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Summary  

There is an increased focus on electric distribution grids caused by the energy transition, leading to 
electrification of mobility and heating and the massive upscaling of decentralized renewable electricity 
generation. Smart grid1 technologies and applications make the distribution grids more transparent and 
active. Microgrids2 are brought up in this regard as as a means to improve key performance metrics of 
distribution grids such as their reliability, efficiency, cost, and local participatory concepts.  

While much of the existing research on the viability of microgrids approach the problem generically, the 
costs and benefits of microgrids depend on the local energy system with a special importance on the 
characteristics of the electric power grids. Because these factors differ substantially by country, an 
analysis of the suitability of microgrids for Switzerland is presented in this report.  

Clarifying the role of microgrids in the Swiss energy system is of importance due to the high costs 
involved in grid development, the need for long-term planning and investment, and the fact that power 
grids are a key factor in the energy transition. This study compares preconditions and benefits of 
microgrids, as known from literature and existing projects, against the realities within the Swiss energy 
system. 

The analysis has revealed that, aside from niche applications, the utility of microgrids within the Swiss 
energy system is currently limited. This is primarily because many of the general advantages of 
microgrids are not realized due to the strong performance and high coverage of the existing Swiss power 
grid. Furthermore, there are benefits that can be achieved through well-developed smart grids with a 
better cost-benefit ratio, especially the local, temporal balancing of consumption and production. 

The results show that the practical application of microgrids heavily depends on local conditions, 
suggesting that Switzerland would benefit more from a consistent expansion of smart grids. Amongst 
other advantages, smart grids would also provide a useful foundation should the conditions in the future 
change in such a way that the implementation of microgrids becomes desirable. 

  

 
1 Definition by International Electrotechnical Commission (IEC, 2011): “Smart grid, electric power system that utilizes information exchange and 

control technologies, distributed computing and associated sensors and actuators, for purposes such as:  
- to integrate the behaviour and actions of the network users and other stakeholders, 
- to efficiently deliver sustainable, economic and secure electricity supplies”  

2 Definition by International Electrotechnical Commission (IEC, 2017): “Microgrid, <in an electric power system>: group of interconnected loads and 
distributed energy resources with defined electrical boundaries forming a local electric power system at distribution voltage levels, that acts as a 
single controllable entity and is able to operate in either grid-connected or island mode”  



 

4/19 

1 Introduction 

Microgrids are a popular concept in the electricity grid sector. They are described by some parties as 
an important piece of the puzzle for the grid of the future in Switzerland (e.g., BFE, 2015; Dammeier, 
2015; Guibentif & Vuille, 2022). The following report therefore analyses the future role of microgrids in 
the Swiss electricity grid. 

The terms microgrid and smart grid are often used as promising approaches in the discourse on the 
Swiss electricity grid of the future. Both describe concepts that are used and understood differently 
depending on the context. However, a precise understanding of the terms, including their advantages 
and disadvantages, is important for the successful and efficient development of the future Swiss 
electricity grid. Otherwise, misinterpretations and misunderstandings can lead to undesirable 
developments or pointless discussions. 

1.1 Context 

Following the pathway to full decarbonization, the Swiss energy system is undergoing far-reaching 
electrification of previously fossil-fuelled applications, in addition to the strong expansion of 
decentralised and intermittent renewable electricity generation. These developments require 
adjustments and additional infrastructure in the area of electricity grids. The design of the electricity grids 
in turn has a profound impact on the available options and the efficiency of the energy transition. In this 
context, this report discusses the role that microgrids could play at the level of Swiss municipalities 
today, and in the future.  

1.2 Definitions 

The International Electrotechnical Commission (IEC) defines microgrids, in line with the U.S. 
Department of Energy (Ton & Smith, 2012), as follows (IEC, 2017): "group of interconnected loads and 
distributed energy resources with defined electrical boundaries forming a local electric power system at 
distribution voltage levels, that acts as a single controllable entity and is able to operate in either grid-
connected or island mode". Two fundamental characteristics can be derived from this for a microgrid:  

(a) operation in island mode requires the ability to be self-sufficient (without restrictions for the end user), 
at least for a certain period of time,  

(b) operation in grid-connected mode requires the ability to synchronise with the grid.  

