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Appendix B

 
(a) 

 

(b) 

 
(c) 

 

Figure A4. Particle size analysis on shredded waste using a commercial four-shaft shear shredder
(Untha Ltd.) with an 80 mm reject screen: (a) Trial 10a (waste from collection round 10); (b) Trial 11a
(collection round 11) and (c) Trial 12a (collection round 12).
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Abstract: An installation of a Water Source Heat Hump (WSHP) at Glasgow’s Underground Station,
has been using the subsurface wastewater ingress to heat the office at St. George’s Cross station.
The performance of the Glasgow Subway’s new heating system was observed for a few months.
The energy output readings are being presented. An average coefficient of performance (CoP) of 2.5
and a 60% energy input reduction for the heating system based on the old heating system’s energy
demand indicates the actual system’s performance. The purpose of this research is to detect the
likelihood of implementing the same setup in similar underground environments where the excess
wastewater may support a viable and eco-friendly heating system. Fifteen cities across Europe have
been identified and presented, with the adequate water quantities, where similar heating systems
may be applied. The output of this study indicates not only the financial benefit but also the energy
and carbon reduction of this trial. It highlights main subjects which were encountered in such a
challenging subway system. Future steps to commercialize the excess heat energy output are explored
together with opportunities to promote the same setup in similar cases.

Keywords: wastewater management; environmental sustainability; waste resources; renewable energy

1. Introduction

Glasgow’s subway system has been operational for the last 120 years [1]. Two identical tunnels
are connecting fifteen stations with an overall length of ten kilometers (Figure 1). At least at half of the
stations, the water enters into the track bed within the tunnels for different reasons (old construction,
change of the aquifer in certain locations etc.). The water enters via weaknesses within the tunnel
lining. Although the underground system is continually being maintained, water always finds a new
way to enter. This is quite challenging because of the fact that the excess water may affect the operation
of the underground. This water is being directed to a discharged system through pumping stations
along the fifteen stations.

A research project was initiated by the Glasgow Caledonian University in collaboration with other
European Universities to apprehend the potential of shallow geothermal energy in the underground
tunnels of Glasgow and demonstrate that a water source heat pump (WSHP) may perform well without
the need of boreholes which are necessary in a typical WSHP setup. In addition to this, an improved
wastewater management system could successfully extract heat from this waste resource. This could go
further by developing a viability study and a business case for shallow geothermal water extraction [2],
which is expected to highlight barriers and opportunities for bringing geothermal heat technologies to
practice and finally to the market.

Resources 2019, 8, 169; doi:10.3390/resources8040169 www.mdpi.com/journal/resources131
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For over a year (15 months) readings were undertaken inside the Subway with regards to the
water’s flux and temperature. The peak water flux was acknowledged, and an assessment displayed
the heat energy potential at each station [3]. A feasibility study presented the likelihood of using this
water to replace the old electric fired heating setup. The aim was to conclude into the viability of
implementing a new heating setup for one station with the wastewater as the key element for this.
This was expected to eliminate the usual cost of a WSHP once the water retained an unwavering
temperature and flux without the need for boreholes.

At the same time, a business case with regards to the heat potential of the excess heat and how
this can be commercialized has been developed [2].

The most common use of wastewater to recover heat is based on other setups such as
heating buildings [4,5]. However, non-water-based heat recovery has been already implemented in
underground environments using dissimilar sources; such as the relatively warm air from the tunnels
or the heat emitted by the customers using the underground [6]. The wastewater ingress within a
subway system was a different approach to recover heat, which was designed and implemented in the
Glasgow subway system and more specifically at one of the fifteen Subway stations.

 
Figure 1. The Glasgow Subway map with the trial Station (St. George’s Cross), Source [7] & Google maps.

The different approach in this study is the “change of path” of the wastewater, meaning that the
cost of dealing with this waste through pumps who need periodical maintenance has been reduced
due to the alternate use of this water via a WSHP.

Successful performance of the WSHP installed at Glasgow Subway was initially presented at
the RTESE2018 (Recent Trends in Environmental Science and Engineering) Conference in Canada [7],
and the positive outcomes of managing the wastewater through the heating system are described
below. Based on these experiences, this study explores options to implement the same setup in other
cities across Europe with wastewater existence within their underground systems. Limitations and
constrains are presented in the following sections. It is an intricate task to put together all the necessary
parameters to access the likelihood of applying a similar yet viable heating solution in a totally different
underground environment.

2. Wastewater Readings and WSHP Installation

The field trial location was selected on the basis of four factors: distance (from the “source” to the
“sink”), reliability of water flow; temperature and quality of water. Given this, the St. George’s Cross
Station was the one chosen for the trial case (Figure 1).

The tunnel’s deviations for the temperature are shown in Table 1 (average temp. = 14.2 ◦C)
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Table 1. Glasgow and wastewater temperatures during the monitoring period.

Year Month Glasgow’s Mean Temperature (◦C) Wastewater’s Mean Temperature (◦C)

2014 May 11.6 14.1
2014 Jun. 16.7 13.4
2014 Jul. 14.7 14.9
2014 Aug. 16.1 16.0
2014 Sept. 15.0 15.4
2014 Oct. 12.0 16.1
2014 Nov. 10.1 13.7
2014 Dec. 4.1 13.2
2015 Jan. 5.8 14.1
2015 Feb. 5.7 12.1
2015 Mar. 5.4 12.8
2015 Apr. 9.6 14.0
2015 May 13.1 14.1
2015 Jun. 13.0 14.6
2015 Jul. 14.8 14.8

The water flux shown below in Table 2 was the basic factor which led to the trial heat
pump installation.

Table 2. Water flow at the trial station [7].

WF1: Water Flow (Station St. George’s Cross)

Month Year WF (L/s)

May 2014 6.7
Jun. 2014 6.3
Jul. 2014 5.3

Aug. 2014 3.9
Sept. 2014 1.9
Oct. 2014 1.8
Nov. 2014 1.8
Dec. 2014 2.0
Jan. 2015 2.1
Feb. 2015 2.2
Mar. 2015 1.5
Apr. 2015 1.6
May 2015 1.5
Jun. 2015 1.4
Jul. 2015 1.3

Average Flow 2.75

The water flux rate of some previous years was measured prior to the heating system’s design
to confirm the lowest required flux rate was always obtainable to operate the heat pump (0.5 L/s).
The water temperature readings for the same period of time, established a relatively stable value which
was expected to maintain the heat pump performance at a good level with the minimum operating
temperature difference. This was planned, designed and carried out on location during the last quarter
of 2015.

St George’s Cross station’s heat demand was calculated to be 5.2 kW [8]. Therefore, a 9 kW water
source heat pump was necessary to cover the heating and the domestic hot water demand. A schematic
of the design (Figure 2) outlines the basic parts of this trial installation. The equipment complied with
the fire regulations which was very critical due to the location of the trial [9] which was underground.
The overall installation cost of this trial was £44,000. This included the heat pump and the associated
equipment, pipe works and labour cost. The benefit of this trial, which kept the cost low, compared to
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a typical WSHP setup, was the lack of boreholes, once the water was present at the trial site. However,
the downside was the increased labour cost due to the fact that all works were undertaken during the
non-operational Subway hours (from midnight to 5 a.m.).

 
Figure 2. Station’s diagram of the heating system (Source: [7]).

3. Heating System’s Performance

The heating system at the Station is operational 18 h per day for seven days a week. A buffer
container keeps the water at 50 degrees Celsius. Every seven days, the water from 50 degrees is
electrically raised over 65 degrees automatically against Legionella. The room temperature has been
set to 21 degrees Celsius during the whole day.

A monitoring apparatus (heat meter) was installed to capturing the output in kW for every kW of
energy input. The following Table 3 demonstrates the relation between the input and output, energy
wise, which is referred as the Coefficient of Performance (CoP).

Table 3. St. George’s Cross heating system’s coefficient of performance (CoP).

Month Year CoP

Dec. 2015 2.51
Jan. 2016 2.76
Feb. 2016 2.31
Mar. 2016 2.25

Mean value CoP 2.48

The WSHP is extracting 30 L/min water. This provides all the necessary heating and DHW
(Domestic Hot Water) for the station. One third of the water ingress at that specific section of
the underground system is being used for this heating system. Apart from this outcome, a major
achievement is the reduction of using the existing pumps to discharging the wastewater from the
station. It has been estimated that the pumps now operate two thirds compared to the pre-trial period.
There is a lack of delivery plan for the rest of the discharged water (no extra need for heating close to
the source) therefore, the rest of the wastewater is still following the same path to the sewers.
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The station’s old heating system was based 100% in electricity (electric fired radiators), consuming
10 kW without counting for the DHW. The WSHP requires a 4 kW input covering the DHW as well [10].
The payback period for this trial setup considering all the installation costs is projected to be 12 years.
It has to be taken into consideration the savings in terms of CO2 emissions once the electricity has been
minimised so dramatically.

4. Discussion

A key issue to address a major topic which troubles not only governments, but each one of us is a
mild changeover from current fossil fuels to future low-carbon energy alternative sources.

This consists of investigating potential urban waste heat sources which may be applied to
recover energy using the current technologies in the field of heat recovery. Secondary energy sources
especially in urban areas have the potential to be integrated into heating networks, on underground
rail tunnels [11]. At the London Underground, an approach to exploit the underground latent heat
with vertical Ground Heat Exchangers (GHE). The results exhibited that heat extraction amounts of
GSHPs installed near the underground tunnels can be considerably improved by up to ~43% [12].
Embedded tunnel liner heat exchangers have been implemented in Austria, demonstrating a feasible
solution for newly constructed tunnel in order to recover heat energy [13].

In terms of waste, most governments are oriented to identify economic and environmental benefits
of treating waste as a valuable resource and preventing them from being unnecessarily disposed. This,
aims to ensure that heat and power systems may efficiently use of the energy generated by a number
of renewable methods. A recent example is the use of heat pumps to amplify the natural warmth
of wastewater. Scottish Water worked with an external partner and facilitated the installation of the
UK’s first wastewater heat recovery scheme at Scottish Borders College campus in Galashiels (Borders
College). The college’s heating needs are covered partially with heat pumps, producing savings in
energy, costs and carbon emissions. This has gone through an investment bank, aiming to promote the
use of waste for energy production [14].

4.1. Lessons Learned

In our case, the new heating system at the station using the subsurface wastewater wasn’t an
easy transition from the old electric heating system to the new one. The trial period was very critical
for the users (Station’s Staff) as well as the company’s stakeholders. The heat pump has a different
behaviour in terms of comfort compared to the electric radiators. The electric ones, radiate heat at high
temperature (around 80 degrees Celsius). On the contrary, the fan coil units used for a heat pump
setup need time to reach a stable ambient temperature blowing warm air. The goal and the result is in
both cases the same, a room temperature at 21 degrees.

During the very first months of operation, refurbishment works were undertaken at track level,
within the tunnels. This may have caused the heat pump system’s malfunction which led to reduced
performance. After inspecting the installation, it was discovered that the heat exchanger was not
fully operational due to blockage with sediment. Following this, a new spare part (heat exchanger)
was positioned together with a water filter to handle any future issues which may be caused due to
unexpected changes to the wastewater quality.

Through the water source heat pump (WSHP) a reduction with regards to the water, which is
being pumped out of the system has been achieved. At St. George’s Cross Station, one-third of the
wastewater is now being used via a heat pump for the heating and DHW. Following that point (Station)
the water is directed to the Station’s sewer. This, contributes to further savings (less man-hours and
money for the discharge pump maintenance and also less energy spent due to fewer operating hours).
The reason for extracting only 1/3 of the wastewater is that only this amount is necessary to cover
the station’s thermal needs. This (water volume) is in small scale compared with the potential of
using the same heating system in two more SPT’s (Strathclyde Partnership Transport) areas that have
been mentioned.

