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1 EXECUTIVE SUMMARY 
Microgrids: promising potential for a modernized electric infrastructure? 

The electricity production and distribution system, the backbone of an increasingly urban and energy-
dependent society, must urgently be shifted towards more resilient, efficient and environment-friendly 
infrastructures. Decentralized electricity production in densely populated areas is an opportunity to achieve 
this transition. Local electricity production and self-consumption in cities is hardly new: the energy security 
needs of some sensitive sites (hospitals, military bases, research centers, etc.) have long been addressed by 
local private networks able to provide back-up electricity if the main grid goes down. Some have been 
ǳǇƎǊŀŘŜŘ ǘƻ άƳƛŎǊƻƎǊƛŘǎέ where local production supplies base electricity to grid-connected end-user(s), and 
on-site assets are still able to run the microgrid in off-grid mode for a limited period of time. The integration 
of recent advances in renewable energy and smart grid technologies in such urban microgrids holds many 
promises: resiliency, reduced costs, and sustainability of electricity supply. This potential has sparked interest 
among different stakeholders, such as energy companies, utilities, end-users and public authorities; however 
the functionalities and expected benefits of microgrids are still diverse and sometimes intangible. The present 
study offers a vision of the definition of an urban microgrid, the value brought by a microgrid in different 
contexts based on real case studies1, and the upcoming challenges that microgrid stakeholders will face.  

Study outcomes suggest that islanding, an inherent feature of the microgrid concept, leads to a significant 
premium on electricity costs, especially in systems highly reliant on intermittent electricity production. In this 
case, a smart embedded network, with local energy production and no islanding, can be customized 
according to end-user needs to meet their sustainability and cost savings goals at lower costs. Whether these 
local networks island or not, they face strong regulatory challenges that must be overcome to foster the 
further development of embedded networks. 

The technical hurdles associated with islanding can be overcome with existing solutions, but might generate 
substantial costs 

Several issues need to be addressed to properly harvest the value lying in microgrids: complex and sometimes 
costly technologies, business models for viable value redistribution, and a constraining regulatory framework. 

According to a ƳƛŎǊƻƎǊƛŘΩǎ maturity and complexity, its energy production, distribution and storage assets, as 
well as smart grid equipment, may require significant upfront investments. The complexity of islanding 
triggers additional costs that cannot be overlooked and that are especially high when the microgrid is based 
only on renewable intermittent electricity sources and batteries for energy storage. Project developers need 
to evaluate the microgrid costs carefully in order to check that they are in line with what the end user is 
prepared to pay for their energy security requirements, and if a relevant business model can be designed on 
this basis. In Europe, energy reliability requirements are well met by the main grids that provide high-quality 
reliable power, which is rarely jeopardized by exceptional events, such as natural or industrial disasters. Thus, 
potential customers are not likely to be ready to pay for the resiliency provided by a microgrid. 

                                                             

1
 Three case studies have been conducted, based on an EcoDistrict with peak air-conditioning loads in San Diego, 

California, a French airport looking for increased sustainability, and an industrial site with heavy thermal needs in a 
congested electricity network area. 
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Embedded smart networks (no islanding) are more adapted than are microgrids (islanding) when there are 
based on a high proportion of intermittent energy production in urban areas 

In case studies of the tertiary sector, (EcoDistrict, buildings with low heat or electrified heat demand), 
renewable power source-based islanding does not seem to pay itself off2. However, the local production of 
greener and more affordable energy is also possible without introducing microgrid islanding. The grid tariff 
structure, the origin of yearly peak demand (heating or A/C) and the availability of renewable resources are 
the three significant sizing factors in the economic optimization of such networks: 

 With high grid demand charges3, abundant solar, and an A/C-linked yearly peak, a 50% share of local 
renewable energy is the economic optimum in 2020 in an EcoDistrict with local roof-mounted solar 
production and distributed batteries. Most of the savings come from the optimization of power 
demand from the grid, which can also be seen as an optimization of the main grid for the community.  

 With low grid demand charges, limited solar, and a heating-linked yearly peak, local production is used 
only when its LCOE is lower than the full grid prices. In such cases, the focus is on total energy 
consumed (MWh) rather than instantaneous power demand (MW), and the PV plant will be sized so 
that all of its production can be self-consumed. The study however highlights the potential of Vehicle-
to-Grid technologies to optimize the power demand profile of the microgrid and decrease costs. 

Microgrids can be economically profitable in the presence of a high share of dispatchable energy production 
and thermal energy demand 

For the industrial case model, microgrid capabilities (including islanding) have only been found economically 
relevant in this study for applications with a strong heat demand (or heat and cold demand), such as 
demonstrated in industrial zones. The microgrid electric network is then coupled to a heat network. The 
overall system is optimized with a high share of cogeneration (electric and thermal energy) from natural gas in 
its energy mix. Profitability varies according to the relative prices of gas versus electricity, which depend on 
the spark spread4 at the consumer level. In such cases, electricity consumption from the grid is very limited, 
and most of the grid costs come from demand charges rather than energy charges. Grid tariffs need to be 
wisely set to ensure economic fairness between the customer and the grid operator. 

Both microgrids and embedded smart networks face major regulatory obstacles today, limiting the emergence 
of promising new business models  

All embedded grids, be they microgrids or embedded smart networks, face regulatory challenges related to 
the unique status of an embedded grid positioned between the main grid operator and electricity end-users. 
The following points focus on microgrids but are also relevant for embedded smart networks. 

The value created by a microgrid must be redistributed in order to ensure an economic benefit for all 
stakeholders. Profitable business models are possible based on the different value streams stemming from 
the services performed by the microgrid. However, microgrid implementation will be significantly hindered by 
the lack of adapted regulations. 

                                                             

2
 Islanding with traditional gensets, already widespread and facing no innovation breakthrough, was not of interest 

in the study. 

3
 Demand charges are the grid fees related to the highest power demand recorded during a given billing period, 

usually the highest average 15-minute usage within a given month. 

4
 The spark spread, from the industrial consumer point of view, is the difference between the retail price of 

electricity and the price of electricity locally produced with natural gas in a gas-fired plant. 
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 Firstly, utilities cannot rely on existing international standards to ensure that the electricity produced by 
a microgrid and fed back into the main grid is compliant with the technical requirements for the power 
quality and consistency. 

 Furthermore, large European utilities have set up their business units to handle electricity production, 
transmission, distribution and retail separately. This framework prevents the development of a bundled 
microgrid offer.  

 A microgrid service package must also take into account consumerǎΩ rights. In projects with multiple 
end-users, the billing system should ensure that every consumer can choose their electricity retailer. 
Digital systems might help solve sensitive issues for multi-actor microgrids ς digital tools would provide 
simplified operation and increased transparency for billing systems, as illustrated by the introduction of 
blockchains. 

 Finally, in areas with a grid tariff structure mainly based on variable energy charges, microgrids will tend 
to decrease consumption and hence the main grid operator grid fee. Yet, the main grid operator still 
provides an insurance-like service to the customer, based on its contracted peak power, and covers the 
associated investments and operational costs. In such cases, the competent regulatory authorities 
might need to reassess the optimal tariff structure (based mostly on peak power or on energy 
consumption) to adapt it to the paradigm shift caused by microgrids. 

Regardless of whether islanding is or is not integrated into the system, end-user demand for a greener, more 
local, affordable and reliable energy, and the additional services provided to the grid are both strong drivers 
for local production and consumption. In some specific cases, relevant business models can turn into viable 
commercial projects, provided that the constraints imposed by the regulatory frameworks are adapted. 

 
Microgrids make economic sense when they supply both electricity and thermal needs from a dispatchable 
energy source. For intermittent energy source microgrids, islanding entails significant additional investments 
that should be carefully weighed against the value assigned to energy resiliency. Smart embedded networks 
do not provide the islanding function and thus provide cheaper and greener energy with local production. 
Regardless of the network type, regulatory constraints need to be addressed in order to foster the 
development of microgrids and smart embedded networks. 
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2 RÉSUMÉ EXECUTIF 
Les microgrids urbains, une solution prometteuse pour les infrastructures électriques modernes ?  