Therefore, both an emergency generator (which cannot run synchronised with the grid and only supplies 
critical consumers) and a PV system without batteries (not capable to match demand in real-time at any 
given time) cannot be considered a microgrid. Importantly, a defining characteristic of a microgrid is not 
necessarily that it operates independently from an overarching grid, but that it can do so if needed. 

The definition of a smart grid according to the IEC is as follows (IEC, 2011): “electric power system that 
utilizes information exchange and control technologies, distributed computing and associated sensors 
and actuators, for purposes such as: 
 

- to integrate the behaviour and actions of the network users and other stakeholders, 
- to efficiently deliver sustainable, economic, and secure electricity supplies”  

 

The two concepts of microgrid and smart grid are not exclusive - a microgrid is usually also a smart grid, 
but it does not have to be. It is important to emphasise that by no means every smart grid is also a 
microgrid (see Figure 1). However, the two concepts can complement each other very well.  
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Figure 1. Venn diagram of the terms smart grid and microgrid. The term smart grid is much broader than the term 
microgrid. In most cases, microgrids are also smart grids. However, there are rare cases of microgrids that are not 
categorised as smart grids according to common definitions (e.g., International Electrotechnical Commission (IEC, 
2017, IEC, 2011)). These are grids with a small number of controllable generators that very directly adjust the power 
they generate to supply all loads. In this case, the definition of interlinked loads and distributed energy resources 
may be fulfilled, while decisive criteria of a smart grid such as information exchange, control technologies and 
distributed data processing are not sufficiently fulfilled. 
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2 Microgrids in general 

2.1 Types of microgrids 

A distinction can be made between different types of microgrids that are optimised for local needs 
(Microgrids: The Way Forward, 2021). 

• Grid-connected microgrids are normally connected to the transmission grid and collaborate 
with it. They can exchange energy with the overall grid and share storage capacity and other 
services such as ancillary services (frequency control, voltage support, etc.) with it. If there is a 
supply interruption in the overall grid, the microgrid can switch to island mode, i.e., disconnect 
from the grid and continue to supply its own end consumers without interruption. 

• Autonomous/isolated microgrids are systems, which lie within the network area of the main 
power grid but do not have the technical installations to be connected to it. They have sufficient 
local generation to supply consumers and are thus independent of the main grid. 

• Remote microgrids are far away from the overall grid, so a connection is not possible or 
economical. They are completely dependent on local generation. 

• Embedded microgrids are normally private networks located behind a single connection point, 
usually in an urban environment. These are, for example, a campus, hospital, or shopping 
centre. 

2.2 Advantages of microgrids 

In the literature there are five central points that are repeatedly mentioned as motivation for the 
introduction of microgrids (Hirsch et al., 2018; Masrur et al., 2021; Ray & Biswal, 2020; Ton & Smith, 
2012). 

• Resilience: In the event of a blackout or brownout (voltage drop) of the superordinate grid, the 
microgrid is not immediately affected. This can be important in the event of a disaster or if the 
higher-level grid is regularly overloaded. 

• Avoidance of transmission losses: A reduction in the required energy transmission distances 
leads to lower losses while maintaining the same line infrastructure. The increased generation 
of electricity directly in the same distribution grid as consumption reduces the transmitted 
energy, particularly in the higher grid levels. 

• Fundamental shift towards locally produced renewable energy and self-sufficiency as well as 
local value creation and independence from fluctuating energy prices (better predictability). If a 
microgrid is implemented, generally there is increased coverage of consumption through local 
generation even in non-island operation (see chapter 2.3). 

• Microgrids can act as a combined consumer or producer vis-à-vis the grid operator, if this is 
permitted by local legislation. They can reach a size that enables effective market participation 
- electricity can be purchased at more favourable conditions and sold at higher prices and 
ancillary services can be offered (example in chapter 2.3.5). 

• Given that sensible regulations are in place, microgrids have a stabilising effect for the grid 
operator. Fluctuations from renewables are balanced out via a sub-grid and levelled out by local 
storage systems. Microgrids form a partially encapsulated sub-level that helps to integrate 
renewables into the electricity grid. 