135



Resources 2019, 8, 169

4.2. Opportunities for Similar Underground Systems

Heat Mapping is a method to help detect and measure the heat demand using a Geographic
Information System (GIS). The Scottish government has supported the development of the Scotland’s
heat map [15,16]. This is a very useful tool to compare and plan for solutions with regards to
detailed heat demand and identifying opportunities for decentralised energy projects across Scotland.
By superimposing the Glasgow Subway map on to the Glasgow Heat map (Figure 3) and with the use
of a GIS software, the potentials can be realized. The annual heat demand (kWh/year) is displayed
in colour variation this map, is updated constantly, therefore this tool is extremely accurate and very
helpful in assessing the areas which should be targeted to provide the subway’s excess heat output.

 
1000 m 

Figure 3. Superimposing the Glasgow Subway map on to the Glasgow’s Heat Map. Source: Scottish
Heat Maps. Legend: Colour marking of heat demand in Glasgow.

According to the “heat map”, the northern part of the subway (eight stations above the river;
Figure 3) seems to have more heat demand therefore a potential to commercialize its heat energy excess.

Based on a feasibility study that has been undertaken [2], a 745-kW output can be commercialised
in areas close to the subway system. This study is at a high level, therefore, a detailed assessment based
on the current status (property ownership, current heating systems, use of the buildings etc.) should
be commenced to identify the actual potential customers for this excess heat (Figure 4), which has been
calculated after covering the Subway’s own heat demand for the 15 stations. Even though, according to
the same heat map, the heat demand in the south part of the underground is not significant, the same
effort should be undertaken to identify potential users due to the recent interest of developers to invest
in new properties, southwest of the Glasgow City, which were not in high demand the last couple
of decades.
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1000 m 

Figure 4. The calculated excess heat output (745 kW) for the Glasgow Subway System.

This approach could go further and spread over to other European cities with a similar setup
(presence of water in their subway system). The GCU (Glasgow Caledonian University), in collaboration
with other universities across Europe, has already studied and identified the potential of applying
similar heating systems in capitals or major cities with the existence of subway systems. The following
Table 4 is the result of this collaboration, indicating the capacity and the potentials (energy wise) of
taking advantage of similar systems.

Table 4. Energy potential in other cities with a metro system.

Cities with
Metro

Population
(Thousands)

Waste Water Mass
Flow (m3/day)

Energy Potential
(MW)

Km of Metro Stations

Athens 3750 281,604 68 84.5 94
Berlin 3388 1,198,585 290 151.7 173

Brussels 1000 353,774 86 39.9 59
Budapest 1696 600,000 145 38.6 52
Glasgow 600 1730 0.75 10.5 15
Lisbon 529 187,146 45 26.8 55
London 8540 2,628,184 635 400 270
Madrid 3100 1,096,698 265 293 301

Paris 2181 771,580 187 197 303
Prague 1171 414,269 100 65.2 61
Rome 2554 903,538 218 60 37
Sofia 1246 44,802 107 40 35

Stockholm 762 269,576 65 108 100
Vienna 1599 565,684 137 78.5 104
Warsaw 1693 598,939 145 29 58

Further research has to be undertaken to pinpoint the particularities in every City, aiming to detect
in details the capability of exploiting shallow geothermal sources around Europe. Table 4, indicates the
heat energy potential only from the water. If other potential can be also identified (air) [17], then a
higher number in terms of energy is believed to be attainable.
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4.3. Challenges for Widespread Implementation of WSHP Systems in Urban Environments

There are some limitations, barriers and opportunities to extensively apply shallow geothermal
heat harvesting to the whole Subway network and elsewhere. The continuity of water is one of them.
Out of the fifteen stations, a heating system based on the water can be assumed only in few sites due to
different water ingress at each location. This waste resource has not been fully exploited due to some
constrains mentioned previously.

However, a number of implements have to be acknowledged and developed to transform such
opportunities into real applications and viable projects. The heat map is one, but not the only necessary
tool. Underground companies across Europe with a similar setup (existence of wastewater in large
quantities) have to proceed with specific steps through feasibility studies to identify key characteristics
of the water to be able to commercialize this resource. A year round survey is necessary with regards
to the following: quantity, quality and temperature of water. These three, are essential to assess
the real potentials for heat recovery and afterwards to seek for customers to provide this secondary
energy source.

On the other hand, developers and businesses have to seek for new ways of exploiting available
resources in close proximity to their plots based on key words such as sustainability and waste resource
management towards energy.

It is rather difficult, in financial terms, to adopt a different way of using a waste resource as a new
energy source. The initial cost is higher compared to a typical heating setup (gas- or oil-based heating
systems). However, the need to alter the perspective of using diverse resources is becoming more
intense than ever. Until now, the direct use of the wastewater within an underground environment as
an energy source is limited. Apart from the Glasgow subway system, no other subway has used directly
the water to produce heat energy out of it. The immense water quantities are a promising secondary
energy source if the basic steps described previously will be taken into consideration. Alongside,
subsidy schemes supported by public bodies or investment consortiums may assist in putting forward
such technologies and familiarise not only the stakeholders, but also the public on how to accept smart
reuse of a waste resource.

5. Conclusions

The current study presents the outcome of a trial heating system from a waste resource and the
importance of a primary energy saving in the Glasgow Underground using the wastewater through
a WSHP.

This trial demonstrates that this positive feedback provides a promising output for implementing
a viable waste to energy case. It also highlights the opportunity to roll out similar heating setups to
other underground networks across Europe. Nonetheless, further similar cases have to be studied to
ensure an economical viable installation. A number of incentives may additional support this relatively
new heating technology, such as the Renewable Heat Incentive (RHI) [18].

The benefit of reducing the operational as well as the maintenance cost of the existing wastewater
discharge system has also to be considered as another positive outcome apart from using a water
sourced heat pump with an overall reduced cost due to the non-existence of boreholes which is
translated into less capital cost for such an installation.

Additional tools to identify the actual areas where the heat demand is high are also needed to
make this a reality with an affordable cost [19]. A detailed analysis of the energy supply potentials in
areas in close proximity to the Glasgow Subway System has been undertaken demonstrating future
possible applications.

The existence of the Glasgow Heat Map (through the Scottish government) has shown potential
areas with a high heat demand helping to identify potential customers for the excess heat output.
This is expected to assist in scheduling further heat output exploitation. Even though a number of
cases with regard to the use of waste resources to produce energy in underground environments have
already been implemented, there has not been anything similar to the Glasgow Subway approach
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detected elsewhere. As this study presents, direct use of the wastewater to produce heat energy has
potential in European cities with a metro system. After taking readings and measurements of the
water’s temperature and flow, then it is all about achieving the right collaborations between the Metro
company and the nearby premises/businesses. The closer the distance between the source of energy and
the final distribution point is, the more efficient and cost effective the installation will be. Commercial
alliances and further funding have to be found through national or European schemes and trusts to
subsidise large-scale heating installations in order to exploit the excess heat output. This approach is
expected to assist in applying the same setup and take advantage of shallow geothermal sources in
similar underground environments worldwide.
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Abstract: Renewable energy remains an underutilised resource within urban environments.
This study examines the ongoing German Energiewende (energy transition) as an example of
renewable energy being treated as a necessary resource for urban development. It departs from
existing literature by operationalising the Advocacy Coalition Framework (ACF), taking a policy
systems approach to analyse (and explain) the cases of three German cities—Munich, Berlin, and
Freiburg. This approach helps draw lessons for future UK energy scenarios by placing more abstract
conceptions of Sustainable Energy Transitions (SETs) within the context of UK cities, post-Brexit.
By discussing five main themes: the shift from government to governance; the need to break
‘carbon lock-in’; renewable energy innovation as an underutilised resource; developing governance
strategies for renewable energy resources; the shift from policy to practice, the study yields a
detailed reconceptualisation of approaches to renewable energy resource-use policy. The novelty
of this study lies in its response to these challenges, taking a policy systems approach to energy
governance. The article concludes with a proposed integrated framework. The framework, which
is based on multi-scalar and multi-stakeholder integrated energy governance strategy, reconsiders
the way in which renewable energy resources are seen in current governance terms in the UK.
The framework presents a new approach to renewable energy resource-use policy that embraces
innovation, responsible governance, and inclusive processes, (alongside thinking beyond simply
technical solutions) to considering the socio-economic impacts of policy decisions in cities.

Keywords: city planning; Energiewende; post-Brexit; renewable energy systems; resource-use policy;
sustainable energy transitions; underutilised resources

1. Introduction

Renewable energy is an underutilised resource in many cities that is under-exploited. As cities are
the largest consumers of energy and material resources, renewable energy production and distribution
has become increasingly essential for ensuring that cities respond to modern environmental,
socio-economic, and political challenges of de-carbonisation and efficient resource use. Prior to
the United Kingdom’s (UK) vote to leave the European Union (EU) in 2016 (commonly referred to as
‘Brexit’), the assumption of policy-makers was that Sustainable Energy Transitions (SETs) would be
made possible by integrated top-down approaches, mandating national governments to embark upon
ambitious restructurings of energy systems [1]. Although the prospect of Brexit does not automatically
mean that the UK will entirely eschew common European commitments, practices and policies, it does
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raise the possibility that greater differentiation will emerge in tackling common issues [2,3]. Although
UK cities have a number of existing structural advantages that potentially could allow for greater
innovation and transformation, they have continued to lag behind their European competitors in
terms of renewable energy innovation, productivity and sustainable resource-use. For example, since
the Climate Change Act 2008, the UK’s renewable energy policies have increasingly been focused
on how to adapt existing energy systems and resources to innovative approaches [4]. Alongside
this, devolution and other structural policy shifts have the potential to give rise to more sustainable
energy governance, responding to changing needs in ways that are different from the rest of the
EU [5]. Nevertheless, across Europe, given energy consumption patterns and dependencies, the issue
facing municipalities and local governments is how to deal with complex and changing linkages
between energy production, consumption, and governance systems. The novelty of this study lies in
its response to these challenges, taking a policy systems approach to renewable energy resource-use
policy, focusing on the governance and management of these resources within cities.

This article therefore embraces Germany’s ‘Energiewende’ (energy transition)—the planned
transition to a nuclear-free and low-carbon energy economy—as an example of renewable energy
being treated as an underutilised resource that is necessary for urban development. It represents
a different interpretation of the future of renewable energy systems, and therefore material
resource-use—especially in relation to innovation and valorisation—and its approach stands out from
the UK, as its cities are at the vanguard of this transformation. It departs from existing literature by
focusing on changing inter-linkages between renewable energy systems, resource-use and cities, using
three case studies—Munich (a solar-city), Berlin (Germany’s capital) and Freiburg (an eco-city)—which
frames the main research questions in this article as follows:

1. How can renewable energy be conceptualised as an underutilised resource in urban environments?
2. What do German experience(s) of sustainable energy transitions reveal about pathways towards

mainstreaming renewable energy in the urban environment?
3. What lessons can be learnt from the German example(s) for other countries, particularly the UK

and the EU, in relation to evolving energy approaches, post-Brexit?
4. How feasible are renewable energy resource-based systems as an alternative to current

carbon-based centralised energy systems in the EU?

To answer these questions, the study begins by describing the notion of resource underutilisation
in the city (to argue that renewable energy is an underutilised resource in urban environments). This is
followed by a description of the methodology and findings, and a discussion leading to conclusions
and a proposed integrated energy governance framework.

