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Community microgrids: 
Introduce a local layer in the 

energy market
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Community microgrids

The operator objectives are:  

• to minimize the cost of energy 
consumed,  

• to maximize revenues from the 
sale of energy and services,  

• to manage relationships 
between community members.
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A community microgrid is composed of several single microgrids 
and an operator. Single microgrids are in an electrical neighborhood.



Costs and revenues considered
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• Costs 

✦ Energy consumed 

✦ Peak power 

• Revenues 

✦ Energy produced 

✦ Services 
(reserve)

Time

Power



Interests of the community microgrid

• For the members, in 
addition to the advantages 
of the single microgrid: 

✦ an exchange of energy 
at a more attractive 
price than with the 
public network 

✦ a group effect on  

- peak 

- reserve
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• For the public network:  

✦ a larger entity to discuss 
with, and able to respond 
to solicitations to help run 
the network. 

✦ Valorisation of local 
energy reduces the need 
for subsidies



Research questions
• Postulate: we know how to manage a simple microgrid! 

• How to  

✦ optimize the functioning of the community microgrid?  

✦ ensure that members follow the plan? 

✦ ensure a fair distribution of the gain? 

• Underlying issues: 

✦ how to remunerate storage? 

✦ how to remunerate the operator?
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In practice
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We need an energy management system to monitor 
and optimize decisions
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A	smartmicrogrid	energy	management	system!



We need an energy management system to apply 
decisions back to the system in real time
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Forecast Plan Control in 
real time



Daily integration in DSO’s metering process
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0:00

9:00

EMS

Quotidiennement, en J+1 :  relevé des données

FournisseursRESA

Envoyer pour chaque CMi 96*3 
valeurs pour le jour J de 0:00 à 
23:45,  (P, Q_C and Q_L)

24:00

FTP

EDIEL

Envoyer pour chaque EAN'i 96*3 
valeurs pour le jour J de 0:00 à 
23:45,  (P, Q_C and Q_L)

Recevoir et préparer les données 
des "community meters" CMi

Recevoir les données pour 
les EANi.

Calculer EAN'i = EANi-CMi

Membres de la 
communauté

Zeno (opérateur de 
la communauté)

Prix d'échanges, participation à 
la pointe, participation à la 
réserve.

FTP



Monthly invoicing process
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Mensuellement, en M+1 : facturation

D=1

D=20

EMS FournisseursRESA

Dernier 
D de 
M+1

Membres de la 
communauté

Zeno (opérateur de 
la communauté)

Facture du mois M pour EAN'
Facture du mois M pour CM'

Remarques : 
 - les corrections éventuelles seront réalisées trois mois après le trimèstre échu sur base des communications de RESA (!!! 
communiquer le différentiel avec ce qui avait été envoyé).
 - Intérêt de la communauté : 

- Calculer la facture sur base de l'EAN (et non de l'EAN') [nécessite accord du client].
- Comparer à la somme des factures [nécessite accord du client] EAN' et CM.

 - Problème lié au calcul de la pointe (devrait passer chez l'opérateur du microgrid, en lien avec RESA).



Principles
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A B S T R A C T

This work fits in the context of community microgrids, where members of a community can exchange energy and
services among themselves, without going through the usual channels of the public electricity grid. We introduce
and analyze a framework to operate a community microgrid, and to share the resulting revenues and costs
among its members. A market-oriented pricing of energy exchanges within the community is obtained by im-
plementing an internal local market based on the marginal pricing scheme. The market aims at maximizing the
social welfare of the community, thanks to the more efficient allocation of resources, the reduction of the peak
power to be paid, and the increased amount of reserve, achieved at an aggregate level. A community microgrid
operator, acting as a benevolent planner, redistributes revenues and costs among the members, in such a way
that the solution achieved by each member within the community is not worse than the solution it would achieve
by acting individually. In this way, each member is incentivized to participate in the community on a voluntary
basis. The overall framework is formulated in the form of a bilevel model, where the lower level problem clears
the market, while the upper level problem plays the role of the community microgrid operator. Numerical results
obtained on a real test case implemented in Belgium show around 54% cost savings on a yearly scale for the
community, as compared to the case when its members act individually.