2.3 Examples of microgrids worldwide 

The following loose collection of case studies is intended to illustrate some use cases of microgrids and 
the motivation to build them. A common feature of all the case studies found is that there are very 
specific conditions that speak in favour of implementing a microgrid. 

Bornholm, Denmark 
On the Danish island of Bornholm, the idea of setting up a microgrid was already being considered at 
the beginning of the 1980s, as it was foreseeable that local wind power would cover a large proportion 
of electricity consumption in the near future. The island is home to around 40,000 inhabitants and is 
connected to the Swedish grid via a 60 kV alternating current (AC) cable but can also be operated in 
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island mode. Through the EcoGrid EU project, the power grid on Bornholm was transformed into a "living 
laboratory" and demonstration project in which various new technologies could be demonstrated. The 
island is supplied by 16 MW combined heat and power (CHP) plants, 29 MW wind, 6.5 MW PV and 2 
MW biogas, as well as 34 MW diesel and 25 MW oil-fired steam generators as backup. Demand-side 
management (DSM) trials have been carried out (Larsen et al., 2017; Ziras et al., 2019), several studies 
on the restructuring of the electricity market (Heinrich et al., 2020, 2021; Neska & Kowalska-Pyzalska, 
2022; Pallesen & Jacobsen, 2018), V2G applications (Engelhardt et al., 2022; González-Garrido et al., 
2019; Zecchino et al., 2019), as well as studies on more accurate forecasting and dispatchability of 
producers and consumers (Aslam et al., 2021; Huang et al., 2022; Larsen et al., 2017; Marinelli et al., 
2021; Müller et al., 2022; Rasmussen et al., 2022). In addition, there are further studies on detailed 
technical issues and demonstration projects for specific technologies that have been carried out in 
Bornholm. Although the EU EcoGrid project has now been completed, results will continue to be 
published and the unique circumstances in Bornholm will be utilised for further studies.  

Sunnyside Yard, New York City, USA 
The "Sunnyside Yard" depot in Queens is located on the Long Island Railroad (LIRR) line ending at 
Penn Station, one of the most important railway stations in North America. After the storm Sandy in 
2012, the depot had to rely on mobile emergency generators for over a month to maintain the power 
supply. At the same time, the track field in Sunnyside Yard is one of the last large "undeveloped" areas 
in New York. The combination of these factors resulted in the Sunnyside Yard Master Plan 
(Sunstainability & Green Infrastructure at Sunnyside Yard, 2019), which is currently still in the planning 
phase. A central element is the energy supply for both the new development and Penn Station, as well 
as the surrounding areas to a limited extent. In the final stage, a microgrid with an output of 17.2 MW 
and a battery capacity of 4 MWh is to be set up, consisting of a 6 MW CHP system, 2 natural gas 
generators, a 200 kW PV array and a zinc-air battery. The main motivation for this microgrid is the 
increased reliability because it could keep critical transportation services running during power outages 
(Wood, 2016). 

Isle of Eigg, Scotland 
The island of Eigg is part of the Scottish Hebrides and is not connected to the transmission grid. Until 
2008, the island did not have its own grid either; instead, the approximately 100 inhabitants of the island 
each used their own generators. Under the leadership of the Heritage Trust, an electricity grid was set 
up on the island that is almost entirely fuelled by renewable energy. The system consists of a 54 kW PV 
array, three hydropower plants totalling 119 kW and a 24 kW wind farm, augmented with backup diesel 
generators (160 kW) (Chmiel & Bhattacharyya, 2015). Ultracaps, flywheels and batteries are used for 
storage.  

Aspects of community energy in particular were highlighted at Eigg (Gormally et al., 2016; Lowitzsch et 
al., 2020; Martin, 2020; Melville et al., 2017; Warren & McFadyen, 2010), as the entire system is owned 
by the residents. Innovative solutions and rules have been created - for example, a self-imposed 
consumption limit of 5 kW for individual consumers and 10 kW for businesses. If this limit is exceeded, 
a penalty payment is due. There is also a traffic light system at the central pier: If the light is on red, 
residents should limit their electricity consumption; if it is green, one can consume normally (Gardiner, 
2017). If too much electricity is produced, electric heaters are also switched on in communal areas (e.g. 
the church) in summer. 