La production et la distribution ŘΩŞƭŜŎǘǊƛŎƛǘŞΣ ǇƛƭƛŜǊǎ ŘΩǳƴŜ ǎƻŎƛŞǘŞ Ŝƴ ŎǊƻƛǎǎŀƴŎŜ ǘƻǳƧƻǳǊǎ Ǉƭǳǎ ǳǊōŀƴƛǎŞŜ Ŝǘ 
dépendante de son approvisionnement énergétique, vont évoluer vers des infrastructures plus résilientes, 
plus efficaces et plus durables. La décentralisation de la production électrique au sein de zones densément 
peuplées représente une opportunité pour réussir cette transition. La production électrique locale et 
ƭΩŀǳǘƻŎƻƴǎƻƳƳŀǘƛƻƴ Řŀƴǎ ƭŜǎ ǾƛƭƭŜǎ ƴŜ ŎƻƴǎǘƛǘǳŜƴǘ ǇƻǳǊǘŀƴǘ Ǉŀǎ ǳƴŜ ƴƻǳǾŜŀǳǘŞ : les besoins en énergie des 
installations ŎǊƛǘƛǉǳŜǎ όƘƾǇƛǘŀǳȄΣ ōŀǎŜǎ ƳƛƭƛǘŀƛǊŜǎΣ ŎŜƴǘǊŜǎ ŘŜ ǊŜŎƘŜǊŎƘŜΧύ ǎƻƴǘ ŘŜǇǳƛǎ ƭƻƴƎǘŜƳǇǎ ŎƻǳǾŜǊǘǎ ǇŀǊ 
des réseaux locaux privés, capables de fournir une alimentation électrique de secours en cas de coupure du 
réseau principal. Certains de ces réseaux ont été transformés en « microgrid η ŎŀǇŀōƭŜǎ ŘŜ ǎΩƞƭƻǘŜǊ Ŝǘ ŘŜ 
ŦƻƴŎǘƛƻƴƴŜǊ Ŝƴ ŀǳǘƻƴƻƳƛŜ ǇŜƴŘŀƴǘ ǳƴŜ ŘǳǊŞŜ ƭƛƳƛǘŞŜΦ [ΩƛƴǘŞƎǊŀǘƛƻƴ ŘŜǎ ƴƻǳǾŜƭƭŜǎ ǎƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜǎ 
ǊŜƴƻǳǾŜƭŀōƭŜǎ ŘƛǎǘǊƛōǳŞŜǎ Ŝǘ ŘŜǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǎƳŀǊǘ ƎǊƛŘ Ł ŎŜǎ ƳƛŎǊƻƎǊƛŘǎ ǳǊōŀƛƴǎ ǇŜǊƳŜǘǘŜƴǘ ŘΩŜƴǾƛǎŀƎer une 
véritable transition vers des infrastructures plus résilientes, moins coûteuses et plus durables. Ce potentiel a 
ǎǳǎŎƛǘŞ ƭΩƛƴǘŞǊşǘ ŘŜǎ ŀŎǘŜǳǊǎ ŘŜ ƭŀ ŎƘŀƞƴŜ ŘŜ ǾŀƭŜǳǊ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ : producteurs, gestionnaires de réseaux, 
consommateurs finaux, autƻǊƛǘŞǎ ǇǳōƭƛǉǳŜǎΧ bŞŀƴƳƻƛƴǎΣ ƭŜǎ ŦƻƴŎǘƛƻƴƴŀƭƛǘŞǎ Ŝǘ ƭŜǎ ŀǾŀƴǘŀƎŜǎ ŘŜǎ ƳƛŎǊƻƎǊƛŘǎ 
restent encore vastes et parfois intangibles. La présente étude vise à définir ce que sont les microgrids 
ǳǊōŀƛƴǎΣ ƭŀ ǾŀƭŜǳǊ ǉǳΩƛƭǎ ǇŜǳǾŜƴǘ ŀǇǇƻǊǘŜǊ Ł ǇŀǊǘƛǊ ŘŜ ǇƭǳǎƛŜǳǊǎ Ŏŀǎ ŘΩŞǘǳŘŜ ŎƻƴŎǊŜǘǎ5, et les défis qui doivent 
être relevés pour permettre leur émergence.  

[Ŝǎ ǊŞǎǳƭǘŀǘǎ ŘŜ ŎŜǘǘŜ ŞǘǳŘŜ ƳƻƴǘǊŜƴǘ ǉǳŜ ƭŀ ŎŀǇŀŎƛǘŞ ŘΩƞƭƻǘŀƎŜΣ ǳƴŜ ŦƻƴŎǘƛƻƴƴŀƭƛǘŞ ƛƴƘŞǊŜƴǘŜ ŘŜǎ ƳƛŎǊƻƎǊƛŘǎΣ 
peut impliquer un surcoût significatif, particulièrement dans les systèmes avec une forte production 
ƛƴǘŜǊƳƛǘǘŜƴǘŜΦ 5ŀƴǎ ŎŜ ŎŀǎΣ ǳƴ ǊŞǎŜŀǳ ƭƻŎŀƭ ƛƴǘŜƭƭƛƎŜƴǘ ŀǾŜŎ ǇǊƻŘǳŎǘƛƻƴ ŘΩŞƴŜǊƎƛŜ ƭƻŎŀƭŜ Ŝǘ ǎŀƴǎ ŎŀǇŀŎƛǘŞ 
ŘΩƞƭƻǘŀƎŜ ǇŜǳǘ şǘǊŜ Ŏƻƴœǳ ǇƻǳǊ ǊŞǇƻƴŘǊŜ ŀǳȄ ōŜǎƻƛƴǎ ŘŜǎ ŎƭƛŜƴǘǎ ŦƛƴŀǳȄΣ ǇŜǊƳŜǘǘŀƴǘ ŘΩŀǘǘŜƛƴŘǊŜ ŘŜǎ ƻōƧectifs 
de pénétration des renouvelables et une réduction de coûts avec des investissements moindres. 

[Ŝǎ ŘŞŦƛǎ ǘŜŎƘƴƛǉǳŜǎ ƭƛŞǎ Ł ƭŀ ŎŀǇŀŎƛǘŞ ŘΩƞƭƻǘŀƎŜ ǇŜǳǾŜƴǘ şǘǊŜ ŘŞǇŀǎǎŞǎ Ƴŀƛǎ Ł ǳƴ ŎƻǶǘ ǇƻǘŜƴǘƛŜƭƭŜƳŜƴǘ ŞƭŜǾŞ  

Plusieurs défis doivent être relevés pour exploiter la valeur potentielle des microgrids : des technologies 
ŎƻƳǇƭŜȄŜǎ Ŝǘ ǇŀǊŦƻƛǎ ŎƻǶǘŜǳǎŜǎΣ ƭŀ ŘŞŦƛƴƛǘƛƻƴ ŘŜ ƳƻŘŝƭŜǎ ŘΩŀŦŦŀƛǊŜǎ ǇŜǊƳŜǘǘŀƴǘ ǳƴŜ ƧǳǎǘŜ ǊŜŘƛǎǘǊƛōǳǘƛƻƴ ŘŜ ƭŀ 
valeur, et un cadre réglementaire encore trop contraignant. 