2. The Notion of ‘Resource Underutilisation’ in the City and the Context of UK Cities, Post-Brexit

2.1. The Notion of “Resource Underutilisation” in the City

The current state of global urbanisation has led to increasing pressures on city dwellers and the
urban environments in which they live. These urban challenges are likely to increase as a result of
expected rises in urban populations by 2050 [6]. Cities account for 80% of global Gross Domestic
Product, 60–80% of global energy consumption, 75% of carbon emissions, and more than 75% of
the world’s natural resource consumption—even though they only occupy 2% of the earth’s land
surface [6].

As a result, cities striving to serve all urban residents need to utilise resources efficiently. Resources
are material or non-material products that are usable by cities to fulfil their function as human
settlements. Hence, “resources are only resources to the extent that they have value, or usefulness” to
the city [7]. They are the usable components—usually integrated in broader city action plans—that
contribute to improvements in living conditions for people and the urban environment. This does not
imply that every material and non-material component of city development is a resource. According
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to Watts [7], “[ . . . ] things that can’t be used to enhance life aren’t resources, but just objects; things
that used to be resources but are now worn out, obsolete, or otherwise have lost their usefulness aren’t
resources but just junk”.

Resources enable cities to provide new, better quality, inclusive and lower cost products and
services to its residents. The ability of cities to continually deliver these offerings over time constitutes
an important determinant of its functionality as a human settlement. The use of the term ‘underutilised’
to refer to categories of city resources gives rise to a discussion of what the word actually means.
In general, it is commonly applied to materials and non-material products (e.g., goods and services)
whose potential has not been fully utilised or realised in the development of the city. This all-inclusive
definition of underutilised resources embraces all resources that are currently abandoned by city
planners (including administrators and developers), or that are in decline or undiscovered, but which
could be discovered or revived through specific interventions, adding value to the functionality of the
urban environment. Underutilised resources can be vacant land, knowledge, energy resources, services,
demographic data, minerals, and many categories of natural resources, among others. This study
considers renewable energy—that is, energy generated from natural processes that are continuously
replenishable—particularly energy from solar and wind, as an underutilised resource. These remain
underutilised resources in UK cities, because they are energy sources that cannot be exhausted, and
that are constantly renewed.

Penrose’s [8] The Theory of the Growth of the Firm provides the premise for understanding the
relative (un-)importance of underutilised resources, by arguing that underutilised resources are core
drivers of firm growth. Adding to this diagnosis, Penrose [9] effectively argues that the quest to put
underutilised resources to use provides a critical source of motivation for firms (which can also be
applied to cities). The other side of the argument is that underutilised resources present challenges for
city management in finding ways to put to them to use. According to Penrose ([10], p. 76), underutilised
resources present cities with “a challenge to innovate” and an “incentive to expand”. “Underutilised
resources entail costs” to cities, because they are resources that “are not producing the full value
they are capable of” ([11], p. 17). Therefore, city managers often find themselves “under pressure to
conceive of new approaches, processes and activities that are capable of more effectively extracting
value from underutilised resources” ([11], p. 18). Thinking from the theory of the growth of the firm to
the growth of the city, it becomes clearer that cities with abundant renewable energy resources may
hold a competitive advantage in a global economy with increasing resource-use complexities. Cities
with abundant renewable energy resources can support low-cost, efficient and high-return energy
initiatives that promote job growth, and that reduce the cost of infrastructure maintenance. These
insights have implications for UK cities, post-Brexit.

2.2. Framing Energy Governance in the Context of the UK, Post-Brexit

The prospect of leaving the EU presents both challenges and opportunities for UK energy
governance—and specifically the utilisation of renewable energy resources. One of the most significant
short-term challenges will be in maintaining resilience and balance of supply across a domestic energy
grid that has benefitted from being part of the EU Internal Energy Market (IEM) that has reduced the
friction of energy flow between member states. Interconnectors to the IEM provided the UK with 4.2%
of its electricity and 36.8% of gas in 2017 [12], and one commercial source has summarised the current
importance of the IEM as follows:

“Renewable energy accounts for almost a quarter of the UK’s electricity generation in
2015, however due to the fluctuating output the benefit of interconnectivity with the EU
increases the more renewable energy production the UK has. The UK is able to sell energy
electricity at times where production outpaces demand and buy energy when demand
outpaces production”. ([13], p. 3)
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Although interim arrangements may be put in place to maintain access to the IEM in the immediate
aftermath of Brexit, longer term access looks uncertain, with the Lords EU Environment and energy
sub-committee recently concluding that ‘is unlikely to be possible if the Government pursues its policy
of leaving the Single Market and the jurisdiction of the Court of Justice of the European Union’ [14].
Although the UK would remain able to trade in energy with EU states through the interconnectors
after a withdrawal from the IEM, it would be on less favourable terms, and with a possibility of tariffs
that would increase the cost of energy imports [13]. The Lords committee concluded that ‘Post-Brexit,
the UK may be more vulnerable to supply shortages in the event of extreme weather or unplanned
generation outages’ [14]. We believe, therefore, that the potential decrease in energy security and the
prospect of increasing imported energy costs contribute to a case for greater self-sufficiency in UK
energy production, within which local renewable energy production—as illustrated later in the three
German case studies—can play an important role.

There are also opportunities for devolutionary practices to play an enhanced role in the production
of renewable energy in the UK. A number of state functions have undergone a process of ‘rescaling’
over the past two decades. The process began as a high-level programme of democratic outreach
and renewal through the devolution of some political powers and responsibilities to new assemblies
for Wales, Scotland and Northern Ireland, formed under legislation enacted in 1998, which provides
significant powers for the planning of energy schemes [15,16]. A similar move to devolve power to
English regional assemblies largely failed after a referendum in the northeast of England in 2004, and
only the Greater London Assembly survives from this attempt to introduce English regionalism [17].

More recently, however, the rescaling of planning resumed in England under the Localism Act,
2011, which has given local communities responsibilities and powers for neighbourhood planning [17],
and the process has continued with the introduction of regional mayors with powers similar to
London’s, and the devolution of cross-sectorial government funds through ‘city deal’ arrangements [18].
In addition, central government has enhanced its support for local energy production, with the
publication of a community energy strategy in 2015, community energy funds, and a commitment
to feed-in tariffs for small-scale low-carbon energy producers [19]. In summary, therefore, it would
appear that many of the administrative and policy arrangements are already in place, should the UK
wish to embark on the further devolution of energy production at the local scale.

The next section therefore presents the methods and materials that are used to analyse the
cases of three German cities, to convey the increasing role that renewable energy plays within urban
environments, and the nature of changing resource-use and management. Experiences drawn from
these cities enable this study to draw lessons of policy relevance to other cities, especially those in the
UK, helping them to take bold action towards tapping into underutilised renewable energy resources
that have currently been neglected.

3. Materials and Methods

The study presented in this article draws upon inter-disciplinary foundations in its exploration
of the German Energiewende (energy transition), and its broader links to the areas of energy policy
and sustainable resource-use. The themes and concepts used in this article include sustainable
energy transitions (SETs), Germany’s Energiewende, Brexit energy policy, renewable energy systems,
distributed generation, polycentric/adaptive governance, underutilised urban resources and common
pool resources. These themes were used to query and select literature, using the Web of Science
Citation Index. Furthermore, the literature search was categorised, focusing on the foundations of the
Energiewende, its core drivers, and the application in German cities. A content analysis and synthesis
of selected literature helped to identify experiences on the Energiewende in Germany.

Six interviews were conducted in Germany (during to the months of June and July 2017). Out of
the six interviews, two were conducted per case study area. The interviews were necessary to ensure
that the data derived from literature (especially from grey publications of the City Councils of Berlin,
Freiburg and Munich) were valid. The interviewees (or respondents) were purposively selected, based

144



Resources 2019, 8, 7

on their having in-depth knowledge of resource governance affairs in the cities (especially in urban
planning, energy policymaking and implementation). The interviews were discursive, and lasted
between 40–60 min per interview. All interviews were conducted in the English language, and all
respondents preferred anonymity. The analysis of the interview data followed an interpretational
approach; hence, it was neither necessary nor important to directly quote respondents.

Another core element of the research process was focused on reviewing the Energiewende as a
policy system, and thus its implications for post-Brexit UK energy and resource-use policy. Researching
the background of the Energiewende led to a focus on two specific drivers with parallels for the UK: the
role of constitutional arrangements for local decision-making, alongside spatial planning and territorial
development. The case studies of Munich, Berlin and Freiburg were purposively chosen, as they
represent some of the divergence in approach to the Energiewende within the urban environment
in Germany. All of these cities have had extensive debates over sustainable resource-use and energy
policy. While not representative of all experiences, especially not reflective of either former East
Germany, nor current north–south regional divides, what these case studies do show is that even
within a single project or vision like the Energiewende, outcomes can vary significantly, depending
on a variety of factors. Geography was not a critical factor in choosing case studies, but it should be
noted that both Munich and Freiburg are in the wealthier south of Germany. All case studies have
had good exposure, allowing for the robust analysis of respective energy policies and resource-use
policy discourses.

In order to analyse the case studies, and to draw out wider elements for discussion, the Advocacy
Coalition Framework (ACF) was deployed to examine (and explain) critical features, similarities, and
differences between the approaches of Munich, Berlin and Freiburg. A core premise of the ACF is
that “policymaking in a policy sub-system, which is a policy area that is geographically bounded
and encompasses policy participants from all levels of government and multiple interest groups ([20],
p. 124) (see Figure 1). The use of ACF in this study helped to understand and explain the policy issues
that are involved in the energy transitions in the context of Munich, Berlin and Freiburg. The ACF was
initially developed in 1988 [21], and then revised afterwards [22–24]. The approach of this study was
to frame interview questions to probe key aspects of energy as underutilised resources in cities.

Figure 1. The Advocacy Coalition Framework (ACF) applied to the governance of renewable energy
resources (author’s own work).
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Following the ACF policy-system approach, five aspects of tackling renewable energy
(as underutilised resources) were investigated towards deriving lessons for UK cities post-Brexit.
In this regard, five aspects of energy policy issues were investigated in the case studies (Figure 1).
They include (1) policy system interactions, referring to governance arrangements, (2) external system
events, referring to core agreements, (3) relatively stable parameters such as the role of municipalities,
(4) long-term coalition opportunity structures, and (5) short-term resource constraints. Thus, this
approach showcases mechanisms behind decision-making that is absent elsewhere. Germany’s
Energiewende therefore can be viewed as an evolving policy approach that is seen through multiple
lenses, but also framed through stakeholder interactions. A major limitation to the use of ACF
is that it can be difficult to apply, and it can be very time consuming when adapted by using
data from questionnaires. To avoid this limitation, this study only conducted a “quick qualitative
ACF-style analysis of subsystem policies” of city-level energy resources as prescribed by Weible and
Sabatier ([20], p. 132). The results from the ACF analysis are presented in the next section.

4. Results

4.1. Background and Foundations of the Energiewende

In its current form the ‘Energiewende’ (literally meaning energy transition) refers to the ongoing
German energy experiment aimed at creating SETs by (radically and) increasingly opting for renewable
energy sources and systems, and opting out of non-sustainable energy resource-use. The term emerged
out of the seminal German work by Krause et al. [25], entitled “Energiewende: Growth and Prosperity
without Oil and Uranium” in the context of the growing awareness of the environmental costs of fossil
fuel usage through the environmental movement in what was then West Germany [25,26]. Germany’s
energy policy is also as much strategic as environmental [27]. As an importer of fossil fuels, and
dependent on foreign oil exports, the Energiewende has also been about Germany gaining control
over its own energy policy and reducing import dependence and the insecurity that this has implied.
Between 1990 and 2008, Germany reduced its greenhouse gas (GHG) emissions by 26.5%, which
exceeded the 21% commitment made by Helmet Kohl under the Kyoto Protocol in the 1990s [26,27].

