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8. Urban energy systems: Municipal utilities 
and the case of Switzerland
Christian Opitz

CHARACTERIZATION OF URBAN ENERGY SYSTEMS 
USING THE EXAMPLE OF SWITZERLAND

According to the International Energy Agency (IEA) (2016), urban areas play 
a dominant role in current global energy consumption and will continue to have 
a significant impact on it (IEA, 2016, p. 140). However, due to the lack of energy 
and emissions statistics in most countries, the exact data availability is uncertain. 
The agency estimates that urban energy systems accounted for around 64 percent of 
global primary energy consumption and 70 percent of CO2 emissions in 2013 (IEA, 
2016, pp. 143–144). It should be noted that the proportion of energy consumed by 
cities can vary considerably from one part of the world to another. For example, 
Grubler (2012) argued that, in 2005, urban energy consumption in South Asia and 
Sub-Saharan Africa accounted for just under 50 percent of total energy consumption, 
whereas in North America and Latin America it was estimated at around 85 percent 
(Grubler, 2012, p. 1335).

In addition to differences in the degree of urbanization in the respective world 
regions, this is also a consequence of the nature of the respective urban energy 
systems, for the varying development of which the following six factors are mainly 
responsible (IEA, 2016, pp. 151–154):

 ● Affluence (GDP per capita): due to higher disposable income, energy consump-
tion tends to be higher in wealthier cities.

 ● Population density (number of people per square kilometer): urban areas with 
a high population density meet the need for additional housing by building com-
paratively high residential buildings.

 ● Building stock (age): an older building stock usually results in higher energy 
consumption, since such buildings were not designed with efficient energy use in 
mind. At the same time, the use of modern electricity or heating networks may be 
restricted due to historic preservation requirements.

 ● Availability of space (square kilometers): sprawling urban areas require large 
grid infrastructures with higher transmission losses. The available space, on the 
other hand, favors the expansion of decentralized power generation technologies 
such as photovoltaics.

 ● Economic structure (sectors): industrially dominated cities usually have higher 
energy consumption than urban areas dominated by the service sector.
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130 The Elgar companion to urban infrastructure governance

 ● Climate (temperature): different climatic conditions directly affect the demand 
for heating and cooling services within an urban area.

To illustrate these different factors, the IEA (2013) estimates that, in cold climates, 
about 70 percent of the energy consumed by buildings in 2010 was used for space 
heating and household appliances, while in temperate and warm climates, the same 
proportion was used for cooking and heating water (IEA, 2013, p. 31).

Electricity and heat supply systems provide a simplified illustration of why the 
energy system is different in urban and rural areas: due to the lack of space in the 
inner cities, suburbs and especially rural areas are generally suitable for the expan-
sion of decentralized renewable electricity generation capacities. Central power gen-
eration capacities are often located outside of urban centers due to natural conditions, 
security aspects, or the availability of space, and are connected to them via trans-
mission or distribution networks. In the inner city area, there is great potential for an 
integrated central heating and cooling supply based on local renewable generation 
capacities due to the comparatively high demand density. In rural areas, on the other 
hand, the heat supply is often organized on a decentralized basis; a pipeline-based 
heat supply is highly dependent on local conditions (IEA, 2016, p. 153). However, 
it should be noted at this point that general statements on the overall suitability of 
urban or rural areas for a centralized (piped) or decentralized energy supply are of 
limited value.

Owing to the multiple actors, as well as the complicated governance structures in 
the urban context, urban energy systems go beyond purely socio-technical systems 
within the boundaries of an urban area. Basu et al. (2019) characterized urban energy 
systems as multi-layered complex systems that use diverse infrastructures in the 
urban space to connect energy suppliers with the respective consumers (see Figure 
8.1). Infrastructures subsume all materials required for the physical delivery of 
energy (usually the energy grids). Institutions are another level in the urban energy 
system; this includes all actors that influence suppliers and consumers or the overall 
system – for example, through regulations, education, or specific know-how – 
without participating in the direct transaction process of the energy system (Basu et 
al., 2019, pp. 4–6).

There are various forms of this multi-layered system in urban areas around the 
world. Due to the current monopoly for household customers in the electricity and 
gas sectors, in Switzerland – unlike in the member states of the European Union, for 
example – the provision of the network infrastructure and the supply of energy to 
end consumers is handled by the local municipal utility. This dual function enables 
an overall view of the existing urban energy system, which allows its targeted further 
development or optimization.

