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3 INTEGRATED ENERGY LANDSCAPES: HOW COEVOLUTION 

ENCOURAGES PLANNERS TO FOCUS ON DEVELOPING 

LINKAGES BETWEEN RENEWABLE ENERGY SYSTEMS AND 

LOCAL LANDSCAPES 

This chapter addresses research question 2  

How did the interdependence of the energy system with the landscape change in terms of 

land use, socio-economic relations and governance in historic and emerging energy 

transitions? 

 

As well as research question 3  

Which starting points of co-evolution between the energy system and other systems of the 

energy landscape can be identified based on the development of local energy initiatives?  

 

Highlights  

• The chapter argues that developing links between the energy system and local 

landscapes is crucial for encouraging coevolution and hence energy transition 

• A desk research shows that the relative importance of the local landscape shifts in 

historic and emerging energy transitions.  

• For fossil fuel-based energy landscapes, the (inter)national energy landscape is 

conditioning and interaction of the energy system with other systems at the local 

scale is implicit; for pre-industrial and emerging low carbon energy landscapes, the 

local energy landscape is rather conditioning the energy system and system 

interaction at the local scale is explicit;  

• The chapter presents evidence from energy initiatives activating such links between 

the energy system and the landscape in area-based niches  

• Starting points are identified of co-evolutionary processes in the area-based niches of 

initiatives, between the energy system and other systems of the energy landscape, 

such as the biophysical, social services and governance system 

• The chapter finds that local energy initiatives can also become a vehicle for energy 

transition 

• It is suggested that area-based planning approaches can support the development of 

energy initiatives by identifying unique local opportunities for links with actors that 

are part of different societal systems 
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Abstract  

For shifting towards a more sustainable renewable energy system, transition thinking 

already suggests that coevolution between new technologies and social, economic and 

institutional practices is essential. This chapter argues that developing links between the 

energy system and local landscapes is crucial for encouraging co-evolution and hence 

energy transition. The first part shows that links between the energy system and the 

landscape are important for viability of the energy system. The energy system is 

interdependent with physical, socio-economic and institutional landscape conditions. Desk 

research shows that the relative importance of the local landscape shifts in historic and 

emerging energy transitions. The second part shows that energy initiatives activate such 

links between the energy system and the landscape in area-based niches. Based on the 

empirical analysis of several initiatives’ area-based niches, starting points of co-

evolutionary processes are identified between the energy system and other systems of the 

energy landscape, such as the (bio)physical, community and governance system. The 

chapter concludes that energy initiatives can also become a vehicle for energy transition, 

since the links they create give rise to interaction between the energy system and other 

systems and hence provide opportunities for co-evolution. The findings suggest that area-

based planning approaches can support the development of energy initiatives by 

identifying unique local opportunities for linking with actors, which are part of different 

systems in the energy landscape. When the need for a variety of links is understood and 

institutionalised, energy initiatives can truly become a vehicle for generating co-evolution 

between the energy system and other systems, which is felt to be so central to the 

transition towards a sustainable energy system.  
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Overview of Findings 

 

 

 
 

Figure 9: Shifts in the relative importance of landscape scales for interaction of the energy system with 

other systems of the energy landscape (drawing by author). 

 

 

 

 

Figure 10: Synergies between the systems in the energy landscape (drawing by author). 
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Energy initiative Synergies Starting point of co-

evolutionary pathway between 

the following systems 

TexelEnergie Solar and bio-energy generation 

contribute to islands’ economy and 

independence  

Energy 

Economic 

Governance 

Annen Residual wood cuttings from 

municipal green heat swimming pool 

during summer and sports hall during 

winter 

Energy 

Bio-physical (environmental 

management) 

ANV Drenthe  Grass cutting for bio-energy 

contributes to conservation of local 

bio-diversity and earning from bio-

energy used for costs of grass cutting.  

Energy 

Bio-physical (environmental 

management, farming), 

Economic (farming) 

Green Hub Regional public-private partnership 

for sustainable regional public 

transport with regional bio-energy. 

Energy 

Physical-infra (mobility) 

Economic 

Governance 

Grunneger Power The initiative upscaled and created 

regional cooperatives for energy 

distribution and advice that facilitate 

further spreading and upscaling of 

initiatives.  