Although the German energy approach has gained much attention since the 2011 decision to phase
out the use of nuclear energy in the wake of the Fukushima disaster, it has a much longer trajectory
since it was first institutionalised in the 1980s [26]. It has several strategic objectives to be achieved by
2050: to reduce primary energy use by 50% (compared to 2008 levels), to reduce GHG emissions by
80% (compared to 1990 levels), and to increase the national share of renewables to 60%, while also
increasing the share of renewably generated electricity in overall electricity consumption to at least
80%. Therefore, in many ways, the Energiewende has been seen as critical to enforcing the narratives
of Germany improving its environmental sustainability, as well as reducing its dependence on fossil
fuels in recent decades. Schiermeier’s [28] summary of the Energiewende reveals the strong will of
the German Federal Government to pursue this agenda, with high levels of research and technical
investment occurring, alongside rising cost-burdens on German taxpayers.

Despite this recent background, the ideas that have fed into and sustained the Energiewende have
a much longer history. In the 1970s, when Meadows et al.’s [29] work, Limits to Growth, first postulated
that the Earth’s finite resources were being used unsustainably, questions emerged regarding how
to address the complex interlinkages between cities and resource-use. The aftermath of the oil crisis
that affected major western economies during that decade had a lasting impact across Europe in
highlighting the fragility of non-renewable energy systems [30,31]. Ikenberry [32] points out that in
Germany, this was the foundation that spurred municipalities to rethink how energy resources were
embedded into the built environment. There have been two main drivers that have helped to ferment
this change: constitutional arrangements that favour state-level decision-making, and Germany’s
spatial planning system.
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By the late 20th century, it was clear that the socio-economic and physical infrastructures that had
emerged with the industrial revolution (1852–1883) had been cemented in the highly centralised modes
of energy production and distribution, segregating consumers from large energy companies [33–35].
As European cities recovered from the Second World War (1939–1945), they were forced to confront new
realities, including the rise of increasingly carbon-dependent urban environments. For Germany, the
development of the environmental movement coincided with the debate over re-unification, especially
in the 1980s and 1990s. In recent decades, the Energiewende has been gathering pace, especially since
the EU’s Renewable Energy Directive 2009, in the face of environmental, socio-economic and political
discourses that have struggled to consider how to deal with the confluence of challenges facing society,
especially the increasingly dominant influence of human activity on both the modern climate and
the environment.

Theoretical discussions on the Energiewende can also be seen as part of a wider discourse on how
to approach modern environmental issues that are connected to resource-use policy. As Dryzek [36]
notes, at the centre of discussions on sustainable urban futures have been questions of how far society
should depart from pathways of industrialism, and whether or not societal change is needed away
from economic growth and materialism. Yet, as Pellow and Brehm’s [37] survey of environmental
sociology points out—depending on the characterisation of the relationship between the built and
natural environment—differing attention has been placed on various aspects of modern environmental
challenges. For Lewis and Maslin [34], in discussing the emergence of the Anthropocene, by
the post-war era the exponential rise of modern energy resources, including nuclear power—had
irreversibly impacted in transforming the relationship between the natural and built environment.
As Unruh [38] notes, this has created what can be termed ‘carbon lock-in’, which can be described
as the socio-technical fix, through which centralised energy generation systems are perpetuated by
the co-evolution of governing institutions, technical expertise, modes of thought and technological
infrastructure. Breaking this ‘carbon lock-in’ has been fundamental to the Energiewende in shifting
both renewable energy production and consumption within German cities.

4.2. Core Drivers of the Energiewende in the Urban Environment: Constitutional Arrangements and
Spatial Planning

In the context of Germany in the late 20th and early 21st centuries, the Energiewende has involved
a continually evolving approach to energy policy and governance. Among the various drivers of policy
commitments and transformations, it has been framed by multi-scalar discourses on local–regional
and national decision-making, which have been essential to promoting responsible decentralised
governance. The federal nature of decision-making in Germany allows for different decision-making
configurations at the local scale, putting more focus on Länder (state) and municipal strategies.
Alongside this, the growth of territorial development and spatial planning approaches in Germany
has also framed contextual discourses. Questions over the feasibility and success of the Energiewende
are thus grounded in both visioning and implementing SETs through the German planning system.

4.2.1. Constitutional Arrangements for the Local Government

Firstly, as a federal republic, Germany’s decision-making process reflects the distribution of
powers between the federal, regional and local governance scales. As Kommers and Miller [39] note,
German re-unification in 1989 led to the introduction of an approach to constitutional jurisprudence
and governance that reflects attempts to deal with stark regional divisions between east and west
that emerged as the result of partition. As a result, under German ‘Basic Law’ (the constitution), the
balance of power between the Länder (state) and the federal government is of critical importance,
and frames the outcomes of decentralisation. The German Federal Government is elected through the
Bundestag (German Parliament), while the 16 Länder elect the Bundesrat (regional parliament). In the
German context, the arrangement of sub-national structures also frames issues of sovereignty, identity
and political control.
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These ideas are fundamental to understanding the organisation of the Energiewende and its
conception of distributed energy generation as a socio-technical system that is linked to German
federalism. Focusing textually on the German Basic Law, the concept of German federalism first
emerges in Article 20 (sections 1 to 4), which sets out five main principles of Germany’s social
democracy, with the idea of ‘self-government’ being critical to building engagement and bottom-up
governance processes. Article 28 (sections 1 to 2) gives the Länder a clear constitutional position, with
Article 28(2) stating:

‘The municipalities shall be guaranteed the right to manage all affairs of the local
community on their own responsibility within the limits of the law [ . . . ] The guarantee of
self-government includes the basis for financial autonomy’. [40]

This structures the relationship between the Länder and the federal government, where through
‘indirect public administration’, local governments have the power to legislate on issues in a polycentric
manner. This does not mean the Länder can disregard central government, with Article 28(1)
embedding the theme of the ‘federal loyalty’ of each state. In addition, the Länder’s role is also
important administratively, with Article 30 providing the constitutional basis for local legislation
without the federal government, which is predicated upon Articles 20(1) and 28(2). The core distinction
between the competencies of the Länder and the federal government can be seen in Article 70(1),
which states that the Länder has the right to legislate, unless Federation legislation is put into place.
Article 70(2) further notes provisions on ‘exclusive and concurrent’ legislation, as seen in Articles 71
and 72, which govern the Länder and the Federation. Exclusive legislation refers to areas that the
Federal government has full control over, and under Article 71, the Länder’s competencies in these
areas depend on “the extent they are explicitly empowered by federal law”. By contrast, Articles 72(1),
referring to ‘concurrent’ legislation as governed by federal law, and notes “[ . . . ] the Länder shall have
the right to legislate as long as, and to the extent that the Federation does not exercise its legislative
power”. Yet, Article 72(2), mandating federal discretion, states:

‘The Federation shall have the right to legislate where and in so far as the establishment of
uniform living conditions throughout the territory of the Federation or the maintenance of
legal and economic unity calls for federation legislation in the interest of the country as a
whole’. [40]

Article 72(2) therefore mandates the Federal government to pursue interventions, and as a social
state, the conception of “uniform living conditions” does not simply refer to minimum standards,
but also to extensive funding. As Article 75 on areas of federal framework legislation highlights, the
federal government has a clear role in structuring the direction of policy approaches, which in relation
to Article 30, it is up to the Länder to enforce principles, as further seen in Article 83. As Article 84
stipulates, the federal government does have the power to issue rules. While both the Länder and the
Federation have different roles, as seen in all the aforementioned articles, they are interdependent.
While the Länder’s function is in specific areas and implementation of policy, the federal government
has greater general competency, although this is not a straightforward hierarchy, but rather, it can
be seen as a strategic differentiation of policy approaches. This is illustrated by Article 76(1), which
states that legislation may be either introduced in the Bundestag or the Bundesrat, with Article 77(1)
stipulating conditions for the passage of laws. Overall, this provides a background to the provisions of
the Basic Law for the processes of decentralised decision-making that are vital to framing of German
energy governance.

4.2.2. Spatial Planning and Territorial Development

While these constitutional arrangements highlight a core focus on decentralised policy-making,
Germany’s planning context is important, as it frames innovation practices for the Energiewende.
Germany operates a spatial planning system, with the core objectives being to promote sustainability
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and equivalence, and strengthen the Länder. According to the Federal Office for Building and Regional
Planning (FOBR) [41], the German approach to planning revolves around the interaction between
different land uses: residential, employment-related and infrastructure, as defined through spatial
and land-use configurations. Drawing on constitutional principles, which have helped to define the
socio-legal relationship between the Länder and the German Federal Government, planning is mainly
seen through the lens of German regionalism, although it is also affected through national, municipal
and local scales.

Since reunification, Germany’s planning system has been vital to the implementation of
federal policy, and it has revolved around creating spatial manifestations of development.
As Albrechts et al. [42] note, in exploring strategic spatial planning and regional governance in
Europe, integration has helped to produce a ‘rescaling’ of planning agendas, with a greater focus
on the state level, strengthening the role of the Länder in German spatial planning approaches.
Drawing on a rich planning history that extends back to the early 20th century, southern German
states, including Bavaria and Baden-Württemberg, have taken the lead in promoting innovation [43,44].
At the European level, German spatial planning approaches have also had critical impacts on the
process of developing the common European Spatial Development Perspective (ESDP), aimed at
creating a successful common framework for European planning [45]. As Dühr et al. [46] note, this
understanding of multi-scalar processes within German planning frames the possibility of rescaling
and transplanting different approaches.

The linkages between Germany’s planning system and the Energiewende are extensive. As Lösch
and Schneider [47] argue, a key element of Germany’s approach is its focus on the socio-technical
nature of energy systems. Controversially, this ‘energy gamble’ has focused on energy transitions
being as much about users as about technology. According to Jacobsson and Lauber’s [48] assessment,
another critical theme has been a strong legislative and economic agenda. The creation of the Feed-In
Tariff systems, political networks extending both within government and into the business sector,
as well as a strong governance focus post-reunification, has fuelled the Energiewende thus far in
promoting innovation. Further, as Becker et al. [49] argue, the changing nature of urban governance in
German cities has been critical. The concept of ‘Kommunalwirtschaft’ (municipal economy) has been
around since the 1980s, and it frames the ‘municipal influence’ over local affairs, rather than national
governance. Gailing and Röhring [50] add that it has also led to an emphasis on ‘spatial outcomes’,
rather than simply abstract concepts.

These planning concepts have connected the Energiewende to a wider focus on political and social
legitimacy. As Beveridge and Kern [51] comment, discussions on the Energiewende have ranged from
focusing on technological innovation in the wake of the Fukushima nuclear disaster, to debating the
influence of the EU on Germany’s policy-making process. This is why Burger and Weinmann [52] refer
to the Energiewende as ‘Germany’s decentralised energy revolution’, as choices are not made centrally,
but rather through social consensus building. Concepts such as ‘Stadtwerke’ (municipal energy
companies) and ‘Energiegenossenschaften’ (citizens’ energy cooperatives) form the foundations for
decentralised renewable energy systems, with features of political and social dynamism resulting from
bottom-up actions alongside German federal goals [53]. This reveals how both planning approaches
and constitutional arrangements have been critical to the formulation of the Energiewende.