Figure 8.2 illustrates this situation using the city of Basel as an example. The 
energy flow diagram visualizes the current distribution of energy use among the cor-
responding consumer groups (directly or via conversion stages). The locally active 
municipal utility functions here as a supplier of self-produced or externally procured 
electricity, of natural gas and, to the greatest possible extent, of district heating based 
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Source: Own illustration, based on: Basu et al. (2019, p. 8).

Figure 8.1 Characterization of urban energy systems (simplified 
representation)

Urban energy systems: Municipal utilities and the case of Switzerland 131

on the incineration of waste. At the same time, it operates the underlying grid-based 
infrastructure (electricity, gas, and district heating grids), which ensures the supply 
of energy to consumers in the residential (households) and non-residential (local 
industrial and service companies) sectors.1 In the case of fully liberalized markets, 
energy supply and network infrastructure would not come from a single source, but 
from different players.

A future switch from fossil to renewable energy sources would inevitably result 
in adjustments to the grid infrastructure. By combining the individual stages of the 
value chain, long-term transformation paths in the areas of energy use and network 
development could be coordinated and optimized holistically by the local municipal 
utility. This would result in efficiency gains, as the individual energy sources could 
be linked together for the benefit of the overall system. In the event of a targeted 
transformation of urban energy systems by locally based municipal utilities, the 
Swiss “municipal utility model” could in future play a pioneering role worldwide in 
the decarbonization of urban space.2

This great potential for the further development of urban energy systems makes it 
particularly valuable for an international expert community to take a closer look at 
municipal utilities as shapers of the energy transition on the ground, as well as the 
governance challenges to be considered in this context. As a basis for this, the extent 
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Source: Own illustration, based on: Statistisches Amt des Kantons Basel-Stadt (2020, p. 12).

Figure 8.2 Energy flow diagram city of Basel (2018)
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to which urban energy systems (in Switzerland) are likely to change in the coming 
years or decades is shown in advance on the basis of four central trends.

TRANSFORMATION PROCESSES OF URBAN ENERGY 
SYSTEMS

The ongoing transformation of the urban energy system is a consequence of both 
technological progress and societal changes as well as – specifically for the case 
of Switzerland – political commitments. The latter include, in particular, the Swiss 
Federal Council’s commitment to net-zero greenhouse gas emissions from 2050 
(Bundesrat, 2019) onwards based on the Paris Climate Agreement (2015), as well as 
the Energy Strategy 2050 adopted by the Swiss electorate in 2017. This was devel-
oped after the reactor disaster at Fukushima (2011) and envisages a fundamental 
transformation of the entire energy system by 2050. Strategic goals are a gradual 
phase-out of nuclear energy, a significant increase in energy efficiency, and greater 
use of renewable energies (Schweizerische Eidgenossenschaft, 2017, pp. 11–12).

While the federal government and the cantons are primarily responsible for 
overarching legal frameworks and political guidelines, cities can initiate targeted 
projects and plans in coordination with the respective local characteristics and poten-
tials. Here, locally based utilities are frequently tasked with implementing energy 
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Urban energy systems: Municipal utilities and the case of Switzerland 133

and climate policy requirements at the local level (Berlo et al., 2017, p. 3). Partly 
complementary to these political commitments, four central trends are shaping the 
energy transition in urban areas: decentralization, decarbonization, digitalization, and 
convergence or sector coupling (Kolks, 2021, p. 8).

Decentralization

In the future, the electricity supply of urban areas will increasingly be ensured 
by decentralized renewable power generation capacities. In the area of photovol-
taic systems, flat or rooftop systems currently dominate the urban landscape, but 
building-integrated photovoltaics – that is, modules integrated into the building exte-
rior (roof or façade) – are likely to dominate in the future (IRENA, 2020, pp. 52–55; 
Ballif, 2021).

Generous legal support, learning curve effects of central technologies, and 
the currently applicable market design increasingly favor self-consumption of 
self-generated solar power without prior feed-in to the power grid. Thus, previous 
electricity consumers are becoming producers at the same time – in this context, one 
also speaks of so-called “prosumers”. Rising demand for electricity in the private 
sector – owing to increasing electrification of the mobility and heating sectors – in 
conjunction with steadily more efficient and cost-effective battery storage systems 
and intelligent energy management systems, are reinforcing this development.