Energy 

Community (social services) 

Governance 

 

Table 4: Identified starting points of co-evolutionary pathways   
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3.1 Introduction 
In 2001 the Dutch national government embraced the notion of transition management as 

an inspirational framework for its pursuit of renewable energy (Ministry of VROM, 2001; 

Verbong & Geels, 2007). Transition management aims to guide society in sustainable 

directions through directed incrementalism (Kemp et al., 2007). A transition is a complex 

and long-term innovation process in which a societal system transforms from one system 

state to another (Geels, 2011), for example from being fossil fuel-based and centralised to 

being renewables-based and decentralised. In a transition process, as we will explain later 

in greater detail, a system coevolves with contextual systems which are also evolving (cf. 

Kemp et al., 2007; Kallis and Norgaard, 2010). To encourage coevolution, the Dutch 

government intended to focus on fostering processes of experimentation and learning in a 

dynamic and multilevel institutional context, thereby aiming at some key technological, 

social and institutional changes. Hopes were high regarding the changes that would be 

made to both the existing Dutch energy system and its governance. More than ten years 

later, however, the Dutch find themselves lagging behind their neighbours in generating 

renewable energy, and they face difficulties in getting large energy projects implemented 

(Baldé et al., 2012; De Boer & Zuidema, 2015; Kern & Smith, 2008; Verbong & Loorbach, 

2012; Negro et al., 2012; Rotmans, 2011). One of the founders of energy transition 

management, Rotmans (2011), argued that the Dutch national government soon became 

too preoccupied with technological innovation in energy provision, and tended to overlook 

the need for social and institutional innovations. The energy transition consequently 

stopped being framed as a full-scale societal transition, but was narrowed down to 

innovation in energy provision pursued predominantly by the national government in 

collaboration with large energy companies (Verbong & Geels, 2007). Nevertheless, as 

Rotmans also highlights, the local and regional dynamics surrounding energy initiatives 

appear to have thrived and exceed the dynamics visible in the corridors of Dutch national 

politics. His conclusion on the current Dutch energy transition is endorsed by others such 

as Hajer (2011) and De Boer & Zuidema (2015): if the Dutch are to increase their chances 

of creating a more sustainable renewables-based energy system, they need to embrace 

and foster the roles that local government, entrepreneurs and citizens play. It is, to use the 

words of Hajer (2011), a call to embrace the ‘energetic society’. 

 

This chapter argues that developing linkages between the energy system and local 

landscapes is crucial to encouraging coevolution and hence the energy transition, and we 

will show that energy initiatives can be a vehicle for doing so. We develop our argument by 

beginning in Section 3.2 to explain how the existing energy system seems trapped in its 

fossil fuel-based development path, how transition thinking aims to break this path 

dependence by stimulating coevolution, and how our area-based perspective on 

coevolution adds value to existing discourses on transition thinking. We illustrate our area-

based perspective in Section 3.3 with a description of historic transitions of the energy 
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landscape. These transitions show how the connection of energy systems to local 

landscapes has changed over time in physical and socioeconomic senses. We will explain 

that renewable energy systems could again become integrated parts of local landscapes. 

This is what we call the integrated energy landscape. Based on our case study material on 

local energy initiatives and using the idea of an integrated energy landscape as a frame, we 

demonstrate in Section 3.4 how local energy initiatives activate linkages with their spatial 

contexts in area-based niches in the landscape and how these linkages could engender 

coevolutionary processes between the energy system and other societal systems, such as 

agriculture, water or social care. We therefore conclude in Section 3.5 that energy 

initiatives can also become a vehicle for pursuing the energy transition. We suggest that 

area-based planning approaches can support the development of energy initiatives by 

identifying unique local opportunities for linkages with actors from different societal 

systems. Once the need for a variety of linkages is understood and institutionalised, energy 

initiatives can truly become a vehicle for generating coevolution between the energy 

system and other societal systems, which is felt to be so central to the transition towards a 

sustainable energy system.  

 

3.2 Towards a sustainable energy system 
This section will explain why the energy transition in the Dutch policy discourse might be 

framed too narrowly and how an area-based perspective could help reveal the energy 

system in its wider context. The current debate and the national government’s policy 

agenda seem to restrict their focus on technological innovation and large investment 

schemes, a restriction which is also visible in energy provision (cf. SER, 2013). We argue 

that little attention is being paid to the challenges and opportunities for integrating 

renewables in local landscapes and local communities. We consider that this suggests that 

the government is better connected with the major energy companies than with society.  

