Each agent submits one bid reporting an estimated instal-
lation time 𝑡𝑖 ∈ R+ and an estimated delay 𝛿𝑖 ∈ R+ for their RPP;
while the RPP’s capacity 𝑐𝑖 ∈ R+ corresponds to public informa-
tion. The DNO agent 𝑎𝐷𝑁𝑂 reviews the bids and selects a subset of
them (𝑆 ⊆ 𝐴) to integrate into the power grid. 𝑇𝑤 ∈ R+ denotes a
look-ahead time window; 𝑇𝑤 is sufficiently large and allows both
the DNO and the bidders to plan. Upon selection of 𝑆 , 𝑎𝐷𝑁𝑂 ob-
serves the actual installation time of each selected bid, denoted as
𝜏𝑖 . A bid ⟨𝑡𝑖 , 𝛿𝑖⟩ is truthful if actual installation time falls within the
reported installation time and reported delay (𝑡𝑖 ≤ 𝜏𝑖 ≤ 𝑡𝑖 + 𝛿𝑖 ), and
untruthful if the actual installation time exceeds the reported delay
(𝑡𝑖 + 𝛿𝑖 < 𝜏𝑖 ). Finally, an untruthful bid is called “Zombie-bid” if
the actual installation time exceeds the look-ahead time window
(𝑡𝑖 + 𝛿𝑖 ≤ 𝑇𝑤 < 𝜏𝑖 ).

1https://www.theguardian.com/business/2023/nov/13/ofgem-rules-zombie-projects-
grid-wind-solar
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2.2 Bids’ Selection
The DNO seeks to maximise the generated power to be integrated
into the grid, while respecting the capacity constraint. Let 𝑣 be a
function that maps each bid with a value, which is proportional
to (i) the capacity of the corresponding RPP, and (ii) the declared
operational time, i.e., the time between declared installation time
until the end of the look-ahead time window. Formally:

𝑣
(
⟨𝑡𝑖 , 𝛿𝑖⟩

)
∝ 𝑐𝑖 · (𝑇𝑤 − 𝑡𝑖 − 𝛿𝑖 ) (1)

Given a selected set of bidders 𝑆 ⊆ 𝐴, function 𝑓 : 𝐴 → R ag-
gregates the individual bidders’ values, and denotes the expected
capacity to be operational within the look-ahead time window if
bidders in 𝑆 are accepted. Therefore, the DNO agent needs to select
the subset of bidders 𝑆 that optimises the aggregated function 𝑓 .
That is, 𝑎𝐷𝑁𝑂 seeks for the set of bidders 𝑆∗ that satisfies:

𝑆∗ = optimise𝑆⊆𝐴 𝑓 (𝑆) (2)

2.3 Payment Scheme
In order for a new RPP to be integrated into the grid, the bidder
needs to bear the cost of installation. That is, if bidder 𝑎𝑖 is selected,
they need to pay an amount proportional to the RPP’s capacity:

𝑞installation𝑖 ∝ 𝑐𝑖

Additionally, the bidder is charged with a penalty in case the
installation exhibits a delay larger than the declared one. That is,
the bidder needs to pay to the DNO an amount proportional to the
unreported delays as follows:

𝑞
penalty
𝑖

∝ 𝛼 · (𝜏𝑖 − 𝑡𝑖 − 𝛿)
where 𝛼 ∈ R+ is delay-penalty factor.

2.4 Bidder’s profit
The profit of a bidder 𝑎𝑖 derives from the amount of power their RPP
will produce and provide to the grid. That is, the DNO utilises (i.e.,
sells to consumers) power, which is obtained from the operational
RPPs. As soon as an RPP becomes operational, its power is utilised
by the DNO, and therefore the bidder (RPP owner) is paid for the
consumed power. In this light, the bidder’s profit is proportional to
the RPP’s capacity and to its actual installation time:

𝑝𝑖 ∝ 𝑐𝑖 · (−𝜏𝑖 )
Intuitively, the higher the capacity, the higher the profit, and at the
same time, the sooner the RPP is actually integrated, the higher the
profit.

2.5 Properties
In this section, we discuss three desirable properties for a mecha-
nism design, such as GreenLine. (i) Incentive Compatible (IC) [2]:
A mechanism is incentive compatible if being truthful is the domi-
nant strategy; i.e., when bidding truthfully bears higher expected
utility compared to any untruthful bidding. (ii) Individual Ratio-
nality (IR) [1]. A mechanism is called individually rational if being
truthful results in a non-negative utility. (ii) economically efficient
(EE) [10] A mechanism is called economically efficient if when the
agents are truthful, the mechanism ensures that the mechanism
maximises the expected total welfare of all the agents in the system.

Our proposed GreenLine mechanism has all three properties; it
is incentive-compatible, individually rational, and economically
efficient, under appropriate selection of parameter 𝛼 . Due to space
limitations the formal proofs are omitted; however, one can ob-
tain them by computing the bidder’s profit and the payment in
expectation.

3 RELATEDWORK
MAS can be used to model a power grid as a network of agents,
which might be power sources, RPP owners or users using power
in different parts of the power grid and also model different aspects
of the power grid like sensing, control, communication, etc. [8, 13].
Work has also been done to locate RPPs in a power grid using a geo-
graphic information system (GIS) approaches [5, 15, 17] and spatial
mapping techniques [9, 11]. Different mechanisms like price-cap
incentive regulation mechanism and merchant mechanism have
been explored in power grids [6, 14]. There is also a fistful of re-
search that addresses the problem of integrating new RPPs into
the grid [7, 16] However, these works involve auctions that focus
mainly on the selling price and entirely neglect the installation
delay aspect. Looking at the installation delay as a failure of the
bidder to commit to their declared timing, we relate this problem
to other designing mechanisms where agents can fail to complete
tasks assigned to them [10, 12]. These mechanisms have been de-
signed in other settings and have been demonstrated to be incentive
compatible, individually rational and efficient.

4 ONGOING AND FUTUREWORK
In this paper, we study the problem of allocating grid capacity
towards new renewable power plant integration. GreenLine is for-
mulated as an auction-based multi-agent system; and it includes
(i) an approach for selecting new RPP connections as a bundle, un-
der capacity constraints, and (ii) a payment scheme that penalises
unreported installation delays. As such, our mechanism has three
desirable properties of IC, IR and EE, which promote truthful bid-
ding, manage installation delays, and facilitate integration both
with and without the need for grid reinforcement.
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