USMC Camp Pendleton, San Diego, USA 
Since 2019, the US Marine Corps has been operating a microgrid consisting of a total of 150 kW PV 
systems and a 400 kWh redox flow battery at its Camp Pendleton base in San Diego (Burger, 2019). 
The focus here was clearly on the self-sufficiency of the system. The connection to the transmission grid 
is seen as a backup for critical infrastructure. The project is part of a larger strategy to become more 
independent in the energy sector and to simplify logistics (Reardon, 2012). 
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The University of California San Diego, San Diego, USA 
On the San Diego campus of the University of California, a microgrid with a production capacity of 30 
MW consists of a combined heat and power plant, 2.8 MW fuel cell, PV systems totalling 3 MW and a 
2.5 MW battery (University of California, San Diego, 2020). A large heat storage system is also in use. 
The consumption is made up of the household consumption of students and employees who live on site, 
as well as the operation of teaching and research. As there is a healthcare facility, research laboratories 
and computer centres on the campus, 60 MW of diesel generators are available for emergencies. 

The microgrid serves the University of California, which also conducts research in the energy sector, as 
a demonstration plant to gain experience in the operation of microgrids (Francklyn, 2018). It increases 
the resilience of the campus by ensuring the power supply for a certain period of time independently of 
the main grid in island mode. In addition, the microgrid is also the largest provider for the grid operator 
in the area of demand response in regular operation and can act as a backup for the normal power grid 
in the region in an emergency. In the past, this has come in very handy in the event of power outages 
due to forest fires. 

2.4 Further developments 

Low-voltage direct current microgrids 
There are various reasons why an overwhelming majority of the electricity system is based on alternating 
current. The main reason is the simpler technology to transform the current to different voltage levels in 
AC systems. Traditionally, electricity generation was based on three-phase synchronous machines and 
consumers were usually able to use alternating current directly (three-phase machines, light bulbs, etc.). 
Today, there is a strong shift towards direct current (DC) generation: Firstly, via photovoltaics, which 
produces direct current, but wind turbines also usually have an intermediate DC stage. In addition, the 
technologies required to transform direct current are now fully developed (Law, 2022). On the consumer 
side, there is also an increasing shift towards direct current - a considerable proportion of modern 
electronic devices ultimately require direct current. Losses occur with every conversion in power 
converters, which could be avoided with direct current networks. In order to realise such concepts 
without having to completely replace larger grid areas, implementation in the microgrid sector, e.g. on 
an industrial site, can be a sensible option. 

There is now a wealth of projects that demonstrate microgrids with a common DC bus and operation 
entirely without alternating current and associated conversions (Castillo-Calzadilla et al., 2022). 
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3 Microgrids in Switzerland 

The following chapter analyses the known reasons and advantages for the expansion of microgrids in 
the Swiss context and provides an assessment of the role that microgrids could play in the Swiss energy 
system. 

3.1 Conditions for microgrids in Switzerland 

Switzerland has a dense electricity grid, which on the one hand covers the country very well and on the 
other hand creates redundancies by using meshed grids or at least open loops for the supply in many 
places. These guarantee that there is no interruption to the supply if there is a failure in one principal 
component of the power grid (meeting the N-1 contingency criterion). To establish such a redundancy, 
more than just the minimally required power lines need to be in place. Switzerland's high line density is 
reflected in a European comparison of line length per country area. Here, Switzerland has higher values 
than countries with a comparable population density meaning that even considering the population 
density, on relative terms, Switzerland features more power grid infrastructure (see Figure 2). This extra 
infrastructure can be used to increase redundancies or to provide increased network coverage. Both 
these factors are relevant for considerations of the role of microgrids because microgrids become less 
attractive alternatives when the main grid is more reliable and has a better coverage. 