Partially autonomous associations of landowners for joint self-consumption will 
increase significantly in the future, where technically possible and economically 
viable. Provided that the current legal framework is adapted, virtual regional or 
local marketplaces for (automated) peer-to-peer trading of decentrally generated 
renewable electricity could also emerge in the future. It is already foreseeable that 
new buildings in the future will be designed as so-called multi-energy hubs; that 
is, quasi-autonomous decentralized energy networks at the neighborhood level 
equipped with renewable energy production, which combine different energy sources 
and include conversion and storage technologies. The more decentralized and 
increasingly stochastic feed-in of renewable electricity production will entail increas-
ingly complex flexibility management in conjunction with smart grid control. The 
goal is to coordinate power generation, power storage, and power consumption in 
real time through intelligent networks – so-called smart grids. Flexibility is ensured, 
for example, through the grid-serving use of large battery storage systems, through 
virtual power plants based on swarm batteries, or through the active management 
of controllable loads such as heat pumps, boilers, or electromobility (demand-side 
management) (Opitz, 2019, pp. 197–198). 

Decarbonization3

As of 2019, buildings are responsible for around 40 percent of Swiss energy con-
sumption. Almost three-quarters of this consumption must be spent on space heating, 
a significant proportion of which (65 percent) is based on heating oil and natural gas 
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134 The Elgar companion to urban infrastructure governance

(Prognos, et al., 2020, pp. 64–65). Consequently, heating replacement is a central 
lever for decarbonizing the energy system. The decarbonization of the urban heat 
supply is based on the expansion of heating networks (local and district heating 
networks) and the expansion of the central renewable heat production required for 
their operation (such as waste incineration plants, wood-fired power plants, biogas 
plants, solar thermal energy). Central will be the consistent use of all potentials 
of waste heat (industrial plants, data centers, wastewater treatment plants, sewers, 
hazardous waste, and sewage sludge recycling plants) as well as of ambient heat; 
that is, the use of heat pumps in combination with the heat sources – water (lakes, 
rivers, groundwater) or soil (geothermal energy). In addition, heat storage (such as 
water or geostorage) will be necessary to avoid peak load coverage by fossil fuels 
and for seasonal storage of renewable heat. In those parts of the city where local and 
district heating networks do not make sense from a technical or economic point of 
view, an expansion of non-pipeline-bound decentralized renewable heat production 
in the buildings with the help of solar collectors, geothermal probes, or air-source 
heat pumps – or on the basis of renewable energy sources such as wood (or biogas) 
– should be promoted (TEP Energy & ECOPLAN, 2020, pp. 22–33). The continuous 
increase in the proportion of biogas in standard gas products observed in recent years 
is a first step towards a more climate-neutral gas supply.

Around one-third of domestic energy consumption is created by the transport 
sector. With a share of around 90 percent, gasoline and diesel are (still) among the 
most important energy sources (2019) (Prognos et al., 2020, p. 5, 56). However, 
increasing electrification of public and private transport gives an idea of what 
a climate-neutral urban transport sector could look like in the future.

The industrial sector’s share of domestic energy consumption is less than 20 
percent. More than three-quarters of this is accounted for by (process) heat as well as 
propulsion and processes (Prognos et al., 2020, p. 5, 45). In urban areas, the share of 
the second economic sector is likely to be even lower: in the four largest Swiss cities 
in terms of population – Zurich, Geneva, Basel, and Lausanne – more than 90 percent 
of the workforce is employed in the service sector (data from 2017) (SSV & BFS, 
2020, p. 58). Nevertheless, the industrial sector can also contribute to Switzerland 
achieving the net-zero target in the future, for example through the use of green 
hydrogen and further improvements in energy efficiency.

Energy efficiency can also be subsumed under the concept of decarbonization in 
the broadest sense. The Energy Strategy 2050 sets ambitious targets for reducing 
average energy consumption (minus 43 percent) and electricity consumption (minus 
13 percent, per person per year compared with 2000 levels); these are to be achieved 
by increasing energy efficiency in the areas of buildings, mobility, industry, and 
appliances (BFE, 2020, pp. 15–21).

The building stock offers enormous potential in terms of energy efficiency – not 
only in view of its importance for final energy consumption, as already mentioned, 
but also because of its great age (around three-quarters of all buildings in Switzerland 
are more than 30 years old, with around one-third being built before the end of the 
Second World War) in conjunction with an annual renovation rate of only around 
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Urban energy systems: Municipal utilities and the case of Switzerland 135

1.5 percent (BFS 2019; Schalcher & Balthasar, 2020, p. 39; EnDK, 2014, pp. 11–13; 
Ott et al., 2013). In the future, new buildings or replacement buildings will be highly 
energy-efficient with very low external energy consumption and a large share of 
self-generated electricity – in this context, we speak of near-zero energy buildings. 
This is to be achieved through consistent insulation of the building exterior (roof, 
façade, ceiling above unheated basement) as well as with windows with a low heat 
transfer coefficient. In existing buildings, energy efficiency is expected to increase 
in the heating sector due to the renewal of heating systems and energy-efficient ren-
ovation of building exteriors, and in the electricity sector due to the increasing use of 
optimized building technology and equipment (such as LED lighting) (EnDK, 2016, 
pp. 12–13).