En fonction de la maturité et de la complexité du microgrid, les infrastructures de production, de distribution 
Ŝǘ ŘŜ ǎǘƻŎƪŀƎŜ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ ŀƛƴǎƛ ǉǳŜ ŎŜƭƭŜǎ ƭƛŞŜǎ ŀǳ ǊŞǎŜŀǳ ƛƴǘŜƭƭƛƎŜƴǘ ǇŜǳǾŜƴǘ ǊŜǇǊŞǎŜƴǘŜǊ ŘŜǎ ŎƻǶǘǎ 
ŘΩƛƴǾŜǎǘƛǎǎŜƳŜƴǘ ŞƭŜǾŞǎΦ [ŀ ŎƻƳǇƭŜȄƛǘŞ ŘŜ ƭŀ ŦƻƴŎǘƛƻƴ ŘΩƞƭƻǘage amène des coûts additionnels qui ne doivent 
pas être négligés ; ils sont particulièrement élevés quand le microgrid est alimenté par des sources 
ŘΩŞƭŜŎǘǊƛŎƛǘŞ ǊŜƴƻǳǾŜƭŀōƭŜǎ ƛƴǘŜǊƳƛǘǘŜƴǘŜǎ Ŝǘ Ŝǎǘ ŞǉǳƛǇŞ ŘΩǳƴ ǎȅǎǘŝƳŜ ŘŜ ǎǘƻŎƪŀƎŜΦ /Ŝǎ ŎƻǶǘǎ ŘŜǾǊƻƴǘ şǘǊŜ 
eǎǘƛƳŞǎ ŀǾŜŎ ǇǊŞŎŀǳǘƛƻƴ ŀŦƛƴ ŘΩŞǾŀƭǳŜǊ ƭŜǳǊ ŀŘŞǉǳŀǘƛƻƴ ŀǾŜŎ ƭŜ ōŜǎƻƛƴ ŘŜ ǎŞŎǳǊƛǘŞ ŞƴŜǊƎŞǘƛǉǳŜ ŘŜǎ ŎƭƛŜƴǘǎ 
ŦƛƴŀǳȄΣ Ŝǘ ŘŜ ƳŜǘǘǊŜ Ŝƴ ǇƭŀŎŜ ǳƴ ƳƻŘŝƭŜ ŘΩŀŦŦŀƛǊŜ ǇŜǊǘƛƴŜƴǘ ƭŜ Ŏŀǎ ŞŎƘŞŀƴǘΦ 9ƴ 9ǳǊƻǇŜΣ ƭŜ ǊŞǎŜŀǳ ǇǊƛƴŎƛǇŀƭ 
répond largement aux exigences de fiabilité ŘŜ ƭΩŀǇǇǊƻǾƛǎƛƻƴƴŜƳŜƴǘ ŞƴŜǊƎŞǘƛǉǳŜ ; les coupures sont 
exceptionnelles et le plus souvent liées à une catastrophe naturelle ou un accident industriel. Par conséquent, 
ƭŜǎ ŎƭƛŜƴǘǎ ƴŜ ǎƻƴǘ ǎƻǳǾŜƴǘ Ǉŀǎ ǇǊşǘǎ Ł ǇŀȅŜǊ ƭŜ ǎǳǊŎƻǶǘ ŘΩƞƭƻǘŀƎŜ ƭƛŞ ŀǳȄ ƳƛŎǊƻƎǊƛŘǎ Ǉƻǳr assurer la résilience 
de leurs installations.  

                                                             

5
 Trois cas ont été étudiés : un éco-quartier caractérisé par des pics de demande liés à la climatisation à San Diego 

en Californie, un aéroport français souhaitant améliorer son empreinte carbone et un site industriel avec des 
besoins thermiques importants.   
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Les réseaux locaux intelligents (sans îlotage) sont mieux adaptés que les microgrids  dans un contexte de 
ǇǊƻŘǳŎǘƛƻƴ ŘΩŞƴŜǊƎƛŜ ƛƴǘŜǊƳƛǘǘŜƴǘŜ Ŝƴ ƳƛƭƛŜǳ ǳǊōŀƛƴ  

Les cas étudiés au sein du secteur tertiaire (éco-quartiers, bâtiments à faibles besoins en chaleur ou chauffés 
Ł ƭΩŞƭŜŎǘǊƛŎƛǘŞύ ƳƻƴǘǊŜƴǘ ǉǳŜ ƭΩƞƭƻǘŀƎŜ ŀƭƛƳŜƴǘŞ ǇŀǊ ŘŜǎ ǎƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜ ǊŜƴƻǳǾŜƭŀōƭŜǎ Ŝǎǘ ǊŀǊŜƳŜƴǘ 
économiquement viable6Φ 9ƴ ǊŜǾŀƴŎƘŜΣ ƭŀ ǇǊƻŘǳŎǘƛƻƴ ƭƻŎŀƭŜ ŘΩŞƴŜǊƎƛŜ Ǉƭǳǎ ŘǳǊŀōƭŜ Ŝǘ Ł Ƴƻƛƴdre coût ne 
ƴŞŎŜǎǎƛǘŜ Ǉŀǎ ŦƻǊŎŞƳŜƴǘ ƭΩƛƴǘǊƻŘǳŎǘƛƻƴ ŘΩǳƴŜ ŎŀǇŀŎƛǘŞ ŘΩƞƭƻǘŀƎŜΦ [ŀ ǎǘǊǳŎǘǳǊŜ Řǳ ǘŀǊƛŦ ŘΩǳǘƛƭƛǎŀǘƛƻƴ Řǳ ǊŞǎŜŀǳΣ 
ƭΩƻǊƛƎƛƴŜ Řǳ ǇƛŎ ŀƴƴǳŜƭ ŘŜ ƭŀ ŘŜƳŀƴŘŜ ŞƭŜŎǘǊƛǉǳŜ όŎƘŀǳŦŦŀƎŜ ƻǳ ŎƭƛƳŀǘƛǎŀǘƛƻƴύ Ŝǘ ƭŀ ŘƛǎǇƻƴƛōƛƭƛǘŞ ŘŜǎ ǎƻǳǊŎŜǎ 
ŘΩŞƴŜǊƎƛŜ ǊŜƴƻǳǾŜƭŀōƭŜs sont les trois facteurs clés permettant de dimensionner les réseaux locaux 
intelligents. 

¶ 5ŀƴǎ ƭŜ Ŏŀǎ ŘΩǳƴŜ ǘŀǊƛŦƛŎŀǘƛƻƴ ǊŜǇƻǎŀƴǘ ŦƻǊǘŜƳŜƴǘ ǎǳǊ ƭŀ ǇǳƛǎǎŀƴŎŜ ǎƻǳǎŎǊƛǘŜΣ ŘΩǳƴ ǇƻǘŜƴǘƛŜƭ ǎƻƭŀƛǊŜ 

ƛƳǇƻǊǘŀƴǘ Ŝǘ ŘΩǳƴ ǇƛŎ ŀƴƴǳŜƭ ƭƛŞ Ł ƭŀ ŎƭƛƳŀǘƛǎŀǘƛƻƴΣ ƭΩƻǇǘƛƳǳƳ Şconomique en 2020 est atteint avec 

рл҈ ŘΩŞƴŜǊƎƛŜ ǊŜƴƻǳǾŜƭŀōƭŜ ǇƻǳǊ ǳƴ ŞŎƻ-quartier équipé de panneaux solaires en toiture et de 

batteries. [ŀ ƳŀƧƻǊƛǘŞ ŘŜǎ ŞŎƻƴƻƳƛŜǎ ǊŞŀƭƛǎŞŜǎ ǇǊƻǾƛŜƴƴŜƴǘ ŘŜ ƭΩƻǇǘƛƳƛǎŀǘƛƻƴ ŘŜ ƭŀ ŎƻƴǎƻƳƳŀǘƛƻƴ 

ŘΩŞƭŜŎǘǊƛŎƛǘŞ ƛǎǎǳŜ Řǳ ǊŞǎŜŀǳ ǇǊincipal, ce qui peut également être considéré comme une optimisation 

du réseau principal pour la communauté. 

¶ 5ŀƴǎ ƭŜ Ŏŀǎ ŘΩǳƴŜ ǘŀǊƛŦƛŎŀǘƛƻƴ ǊŜǇƻǎŀƴǘ ŦƻǊǘŜƳŜƴǘ ǎǳǊ ƭΩŞƴŜǊƎƛŜ ǎƻǳǘƛǊŞŜΣ ŘΩǳƴ ǇƻǘŜƴǘƛŜƭ ǎƻƭŀƛǊŜ ƭƛƳƛǘŞ 

Ŝǘ ŘΩǳƴ ǇƛŎ ŀƴƴǳŜƭ ƭƛŞ ŀǳ ŎƘŀǳŦŦŀƎŜΣ ƭŀ ƎŞƴŞǊŀǘƛƻƴ ŘΩŞƭŜŎǘǊƛŎƛǘŞ ƭƻŎŀƭŜ Ŝǎǘ ŜŦŦŜŎǘǳŞŜ ƭƻǊǎǉǳŜ ǎƻƴ [/h9 

Ŝǎǘ ƛƴŦŞǊƛŜǳǊ ŀǳ ǇǊƛȄ ŘŜ ǾŜƴǘŜ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞΦ 5ŀƴǎ ŎŜ ŎŀǎΣ ƭΩƻǇǘƛƳƛǎŀǘƛƻƴ Ŝǎǘ ŜŦŦŜŎǘǳŞŜ Ł ǇŀǊǘƛǊ ŘŜ ƭŀ 

consommation en énergie totale (MWh) plutôt que sur la demande électrique instantanée (MW), et 