 

We begin this section by explaining the difficulties of pushing for physical, socioeconomic 

and institutional change in the energy system. After explaining how the existing energy 

system seems trapped in its fossil fuel-based development path, we will use transition 

thinking as our frame of reference for suggesting how to break this path dependence. 

Transition thinking highlights the role of innovation, learning and coevolution between new 

technologies and social, economic and institutional practices. We will add value to existing 

discourses on transition thinking by showing that an area-based perspective can strengthen 

our understanding of opportunities for coevolution.  

 

3.2.1 The troubles with path dependency 
The energy system can be viewed as a complex web of interrelated actors and networks, in 

physical, social, economic and institutional senses (De Boer & Zuidema 2015). This complex 
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web develops interaction routines, mutual behavioural expectations, the tendency to 

muddle through, and other kinds of self-reinforcing mechanisms which make the system 

persistent as well as path dependent (Martin & Simmie, 2008). This path dependence is 

both material and immaterial. Large amounts of accessible fossil fuel and natural gas have 

enabled the rise of an energy-intensive society. Fossil fuel and natural gas can be 

transported over large distances, which permitted energy generation, transformation and 

consumption to become spatially detached. A ‘footloose’ energy system emerged with a 

fine-grained network of power grids, gas pipelines, oil tankers and petrol stations in most 

parts of the world5. Industry invested in technologies which make clever use of the 

properties of fossil fuel-based energies, such as the steam engine and later the combustion 

engine, and benefitted from economies of scale. These investments also led to sunk costs, 

which make changes to the energy system quasi-irreversible (David, 1994). 

 

The ‘footloose’ availability of energy is strongly embedded in our society. People are 

accustomed to playing a passive role in energy procurement: they simply pay their energy 

bills. The ease of the ‘footloose’ energy system prevents people from developing more 

active attitudes towards energy generation and consumption (Burch, 2010). This is 

reinforced by an increasingly complex web of laws, international standards and regulations 

which are coordinated by a few central authorities to guarantee energy supply. 

Governance of the energy system is consequently centralised to coordinate large-scale 

energy generation, large-scale energy transformation plants and large distribution 

networks. The corporate representatives of energy companies play an important role in the 

governance system and their economic position underlines that stakes are high: the 

Fortune 500 list of the world’s largest companies includes many from the energy sector 

(Fortune 2015). The influence of such large players reinforces the existing structure of the 

energy system. In sum, with all this physical infrastructure, economies of scale, 

technological standards, social entrenchment, institutions (routines, laws etc.) and 

centralised energy governance, the energy system can clearly be described as path 

dependent. The evolutionary path of the ‘footloose’ energy system is continuously being 

reinforced. The path dependence of the existing energy system makes shifting to a more 

sustainable energy system difficult.  

 

3.2.2 Coevolutionary behaviour of societal transitions  
As transition thinking explains, a transition can be seen as a complex and long-term 

innovation process from a more or less stable system state to another, via a complex 

                                                             
5 While the term ‘footloose’ is chosen to signal the fact that generated energy (gas and electricity) are transported 

over long distance, thereby linking energy production and consumption only marginally, it should be noted that 

fossil fuel-based energy generation can have significant local impacts. A major local example are the (bio)physical 

and socio-economic impacts of gas extraction induced earthquakes in the Province of Groningen, the Netherlands. 

Other examples are the impacts on local landscapes of open quarries for coal extraction or areas for oil extraction. 



CHAPTER 3 

66 

process of interaction between actors and networks in physical, economic, social and 

institutional senses (cf. Kemp and Loorbach, 2006; Loorbach 2010; De Boer and Zuidema, 

2015). In a societal transition such as the energy transition, the existing societal subsystem 

transforms into another through interaction with contextual systems. During a transition 

process, new linkages are formed and activated to spread and upscale the new state so 

that a new evolutionary path emerges. New linkages are activated at multiple scales in 

society, from the local to the global, and between various domains in society (see also 

Kemp, 2010). For example, a farmer taking the initiative for a biodigester may activate 

linkages between the energy system and other societal systems, such as food, water and 

finance. The energy system evolves in interaction with other societal systems which also 

evolve while adapting to ongoing changes in their contexts: this is known as coevolution.  