Digitalization

The rapid progress of digitization favors the energy transition in urban areas and at the 
same time blurs previous industry boundaries. New, previously non-industry-specific 
market participants will intensify competition at individual stages of the energy 
industry value chain through specialized offers (Opitz, 2016, p. 71). At the same 
time, digital applications are forming the foundation for networking the urban energy 
system with other sectors.

The use of digital solutions will make the operation and maintenance of the urban 
energy system much more efficient, intelligent, and cost-effective in the future. 
For example, the networking of individual decentralized systems enables auto-
mated control of energy generation and adaptation to measure and forecast energy 
consumption in real time. Owing to the increasing use of so-called smart meters, 
significantly more consumption and performance data will be available in the future, 
the meaningful evaluation (data analytics) and use of which will allow automated 
optimization of the overall system – for example, through virtual interconnection and 
the intelligent management of small and very small power generation and storage 
capacities (such as battery storage systems, electromobility). The use of sensor 
technology and software solutions in the area of grid infrastructure (smart grids) can 
ensure the increasingly complex grid control of decentralized generation capacities 
owing to increased stochastic feed-in. Intelligent evaluation of operating and status 
data on the basis of artificial intelligence allows early needs-based maintenance and 
servicing of generation plants and grid infrastructure (predictive maintenance). With 
the help of data goggles, inaccessible underground pipeline systems can also be dis-
played virtually, installation and maintenance instructions can be superimposed, and 
real-time information can be displayed (virtual reality) (BDEW, 2016, pp. 19–25). 
Figure 8.3 supplements this exemplary list with further digital applications that are 
already foreseeable to lead to dramatic changes in the energy industry value chain.

Increasing digitization at the city or building level favors the emergence of new 
networked overall systems that go beyond the actual energy system. The concept of 
a smart city describes the intelligent interaction and increasing networking of the 
urban energy system with other areas of public life and urban infrastructure (such 
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Source: Own illustration, based on: BDEW (2016, p. 19).

Figure 8.3 Digital applications based on the energy industry value chain 
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as mobility or waste disposal). A smart city systematically exploits the potential of 
digital technologies to reduce the use of resources, increase the quality of life, and 
sustainably strengthen the competitiveness of the local economy (Gassmann et al., 
2018, pp. 17–18). A smart home, on the other hand, is understood as a generic term 
for increasing networking within buildings – significantly promoted by the virtual 
coupling of devices with the aid of sensors (Internet of Things). In addition to purely 
energy-related applications – for example, in the area of building technology and 
control (smart energy) – a smart home includes all digital applications related to 
convenience and security (comfort functions, security sensors), home cloud (central 
storage and sharing of data and content), and care and health (medical monitoring, 
support for home care) (Deloitte, 2013, p. 7).

Convergence/Sector Coupling

While digitalization favors increasing interconnection of the energy system with 
other sectors, (grid) convergence is understood to mean intelligent interconnection of 
urban grid infrastructures to exploit synergies between individual (grid-based) energy 
sources. Closely related to this is the so-called sector coupling; that is, the coupling 
primarily of the electricity, heat, and mobility sectors at the level of buildings, 
neighborhoods, or cities with the help of sector coupling technologies. (Renewable) 
energy is converted and transferred to another energy sector, stored, transported, 
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Urban energy systems: Municipal utilities and the case of Switzerland 137

and used or – if appropriate – returned to the original energy sector at a later point 
in time or at another location. In this process, energy networks are central to the 
spatial balancing of the energy system, while energy storage systems are central to 
the temporal shifting of generation and consumption. Sector coupling presupposes 
that the technologies used can be intelligently controlled and coordinated with each 
other in the interest of the overall system (BFE, 2017, pp. 4–5; Ausfelder et al., 2017, 
pp. 14–19; Sterner & Stadler, 2014).