ƭŜǎ ǇŀƴƴŜŀǳȄ ǎƻƭŀƛǊŜǎ ǎƻƴǘ ŘƛƳŜƴǎƛƻƴƴŞǎ ŘŜ ǘŜƭƭŜ Ŧŀœƻƴ ǉǳŜ ƭΩƛƴǘŞƎǊŀƭƛǘŞ ŘŜ ƭŜǳǊ ǇǊƻŘǳŎǘƛƻƴ ǇǳƛǎǎŜ 

şǘǊŜ ŀǳǘƻŎƻƴǎƻƳƳŞŜΦ [ΩŞǘǳŘŜ ǎƻǳƭƛƎƴŜ ŎŜǇŜƴŘŀƴǘ ƭŜ ǇƻǘŜƴǘƛŜƭ ŘŜǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ±ŜƘƛŎƭŜ-to-Grid afin 

ŘΩƻǇǘƛƳƛǎŜǊ ƭŜǎ ǇǊƻŦƛƭǎ ŘŜ ŘŜƳŀƴŘŜ ŞƭŜŎǘǊƛǉǳŜ Ŝǘ ǊŞŘǳƛre les coûts du microgrid.   

[Ŝǎ ƳƛŎǊƻƎǊƛŘǎ ǇŜǳǾŜƴǘ şǘǊŜ ǾƛŀōƭŜǎ ŞŎƻƴƻƳƛǉǳŜƳŜƴǘ ǇƻǳǊ ŘŜǎ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ƛƴŘǳǎǘǊƛŜƭƭŜǎ ŘƛǎǇƻǎŀƴǘ ŘΩǳƴŜ ƭŀǊƎŜ 
ǇŀǊǘ ŘŜ ǎƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜ ƴƻƴ ƛƴǘŜǊƳƛǘǘŜƴǘŜǎ ƛƴǎǘŀƭƭŞŜǎ Ŝǘ ǳƴŜ ŦƻǊǘŜ ŘŜƳŀƴŘŜ ŘΩŞƴŜǊƎƛŜ ǘƘŜǊƳƛǉǳŜ  

[ŀ ƳƻŘŞƭƛǎŀǘƛƻƴ ŘΩǳƴ Ŏŀǎ ŘΩŞǘǳŘŜ ǇƻǳǊ ǳƴ ƛƴŘǳǎǘǊƛŜƭ ŀ ƳƻƴǘǊŞ ǉǳŜ ƭŜǎ ƳƛŎǊƻƎǊƛŘǎ ǎƻƴǘ ǊŜƴǘŀōƭŜǎ ǳƴƛǉǳŜƳŜƴǘ 
pour des installations à forte demande thermique (chaleur et froid). Le microgrid peut alors être couplé au 
réseau de chaleur. Le système énergétique est ainsi optimisé dans son ensemble, avec une forte part de 
cogénération (énergie thermique et électrique) au gaz naturel dans son mix énergétique. La rentabilité varie 
Ŝƴ ŦƻƴŎǘƛƻƴ Řǳ ŘƛŦŦŞǊŜƴǘƛŜƭ ŜƴǘǊŜ ƭŜ ǇǊƛȄ Řǳ ƎŀȊ Ŝǘ ŎŜƭǳƛ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞΣ ǉǳƛ ŘŞǇŜƴŘ Řǳ ζ spark spread » à 
ƭΩŞŎƘŜƭƭŜ Řǳ ŎƻƴǎƻƳƳŀǘŜǳǊΦ7 5ŀƴǎ ŎŜ ŎŀǎΣ ƭŀ ŎƻƴǎƻƳƳŀǘƛƻƴ ŘΩŞƭŜŎǘǊƛŎƛǘŞ Ł ǇŀǊǘƛǊ Řǳ ǊŞǎŜŀǳ ǇǊƛƴŎƛǇŀƭ Ŝǎǘ ǘǊŝǎ 
ƭƛƳƛǘŞŜΣ Ŝǘ ƭŀ ŦŀŎǘǳǊŜ ŞƭŜŎǘǊƛǉǳŜ Ŝǎǘ ƳŀƧƻǊƛǘŀƛǊŜƳŜƴǘ ƭƛŞŜ ŀǳȄ ǇƛŎǎ ŘŜ ŘŜƳŀƴŘŜΦ [Ŝǎ ǘŀǊƛŦǎ ŘΩǳǘƛƭƛǎŀǘƛƻƴ ŘŜǎ 
réseaux devraient prendre en compte ces cas de manière à garantir une juste répartition des coûts entre le 
ŎƻƴǎƻƳƳŀǘŜǳǊ Ŝǘ ƭΩƻǇŞǊŀǘŜǳǊ ŘŜ ǊŞǎŜŀǳΦ  

[Ŝǎ ƳƛŎǊƻƎǊƛŘǎ Ŝǘ ƭŜǎ ǊŞǎŜŀǳȄ ƭƻŎŀǳȄ ƛƴǘŜƭƭƛƎŜƴǘǎ Ŧƻƴǘ ǘƻǳǎ ŘŜǳȄ ŦŀŎŜ Ł ŘŜǎ ƻōǎǘŀŎƭŜǎ ǉǳƛ ƭƛƳƛǘŜƴǘ ƭΩŞƳŜǊƎŜƴŎŜ ŘŜ 
ƳƻŘŝƭŜǎ ŘΩŀŦŦŀƛǊŜǎ 

Tout réseaǳ ƭƻŎŀƭΣ ǉǳΩƛƭ ǎΩŀƎƛǎǎŜ ŘΩǳƴ ƳƛŎǊƻƎǊƛŘ ƻǳ ŘΩǳƴ ǊŞǎŜŀǳ ƭƻŎŀƭ ƛƴǘŜƭƭƛƎŜƴǘΣ Ŝǎǘ ŎƻƴŦǊƻƴǘŞ Ł ŘŜǎ ƻōǎǘŀŎƭŜǎ 
règlementaires du fait de sa position entre les opérateurs du réseau principal et les clients finaux. Les 
arguments suivants sont centrés sur les microgrids mais concernent également les réseaux locaux intelligents.  

                                                             

6
 [ΩƞƭƻǘŀƎŜ ōŀǎŞ ǎǳǊ ƭŜǎ ƎŞƴŞǊŀǘŜǳǊǎ ŘƛŜǎŜƭ ǘǊŀŘƛǘƛƻƴƴŜƭǎΣ ǳƴ ǎȅǎǘŝƳŜ ŘŞƧŁ ŘŞǾŜƭƻǇǇŞ Ŝǘ ǎŀƴǎ ƛƴƴƻǾŀǘƛƻƴ ŘŜ ǊǳǇǘǳǊŜΣ 
ƴŜ Ŧŀƛǘ Ǉŀǎ ƭΩƻōƧŜǘ ŘŜ ŎŜǘǘŜ ŞǘǳŘŜΦ  

7
 Le « spark spread », du point de vue du consommateur industriel, est la différence entre le prix de vente de 
ƭΩŞƭŜŎǘǊƛŎƛǘŞ Ŝǘ ƭŜ ǇǊƛȄ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ ǇǊƻŘǳƛǘŜ ƭƻŎŀƭŜƳŜƴǘ Ł ǇŀǊǘƛǊ ŘΩǳƴŜ ŎŜƴǘǊŀƭŜ Ł ƎŀȊ 
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[ŀ ǾŀƭŜǳǊ ŀƧƻǳǘŞŜ ŘŜǎ ƳƛŎǊƻƎǊƛŘǎ Řƻƛǘ şǘǊŜ ǊŜŘƛǎǘǊƛōǳŞŜ ŘŜ ƳŀƴƛŝǊŜ ŞǉǳƛǘŀōƭŜ ŀŦƛƴ ŘΩŀǎǎǳǊŜǊ ǳƴŜ ŀǘǘǊŀŎǘƛǾƛǘŞ 
pour toutes les parties prenantes. Les sources de valeur créées par les microgrids sont nombreuses et 
permettent ainsi ŘŜ ƴƻƳōǊŜǳȄ ƳƻŘŝƭŜǎ ŘΩŀŦŦŀƛǊŜǎΦ Néanmoins, les lacunes réglementaires limitent 
ŀǳƧƻǳǊŘΩƘǳƛ ƭŜǳǊ ŘŞǾŜƭƻǇǇŜƳŜƴǘΦ  

¶ 9ƴ ǇǊŜƳƛŜǊ ƭƛŜǳΣ ƛƭ ƴΩŜȄƛǎǘŜ Ǉŀǎ ŘŜ ǎǘŀƴŘŀǊŘǎ ƛƴǘŜǊƴŀǘƛƻƴŀǳȄ ǇŜǊƳŜǘǘŀƴǘ ŘŜ ǾŞǊƛŦƛŜǊ ǉǳŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ 

injectée dans le réseau par les microgrids répond aux exigences de qualité requises.  