 

The term coevolution originates from biology and refers to the reciprocal relationship 

between separate biological evolutionary processes. Within the realm of the social 

sciences, coevolution is used to express, for example, how changes within one societal 

domain can resonate with changes in other societal domains (Foxon et al. 2010; Hadfield & 

Seaton, 1999; Kemp et al. 2007; Norgaard, 1984). Coevolution is based on the positive 

feedback which can occur in one societal domain from changes in another societal domain. 

It is an important element or condition for transitions. As for example Kemp et al. explain, 

‘[i]n transition terms we speak of coevolution if the interaction between different societal 

subsystems influences the dynamics of the individual societal subsystems, leading to 

irreversible patterns of change.’ (2007: 80) Based on complex systems thinking, 

coevolution helps to explain how new physical, socioeconomic or institutional structures 

can emerge out of the interaction between existing and interacting societal processes.  

 

Although the future directions of these coevolutionary processes may be uncertain, 

transition management nevertheless aims to direct coevolutionary processes towards a 

more general but pronounced ‘vision’, for example of a sustainable energy system 

(Rotmans et al., 2001). Transition thinking emphasises the importance of bottom-up 

processes in changing energy systems when viewed as a complex web of actors and 

networks in physical, socioeconomic and institutional senses (Kemp et al., 1998). In niches 

on the fringes of the energy system, innovative energy initiatives experiment in relative 

isolation and develop through learning-by-doing. Sometimes a ‘niche’ development is 

successful and can spread and upscale – in size, in its span of activities or in its political 

influence – and thus become more important to the energy system (Gillespie, 2004).  

 

The spreading and upscaling of such ‘niche’ developments based on renewables can create 

new coevolutionary pathways for the energy system as an addition to older pathways (see 

also Kemp et al. 2007; Simmie, 2012). For instance, Rydin et al. (2013) describe multiple 

change pathways in UK urban energy systems which emerge from a combination of newly 
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decentralised energy generation and distribution, grants and funding opportunities, and 

leadership by actors from the public, private and third sectors or partnerships. They discern 

how different combinations, such as private decentralised energy systems with solar or 

large-scale wind power, give rise to unique dynamics and hence to multiple energy 

pathways. The pathways Rydin describes are not mutually exclusive; on the contrary, they 

coexist and co-create the dynamics of the energy transition. As Rydin et al. make clear, 

‘energy pathways are neither static nor mutually exclusive, but instead represent a range of 

options that might overlap, reinforce, or clash with each other as they either are rolled out 

and upscaled, or disrupted and disconnected’ (ibid. 638). In the meantime, it is also all but 

certain which new pathways present successful future pathways. Since the pathways are 

‘in the midst of the period of experimentation, we cannot tell which pathways will die away 

and which will become more dominant’ (ibid. 645). Coevolution might well then be the 

consequence of such new pathways, but it still remains unclear what its future directions 

will be. 

 

In the Netherlands, new pathways could evolve out of the more than 300 bottom-up 

energy initiatives under development (Hier Opgewekt, 2015). However, these bottom-up 

energy initiatives are not yet considered a serious challenge to the existing energy system; 

they are not considered in the Dutch government’s energy outlook and are, at least in the 

short term, not expected to produce significant amounts of energy (Hekkenberg & 

Verdonk, 2014; Elzenga & Schwencke, 2014).  

 

3.2.3 An area-based perspective on the energy transition  
The energy transition appears to be framed in the Dutch policy discourse as a transition 

within the energy system, not as a transition of the energy system in connection with other 

societal processes such as agricultural innovations, economic restructuring, ageing and 

mobility (also see Rotmans, 2011). In the Dutch energy policy discourse the spatial-physical 

and socioeconomic dependence of renewable energy systems on the local landscape is 

barely even considered. We suggest that this highlights two key omissions in the current 

debate and policy agenda on the Dutch energy transition.  