1. Introduction

The increasing penetration of distributed generation (DG) from re-
newable energy sources and energy storage systems in distribution
networks paves the way to new market models that favor a local usage
of the generated electricity [1]. In this context, microgrids are gaining
increasing popularity as an architecture capable of making a more ef-
ficient use of resources at a local level [2], and maximizing the local
consumption of electricity generated in a distributed manner [3]. When
interconnected to the public grid, microgrids may also provide services,
such as peak shaving and power balance.

The contribution of this paper focuses on community microgrids,
where members of the community (termed entities in the following)
decide to pool their resources (generation, load and/or storage devices)
to reduce their costs, increase their revenues, and achieve a more ef-
ficient use of their assets. A schematic representation of an entity is
shown in Fig. 1. The entities of the community are assumed to be
connected to the same local bus, through which they exchange energy
among themselves and with the public grid. After introducing a

conceptual architecture of the community microgrid, this paper de-
velops the model of an internal local market, based on the marginal
pricing scheme, whose aim is to maximize the social welfare of the
community.

1.1. Related work

Microgrid energy markets provide small-scale prosumers with a
market platform to trade locally generated energy within their com-
munity. In some cases, the trading takes place without the need of
central intermediaries. Blockchain-based local energy trading is pro-
posed in [4], where prosumers can trade self-produced energy in a peer-
to-peer fashion. A case study based on a real community microgrid
project in Brooklyn is also reported. In [5], a non-cooperative game
arises from the transferrable payoff allocation mechanism designed to
aggregate renewable power producers in a two-settlement power
market.

In most cases, the internal community market is managed by a third
party. A coupled microgrid power and reserve capacity planning
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Principles

• Each member of the community can decide, at any time, to 
exchange either with the network or with the community (or both) 

• Everyone can keep their suppliers 

• No simultaneous import-export 

• Each member provides its information to the operator, and in 
return sees the community price, its participation to the peak, and 
its participation in the reserve 

• The microgrid operator must send corrected data to the market: 
incoming and outgoing flows, 15' by 15', without the remaining 
flows in the community
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Local market architecture
• Formulation as an optimization problem that 

simultaneously determines  

✦ dispatch" decisions -> charging / discharging the 
battery, providing flexibility, limiting the peak, etc. 

✦ the prices 

✦ the distribution of profit between entities => sharing 
rules 

✦ under minimum profit constraint (an actor cannot lose 
money if he is in community compared to his isolated 
situation)
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Profit sharing rules are determined a priori

• Internal energy exchange at a fixed price, chosen at any time within 
a predefined range 

• Determination of the impact on the peak of each actor 

• Determination of the contribution to the reserve of each actor
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Particularities of the model

• A tariff for the use of storage according to the 
quantities of energy stored / removed from storage 

• A tariff for community use per kWh imported and 
exported 

• No explicit constraints to avoid simultaneous 
charging / discharging, simultaneous import/export 

✦ (=> Non-linear or MIP) 

✦ But systematic verification after the fact.
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Examples and results
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Results forMery (one year)
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Opérateur Stockage 

Gain cumulé, par entité Distribution du gain relatif par entité



Sensitivity to the operator’s tariff
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TABLE I: Mean (µ), standard deviation (�), and maximum
values of the consumption and renewable generation of each
entity and the community respectively in January and in
August, in kW.