In urban areas, the coupling of the electricity and heat sectors through the use of 
(electric) heat pumps or combined heat and power plants – often block-type thermal 
power stations or waste-to-energy plants in combination with local or district heating 
networks – is already well established (power-to-heat or heat-to-power). In the 
future, there are signs of increasing coupling of the electricity sector with the gas 
sector as well as with the transport sector: the latter in the context of electromobility. 
In this regard, the term “power-to-mobility” is also used. Increased attention is cur-
rently being paid to power-to-gas technology; that is, the generation of synthetic gas 
by electrolysis and subsequent methanation (Sterner, 2016).

(Grid) convergence and sector coupling are to be understood as consequences of 
an increasing decentralization of local power generation as well as increased efforts 
to decarbonize the urban energy system, and will only become feasible through an 
increased use of digital technologies.

Ultimately, (grid) convergence leads to a completely integrated overall urban 
energy system in which all energy grids and generation plants are combined and 
centrally optimized. In addition to coordinating the existing and future infrastruc-
ture with regard to expansion, renewal, decommissioning, or dismantling, this also 
includes the use of all potentials of the coupled energy systems in operation, consid-
ering their specific restrictions (Trümpi et al., 2018, p. 31).

MUNICIPAL UTILITIES AS OPERATORS OF URBAN 
ENERGY SYSTEMS IN SWITZERLAND

In Switzerland, urban energy systems are mostly operated by a locally based munic-
ipal utility. These are public companies over which the respective city as proprietor 
directly or indirectly exercises a controlling influence. Municipal utilities are often 
part of the municipal administration (dependent institutions under public law), or 
they are independent units in the form of independent institutions under public law 
or joint stock companies spun off from the administration and majority-owned by the 
municipality (Schedler et al., 2007, pp. 14–16).

There are two main reasons why the public sector retains a particularly strong 
influence (Wepler, 2018, pp. 2–3; Wepler, 2020, p. 4):

 ● Energy is a commodity that is essential to the existence and economy of every 
society (system relevance). Therefore, the primary purpose of municipal utilities 
is to provide a public service by supplying the urban population with a basic 
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138 The Elgar companion to urban infrastructure governance

supply of electricity or – depending on the form of the public service mandate – 
with energy.

 ● In addition, the energy supply in Swiss inner cities is largely based on grid-based 
energy sources. Due to the considerable construction and maintenance costs, the 
energy networks (electricity, gas, and district heating) are natural monopolies 
whose access by suppliers is determined by corresponding regulations. The 
establishment of a parallel network infrastructure is not economically viable. By 
operating the critical network infrastructures, municipal utilities ensure fair and 
secure access for all parts of the urban population.

In addition to public ownership, municipal utilities are characterized as cross-utility 
companies that offer not only electricity, but also other forms of energy (multi-energy) 
– such as gas or district heating – and several (network) infrastructure services 
(multi-utility) – such as water or telecommunications (fiber optics) (Mühlemeier, 
2018, pp. 286–289).

Table 8.1 shows that the operators of the electrical distribution network in the 
11 most densely populated Swiss cities are municipal utilities according to this 
definition. In the remaining cities, the majority ownership of the locally active 
energy supplier is in cantonal hands or they are associations of surrounding political 
municipalities.

The areas of activity of municipal utilities can be divided into three categories: 
basic services, energy-related services, and non-energy-related services. Basic 
energy services are those services directly related to the fulfillment of the respective 
public service mission. In addition to the actual supply of energy – which typically 
consists of electricity, gas, or district heating – this category includes all other 
directly related services, such as traditional metering or stabilization of the electricity 
frequency. Energy-related services include all other services that are directly related 
to the commodity “energy”, but are not absolutely necessary to ensure the basic 
supply of energy to the city’s population. With this type of service, municipal utilities 
are in direct competition with local businesses (for example, for electrical or photo-
voltaic installations), with specialized energy service providers (such as energy con-
tracting, electromobility), or with architecture or engineering firms (such as energy 
consulting). Even non-energy-related services do not necessarily have to be offered 
by municipal utilities. This includes other sovereign tasks from the supply (water) 
and disposal (waste disposal) sectors, as well as other services with few links to the 
traditional core business, for which the existing energy infrastructure is used – at least 
in part – or which are now also classified as public services (telecommunications) 
(Wagner & Kristof, 2001, pp. 8–9).