 

 

Figure 2. Line density in length (km) of cumulated transmission and distribution lines per land area (km2) for selected 
European countries compared to their respective population densities. There is a positive correlation between 
population density and line density. Switzerland features a high line density both in absolute values and with respect 
to its population density. Source for the data on Switzerland is ElCom (ElCom, 2023b) and for compared European 
countries Eurelectric (Eurelectric, 2018). 

In section 2.2, general advantages of microgrids were presented. In the following, these are specifically 
compared with the conditions in Switzerland and the extent to which they apply here is analysed. 
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Resilience 

The Swiss electricity grid is currently very reliable and major blackouts are extremely rare. Short-term 
power outages are conceivable after natural disasters, but Switzerland is still well positioned here. The 
System Average Interruption Duration Index (SAIDI) is the average duration of the interruption of an 
electricity grid per consumer supplied per year. For years, Switzerland has had excellent values in this 
index in the range of 15 to 25 minutes (see Figure 3). The Swiss electricity grid is therefore in this regard 
one of the best if not the best in Europe. 

 

 

Figure 3. A: Comparison of System Average Interruption Duration Index (SAIDI) given in minutes in selected 
European countries with Switzerland. Shown values are from years 2010 to 2018. Red dots display the average of 
the values in the boxplots. Switzerland had the lowest average and median of the hereby compared countries for 
the given time period. Source for the data on Switzerland is ElCom (ElCom, 2023a) and for compared European 
countries the Council of European Energy Regulators (CEER, 2022).  
B: Zoomed boxplot of the six countries with the best SAIDI values. 
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Figure 4. Evolution of yearly total electricity consumption of Switzerland (light gray) and associated losses (dark 
gray). The red line indicates the fraction of electric energy lost between generation and consumption, which includes 
(but not exclusively) losses in transmission and distribution lines. These losses are at a very stable level of around 
7 %. Data originate from the Swiss Federal Office of Energy (SFOE, 2023). 

Avoidance of transmission losses 

Avoiding transmission losses is a small potential lever in Switzerland, as losses are in the mid single-
digit percentage range at around 7 % (see Figure 4). The Swiss electricity grid also ranks very well in 
terms of losses in an international comparison (CEER, 2022), which is a further indication that the 
potential for optimisation is low. 

Only a portion of the total reported losses could be avoided by microgrid solutions. The proportion of 
losses occurring in the transmission grid is not explicitly stated, but it is known that the majority occur in 
grid levels 5 and 7 (Bundesrat, 2022), as these are significantly more extensive and have lower voltage 
levels. It should be noted that the use of microgrids could mainly avoid the transmission of energy and 
thus losses at the higher grid levels due to the increased self-sufficiency at the lowest voltage level. 
However, the exchange of energy in the low-voltage grid, where a large proportion of the losses occur 
due to the low voltage, would still be necessary within microgrids.   

 

Fundamental shift towards locally produced renewable energy and self-sufficiency 

The transition to an energy system with decentralised, renewable power generation is a megatrend. 
This is accompanied by endeavours to achieve local energy self-sufficiency, which also has a political 
dimension. In this context, microgrids can increase local value creation and communities can become 
less dependent on fluctuating energy prices. In 2019, Switzerland with its federalist institutions had 610 
distribution system operators (ElCom, 2023b), which also act as energy providers (no unbundling like in 
other European countries). Switzerland thus has a very high number of energy providers compared to 
its size and population resulting in many communities being supplied by small local utilities. While it is 
difficult to objectively evaluate, how strong this advantage of microgrids would need to be rated in the 
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Swiss context, it is to be expected that the argument is weaker in comparison to many other countries 
with more centralized utilities (Eurelectric, 2018). 

 

Market participation and transactive energy system 

Establishing a microgrid as a means to improve market participation by acting as a single entity with a 
higher consumption and production is not assumed to be a strong motivation in Switzerland. There are 
options to achieve many of these goals with considerably smaller efforts. Swiss legislation already allows 
producers and consumers to cooperate and act as a single entity in their business relation with the local 
distribution system operator (DSO). These local electricity communities (“Lokale 
Elektrizitätsgemeinschaften, LEG”) enable self-consumption of decentrally produced electricity among 
actors that are in the same distribution grid and even allow the usage of powerlines from DSOs. 