¶ [ŀ ǊŞƎƭŜƳŜƴǘŀǘƛƻƴ ŜǳǊƻǇŞŜƴƴŜ ƛƳǇƻǎŜ ŀǳƧƻǳǊŘΩƘǳƛ ƭŀ ŘƛǎǎƻŎƛŀǘƛƻƴ ŘŜǎ ŀŎǘƛǾƛǘŞǎ Υ ǇǊƻŘǳŎǘƛƻƴΣ 

transmission, distribution et fourniture. Cette dissociation constitue un frein pour le 

ŘŞǾŜƭƻǇǇŜƳŜƴǘ ŘΩƻŦŦǊŜǎ ǘƻǳǘ-en-un de microgrids.   

¶ [ΩƻŦŦǊŜ ŘŜ ƳƛŎǊƻƎǊƛŘǎ Řƻƛǘ ŞƎŀƭŜƳŜƴǘ ǊŜǎǇŜŎǘŜǊ ƭŜǎ ŘǊƻƛǘǎ ŘŜǎ ŎƻƴǎƻƳƳŀǘŜǳǊǎΦ 5ŀƴǎ ƭŜǎ ǇǊƻƧŜǘǎ ŘŜ 

microgrids impliquant des clients multiples, ces derniers doivent pouvoir garder leur droit de libre 

choƛȄ Řǳ ŦƻǳǊƴƛǎǎŜǳǊ ŘΩŞƭŜŎǘǊƛŎƛǘŞΦ bŞŀƴƳƻƛƴǎΣ ŘŜǎ ƻǳǘƛƭǎ ŘƛƎƛǘŀǳȄΣ Řǳ ǘȅǇŜ ōƭƻŎƪŀŎƘŀƛƴ ǇŀǊ ŜȄŜƳǇƭŜΣ 

peuvent apporter des solutions en simplifiant et améliorant la performance du système de 

facturation.  

¶ CƛƴŀƭŜƳŜƴǘΣ Řŀƴǎ ƭŜǎ ȊƻƴŜǎ ƻǴ ƭŜ ǘŀǊƛŦ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ est essentiellement basé sur la consommation 

ŘΩŞƴŜǊƎƛŜΣ ƭŜǎ ƳƛŎǊƻƎǊƛŘǎ ƻƴǘ ǘŜƴŘŀƴŎŜ Ł ŘƛƳƛƴǳŜǊ ŎŜǘǘŜ ŎƻƴǎƻƳƳŀǘƛƻƴ Ŝǘ ǇŀǊ ŎƻƴǎŞǉǳŜƴǘ ŘƛƳƛƴǳŜǊ 

ƭŜǎ ǊŜǾŜƴǳǎ ŘŜ ƭΩƻǇŞǊŀǘŜǳǊ ŘŜ ǊŞǎŜŀǳΦ [ΩƻǇŞǊŀǘŜǳǊ Řƻƛǘ ŎŜǇŜƴŘŀƴǘ ǘƻǳƧƻǳǊǎ şǘǊŜ Ŝƴ ƳŜǎǳǊŜ ŘŜ 

fournir aux consomateuǊǎ ǳƴ ǎŜǊǾƛŎŜ ŘΩŀǎǎǳǊŀƴŎŜ Ł ƘŀǳǘŜǳǊ ŘŜ ƭŀ ŎŀǇŀŎƛǘŞ ŘŜ ǇƛŎ ǎƻǳǎŎǊƛǘŜΣ Ƴŀƛǎ Ŝƴ 

couvrant lui-même les investissements et coûts opérationnels. Les autorités compétentes devront 

probablement procéder à une révision de la structure du tarif (principalement basé sur le pic de 

ŘŜƳŀƴŘŜ ƻǳ ǎǳǊ ƭŀ ŎƻƴǎƻƳƳŀǘƛƻƴ Ŝƴ ŞƴŜǊƎƛŜύ ǇƻǳǊ ǎΩŀŘŀǇǘŜǊ Ł ŎŜ ŎƘŀƴƎŜƳŜƴǘ ŘŜ ǇŀǊŀŘƛƎƳŜΦ  

vǳΩǳƴŜ ŎŀǇŀŎƛǘŞ ŘΩƞƭƻǘŀƎŜ ǎƻƛǘ ƛƴǘŞƎǊŞŜ ƻǳ ƴƻƴ Řŀƴǎ ƭŜ ǎȅǎǘŝƳŜΣ ƭŀ ǾƻƭƻƴǘŞ ŘŜǎ ǳǘƛƭƛǎŀǘŜǳǊǎ ŘΩǳƴŜ ŞƴŜǊƎƛŜ Ǉƭǳǎ 
verte, plus locale et plus abordable ainsi que les services additionnels fournis au réseau sont des incitations 
ŦƻǊǘŜǎ Ł ƭŀ ǇǊƻŘǳŎǘƛƻƴ ŘŞŎŜƴǘǊŀƭƛǎŞŜ Ŝǘ Ł ƭΩŀǳǘƻŎƻƴǎƻƳƳŀǘƛƻƴΦ 5ŀƴǎ ŎŜǊǘŀƛƴǎ Ŏŀǎ ǎǇŞŎƛŦƛǉǳŜǎΣ ŘŜǎ ƳƻŘŝƭŜǎ 
ŘΩŀŦŦŀƛǊŜǎ ŀǇǇǊƻǇǊƛŞǎ ǇŜǳǾŜƴǘ ǎŜ ǘǊŀƴǎŦƻǊƳŜǊ Ŝƴ ǇǊƻƧŜǘǎ ŎƻƳƳŜǊŎƛŀǳȄ ǾƛŀōƭŜǎΣ Ł Ŏƻndition que les cadres 
réglementaires soient suffisament adaptés.  

9ƴ ŎƻƴŎƭǳǎƛƻƴΣ ƭŜǎ ƳƛŎǊƻƎǊƛŘǎ ǇŜǳǾŜƴǘ şǘǊŜ ŞŎƻƴƻƳƛǉǳŜƳŜƴǘ ǾƛŀōƭŜǎ ƭƻǊǎǉǳΩƛƭǎ ŦƻǳǊƴƛǎǎŜƴǘ Ł ƭŀ Ŧƻƛǎ ŘŜǎ ōŜǎƻƛƴǎ 
en ŞƭŜŎǘǊƛŎƛǘŞ Ŝǘ Ŝƴ ŎƘŀƭŜǳǊ ƻǳ ŦǊƻƛŘΣ Ŝǘ ǎƻƴǘ ŀƭƛƳŜƴǘŞǎ ǇŀǊ ŘŜǎ ǎƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜ ƴƻƴ ƛƴǘŜǊƳƛǘǘŜƴǘŜǎ. Les 
ƳƛŎǊƻƎǊƛŘǎ ōŀǎŞǎ ǎǳǊ ŘŜǎ ǎƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜ ƛƴǘŜǊƳƛǘǘŜƴǘŜǎ ƻƴǘ ǳƴ coût bien plus élevé, qui doit être 
correctement évalué face à la valeur ajoutée créée ǇŀǊ ƭŀ ŎŀǇŀŎƛǘŞ ŘΩƞƭƻǘŀƎŜΦ Les réseaux locaux intelligents ne 
ǎƻƴǘ Ǉŀǎ Ŝƴ ƳŜǎǳǊŜ ŘŜ ŦƻǳǊƴƛǊ ŎŜǘǘŜ ŎŀǇŀŎƛǘŞ ŘΩƞƭƻǘŀƎŜ Ƴŀƛǎ ǇŜǊƳŜǘǘŜƴǘ  ŘΩŀǾƻƛǊ ǳƴŜ ŞƴŜǊƎƛŜ ǇǊƻŘǳƛǘŜ 
localement à moindre coût. Quelque soit le modèle, microgrid ou réseau ocal intelligent, les contraintes 
réglementaires doivent être levées afin de favoriser le développement des microgrids et des réseaux locaux 
intelligents.   
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3 OBJECTIVES AND CONTENTS 
The centralized electric power system, predominant in most countries, is evolving towards an allegedly more 
efficient and more flexible decentralized layout, able to integrate distributed renewable sources. Microgrids 
may have a privileged place in the design of such electrical networks and have received significant attention 
from potential stakeholders in its value chain, from assets providers and electricity producers to end-users.  