January August

Entity Type µ � Max µ � Max

1 Load 27 30 237 23 29 164

2 Load 39 22 91 7 10 47

2 PV gen. 0 1 26 5 11 67

3 Load 21 37 183 17 36 193

3 Hydro gen. 45 37 116 54 51 183

Total Load 87 61 417 47 58 320

Generation 45 37 123 59 54 224

a battery storage system with a capacity of 270kWh. We use as
demand and supply orders for the model the consumption and
renewable generation of the four entities that were measured
every 15 minutes during the year 2017. We focus in particular
on two months, January and August, chosen to evaluate the
impact of some parameters with different weather conditions.
Table I summarizes the consumption and generation data for
these two months. On average, the consumption is larger in
January than in August, but it is the contrary for the generation.

We consider as fixed the parameters depending on the
contract with the main grid: the peak cost and the prices at
which each entity can buy from and sell to the grid. Their
values are respectively 0.15 e per kW, 0.15 e per kWh and
0.035 e per kWh. Concerning the battery storage system, we
assume that the charging and discharging efficiencies are both
equal to 0.95. Furthermore, the initial and final state of charge
of the battery is equal to half its capacity. One instance of the
problem lasts one day with time step of 15 minutes.

A. Impact of the community operator fee

The operator fee �com is collected by the community
operator each time an entity buys from or sells to another
entity in the community. In this study, the value of �com varies
from 0.005 to 0.10 e/kWh with steps of 0.005. All the other
parameters stay constant, in particular the storage owner fee
is equal to 0.04 e/kWh.

Figure 3 shows the total fees collected by the community
operator during January 2017 as a function of the operator fee
per kWh. The operator revenue increases almost linearly, and
reaches the maximum with a tariff of 0.055 e/kWh. With a
larger �com, no fee is collected, meaning that there are no
exchanges within the community. This analysis shows that
from community operator’s point of view, the operator fee
should be 0.055 e/kWh to maximize his revenue.

To check if the value of 0.055 e/kWh is meaningful, note
that it is interesting for an entity to sell to the community
instead of the grid only if the community market price is
equal to or larger than the grid purchase price. Thus, the

Fig. 3: Total fees paid to the operator during January 2017 as
a function of the community operator fee per kWh.

Fig. 4: Difference in revenue for being in the community
compared to being a single entity during January 2017 as a
function of the community operator fee per kWh.

minimum selling price to the community for an entity is 0.035
e/kWh. In that case, the buying entity has to pay this price
and remunerate the community operator. The selling entity
must also remunerate the community operator. However, in
the proposed framework, the selling entity charges this cost
to the buying entity. Therefore, the latter pays a minimum
of 0.035 + 2 ⇥ �com e/kWh. If this quantity is greater than
0.15 e/kWh (the grid selling price), that is if �com is greater
than 0.05825 e/kWh, no entity is willing to buy from the
community, and therefore the selling entity sells to the grid.
This explains the zero revenue for the community operator
for �com � 0.06 e/kWh. Even though there is no exchange
between entities, Figure 4 shows that it is still profitable
for each entity to stay in the community, since joining the
community decreases the peak penalty for the members. In
particular, each entity improves its condition, and the Pareto
condition is thus met. However, adopting a peak penalty
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minimum selling price to the community for an entity is 0.035
e/kWh. In that case, the buying entity has to pay this price
and remunerate the community operator. The selling entity
must also remunerate the community operator. However, in
the proposed framework, the selling entity charges this cost
to the buying entity. Therefore, the latter pays a minimum
of 0.035 + 2 ⇥ �com e/kWh. If this quantity is greater than
0.15 e/kWh (the grid selling price), that is if �com is greater
than 0.05825 e/kWh, no entity is willing to buy from the
community, and therefore the selling entity sells to the grid.
This explains the zero revenue for the community operator
for �com � 0.06 e/kWh. Even though there is no exchange
between entities, Figure 4 shows that it is still profitable
for each entity to stay in the community, since joining the
community decreases the peak penalty for the members. In
particular, each entity improves its condition, and the Pareto
condition is thus met. However, adopting a peak penalty

The community operator's tariff is the adjustment variable 
that incorporates local network charges, taxes, etc.
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