 

Stabilising effect on the network 

The stabilising effect or containment of the fluctuations of new renewable energies is dependent on the 
specific setup and degree of expansion of the microgrid. Quantifying the added economic value resulting 
from the elimination of grid expansions and less use of balancing energy or dynamically controllable 
generators would need to be done on a case-by-case basis.  

 

3.2 Role of microgrids in the Swiss energy system 

Switzerland already has a very well-developed electricity grid infrastructure as shown in chapter 3.1 and 
as reflected by top positions in international rankings such as for example by the World Economic Forum 
(WEF, 2017). The application of microgrids would therefore generally take place in existing grid areas 
that function well under current conditions. Equipping existing distribution grids with the infrastructure 
for microgrid capability currently involves substantial additional costs  and operating a microgrid close 
to a self-sufficient operating point is generally more inefficient. In addition to the grid-side components 
and advanced control algorithms, the necessary generation and storage capacities must also be created 
so that the microgrid can be operated in island mode for as long as desired. This involves implementing 
on a small scale what already works in the existing Swiss electricity grid. The relative demand per 
connection for generation, storage and demand-side management increases the smaller the self-
sufficient electricity grid is to be, because there is less natural balancing due to different consumption 
and generation profiles as the number of connected agents decreases, and because the simultaneity of 
production or demand also has a spatial component. A rollout of microgrids therefore incurs substantial 
costs. These must be offset against the benefits generated by the microgrid capability in order to make 
a well-founded implementation decision.  

Table 1. Comparison of microgrids and smart grids in terms of their benefits described in chapter 2.2. Most 
advantages of microgrids can be achieved by establishing advanced microgrids. The key difference is the 
microgrids’ ability to run in island-mode in case of outages in the general power grid. However, smart grids already 
improve the resilience of grids with their improved transparency of the grid status and mechanisms to adapt the 
power of actors proactively. 

Advantages Smart Grid Microgrid 
Resilience (x) x 

Avoidance of transmission losses x x 
Locally produced renewable energy x x 

Combined user/producer vis-à-vis DSO (x) x 
Stabilising effect for network x x 
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The role of microgrids in an energy system depends on the specific local conditions. In Switzerland, 
many of the actual advantages of microgrids do not materialise on a large scale due to the very well-
developed electricity grid. Moreover, most of the advantages of microgrids can already be achieved with 
advanced smart grids, which can be realised at a lower cost. Figure 5 contains a schematic comparison 
of the costs and benefits of microgrids with smart grids, while Table 1 provides a comparison of the two 
approaches. 

 

 

Figure 5. Conceptual illustration of the cost-benefit ratio in comparison between smart grids and microgrids for 
standard grid situations in Switzerland. The uniform blocks are placeholders for costs and benefits, which are going 
to differ substantially by specific project, so their same size here does not mean that they represent equal amounts. 
The benefits of smart grids and microgrids are largely the same, with the main difference being the reliability of 
microgrids in the event of blackouts of the interconnected system, while the costs for microgrids are estimated to 
be significantly higher. On the one hand, key requirements such as distributed metering infrastructure, 
communication infrastructure and the control software and hardware must be more robust and comprehensive, and 
on the other hand, new cost components such as distributed storage and the hardware and software for island 
operation must be added. The visualisation refers to typical distribution grids in Switzerland with already expanded 
distributed generation and smaller (home) storage systems. Because electricity grids are infrastructure adapted to 
local conditions, the actual costs vary from case to case. 
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4 Conclusion 

Microgrids are a popular research topic, which is illustrated by the active research landscape. Many 
publications focus on the technical solution of an assumed goal of local self-sufficiency, for which 
microgrids are predestined. The question of the role of microgrids in the future electricity grid must be 
answered on a location-specific basis, as both the costs and the benefits of microgrids can vary greatly 
depending on local conditions. It is therefore important to consider the context and the challenges to be 
solved in the real system of the specific country when making implementation recommendations based 
on research projects.  