In remote areas, microgrids may be the only sources of access to electricity given the lack of electricity 
network coverage. Conversely, end-users in an urban environment ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ŎƛǘȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 
network but may choose to rely on a microgrid system to meet their energy needs.  

The present study focuses on microgrids in an urban environment in developed countries. It was carried out 
for a consortium of six partners: Groupe Caisse des Dépôts, ENEDIS, Fondation Tuck, Groupe ADP, OMEXOM 
and TOTAL. The objectives of the study were to identify urban microgrid concepts, drivers and barriers 
through a detailed overview of existing projects, to perform case study simulations and to analyze the main 
challenges for the further development of microgrids. 

The study aims at sharing an unbiased analysis of microgrids and their potential. It does not seek to promote 
microgrids but to highlight their main added value for current electrical systems and their present limitations. 
The study steering committee, comprising companies with different backgrounds and interests, fully 
respected this goal of objectivity. 

This report is structured as follows: 

 A thorough overview of urban microgrid projects, with a detailed focus on six cases 
 Results and analyses of three different microgrid case studies modeled with HOMER Energy software 
 Analysis of the challenges related to business models, regulation, technologies and costs that should be 

addressed in order to promote the development of microgrids 
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4 OVERVIEW OF URBAN MICROGRIDS   

4.1 Global overview of urban microgrids 

4.1.1 Definition 

4.1.1.1 Microgrid concept 

In the present study, the microgrid is considered as a microcosm of the broader energy network, which 
includes all the necessary components to operate in islanded mode. It has three main components: 
generation, loads and controls within a delimited and controlled network [1, 2, 3]. The key characteristic of a 
microgrid is its ability to island, which is not present in other projects improperly called άƳƛŎǊƻƎǊƛŘǎέΦ !ƴ 
actual microgrid is connected to the grid and may island only for a limited time, for an emergency reason, 
with no degradation8 of the service. This unique feature requires the implementation of smart grid tools to 
optimize energy flows, which is crucial to the project economics and to the technical operation of the islanded 
microgrid. 

4.1.1.2 Scope of the present study 

The present study takes into account relevant urban microgrids in the preliminary overview. For the case 
studies and complementary analyses, the focus is on microgrids that: 

 Are in an urban environment: this includes microgrids in a semi-urban environment, such as in an 
industrial facility close to a city, and excludes microgrids in remote locations where they are the only 
way to access a reliable source of electricity. 

 Are in developed countries: this excludes urban microgrids in developing countries that belong to a very 
different context, where several power outages can occur on the main grid on a daily basis.  

 Can operate in nominal mode even during islanding: this excludes microgrids with back-up power units 
that are brought onto the network to power critical loads, or microgrids with significant load shedding 
during emergency islanding to power only limited critical loads. 

The present study is limited to electrical microgrid networks, especially for the business model and regulation 
analyses. The electricity vector is the focal point of the study, even though thermal storage and other 
networks can be coupled and integrated into the system optimization. 

4.1.1.3 aƛŎǊƻƎǊƛŘ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ άƎǊƛŘ ŎƭǳǎǘŜǊƛƴƎέ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ 

The main grid operators and electricity suppliers traditionally offer their services on a single-customer basis. 
Alternatives that aim at creating value through the clustering of electricity consumers and/or producers have 
been flourishing over the last decade (see Figure 1). There are several levels of complexity in these different 
forms of clustering: the more independent a system is with respect to the main grid, the more complex it is. 
The microgrid system is the most advanced example of an independent cluster, as it can completely island 
from the main grid. 

                                                             

8
 Or limited degradation of service 
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Figure 1 ς Classification of electricity consumer and/or producer clustering strategies 

The distinction between the different forms of clustering is crucial because they do not imply the same 
features or the same cost: 

 Embedded network: an electricity retailer groups the electricity consumption of several customers 
located in the same premises in order to contract a larger and more profitable subscription to the grid. 
The embedded network manager ensures proper operation and handles the maintenance of the 
private network. 

 Virtual power plant: several electricity production plants are located at different grid nodes. They are 
virtually grouped together through the existing distribution network to sell their energy and capacity to 
the grid in order to supply more stable and reliable power to the main grid. 

 Prosumer clustering: several electricity consumers with production units and demand response 
capacity gathered under the supervision of an aggregator that optimizes consumption for every 
contractor based on electricity market price and grid services remuneration.  

 Local prosumer clustering: prosumers clustering in the same premises (Medium Voltage (MV) or Low 
Voltage (LV) branch of the existing distribution network).  

 Smart embedded network: management of distributed electricity production in an embedded network. 
The embedded network manager is still responsible for electricity supply and asset maintenance in his 
delimited electricity infrastructure. He is also in charge of load and generation optimization ǿƛǘƘ άǎƳŀǊǘ 
ƎǊƛŘέ9 technologies in order to regulate grid characteristics (voltage and frequency), so as to improve 
overall network efficiency. An embedded smart network has the same functionalities as does a 
microgrid, except for islanding. 

                                                             

9
 The term άǎƳŀǊǘ ƎǊƛŘέ Ŏŀƴ ŀƭǎƻ ǊŜŦŜǊ ǘƻ ǘƘŜ Ŧǳƭƭ ǊŀƴƎŜ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŀƴŘ ŎƻƳǇǳǘŜǊ-based technologies that 

provide tools to monitor, control and optimize electricity supply and demand. In the present report, the term 
άǎƳŀǊǘ ƎǊƛŘέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǇƻǊǘƛƻƴ ƻŦ ŀ ƎǊƛŘ ǿƛǘƘ ƭƻŀŘǎ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴΣ ƻǇǘƛƳƛǎŜŘ ǿƛǘƘ άǎƳŀǊǘ ƎǊƛŘέ 
technologies. 
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 Microgrid: it is a smart embedded network that can operate in islanded mode, which generates 
additional technical challenges. The network must be controlled without the reference input of the 
main grid and be able to detect fault signals from main grid in order to island in time. After islanding, 
load and generation must almost immediately be balanced and be kept balanced at all times. 

The distinction between smart embedded networks and microgrids may be difficult to appreciate, and smart 
embedded networks are often called microgrids because they are small, include private local assets and 
integrate renewable sources. In the present study, the key feature that differentiates a microgrid from a 
smart embedded network is islanding capability. The report reviews the challenges related to the 
development of small, private smart embedded networks. It focuses on the potential added value to be 
derived from upgrading these networks into actual microgrids with the possibility to island. 

4.1.2 Components 

The components that might be present in a microgrid are represented in Figure 2: 

 Generation: dispatchable or intermittent generation. 
 Loads: critical loads have to be served under all conditions; deferrable loads can be adjusted for 

microgrid load balancing or for economic reasons. 
 Storage: from batteries (centralized, decentralized, electric vehicles...) and/or thermal storage10. 
 Controller: in charge of the instantaneous operation of the system. It translates the energy 

requirements of the microgrid and the EMS arbitrage into sequences of operation to the microgrid 
assets. 

 EMS (Energy Management System): software for generation and load dispatching based on economic 
and reliability criteria. Coupled with the relevant instrumentation (meters, communication tools...), the 
EMS ensures the smart management of the microgrid. 

 PCC (Point of Common Coupling): the transformer that represents the physical separation between 
main grid and microgrid. 