4.3. From Policy to Practice: Three Selected German Cases of City Strategies

Although theoretically the Energiewende is a policy system that has been developed at the national
level, the three case studies—Munich, Berlin and Freiburg—show how different municipalities and
other actors at the local level have informed divergent approaches to energy policy. Moving from
policy to practice therefore reveals how both planning systems and constitutional arrangements have
advantaged forms of energy resource-use policy that are dependent on institutionalising policy-making
processes. Below are summaries of each of the different cases and how they emerged.
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4.3.1. Munich: The Solar Energy Revolution

Munich is one of most well-known cases that are associated with the Energiewende approach
setting itself the goal of producing 100% renewable energy by 2025. According to Zimmerman et al. [54]
Munich’s energy journey has had four main periods of development: the first was in the 1980s, when
it established an Energy Commission consisting of a range of local stakeholder institutions providing
local knowledge, and helping to enshrine the principles of decentralised task allocation and network
building at the local level. From 1989 to 1998, the Förderprogramm Energieeinsparung (Energy
Conservation Support Programme) regularly monitored CO2 emissions, and reported to the City
Council through the Local Agenda 21 process.

Between 1998 up until 2008, there was a process of strategic urban development, leading to the
Perspektive München (PM) concept [55]. This started the shift in energy thinking in Munich, and
was based on a constant development review process to build robust institutional adaptability to deal
with energy and planning issues. The final period started in 2008, when Munich aimed to supply all
municipal facilities and private households with 100% renewable energy by 2025. This resulted in
the Integrated Action Program on Climate Protection (IHKM) which embedded climate change and
energy policies within local governance structures. Since then, as Hall et al. [56] note, the 2011 decision
to phase out nuclear energy has meant that local municipalities have had to play a leading role in
securing sufficient capacity to protect against the adverse effects of problematic short-term energy
market changes.

According to Bulkeley and Kern [57] Munich has done much in terms of innovation and
governance: using the energy commission as a springboard for discussions, including the Solarstadt
München (Solar City Munich). These institutional frameworks for local administration, companies
and citizens are critical to developing policy ideas, and also for exchanging knowledge and experience
across sectors in-order to implement innovative energy concepts. Further, Jurca ([27], p. 175) notes
that, “Munich already produces 47% of its electricity needs from renewable sources, which is sufficient
to provide electricity to its 800,000 households, the subway, and the tram system”. Yet, questions still
exist about the shift to a decentralised, small-scale, on-site production of renewable energy, which
can only be seen in certain types of renewables, due to the current focus on expanding national and
European power grids to ensure the security of supply in larger cities.

Munich’s approach is based on the Stadtwerke München (state utility company), which owns
and operates various forms of renewable energy plants: hydropower, biogas power and geothermal
plants, wind turbines and photovoltaic installations, which are evidence of the qualities of resilience
and adaptability. Byrne et al. [58] while focusing on Munich’s solar city strategy (and the integration
of market, finance, and policy factors for photovoltaic development) argue that in comparison to
other cases in Europe, Munich and Germany have a more fundamentally reformed system to support
renewable energy development, and are now in the ‘market penetration’ phase of renewable energy
deployment, and are fast becoming competitive. Thus, this approach shows how the Energiewende
possibly could be achieved.

4.3.2. Berlin: Re-Unification and Energy in the City

Berlin’s energy approach has been markedly different from other cities, due to its unique history,
which has presented its own challenges. Unlike other examples within Germany, Berlin is both a city as
well as Länder, and thus its powers extend beyond most municipalities [59]. According to Blanchet [60],
exploring the struggle over the energy transition in Berlin, the agenda of ‘remunicipalisation’ of energy
networks and creation of municipal utility companies, seen as a prerequisite to enable local energy
transition, has been a political sticking point. Beyond the rhetoric of energy-related issues, criticism has
been aimed at the Berlin Senate for the lack of development of renewable energy policies, as Berlin’s
electricity is mainly produced by using fossil fuels.

Diekmann et al. [61] also notes that Berlin ranked last for the development of renewable energies
Germany-wide, according to the German Institute for Economics, due to its lack of free rural space to
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develop sites for renewable energy, and the lack of political support for renewable energy investment.
Despite the Energiekonzept 2020, the Berlin senate has been lagging behind other states, although
as Morlet and Keirstead [59] note, and due to the significant energy demand in Berlin, there is much
potential for transformation if the Energiewende approach is successfully implemented. Berlin’s
situation means that ‘combined heat and power’ (CHP) electricity production is a much-discussed
option, especially due to the government’s goal of doubling the current electricity production by 2020.
This level of municipal investment in renewable energy sources could be part of its socio-technical
shift towards distributed generation.

Questions of governance are also pertinent in the case of Berlin. Monstadt [62], focusing on
the transition of Berlin’s energy system, notes that until the 1990s, there were close corporative
arrangements between the city and regional government, alongside energy infrastructure subsidies.
Yet, extensive privatisation, restructuring towards European energy markets and reduced regulation
led to shifts away from state-dominance. The assumption in the 1990s was that reunification would
result in economic and demographic growth [63]. Conversely, structural changes resulted in a 58%
loss in the industrial workforce while reduced federal subsidies resulted in a decline in public revenue.
Privatisation was seen as the solution with the state energy and gas companies, Bewag and GASAG,
becoming international energy consortiums in 1997 and 1998, respectively. Although contractually
bound by promises related to investment, public service provision and environmental protection, these
were only partially fulfilled [64]. Consequentially, there has been a continued debate over the role of
the state government.

As Becker et al. [49] note, situations in Berlin have been fast changing. Campaigning by the
Berliner Energietisch (Berlin Energy Roundtable) and BürgerEnergie Berlin (Citizens’ Energy Berlin) to
establish remunicipalisation of the electricity grid led to a petition of over 220,000 signatures, forcing a
referendum on the issue in 2013. Despite its failure, falling 21,000 votes short of reaching the required
minimum of 625,000 votes, it was a moral victory, with 83% voting in favour of remunicipalisation [65].
Still as Cumbers [66] argues, there is no consensus over what remunicipalisation means, with some
focusing on ownership, finance or energy security, though energy transition is clearly on the agenda.
As a result, Berlin’s energy experiment through the Energiewende has been at a standstill.

4.3.3. Freiburg: Creating SETs through an Eco-City

As with other cities in Germany at the end of the Second War World in Freiburg, in southwest
Germany, planning was geared towards remaking cities that were destroyed by the war. However,
unlike other examples, Freiburg rejected modernist trajectories of the post-war era [67]. Instead it
pioneered the concept of the ‘eco-city’ or ‘Green City’, emphasising sustainable urban development
principles. As the Lord Mayor, Dieter Salomon, noted: “Freiburg has taken a leadership role in
this area that has garnered it international recognition. The city is globally seen as an example of
ecological politics and urban development” ([68], p. 965). As Rohracher and Späth [69] note, looking
retrospectively at the development of Freiburg, the city’s energy agenda started to develop in the
mid-1970s, with growing opposition to nuclear and coal as unsustainable energy resources, which
since the 1980s, helped to build momentum for local energy transitions.

In 1986, Freiburg City Council created its own ‘energy supply concept’: prioritising and increasing
its share of renewable energy, alongside commitments to eliminate nuclear energy. This led to the
creation of district ‘combined heat and power’ (CHP) systems [70]. Späth [71] also notes that as the city
has grown, regulatory standards have meant greater efficiency, and a reduced energy consumption
level per household. Rohracher and Späth [69] also comment on renewable investment in Freiburg,
noting that notwithstanding strong local support, resistance from provincial authorities has meant
that investment has been largely based on residents’ private financing, which has helped to realise
the potential of local solar and wind alongside other renewable forms, ultimately making it a leading
German eco-city.
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Kronsell [68] argues that the notion of ‘citizen’s control’ and engagement has been pivotal to
Freiburg’s energy transition. Unlike most cities, Freiburg has worked hard to create engagement with
its residential population, and to facilitate legitimacy. This has two elements: procedural or input
legitimacy, and outcome or output legitimacy [72]. Arguably Freiburg’s approach has been successful
because it both engages local citizens in urban processes alongside practices of decision-making,
most notably in relation to energy policy, and then works to deliver on these promises rather than
make promises that cannot be kept. Joss [73] realises this in analysing the drivers of the eco-city
concept, where understanding environmental challenges, dealing with socio-economic pressures,
facilitating business development, creating cultural branding, embedding political leadership and
creating international co-operation has been critical.

Joss et al. [74] also note that a feature of Freiburg’s success has been its ability to consolidate and
expand its horizons, building a sense of ambition, even though narratives and objectives may change.
Hamiduddin [75], focusing on neighbourhood-planning strategies in Freiburg, adds that concepts such
as ‘sustainability of community’ and ‘social equity’ have enhanced the way in which the socio-technical
experiment has been conducted in the city. This can be extended to energy policy in Freiburg, which
stems from grass-roots notions of development practice. In addition, the socio-spatial relationship
with demographics in Freiburg is notable, with neighbourhood planning strategies transforming the
composition and acceptance of certain agendas, which unlike Berlin, tend to be more progressive,
marking Freiburg as a unique example [75].

4.4. A View of the Case Studies through the Lens of the ACF

Using the ACF as a prism through which to view the cases of Munich, Berlin and Freiburg reveals
similarities and differences. While all these cases occurred in the same national policy context, their
approaches have been radically and differently shaped by differing local debates, political priorities and
approaches to renewable energy resource-use policy. In addition, the coalitions that have supported
sustainable energy resource-use policy and the constraints facing local policy systems are quite varied.
These findings of this analysis are presented below (see Table 1).

Overall, this ACF analysis shows that while Berlin has taken a more detached approach to
energy resource-use policies, Freiburg has worked hard to a more bottom-up approach based to
local conceptions of the ‘eco-city’. Munich’s approach has involved local government as a critical
intermediary in facilitating the policy agenda. Thus, together, these examples frame the following
discussion on lessons from the Energiewende in relation to the UK post-Brexit.
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5. Discussion

5.1. Comparing Examples from Germany and the UK

Drawing lessons from the Energiewende for the UK in relation to energy and reosurce-use
policy raises several distinct challenges. Renewable energy and resource-use policy and outcomes are
often determined by a complex combination of factors that may include the following: (1) local and
national institutions, (2) relative natural resource capacity, (3) socio-cultural values, and (4) socio-legal
frameworks. For example, institutional factors—such as constitional arrangements, government
control, and decentralisation—and external factors that include public opinion, can affect and influence
outcomes. In comparing and contrasting the approaches of Germany and the UK, the main question(s)
raised relate to how to assess differences between the two countries and furthermore, how applicable
lessons from Germany might be for the UK. To address these concerns, the ACF approach helped
to present five emergant themes from the case studies of Munich, Freiburg and Berlin, that were
of relevence to the UK. First, shifts from ‘government’ to ‘governance’ highlights how multi-scalar,
multi-stakeholder approaches are increasingly critical for policy-making, with the results of greater
policy decentralisation. Second, the case studies highlight the need to break ‘carbon lock-in’ and
tensions that are raised by current approaches. Third, renewable energy innovation is an underutilised
resource in relation to energy transitions. Fourth, this means the fostering sustainable outcomes,
depends on creating new governance arragments for managing renewable energy resources. Finally,
there is also need for shifts from policy to practice.