Almost all of the municipal utilities or energy suppliers operating in the 20 most 
densely populated Swiss cities offer basic services in the areas of electricity and heat. 
In the case of energy-related and non-energy-related services, the offerings of the 
largest municipal utilities or municipal energy suppliers are not quite as homogene-
ous as in the case of basic services. In addition to the basic supply of energy, a major-
ity in the respective cities assumes further public tasks such as the municipal supply 
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of water and telecommunications (in the sense of providing a fiber-optic network), as 
well as comprehensive consultation of the urban population in matters of energy. The 
range of services is currently in a state of transition: in recent years, most municipal 
utilities have diversified their areas of activity and increasingly devoted themselves 
to new topics – such as photovoltaics or electromobility. This trend is expected to 
continue in the coming years.

An analysis of the areas of activity shows that municipal utilities exhibit a high 
degree of vertical integration. They typically cover all stages of the energy value 
chain (generation, transport, distribution); that is, they produce and market the 
respective energy (electricity, heat). At the same time, they operate the associated 
network infrastructure (electricity as well as gas or district heating network). Since 
distribution networks constitute a natural monopoly and (at least for the time being) 
there is still a monopoly in the distribution of electricity and gas at the household 
level, municipal utilities operate simultaneously in markets as well as in monopolies 
(Mühlemeier, 2018, p. 285).

In summary, municipal energy systems in Switzerland are operated by the respec-
tive municipal utilities on behalf of the public sector. The majority are owned by 
municipalities and, in addition to electricity, offer other forms of energy as well as 
several (grid) infrastructure services. These are typically fully integrated companies 
that, in addition to their activities in the monopoly area (electricity and gas: grid, 
basic supply distribution), increasingly offer energy-related and non-energy-related 
services on competitive markets.

ENERGY TRANSITION AS A GOVERNANCE CHALLENGE 
FOR MUNICIPAL UTILITIES

Due to their mission and special governance structures, municipal utilities 
are confronted with numerous conflicting goals (Finger & Mühlemeier, 2019, 
pp. 135–137; Schafer, 2020):

 ● Public interest vs. profit orientation: as public companies, municipal utilities 
operate at the interface between market and monopoly. By providing infra-
structure services in the urban area – such as the operation of the electricity and 
heating network and the basic supply of electricity to the urban population – 
they take on various functions in the area of public services and thus contribute 
to the common good of the city. At the same time, municipal utilities compete in 
many areas with other energy suppliers (for example, in the liberalized parts of 
the energy business, such as the sale of electricity and gas to large consumers), 
local businesses (for example, for electrical installations including photovoltaic 
systems), and increasingly with market players from outside the sector (such 
as in the area of electromobility or smart home applications). As state-owned 
companies operating on the market, municipal utilities are caught between two 
opposing poles: on one hand, they should be as flexible and marketable as pos-
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sible and generate corresponding added value for the owner. On the other hand, 
they have to comply with political requirements and a public service mandate.

 ● Democratic control vs. competitive performance: in order to be able to act more 
flexibly in competition, municipal utilities have been transformed in recent 
years from purely administrative units without their own legal personality into 
independent institutions under public law (see Table 8.1). While this had no 
effect on the ownership structure – the cities continued to be (majority) owners 
of the respective municipal utility – the possibilities for democratic control 
over the company were restricted. In this context, we speak of a principal–
agent problem. This means that the management level of the municipal utility 
(agent) has advanced knowledge over the owner (principal) due to information 
asymmetries, which it can use to its advantage. Therefore, in order to create the 
necessary transparency and to maintain democratic control, so-called owner 
strategies have increasingly been developed, which define the guidelines for the 
respective municipal utility as well as its strategic positioning from the perspec-
tive of the owner (the public sector). However, against the background of the 
increasing complexity of the market activities of municipal utilities, there are 
considerable doubts as to whether the use of such management instruments can 
subject municipal utilities to direct democratic control. In addition, the owner’s 
goals formulated in this context are often at odds with the economic benefit 
foundation and business profit orientation, which in turn makes operational 
management considerably more difficult in some cases.

 ● Federalism vs. efficiency: as operators of the urban energy system, the focus 
of municipal utilities on their own urban area is de facto predetermined – irre-
spective of the sales potential for marketable services that this limits. The often 
politically defined geographical restriction of a company’s own area of activity 
in the monopoly sector means that it is difficult to achieve efficiency gains 
based on economies of scale in the competitive sector as well. However, the 
possible competitive disadvantage of most municipal utilities compared with 
competitors operating on a large-scale is often compensated for by their local 
roots among the urban population. It remains to be seen whether municipal 
utilities will continue to exist in their current form as a result of the subsidiary 
and federal state structure with economically less efficient structures or whether 
efficiency advantages can be realized in the future through a spatial expan-
sion of the area of activity (such as through cooperation up to and including 
mergers).