 

Figure 2 - General representation of a grid-connected microgrid11 

The PCC, the control system and the Energy Management System are common to all microgrids. They can be 
merged into one component and are more or less complex depending on the type of microgrid. Load, 

                                                             

10
 Storage is not essential if the microgrid includes a reliable generation unit, such as a gas engine. 

11
 Example of loads, generation sources and storage assets are not exhaustive. 
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generation and storage types are highly dependent on the type of microgrid designed and the underlying 
motivations of the project. 

4.1.3 Drivers 

Based on the information stemming from the interviews with microgrid stakeholders and the projects 
reviewed in §Erreur ! Source du renvoi introuvable., urban microgrids are developed in an urban environment 
for three main reasons (see Figure 3): 

 Energy security: a microgrid ensures energy autonomy off the main grid for a limited amount of time, in 
case of grid outage. 

 Cost savings: local generation and storage, coupled with customer pooling can reduce the energy bills 
of end users or a consortium of electricity consumers. 

 Sustainability: with on-site production, the microgrid stakeholders can control the level of renewable 
penetration they want to integrate into local consumption. 

 

Figure 3 - Drivers of an urban microgrid 

A microgrid project can address all or some of these three drivers simultaneously, with different levels of 
requirements for each. Based on the distinction between smart embedded networks and microgrids 
established in §4.1.1.3, a smart embedded network can meet with sustainability and cost savings goals, but a 
microgrid is the only system that can ensure energy security. A smart embedded network, even with on-site 
storage, would not be able to operate independently from the main grid if it was not designed to do so. The 
upgrading of a smart embedded network to a microgrid is driven by energy autonomy requirements. The 
motivations behind microgrid implementation differ depending on the types of stakeholders involved in the 
project: residential customers, distribution system operator (DSO), third-party company, facilities with critical 
loads, etc.  

4.1.4 Review of existing microgrids 

There are over seventy projects identified in the world as fully operational microgrids implemented in an 
urban area and able to island. They are of all sizes and the largest ones exceed 1 MW of installed capacity. 
Projects were first developed in the US and in Japan. Those developed in Japan mainly aimed at improving 
network quality for critical loads and achieving energy security, after the 2011 earthquake and tsunami. The 
US went down the same path, driven by economics and the need for resiliency, especially after the 
confrontation with terrorist threats and natural disasters, such as hurricanes Sandy (2012) and Katrina (2005). 
New projects are implemented every year, and the US now has the largest and most dynamic market with 
124 projects and 1100 MW [4] installed capacity in 2016. The European projects reviewed are smaller than 1 
MW and still in the pilot phase as microgrids have not yet met any actual commercial demand in Europe. 

ENERGY SECURITY

SUSTAINABILITYCOST SAVINGS
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Based on this review, we decided to focus on the five projects represented on Figure 4. 

 

Figure 4 ς Location of urban microgrid projects selected for the overview 

The projects represented in Figure 4 have been in operation for over a year and they are located in both the 
US and Japan, the regions with the most mature market. They serve an important local load (over 950 kW) 
and cover different drivers, actors and business models. Project stakeholders were available for interviews: in 
total, 9 interviews were conducted for the detailed review of the selected projects. The characteristics of the 
projects are listed in Table 1. 

Microgrid Location Capacity Stakeholders Comments 

Santa Rita Jail California, U.S. PV ς 1.5 MW 
Fuel cell ς 1.2 MW 
Battery ς 2 MW 

Public owner: 
Alameda county 

Pioneer in the 
microgrid sector with 
innovative technology 

Stafford Hill Vermont, U.S. PV ς 2 MW 
Battery ς 4 MW 

Private owner: 
Green Mountain 
Power, the local 
utility 

Utility-owned microgrid 
aiming at both 
sustainability and cost 
savings 

Manhattan Beer 
Distributor 

New York, U.S. Gas CHP ς 3.6 MW Private owner: 
Manhattan Beer 
Distributor 

Off-grid site due to 
congested network in 
downtown Manhattan  

Princeton 
University 

New Jersey, 
U.S. 

Gas CHP ς 15 MW 
PV ς 4.5 MW 

Private owner: 
Princeton 
University 

High level of grid 
interaction (grid 
services, arbitrage) 

Sendai Japan Gas CHP ς 0.7 MW 
Fuel cell ς 0.25 MW 
PV ς 0.05 MW 

Private owner: NTT 
facilities, a telecom 
operator 

Experimentation 
facilities, with no 
associated business 
model 

Table 1 ς Description of selected urban microgrid projects 

 

Hawaii

Santa Rita Jail Stafford Hill SolarFarm

Manhattan BeerDistributor

Princeton

Sendai

Costsavings

Energysecurity

Sustainability

Country with other
mature microgrid 
projects

No mature microgrid 
projectsspotted

Source: EneaConsulting analysis
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5 TAKEAWAYS FROM 3 URBAN MICROGRIDS 

CASE STUDIES  
This section presents three different case studies modeled with HOMER software. The case studies are 
simplified representations of complex microgrids. They aim at identifying the key success factors for 
microgrids and the conditions that make them profitable. The models do not take into account technical 
issues, regulations and business models: these challenges are thoroughly studied in the complementary 
analyses in §5.4. 

The three cases under consideration are: 

 An EcoDistrict in California looking for cost savings and increased sustainability through clustering of 
individuals 

 An electric airport in France willing to increase renewable penetration through local production and a 
fleet of electric vehicles 

 An industrial site with thermal loads located in a congested network zone in France 

The software used is HOMERς Hybrid Renewable and Distributed Generation System ς that is licensed and 
maintained by HOMER Energy. It was originally created by the National Renewable Energy Laboratory and is 
targeted at microgrid economic simulation. 

5.1 Method 

HOMER optimizes a microgrid design based on the desired components and a set of inputs and constraints: 

 The software optimizes the size of the components that were integrated in the model beforehand. 
 The model needs detailed yearly input such as load profiles, irradiance data and main grid energy and 

power prices. 
 Optimization results are framed by constraints on renewable penetration or the duration of islanding. 

The different microgrid designs built by the HOMER software are compared on the basis of two metrics: 

 The Net Present Cost (NPC) of the microgrid12: the sum of the present value of all costs over the period 
of interest, including residual values as negative costs. The levelized cost of energy (LCOE) is the ratio of 
the NPC over the discounted flow of energy supplied to the microgrid. A weighted average cost of 
capital (WACC) of 5.8813% was assumed. Costs were separated into initial CAPEX, replacement CAPEX 
for batteries only and maintenance costs. 

ὔὖὅ 
ὅέίὸίὍὲὧέάὩ Ὥὲ ώὩὥὶ Ὥ

ρ ὡὃὅὅ
 

                                                             

12
 LCOE is also included in the HOMER outputs and can be used as an economic metric. However, the LCOE 

calculated in HOMER amortizes the NPC over the total amount of energy produced, even when sold back to the 
grid. Furthermore, the deferrable load and the cost of gas consumed by the boiler are not taken into account into 
the calculation. Therefore, the LCOE is calculated independently from HOMER in order to have an economic metric 
relevant to the microgrid manager. In the present study, the NPC is amortized over the total amount of energy 
consumed by the microgrid. 

13
 Calculated based on 8% discount rate and 2% inflation rate. 
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ὒὅὕὉ  
ὔὖὅ

В
ὉὲὩὶὫώ ὧέὲίόάὩὨ Ὥὲ ώὩὥὶ Ὥ

ρ ὡὃὅὅ

 

 The renewable electricity penetration (%RE), equivalent to the ratio of renewable energy locally 
produced and self-consumed over total energy consumed. The metric calculated by HOMER assumes 
that electricity from the grid is not renewable and that on-site fossil generation is meant for microgrid 
consumption and is not sold back to the grid. The renewable electricity penetration only takes into 
account renewable energy consumed by the microgrid, and does not integrate surplus renewable 
energy produced on-site and fed back into the grid. 

ϷὙὉ  ρ  
ὔέὲὶὩὲὩύὥὦὰὩ ὩὲὩὶὫώ ὴὶέὨόὧὸὭέὲ 

ὉὲὩὶὫώ ὧέὲίόάὩὨ ὦώ άὭὧὶέὫὶὭὨ
 

5.2 EcoDistrict case 

This case has been designed to highlight the dynamics behind the potential energy autonomy of EcoDistricts. 
The aim of this case study is to understand the economics behind the different situations (embedded 
network, smart embedded network and microgrid) and thus to anticipate the potential evolution of the 
electricity distribution market. A 300-household Californian EcoDistrict built in 2020 was used to illustrate 
the case, based on a 2015 grid and market prices and 2020 forecast technology prices. 