The example of the Energiewende reveals critical challenges for UK cities, post-Brexit.
As Wolsink [76–78] and Wüstenhagen et al. [79] both discuss, creating sustainable energy resource-use
policies involves dealing with issues of innovation, governance, socio-legal frameworks, economic
policy-making, public and professional engagement and technical knowledge. Balancing different
stakeholders and perspectives especially across scales and sectors requires paying attention to different
aspects of energy and resource-use debates. While initally facilitating energy transitions may seem
primarily about the physical adoption and implementation of renewable energy technologies to replace
fossil fuels, it is also about socio-technical frameworks, through which transitions are developed. In the
context of Brexit, general ideas emerging from the analysis of Germany’s Energiewende are critical.
Biesbroek et al.’s [80] analysis of different National Adaption Strategies (NASs) in Europe highlights
fundamental differences between the scope and development of British and German approaches to
energy policy.

Although broadly similar, the UK’s Climate Change Act 2008, which introduced a national energy
policy approach, is much less comprehensive than Germany’s Energiewende [80,81]. Among critical
areas that it ignores, is energy infrastructure, which has been vital in Germany’s case. Lockwood’s [82]
prognosis is that although the UK’s Climate Change Act 2008 failed to deliver sustainable and
innovative energy policy, it may be vital to cities, post-Brexit. However, it has managed to enshrine in
UK law post-Brexit critical environmental targets [83]. The emergence of devolution has also helped
to reshape UK attitudes towards governance [84]. While in Germany, reunification and regional
development discourses have focused on municipalities and the Länder [49], in the UK, the devolved
administrations of Scotland, Wales and Northern Ireland, and local authorities in England continue to
play a critical part in dealing with energy policy concerns. This has been despite the decision of the
then-UK government in 2010 to abolished regional planning, leaving a vacuum between national-level
planning, local authorities and devolution administrations as part of the austerity agenda, changing
the resources that were available to deliver on th ewider aims of the UK planning system [85,86].

5.1.1. The Shift from Government to Governance

Analysis of the Energiewende highlights the impact of the shift from ‘government’ to ‘governance’,
in relation to renewable energy and sustainable resource-use policy-making processes. While in the
mid- to late 20th century, it was common to simply refer to government interventions, by the late 1990s,
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all three case studies reveal how complex networks of actors have had to work together to achieve
(or not achieve) their respective visions [17]. In Germany, this movement towards governance was
fostered by both constitutional arrangements and planning systems—which yielded greater control at
the municipal level, and allowed for the fostering of dialogue between different actors with a variety of
perspectives. This is clear in both Munich and Freiburg, where respective local governments could be
seen as stakeholders working in partnership with a variety of other actors to deliver on visions. In the
case of Munich, although the role of the municipality has been significant, it is hard to ignore other
actors and stakeholders in the development of the solar city vision. In Berlin, the local government has
made little progress in achieving sustainable energy resource-use because of its lack of engagement
with different perspectives, while in Freiburg, the governance agenda has been more fully embraced,
helping embed the eco-city vision into the ethos of the city.

Partially all three case studies reveal the extent to which modes of partnership are needed to
deal with energy resources challenges. As Lefèvre [87] notes, shifts from top-down institutionalised
processes to bottom-up approaches to decision-making, where policies emerge and develop from
the grassroots, are critical to understanding how metropolitan regions in European countries are
continuing to deal with complex local challenges. Increasingly, traditional options of either full-state
intervention or private management seem not to be able to meet the demands of decentralised
governance systems [88,89]. In the case of energy resources, while the state may have a fixed role,
i.e., through a state-run energy company, policy shifts can depend on changing public attitudes and
opinions. Borrás [90] comments, that this is not simply a German phenomenon, but it can be seen
across the EU, as the result of multi-scalar policy-making and different decentralised arrangements
across regions. In Germany, constitutional arrangements highlight both pragmatic and aspirational
agendas: reunification of East and West in the 1990s, and broader relationships between EU, national
and sub-national scales that are critical to framing the Energiewende. Scharpf [91] argues that in the
context of the emergence of the EU through the Common Market and West Germany pre-reunification,
the framing of the new European experiment in-terms of governance was extremely similar to West
Germany: both started with a sense of ‘Politikverflechtung’ (joint decision making) towards respective
visions of integration.

Despite this, the shift from government to governance also makes it clear that a change in
governing attitudes towards energy and resource-use policy is needed. As Rydin [92] notes, the
Foucauldian conception of ‘governmentality’ is vital, since in order to achieve sustainable outcomes,
and better utilise energy resources policy agendas need institutionalisation. De Roo and Porter [93]
argue that the result of shifts from government to governance has been the rise of ‘fuzzy planning’,
where the various boundaries between different types of decision-making process become unclear.
Clearing this ‘fuzziness’ requires actors at various scales to interact and build not only top-down or
bottom-up management systems, but also to engage in meaningful debate over policy—as is seen in
the cases of Berlin, Munich and Freiburg. For the UK, the Energiewende has clear lessons about the
importance of city-scale energy governance, especially in the context of devolution. While in Germany
reunification and regional development, discourses have focused on the role of municipalities and the
Länder [49], so far in the UK, there has only been a focus on devolution to constituent parts of the UK.
Post-Brexit, sub-national governance raises the need for stronger discussions about how various local
actors, i.e., England’s new Metro-Mayors, can transform policy debates [94,95].

5.1.2. Breaking Carbon Lock-In

Further, breaking carbon lock-in was also an emergent theme from the case studies. In the analysis
of Wüstenhagen et al. [79], implementing renewable energy systems requires a focus on planning and
socio-legal perspectives such as procedural and distributive justice, with implementation, alongside
an emphasis on efficiency and cost-effectiveness. This was clearly evidenced by the cases of Munich,
Berlin and Freiburg, where the politics of renewable resource-use were driven as much by public
opinion, as by public policy. The agenda of grassroots mobilisation has meant that challenging the
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embeddedness of fossil fuels within Germany’s energy system has become a priority. A critical part
of shifts towards breaking carbon lock-in has been both the degree to which emphasis has been
placed on the ‘openness’ of policy-making, as well as the visioning of policy outcomes. For example,
in Freiburg, the ‘eco-city’ vision has been combined with a strong attention to community participation
and co-operatives. This has favoured a decentralised municipal approach, steering the agenda,
depending on legitimacy. In contrast, Munich shows how greater state control over resources allows
for greater ambition, as with the solar city vision, but this risks backlash if developments do not
respond to citizen’s concerns. This was clear in Berlin, where notwithstanding significant support for
remunicipalisation, existing policy agendas were heavily embedded.

Röttgen [96] contends that a key challenge for Germany’s energy policy agenda has been balancing
technical capability with economic concerns and public participation; for example, in relation to
questions surrounding the financial viability of replacing carbon-based energy resource regimes
without using nuclear energy sources. As Quitzow et al. [26] notes, the situation has become
more difficult since the U-turn on nuclear energy in 2011, with implications for sustainability
and acceptability of renewable energy. Beveridge and Kern [51] thinks that it was a ‘politics of
exceptionalism’ that drove the 2011 decision, radically transforming the road map for German energy
systems. Gawel et al. [97], writing in the aftermath of the nuclear decision, note the critique of the
Energiewende as the ‘irrational sonderweg’ (special path) where current government expenditure on
energy is too high, with consequences for its consumers. Therefore, Joas et al. [98] argues that there is
a need to question the objectives driving Germany’s energy transition, since with a range of policy
motivations, its future may be uncertain [99]. As successive versions of the German Renewable Energy
Sources Act (the Erneuerbare-Energien-Gesetz, EEG), first introduced in 2000, and heavily revised
in recent years, reveal: the cost of energy and innovation is a major concern in the application and
development of the Energiewende [100,101]. Thus, tensions have emerged between community-based
models and large corporations involved in energy provision [102], with different approaches taken,
depending on the context.

As a result, any discussion about post-Brexit energy and resource-use policy needs to consider
the costs of shifting towards renewable resources. As Wolsink [76] notes, the challenge is not
simply to produce renewables, but also to build resilience and acceptance, to create sustainable
outcomes. Such approaches require a reprioritisation of financial and other resources. Breaking
carbon lock-in therefore depends on reconfiguring interconnections between actors, institutions,
networks, technology and regional governance, which together formulate the basis of SETs and
socio-spatial transformations [103]. Grubler’s [1] work highlights that there needs to be a focus on
end-users, recognition that historically, rates of change in relation to energy resources have been
slow, and that scaling-up new energy systems successfully requires substantial, rapid and systemic
adoption of renewable technologies. Several models describe how complex energy transitions can
be: the energy ladder, used by Leach [104], which focuses on socio-economic factors affecting energy
technology adoption; national historical approaches, seen in Fouquet’s [105,106] work, referring
specifically to national energy policy trends; and evolutionary economics approaches, which, as van
den Bergh et al. [107] emphasise, explore innovation within socio-technical systems in relation to
energy policy.

5.1.3. Renewable Energy Innovation as an Underutilised Resource in European Cities

The case studies also show that energy innovation is an underutilised resource within European
cities. A critical challenge for Berlin, Munich and Freiburg has been creating radical change and
innovation to disrupt the current energy paradigm. While in Berlin, privatisation has effectively
locked-out renewable energy innovation, in Munich, much more thought has been given to how
socio-technical shifts may occur to achieve the ‘solar city’ vision. Though, as the case of Freiburg
shows, innovation also requires localised community ownership, to help to foster both sustainable
investment, and to promote desirable resource-use. Markard et al. [108], reviewing the literature
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on energy transitions, identifies four main schools of thought in relation to innovation approaches.
Transition Management is focused on creating open-ended management processes; Strategic Niche
Management refers specifically to localised innovation that is scaled-up; the Multi-level Perspective
revolves around taking holistic approaches to energy transitions; Technological Innovation Systems
refers to technological innovation and acceptance processes. Together, these perspectives emphasise an
integrated approach to renewable energy resource innovation, recognising complex interconnections
between innovation, technology, multi-scalar and multi-stakeholder engagement, and management
and policy approaches. Jacobsson and Johnson’s [109] analysis of renewable energy technology and its
diffusion also reveals how ‘prime movers’ can facilitate innovative practices, developing networks
through which information, knowledge, technology and institutions spread, enabling high connectivity.

As Coenen et al. [110] notes, spatial perspectives are integral to understanding SETs. Socio-spatial
frameworks, using multi-level and technological innovation perspectives help to contextualise the
co-evolution and variation of socio-technical systems. Fouquet [111] argues that reconciling global
targets with local strategies and approaches, where energy demands are increasing despite capacity
constraints, is a key challenge. For Goh et al. [112], taking a project management perspective, holistic
understandings of economic processes behind current systems are essential to deconstructing them
and creating distributed generation. This highlights that in order for SETs to succeed, awareness of how
policy processes can improve innovation is critical. Dolata’s [113] analytical framework describes the
co-evolution of technological and institutional factors via concepts of transformative capacity, sectoral
adaptability and policy agendas, collectively revealing modes of sectoral transformation. Without
this, the ability to understand how SETs function, and how the underutilised capacity of renewables
can be harnessed, is limited. Farla et al.’s [114] argument is that multi-level perspectives can help to
analyse complex relationships between actors, resources and strategies. Where actors refers to social
movements, policy-makers and firms are embedded in visioning processes; resources are both tangible
and intangible, and strategies include targets, standards and regulations.

In relation to UK cities, post-Brexit, more needs to be done to embed innovation into contemporary
discussions on renewable energy resources. Beyond targets and objectives, SETs are only possible
if there is a significant buy-in to ideas about renewable energy and sustainable resource-use.
As Ernst et al. [115] argue, taking advantage of change can create empowerment, radical reform
and reconstellation of energy systems, but also risks backlash, collapse or lock-in. Current approaches
highlight how governments and the private sector have worked to reduce immediate costs in energy
provision, though the effective lack of other actors to undertake innovation has meant that different
models of energy distribution have fail to emerge. Only by making innovation part of discussions
within investment and business circles, within communities and governments, can change occur. This
does not necessarily mean that the role of the government disappears. According to Azevedo et al. [116],
there are three main mechanisms through which local governance can facilitate energy policy shifts:
tambourines, carrots and sticks. The first are ‘soft’ awareness-based policies, while the second
refers to incentive-based policies and regulations and the third can be taxes and other penalties
for non-compliance.