With a strategy tailored to local conditions and aligned with overarching energy 
and climate policy objectives, municipal utilities are predestined to act as a driver 
for the strategic realignment of urban energy supply (Berlo et al., 2017, p. 3).

However, this energy transition on site in urban areas intensifies the conflicts 
of the objectives described above and, at the same time, places additional pressure 
on locally active municipal utilities to act: decarbonization of the urban energy 
system requires major investments; for example, in centralized and decentralized 
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generation capacities, energy storage systems, and grid expansion. At the same 
time, margins in the core electricity and gas business are coming under pressure 
due to the looming full market liberalization in the electricity and gas sectors. 
Compensation by offering new energy-related and non-energy-related services 
is at least questionable. Municipal utilities face the challenge of driving further 
ecologization of energy supply in urban areas while at the same time maintaining 
the profitability of their own operations and thus the profit contribution to the 
community (for example, in the form of dividend payment) to finance the public 
budget. In addition, the implementation of the energy transition on site requires 
not only investments in new plants and grid infrastructures, but also increased 
efforts in innovations as well as new business models that are often accompanied 
by uncertainty. Here, however, political decision-makers often shy away from the 
associated economic and political risks. In the case of municipal utilities, this is 
usually reflected in a reluctance to innovate and a persistence in old organizational 
patterns (Kaufmann, 2019, p. 22).

The biggest governance challenge currently facing municipal utilities and their 
owners is likely to be the transformation of urban heat supply and the related ques-
tion of the future of the existing gas grid infrastructure. This topic brings together 
several problem areas: the national climate policy target of net-zero greenhouse 
gas emissions by 2050 and the resulting pressure to decarbonize the urban energy 
system; the conflicting goals of public utilities from a public interest vs. profit 
orientation; an additional investment requirement with simultaneously declining 
margins; and a business model accompanied by uncertainty.

To decarbonize the heat supply, district heating in cities is to be developed or 
expanded. This requires enormous investments in the network infrastructure and 
in new plants for central renewable heat production, provided that all potentials 
for the use of waste heat and ambient heat have already been exhausted. However, 
the gas network often already provides a pipeline-based heat supply in the inner 
city area, which is currently largely based on fossil natural gas. Owing to climate 
policy objectives, however, gas sales in the heating sector are likely to decline 
significantly in the medium term – a substitution of process gases in the industrial 
sector by hydrogen or biomethane is being aimed at. What this means for the local 
gas grid infrastructure must be examined in each city on a case-by-case basis. In 
urban areas, this can be used in the future for the addition of synthetic gases (as 
part of sector coupling) as well as biogas; alternatively, “rededication” for the 
transport of hydrogen is also possible. It should also not be ruled out whether dis-
tributing the total network costs to fewer and fewer gas connections, especially in 
the household sector, would set in motion a negative spiral that would ultimately 
lead to a partial dismantling or complete shutdown of the municipal gas network 
infrastructure. Regardless of the exact future dimensioning of the gas network 
infrastructure, there is a risk of non-amortizable investments (and thus the destruc-
tion of economically useful values) due to long depreciation periods – especially 
since continuous replacement investments are required for safety reasons during 

Christian Opitz - 9781800375611
Downloaded from PubFactory at 05/06/2022 07:48:46AM

via Universität St Gallen



Urban energy systems: Municipal utilities and the case of Switzerland 143

ongoing use (Schaffner & Haselbacher, 2020; Flückiger, 2020, p. 15; Drzimalla, 
2021, pp. 16–17).

In summary, there is a great need for investment in the construction and expan-
sion of district heating networks and the heat production plants required for their 
operation. At the same time, a considerable share of the contribution margin gen-
erated by the municipal utilities, which is currently at least (still) generated in the 
gas sector due to the monopoly-like structures, is at risk of being lost in the medium 
term. Cities as owners of municipal utilities must be aware of the decarbonization 
of heat supply demanded of them politically and the associated financial losses for 
the city treasury. There are limits to passing on the investment costs to the urban 
population (and thus at the same time to the voters of the political decision-makers) 
in the form of higher heating tariffs, because this limits the attractiveness of switch-
ing from oil or gas heating to district heating and thus has a negative effect on sales 
volumes (Wepler, 2018, pp. 38–40).