Main reasons for the high level of interest in microgrids could be the constantly improving availability of 
technical solutions for energy storage (e.g. cheaper batteries) and decentralised power supply (e.g. 
cheaper PV panels), as well as the spreading use of smart grid technologies. In the past, microgrids 
were often realised in locations where the conditions for a standard grid connection were not optimal or 
where research interests in the field of microgrids existed. In the future, the availability and cost-
effectiveness of storage systems, generators, and flexible consumers will continue to improve, while the 
conditions could develop in a direction favourable to microgrids. Increased energy consumption for 
economic development, electrification for decarbonisation, climate and natural disaster resilience, 
fluctuating energy prices, trends towards de-globalisation, and the feed-in of large amounts of renewable 
energy are likely to combine to expand the application possibilities of microgrids worldwide.  

The case of Switzerland, however, does not prove to be one with favourable conditions for the use of 
microgrids. Switzerland has a dense electricity grid that covers the country very well, high quality setups, 
and largely meshed grids, which leads to very low outages and losses, and (pumped) hydro storage 
power plants in the Alps for balancing. This means that the conditions for the use of microgrids are 
unfavourable because directly connecting to the general electricity grid is more efficient in economic and 
technical terms. It can be assumed that the use of microgrids will expand worldwide, while in Switzerland 
the conditions are only favourable in individual cases for microgrids to be able to exploit their 
advantages. Given that the reliability of the Swiss electricity grid remains very high, we therefore assume 
that microgrids will not play a significant role in the Swiss electricity grid of the future in the medium 
term. This assessment may change depending on future developments. In particular, the increase in 
resilience through the use of microgrids should be mentioned here. The power of this advantage 
depends on the interplay between the reliability of the public electricity grid, the level of damage in the 
event of an outage, and the costs of creating a microgrid. If the reliability of the Swiss electricity grid 
decreases in the future in conjunction with falling costs for microgrids, conditions could be reached, 
where the construction of microgrids becomes sensible. Particularly the costs of microgrids are in the 
process of being significantly reduced. Reasons are the large-scale expansion of decentralised 
generation and decentralised storage as part of the energy transition, while research and rollouts of 
active distribution grids are reducing the additional hardware and software systems required for the 
autonomous operation of microgrids. 

This contrasts with smart grids, which are an umbrella term for various forward-looking measures in the 
electricity grid. The coordinated, optimised operation of electricity grids promises gains in efficiency and 
reliability, enables better integration of fluctuating renewable generation into the electricity grid, better 
opportunities for participation, and is fuelled by the two global megatrends of digitalisation and 
sustainability. The key difference between a microgrid and a smart grid with a high degree of local self-
sufficiency is the technical requirement that the grid section can also be operated in island-mode (see 
official definitions). The measures to locally coordinate consumption and generation can be 
implemented with smart grid measures and are independent of the technical requirements for temporary 
island operation. The ability to operate in island mode generates additional costs and complexities, while 
the added value is currently modest in typical Swiss grids. One exception is critical infrastructure that 
requires continuous power. 

The creation of microgrids with the reasoning that higher grid levels will have to compensate for fewer 
fluctuations is a question of the system boundaries under consideration: At the level of the overall 
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system, if you aggregate all infrastructure for generation, loads, grids, and storage, both from the 
interconnected grid and underlying microgrids, the need for systems and technical solutions for power 
balancing increases in many cases with greater use of microgrids. Only when considering the 
interconnected grid alone, without the underlying microgrids, does the effort for power balancing 
decrease due to the creation of microgrids. However, these are outsourced to the microgrids to an even 
greater extent because balancing profits less from naturally differing generation and load patterns, which 
increase with higher number of actors and a bigger spatial extent. Exceptions are insufficient grid 
capacities between voltage levels and/or differing locations. Microgrids make sense in this context if 
self-sufficiency offers great added value due to increased resilience or if their use can save on grid 
expansions to a greater extent than the additional infrastructure required for the microgrid. As long as 
the power grids at the higher grid levels are not overloaded, centralised measures and balancing 
solutions will generally be cheaper than greater local self-sufficiency due to economies of scale and the 
use of locational advantages. 
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