5.1.4. Governance Strategies for Renewable Energy Solutions

Governance strategies at the local level are a critical facet of the shift towards renewable energy
resource-use. As Kiser and Ostrom [117] discuss, there are ‘three worlds of action’ that can be
considered in relation to the functioning of policy transformations: constitutional, collective choice
and operational. While the first refers to the overall agenda, the second relates to its perception and the
third its implementation. The cases of Munich, Berlin and Freiburg all highlight these ‘worlds of action’
within the Energiewende—and the different approaches taken by cities to governance issues. On one
hand, Munich indicates that building strong institutional partnerships across the public–private sector
divide requires visioning processes that involve changing public opinion, and creating a governing
coalition to embed the use of renewable resources [27]. On the other hand, Freiburg reveals how strong
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investment, municipal leadership and radically open approaches that recognise the possibility of failure
are important to the growth of renewable resource-based energy systems [67]. Berlin emphasises how
the politics of energy governance can influence the implementation of distributed energy [60].

For UK cities, post-Brexit, the challenge remains as to how governance patterns can reorient
resource-use away from carbon-based sources to renewables. Though part of the challenge lies in
fostering innovation and investment, an equally important aspect is upscaling, referring to processes
through which local projects become universalised, thereby mainstreaming and institutionalising
renewable energy provision, which are vital to building momentum [118,119]. There are two main
types of upscaling: vertical or horizontal, the former occurring through the institutionalisation of
policies at higher scales, i.e., regional, national or international, while the latter occurs when projects
either grow in spatial scale, or are replicated in copycat initiatives. The result is that decentralised
governance arrangements can act as a potential catalyst for transforming energy resource-use. This is
clear in Germany, and in examples like Munich and Freiburg, which have taken different approaches
in this regard. In UK cities the potential for city-level governance regimes to institutionalise such
approaches has been undervalued.

Changing the approach to energy governance is therefore critical for UK cities. As de Vries and
Chigbu ([120], p. 69) note, a contemporary normative leitmotiv is the term responsible, which has
gained increasing space in land and natural resource management literature, because it highlights the
need for a focus on structures, processes and outcomes. Such an approach therefore emphasises shifts
from top-down government intervention to integrated governance approaches, which are seen as being
essential to understanding the logic embedded within energy governance. For example, ‘Regional
Innovation Systems’ (RIS) perspectives in Germany highlight how multi-scalar, multi-stakeholder
processes are integral to policy transformations [121]. Wüstenhagen et al. [79] and Wolsink [76–78] argue
that socio-political, community and market acceptance is essential for facilitating and embedding SETs.

Several authors including, Wolsink [77] and Goldthau [122], also argue that renewables need
to be considered as ‘common pool resources’ (CPRs). As Dietz et al. [123] advocate from a CPRs
perspective, a polycentric decentralised governance can help to prevent a ‘tragedy of the commons’,
first highlighted in the work of Garrett Hardin [124]. What differentiates ‘polycentricity’ is its focus on
‘robust governance principles’: devising common rules, clear boundaries, accountability and conflict
resolution mechanisms, sanctions for violations, institutional variety, multi-level approaches and
forms of community deliberation. These principles form the basis of an engaged policy approach
that allows for sustainable resource-use and management that puts local actors at the forefront of
decision-making. Further, Ostrom’s [125] general framework on socio-ecological systems focuses on
inter-relationships between users, governance systems, resource systems and resource units. These
ideas help in considering the governance of renewable energy resources, reframing energy as a local
resource to be managed, in contrast to current energy resource-use approaches. Post-Brexit, such
approaches could help to increase the local ownership of renewable energy resources, as in the
Energiewende [126,127].

5.1.5. From Policy to Practice: Implementing New Renewable Energy Systems

A final theme from the case study analysis of the Energiewende has been the shift from policy-level
discussions to practice. In all three cases, different change agents have implemented renewable energy
policy in varying ways. For example, in Munich, public sector ownership has helped to operationalise
the solar city vision, and to manage the costs that are involved in shifting from carbon-based
resource-use to renewable resources. Investment in solar power therefore was built on a tariff
system through municipal resources. Valorisation has therefore been easier, since renewable energy
resource-use was embedded within local systems. By contrast, Freiburg shows how communities of
local residents themselves can be seen as change agents—with co-operative based investment being
critical to the realisation of the eco-city vision. Yet, differences in practice were much larger between
Munich and Freiburg. While the former vision primarily has been about energy resources, the latter
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example has been linked to a wider socio-cultural transformation—which can also be seen in terms
of transport and housing investment. The result has been a greater focus on embedding change
in resource-use over the long-term, rather than short-term. In contradistinction, Berlin shows the
inter-dependence between visions and outcomes. While it was believed that privatisation would solve
issues post-reunification, this choice cemented carbon-based resource-use.

A much larger concern is about local ownership and control over the visioning and
implementation processes. As Goldthau [122] notes, a tension within the shift from policy to practice
in relation to renewable energy has been the highly localised nature of impacts and transformations
vis-à-vis national and international agreements on decarbonisation. The consequence of divergence
between local and national scales has produced a dichotomous reality, disenfranchising local resident
communities that are most affected by the spatial transformation in energy resource use. The highly
visible nature of certain types of renewable infrastructure, i.e., solar panels and wind turbines, means
that local resident communities notice transformations more acutely. For Wolsink [78], this means that
approaches such as procedural and distributive justice—focusing on both the process and outcome of
decision-making locally—are vital to building trust. This was seen in all three cases, where bottom-up
approaches accounting for public opinion were vital for embedding transformations and building
trust between actors. Still, recognising how public opinion is shaped and understood can also be
critical to understanding the shift from policy to practice. For example, as Pidgeon et al.’s [128] study
of public opinion and risk framing in the UK highlights, perceptions of policy and its consequences
can vary, depending on context. While in the abstract, shifts in resource-use have been framed as a
solution, public opinion can be fickler when linked to trade-offs with energy costs, lifestyle changes,
and societal transformations.

When connected to wider political events such as Brexit, where future uncertainty problematises
energy resource-use policy, awareness about aspects in the shift to renewable energy resources is key.
For much of the recent past since the late 1980s, European institutions have focused on socio-economic
and political convergence. As Jeffery [129] writes, shifts occurring from centralised state-led
decision-making towards multi-scalar understandings based on German and Dutch approaches
have yielded heavy influences across Europe. In the context of the EU Renewable Energy Directive
(2009/28/EC), national approaches to renewable energy policy have emerged, building on decades of
common ideals. Post-Brexit, the challenge for the UK includes finding its own language regarding SETs,
distinct from that of the European project [130–132]. Brexit may not necessarily lead to a replacement
of the current energy approaches, but it does raise questions about how systems can respond to local
needs. As Germany’s example highlights, legislative and policy agendas alone cannot replace local
considerations, which is why ideas like Lefebvre’s [133] ‘right to the city’ (discussed by Harvey) [134]
and Soja’s [135] conception of ‘spatial justice’, which deals with wider issues of exclusion and inequality
within the urban environment, are critical to further understanding socio-economic, political, and
cultural dynamics. Thus, this facilitates a shift from top-down to bottom-up approaches to renewable
energy governance.

6. Conclusions and Recommendations for an Integrated Energy Governance
Framework, Post-Brexit

Returning to the four main research questions posed in this article, renewable energy is an
increasingly critical resource for cities in dealing with modern socio-economic, environmental and
political challenges. As seen in this article, reconceptualising renewable energy as an underutilised
resource has the potential to add to the functionality, efficiency and sustainability of urban
environments, providing UK cities with a ‘challenge to innovate’ and an ‘incentive to expand’
renewable resource-use—creating sustainable growth and development. Exploiting renewable energy
resources requires a fundamental rethinking of strategies, understandings and approaches towards
renewable energy production and distribution across Europe. By reconceptualising the role occupied
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by renewable energy in debates about sustainability and efficiency, this article has aimed to redress the
imbalances between technical and social perspectives in relation to energy policy.

Taking inspiration from the Energiewende, as an example of a policy system in which renewable
resource-use has been promoted, this article reviewed three case studies—Munich, Berlin and
Freiburg—to analyse (and explain) the German approach to SETs. The results of this initial study
highlighted the role of German constitutional arrangements for local decision-making, and spatial
planning in fostering decentralised policy outcomes. Both of these factors, among others, have been
vital to the Energiewende’s focus on decarbonisation, despite issues of regional disparity. Thus, in-order
to embed renewable energy resource-use within cities recognition is needed for wider socio-economic
and political systems to which the energy resources are connected. Using Brexit as a starting point,
although seemingly unconnected, allowed for a reappraisal of the UK’s approach to energy, which
since the Climate Change Act 2008 has continued to focus on decarbonisation and sustainable energy
resource use.

There are five main lessons for UK post-Brexit, emerging from the discussion of the Energiewende
and its approach to SETs, which can be listed as follows:

1. There is need to reconsider the role of governments and the private sector in achieving SETs,
recognising decision-making can be non-linear and complex, and depend on power-balance,
the nature of policy processes and community engagement.

2. Breaking ‘carbon lock-in’ requires a clear focus on end-users, policy implementation and outcomes
that area aimed at creating longer-term socio-cultural shifts in relation to renewable energy
resources as much as physical investment in renewables.

3. Reconceptualising renewables as underutilised resources in cities allows for a focus on modes
of sectoral transformation across scales, to reconcile different policy approaches that focus on
different aspects on renewable energy resource-use.

4. In-order to govern SETs post-Brexit, a focus on responsible energy governance is needed, building
on robust governance principles and multi-scalar, multi-stakeholder processes that are vital to
the management of renewable energy resources.

5. To implement SETs, renewable energy resource-use policy needs to account for trade-offs between
different policy objectives, but also embed forms of procedural and distributive justice to build
trust in policy-making processes.

These policy lessons drawn through the case studies, using the ACF as an analytical framework,
highlight the need for a new policy framework that reflects on the peculiarities, tensions and
uncertainties that are associated with the shift towards renewable energy resource-use, and evidenced
by the case of the Energiewende. As seen in this study—the limitations of using the ACF approach is
that it does not distinguish between the different roles of different actors, and the tensions between
different scales and modes of policy governance. UK cities have the potential to embed renewable
energy usage into their policy-making processes. However, to examine such processes, reflection is
needed on the use of resources (both material and immaterial) that until now have been underutilised.
The multi-scalar, multi-stakeholder integrated energy governance framework (see Figure 2) is an
attempt to think beyond current paradigms and to reconsider the way in which renewable energy
resources are seen, in governance terms.

The proposed integrated energy governance framework attempts to synthesise various
perspectives, using Kiser and Ostrom’s [117] conception of the ‘three worlds of action’, to distinguish
between constitutional, collective choice and operational levels of renewable energy policy. It further
makes distinction between resource-use in relation to ‘production’, with a focus on the supply-side of
industries and firms, and ‘distribution’ focused on the demand and consumption of energy resources
within regions, cities and communities. Together, this framework can be deployed to re-evaluate
renewable energy resource-use policy, through a coherent and structured approach.

160



Resources 2019, 8, 7

Figure 2. Proposed integrated energy governance framework (author’s own work).