Without an obligation to connect to the respective local district heating network, 
there are also considerable uncertainties regarding the temporal and spatial design 
of the heat transformation in urban areas. This is likely to depend heavily on the 
willingness of the urban population to adapt to the changed framework conditions. 
Factors influencing a switch by households, local businesses, and industry to an 
alternative heating system include legal requirements (the cantons’ model energy 
regulations and the cantonal energy legislation based on them play a role here), the 
remaining service life of existing heating systems, the availability of alternative 
decentralized heat generation systems (such as heat pumps), price differences in 
the available heating systems, and possible subsidies. Consequently, the trans-
formation trajectory is not likely to be spatially homogeneous and will not follow 
a linear time course (Wepler, 2018, pp. 23–26).

CONCLUSION

By signing the Paris Climate Agreement in 2015, the international community 
committed to limiting average global warming to well below 2°C compared with 
pre-industrial times. A key lever for this is significant reductions in global green-
house gas emissions (Vereinte Nationen, 2015, Art. 2 (1a); Art. 4). The long-term 
goal is climate neutrality; that is, no more greenhouse gases are to be released in 
the future or their emissions are to be fully compensated for. With an estimated 70 
percent of global CO2 emissions, urban energy systems are largely responsible for 
the climate change currently taking place. Their fundamental transformation in the 
coming years or decades in all parts of the world is a prerequisite for achieving the 
goals of the Paris Climate Agreement.

Swiss municipal utilities operate as decentralized units that are committed to the 
common good, but are also marketable. As cross-utility companies, the majority of 
which are owned by municipalities, they cover all stages of the energy value chain; 
that is, they produce and market the energy required locally – primarily electricity 
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and heat – and at the same time operate the associated network infrastructure 
(electricity, gas, and district heating networks). This circumstance enables them to 
centrally coordinate the energy generation plants and networks in urban areas and 
to further develop them as a completely integrated overall energy system. Only 
this forward-looking, holistic view of urban energy supply makes it possible to 
fully exploit the potential in the areas of decentrally available renewable energies 
and energy efficiency with the aid of digital technologies and thus implement the 
energy transition on site.

Due to their mission and special governance structures, however, municipal 
utilities are confronted with numerous conflicting objectives: the balancing act 
between public service mandate and business profit orientation, increasingly 
limited democratic control in favor of flexible decision-making mechanisms, and 
a lack of economies of scale due to the restriction of their own area of operation 
to their own municipal territory. In the event of full market liberalization in the 
electricity and gas sectors, the margins in the core business of electricity and gas 
would also come under pressure and thus pose massive challenges to the financing 
of the upcoming transformation of the municipal energy system.

Basically, urban energy systems are characterized as multi-layered complex 
systems that connect energy suppliers with the respective consumers with the help 
of various infrastructures and under the influence of diverse institutions in the 
urban area. In contrast to fully liberalized energy markets that have a large number 
of energy suppliers and infrastructure operators, in the “municipal utility model” 
that prevails in Switzerland, the supply of energy and the provision of the grid 
infrastructure in urban areas is organized by a locally based municipal utility. The 
disadvantages of a lack of competition between the individual players are offset 
by the advantages of overarching central coordination or holistic optimization of 
the urban energy system. The latter are likely to prevail especially in situations 
of fundamental system change, where long-term, reliable transformation paths 
are necessary. Therefore, against the backdrop of intensified efforts by the inter-
national community to achieve greater climate protection, the Swiss “municipal 
utility model” could also serve as a model for other countries to decarbonize their 
own urban energy systems.

NOTES

1. The transport sector is disregarded in this analysis. It is not directly evident from the 
figure that local authorities in Basel have a great influence on the urban energy system 
(institutions).

2. The “municipal utility model” is also widespread in other European countries (such as 
Germany, Austria, and the Scandinavian countries). Unlike in Switzerland, however, the 
respective energy markets are fully liberalized; that is, an overarching overall coordina-
tion of the urban energy system is only possible to a limited extent due to the different 
players (providers, infrastructures).
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3 Strictly speaking, “decarbonization” of the energy system is understood to mean a reduc-
tion in carbon-containing energy-related emissions (that is, a move away from fossil 
fuels) and the use of renewable – but carbon-containing – (synthetic) fuels. The latter are 
climate-neutral over the life cycle since carbon dioxide is absorbed from the air during 
the growth or production phase and released again during combustion. For this reason, 
the terms “ecologization” or “defossilization” are also used synonymously to describe the 
conversion of the energy system to avoid the use of fossil energy raw materials (Ausfelder 
et al., 2017, p. 20).
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