Electricity pooling (in an embedded network without local production) at the EcoDistrict scale can already 
trigger significant cost savings of about $90/MWh (from $290 to roughly $200/MWh) for a residential 
customer. Furthermore, full cost efficiency is reached by targeting a decrease in peak consumption during 
peak summer periods. This is possible with a mix of a small solar capacity (up to one third of non-deferrable 
load) coupled with a small-scale battery. Even when the additional costs of private network investment and 
smart grid equipment are taken into account, this solution is 2% less expensive than grid-only pooling. Local 
RE share is then 9% of consumption. 

Based on these analyses, a renewable islanding capacity in an urban EcoDistrict connected to the main grid 
generates a very high cost premium for the service delivered. However, a significant increase of RE share can 
be reached with limited additional costs, reaching up to 50% of the network consumption for an LCOE of 
$200/MWh (same as for pooling). 

This case highlights very interesting dynamics: 

 In this case, value for the EcoDistrict comes mainly from decreased peak load rather than energy self-
consumption. Limited additional value could be harnessed through grid services ς if battery storage is 
available and a relevant grid service program is implemented. 

 An embedded smart network with optimized self-consumption can provide high value for the 
consumers (cost decrease and increased share of renewable energy consumption). 

 When applied to a greenfield case, community network investment could also be optimized through 
smart peak shaving. 

This case has been designed to highlight the dynamics behind the potential energy autonomy of EcoDistricts. 
This is a case of primary interest for most actors as it involves prosumers (consumers with significant 
production on their roof), potential independent microgrid managers (new entrant in the market), DSO (who 
could see potential value transferred to other stakeholders). The aim of this case study is to understand the 
economics behind the different situations (embedded network, smart embedded network, microgrid) and 
thus anticipate the potential evolution of the electricity distribution market. The study will not investigate the 
regulatory and business model challenges associated with such a case, but investigate what would be the 
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most relevant cost savings options for the inhabitants of the EcoDistrict, and to what extent sustainability 
goals can be integrated into the cost reduction strategy. 

5.2.1 Case presentation 

The case study focuses on an all-electric14 EcoDistrict composed of residential and small businesses 
customers15. The region is also impacted by high afternoon peak loads due to air conditioning in summer 
time. The EcoDistrict has a private distribution network with a single connection with the main grid and can 
buy power from the grid on an individual or on a collective basis, as well as produce its own electricity with PV 
rooftops and batteries16. 

5.2.2 From grid-only to microgrid 

5.2.2.1 Embedded network case 

The first step towards a microgrid in residential areas today is an embedded network (see definition §4.1.1.3). 
Figure 5 shows the comparison of the Levelized Cost of Energy results for a single residential customer, a 
single small business customer, and an EcoDistrict with 300 residential customers, 30 small business 
customers, and a deferrable load that represent 25% of total load. The EcoDistrictΩǎ annual peak power 
demand after pooling is 1.1 MW. 

 

Figure 5 ς Embedded network case results 

Electricity pooling (in an embedded network) at the EcoDistrict scale can already trigger significant cost 
savings, of about $90/MWh (from $290 to roughly $200/MWh) for a residential customer. As a large 

                                                             

14
 Thermal load (air-conditioning or heating) is ensured by electrical appliances. 

15
 For the study, this EcoDistrict was located in San Diego, California. Load profile and tariffs are based on 2015 

archives data from local Californian utility SDG&E [59] [60]. Global horizontal irradiance data [64, 65] is based on 
data consolidated over several years. Price forecasts for PV and batteries take into account potential decreases in 
the cost of technology (modules or cells), Balance of System, and soft costs in 2020 (Enea Consulting analysis based 
on [70, 71, 39, 38]).  

16
 Grid services delivered by the EcoDistrict to the main grid were not considered in the case study. Indeed, a smart 

grid with controlled local generation and storage could enter into a demand respond scheme or provide ancillary 
services to obtain minor additional income. However, this value stream is limited and would not have a significant 
impact on the trends illustrated by the EcoDistrict case. 

Residentialcustomer Small business customer

$287/MWh $229/MWh

Not included: franchise feesand taxes

Ecodistrictpooling

$199/MWh

Not included: franchise feesand taxes
Included: $20/MWh for privatenetwork

Not included: franchise feesand taxes
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customer, parts of the EcoDistrict bills are related to power charges. With a large deferrable load, the 
EcoDistrict is able to adjust its load profile to decrease the power part of the electricity bill. 

5.2.2.2 Potential smart embedded networks 

Going further with the case, three smart embedded networks (including local electricity production) driven by 
three different objectives are considered, as illustrated in Figure 6. 

 

Figure 6 ς Optimization results for cost savings, sustainability and energy security drivers 

 Cost efficiency is reached by targeting an additional decrease in peak consumption during peak summer 
periods. This is possible with a mix of a small solar capacity (up to one third of non-deferrable load) 
coupled with a small-scale battery. Even with the additional costs associated with private network 
investment and smart grid equipment, this solution is 2% less expensive than grid-only pooling. These 
results do not take into account potential revenues from the battery pooled to provide demand 
response or ancillary services.  

 Sustainability (RE Share) is limited by the economics. The maximum renewable penetration that can be 
reached without exceeding grid-only pooling LCOE is 49%. A 1500 kWp solar array is installed that is 
equal to primary peak demand and a larger battery (500 kWh) is installed on the network. Peak shaving 
is more frequent and the grid subscription contract can be decreased to 650 kW. The reduction in grid 
charges balances out the initial investment in the solar system. Income from battery operation could be 
slightly increased through grid services. 

 If the main reason for the microgrid is energy security, then an additional back-up battery should be 
added to the optimum cost savings case. Costs associated with the implementation of the 12-hour 
islanding feature are very high, 68% more expensive than the embedded network base case. Back-up 
batteries cannot be used for arbitrage or any additional services. The high cost of islanding is only worth 
considering if end-users have strict requirements on energy security levels. 

Based on these analyses, a renewable islanding capability in an urban EcoDistrict connected to the main grid 
generates a very high cost premium compared to the value of the resiliency service offered. Most 
households or other small electricity consumers without highly critical loads that experience very few 

SUSTAINABILITYCOST SAVINGS

$196/kWh
9% RE

No islanding

ENERGY SECURITY

$335/MWh
9% RE

12 hoursislandingin 
peaksummerday

$199/MWh
49% RE

No islanding

800 kW demand

250 kW installed

100 kWh installed

650 kW demand

1 500 kW installed

500 kWh installed

800 kW demand

250 kW installed

100 kWh & 9.25 
MWh installed

Included: $27/MWh for private
network and smart gridequipment

Included: $51/MWh for privatenetwork, smart grid
and islandingequipment

Included: $27/MWh for private
network and smart gridequipment
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occurrences of main grid outages, are unlikely to pay this premium. Further modelling explains possible cost 
savings and sustainability drivers, without addressing energy security.  

5.2.3 Renewable and storage to decrease the grid demand charge  

Existing constraints on grid subscriptions highlight the potential cost savings that could be achieved with 
peak-shaving. Investment in local generation and storage would allow the EcoDistrict to reduce its power 
subscription to the grid. Eventually cost savings would balance out the investment, and additional benefits 
could be derived from on-site PV and batteries, such as increased renewable penetration or potential income 
from grid services. 

Figure 7 illustrates the stability of LCOE down to a 600 kW grid subscription. LCOE varies only by a few percent 
while on-site generation and renewable penetration increase significantly. If demand-response and ancillary 
services schemes are included into the microgrid financial balance, income rises by 10% [5] and the LCOE 
stays equal to the embedded network LCOE case as long as grid subscription is above 600 kW. With a grid 
subscription lower than 600 kW, LCOE dramatically increases as renewable generation has to cover a larger 
share of the base load (see Figure 8). Investment in local generation means no longer balances out grid 
subscription cost savings. 

 

Figure 7 ς Results of sensitivity analysis on maximum power delivered by the grid 




























