To conclude, this approach to renewable energy resource-use policy aims to promote approaches
to energy that embrace innovation, responsible governance and inclusive processes, alongside thinking
beyond simply technical solutions, to considering the socio-economic impacts of policy decisions.
Taking advantage of emerging technical knowledge requires a realignment of political and social
priorities, to redress the current disconnection between energy production and consumption—with
major consequences in-terms of rising GHG emissions and its environment impacts. Critically, this
shows that in cases like the UK, where the potential for transforming energy resource-use exists,
undertaking SETs is possible.

Lessons from the Energiewende for post-Brexit UK cities therefore focus not only simply on
energy policy, but also on the continuing complexity of regional dynamics, social concerns and
economic transformations. Thus, regardless of ultimate outcomes of Brexit, including the event that
the UK may decide to remain in the EU rather than leave—that is, a situation of no Brexit—the
recommendations of this study may remain relevant for the future, both for the UK within Europe and
apart from it. The future of renewable energy resource-use depends on only upon political decisions
and their implications, but also on the ability of governance systems to enable SETs, rather than to
simply perpetuate ‘lock-in’ and take advantage of new opportunities that may emerge, harnessing the
potential of underutilised resources in cities.
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Abstract: Published in June 2019, the new edition of the annually updated Renewables Global Status
Report (GSR) compiles the most recent developments and trends in the adoption of renewable
energies worldwide and in specific regions, countries and sectors. The report represents a rich
resource for reliable and up-to-date information about individual renewable energy sources and their
use. The analysis also covers a review of energy policies. Renewable energy policies still strongly
concentrate on the power sector, while transport and heating and cooling are given less attention.
Most investment in renewable energy today happens in developing and emerging countries, which is
a major change to the situation some years ago. The 2019 edition of the GSR report includes a feature
on renewable energy in cities, which highlights the importance of prioritising the urban context in
order to achieve more sustainable schemes of energy supply and consumption. More than half of the
global population today lives in cities, but around two-thirds of energy consumption happens in an
urban environment. The GSR 2019 identifies that cities already are among the most active players in
the adoption of renewable energies. One interesting finding is that in more than 100 cities worldwide
at least 70% of the electricity already comes from renewables. This includes cities in both developed
and developing countries.

Keywords: renewable energy; energy transition; energy policies; urban energy

1. Introduction and Background Information

The “Renewables 2019 Global Status Report” (REN21 Secretariat: Paris, France, 2019;
ISBN 978-3-9818911-7-1) [1], released in June 2019, is the most recent edition of REN21’s annual
overview of the state of renewable energy worldwide and in specific regions and sectors. The
“Renewables 2019 Global Status Report” was published 15 years after the foundation of REN21
(Renewable Energy Policy Network for the 21st Century). The foundation of REN21 had been an
outcome of the government-hosted Bonn 2004 International Conference for Renewable Energies, a
conference held under cooperation of governments and other actors to respond to resolutions made
during the UN World Summit on Sustainable Development 2002 in Johannesburg, South Africa, in
particular, the countries’ commitment to foster renewable energies. Today, REN21 is an authoritative
think tank and international multi-stakeholder network with more than 65 member organisations,
which comprises governments, non-governmental organisations, industry associations, academic
and scientific institutions [2]. REN21 is a non-profit association with its Secretariat based at UN
Environment in Paris. It was part of REN21’s initial mandate, and it remains part of the current
mandate to collect, consolidate and synthesise data about renewable energy in order to provide a
comprehensive and reliable source of information in the field, to shape the energy debate and to
contribute to increasing the share of renewables in the energy mix of countries and worldwide [1,2].
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In agreement with the REN21’s mandate, the “Renewables 2019 Global Status Report” (GSR 2019)
analyses status and trends of adoption of different renewable energies (solar, wind, water, biomass,
geothermal) across countries and sectors (power, heating and cooling, transport), the related energy
markets and energy policies. Contents of the report are compiled by the REN21 Secretariat based on
extensive data collection. In the process, external experts contribute to the delivery and assessment
of data and other information. The report undergoes extensive review by registered experts before
publication. Contributors and reviewers are not necessarily affiliated with one of the REN21 member
organisations. While much of the assessment uses official statistical country data, the in-depth study
integrates a variety of data types.

2. Specific Benefits and Possible Limitations of the REN21 Global Status Report

The applied methodology (mentioned above), the level of detail and the annual publication
schedule enable the Renewables Global Status Report to be a highly comprehensive and rich resource for
academic and non-academic readers in search for up-to-date and reliable information about renewable
energies. The report also formulates policy recommendations; therefore, it also aims to directly address
policymakers. A very positive feature of GSR is that key figures are made available for download in
high resolution on the website [2].

The report puts a strong focus on presenting the latest status of renewable energies in the annual
report, and the reference year of the 2019 report usually is 2018 (in some cases earlier years). While
this ensures that the information is up-to-date, the strong focus on displaying the most recent data
is also a shortcoming under the lens that the development over time is not usually presented, or at
least not with much detail. Key changes and developments over the last years are briefly discussed.
However, to gain a more complete picture, the reader could extract and compare data published with
each annual GSR. The first GSR was published in 2005. Key structural elements of the report and of
the presentation style have remained unchanged over the years; therefore, it is often feasible to directly
compare the data presented with the annual reports to better understand the changes over time.

3. Structure and Contents of the Renewables 2019 Global Status Report (GSR 2019)

GSR 2019 consists of eight main chapters plus additional sections to accommodate
acknowledgements, a foreword, an executive summary, a compilation of Renewable Energy Indicators
2018, references, information about energy units and conversion factors, methodological notes and
other information about data collection, a glossary and a list of abbreviations. The eight main chapters
are as follows:

1. Global Overview
2. Policy Landscape
3. Market and Industry Trends
4. Distributed Renewables for Energy Access
5. Investment Flows
6. Energy Systems Integration and Enabling Technologies
7. Energy Efficiency
8. Feature: Renewable Energy in Cities

Chapter 1 sets the scene and presents the main findings about renewables used to deliver heating
and cooling, power and mobility, with a focus on global trends and development in main regions.
Renewable energy accounted for an estimated 18.1% of the total final energy consumption (TFEC) in
2017. It is remarkable that renewables in 2018 supplied more than 26% of global electricity. For the
fourth consecutive year, in 2018 more renewable power capacity was installed than net additions to
fossil fuel capacity. Around two-thirds of new net electricity generation capacity in 2018 was from
exploiting renewables. However, while there has been a renewables boom in the power sector, their
shares are lower in other energy sectors: only 10% of the energy used for heating and cooling and 3%
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of the energy used for transport came from renewables in 2018. This can be linked to insufficient policy
support or to changing and inconsistent policies. Chapter 2 presents and discusses policy elements
implemented in different sectors. Chapter 3 explores in detail the individual renewable energies
and the related market trends. Separate subchapters cover bioenergy, geothermal power and heat,
hydropower, ocean power, solar photovoltaics (PV), concentrating solar thermal power (CSP), solar
thermal heating and cooling, and wind power. Bioenergy remains by far the largest contributor to the
global renewable energy supply, while wind and solar energy are the most dynamic markets.

Chapter 4 of the report presents progress and challenges in ensuring access to clean energy for
all and highlights the essential role of decentralised energy solutions. In 2017, the global population
without access to electricity fell below 1 billion, but 2.7 billion people still did not have access to clean
cooking, most of them in sub-Saharan Africa and in developing Asia. Chapter 5 presents investment
patterns and trends. It is interesting to note that developing and emerging economies overtook
developed countries in renewable energy investment for the first time in 2015, and this leadership in
financial flows remained in 2018. Overall, in 2018, renewables accounted for about two-thirds of global
investment in power generation. Chapter 6 highlights that energy storage has a major role to play
in enabling energy transition. Electric vehicles are becoming important elements to be considered in
energy management, although there is a very mixed picture across countries. Chapter 7 addresses
energy efficiency and discusses the existing status in four specific areas, namely electricity generation,
the building sector, the industrial sector and the transport sector. Clearly, energy efficiency is one of the
central pillars to decarbonise the energy system; therefore, strategies for more efficient use of energy
and the corresponding achievements and challenges merit high attention.

4. A GSR 2019 Special Feature: Renewable Energy in Cities

A most remarkable element of GSR 2019 is a focus devoted to renewable energies in cities, compiled
with Chapter 8. This focus on urban renewable energy is unique in the series of GSR publications since
2005. Putting a spotlight on the urban context acknowledges that cities are increasingly becoming
important actors in renewable energy deployment. They are among the main drivers for accelerated
adoption of renewables, but cities also hold key responsibility to advance energy transition. Referencing
the International Energy Agency [3], GSR 2019 points out that more than half of the global population
is urban, however, cities account for two-thirds of global energy demand.

GSR 2019 provides evidence that cities today are among the most active players towards more
widespread implementation of renewable energy. One interesting finding of the assessment is that
more than 100 cities worldwide already use at least 70% renewable electricity. This is not limited
to cities in developed countries but includes, for example, Nairobi in Kenya and Dar es Salaam in
Tanzania. In numerous cases, commitments and actions of cities have exceeded commitments at the
national level. By end of 2018, more than 230 cities worldwide had adopted targets for 100% renewables
in at least one sector. One opportunity for increasing the share of renewables while at the same time
reducing energy dependence are community energy projects. As an example, Paris (France), under its
commitment to generate 20% of its electricity demand locally by 2050, is making public spaces and
rooftops available to a local co-operative for the installation of solar photovoltaic plants [4].

Climate change is a major driver for renewables in cities. Notably, 70% of the 96 cities that
belonged to the C40 Cities network reported already having experienced negative effects linked to
climate change [5]. However, GSR 2019 identifies that other key drivers complement climate change in
terms of achieving more renewable energy in cities. These drivers partially belong to environmental
and health categories (air pollution, public health concerns), but also socio-economic implications are
of major importance (e.g., job creation, energy security and self-supply, access to energy for all, urban
development patterns and future prosperity of the city).
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5. Concluding Remarks

Since its start 15 years ago and with its annual release of an updated edition, REN21’s Renewables
Global Status Report (GSR) has grown to become one of the most respected and highly referenced
resources for reporting the situation of renewable energies. The above discussed “Renewables 2019
Global Status Report” (GSR 2019) [1] is the most recent edition of REN21’s GSR. In addition to providing
data and analyses about the different renewable energies across different sectors and policies, the
GSR 2019, as a unique feature, presents insightful observations about renewable energy in urban
environments. This GSR 2019 feature stresses the need for understanding the specific challenges that
cities face and for learning from best practice cases. To complement the GSR 2019 special feature
about urban renewable energy, a special REN21 report about the status of renewables in cities across
different countries is currently in preparation and has been announced for September 2019, with
selected preliminary findings already available via the dedicated website [6].

Environmental impacts of cities, including from the emission of greenhouse gases linked to energy
supply and consumption, are of high concern and are further increasing in scope and severity [7,8].
Making the urban area more sustainable is a prerequisite to enabling future prosperous societies.
To achieve this goal, city leadership in energy transition is urgently needed. At the same time, renewable
energy in cities remains an underutilised resource, and in this context more efforts are required to
institutionalise local decision-making schemes and arrangements that support decentralised policy
outcomes [9]. Innovative governance and financial arrangements along with collective action by local
government have significant potential to accelerate the transformation of urban energy systems [10].
It is very timely that the “Renewables 2019 Global Status Report” has put a spotlight on renewable
energy in cities. This special feature is an important response to understanding that cities have a
key role to play in making the energy sector more sustainable and already are often frontrunners in
adopting and advancing innovative solutions.
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