 

The first key omission we identify is the framing of the energy transition as mono-

functional in being focused only on the energy system in isolation from its societal and 

spatial context, rather than seeing changes in our energy systems as part of a wider 

societal development. This is a somewhat simplistic view, as a transition will have vast 

spatial-physical and socioeconomic implications. Issues related to the allocation of 

production sites for renewables, the development of new infrastructure, the conclusion of 

contracts and shifts in power are just a few examples illustrating how much energy 

production and consumption relate to other societal domains. These examples urge us to 
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consider the linkages which are formed and activated between energy systems and their 

spatial contexts.  

 

This brings us to the second omission we identify in the energy debate: a lack of attention 

for unique local circumstances. Our existing fossil fuel-based energy system is hierarchically 

organised by national and EU governments and big corporate actors in the energy arena, 

adapted to working at large scales and with mono-functional energy production. They are 

also the key actors in discussing the future of our energy system. This rather centralised 

governance network tends to overlook the dependence of energy initiatives on spatial-

physical and socioeconomic conditions. Often, energy initiatives generate synergies and 

trade-offs which are based on local circumstances.  

 

To respond to these two key omissions in this debate, we opted to develop an area-based 

understanding of the energy transition which can begin by considering local energy 

initiatives in relation to their spatial-physical and socioeconomic contexts. We do so by 

considering the ‘niche’ developments that can be defined by their unique context as area-

based niches (De Boer & Zuidema, 2015). In an area-based niche an initiative seizes local 

opportunities for synergies and trade-offs with local actors, such as entrepreneurs, public 

bodies or citizens, and with social system functions which are linked to the local landscape 

such as agriculture, water treatment, social care, housing and leisure. It is therefore not 

only the novelty of the technological or economic innovation which defines the niche, but 

also how the energy initiative uses its unique physical and social contexts and adapts to 

them. 

 

An area-based perspective draws attention to the local conditions for integrating 

renewable energy initiatives in the landscape in physical and socioeconomic senses. For 

example, physically, the type and quantity of renewables which can be generated depend 

on landscape characteristics: the topography, the land-use and infrastructure constrain and 

enable different types of renewables (Van den Dobbelsteen et al., 2007; Stoeglehner et al. 

2011; Stremke, 2010). Urban areas are usually less accepting than agricultural areas of 

energy generation from residual biomass such as manure, which emits an unpleasant 

smell. Wind energy farms are easier to integrate in locations where landscape values are 

not affected in the eyes of the local population (Wolsink, 2010). Local energy production 

can also socioeconomically contribute positively or negatively to the local economy or the 

regional identity. Local energy initiatives form various linkages with the landscape in 

physical and socioeconomic senses resulting in synergies and trade-offs which, as we will 

discuss, contribute to the emergence of new coevolutionary pathways.  
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3.3 The history of the energy landscape 
An area-based perspective on the energy transition might seem novel, but the history of 

the energy landscape illustrates that an area-based perspective on the energy system is far 

from radical. Local energy generation and distribution has been an organising principle in 

the landscape for thousands of years. Perhaps the ‘footloose’ energy system which 

dominated the twentieth century was an exception to the rule. In the following section, we 

will demonstrate how the relationship between energy and the landscape has changed 

back and forth from the local to the global over time. This history of the energy landscape 

inspired us to develop the image of an integrated energy landscape. This image might help 

us understand the coevolutionary processes which are now emerging in the energy 

landscape so as to support the energy transition.  

 

3.3.1 First generation energy landscape 
After long eons during which humans literally lived off the land as hunters and gatherers, 

our interaction with our environment intensified when we settled in agricultural and later 

urban settlements, starting around 10,000 years ago (Bogucki, 1996). It is also from this 

time onwards that using the idea of an ‘energy landscape’ starts to become meaningful 

(Pasqualetti, 2012). Communities began to make an impact on the landscape through 

agriculture, deforestation for fuel (Pyne, 2001) and gradually by managing waterways and 

developing roads. In the time of the Roman Empire the need for wood for construction and 

especially for fuel even resulted in widespread deforestation in large parts of Europe 

(Hughes, 1975 in Tainter, 1988). It can be arguably considered as one of the earliest 

examples of an ‘energy landscape’ where the landscape was influenced by energy 

production and consumption. It is part of what Noorman and De Roo (2011) coined as the 

first of three ‘generations’ of energy landscape. 

 

The first generation of energy landscape is characterised by an energy system which is 

highly dependent on the local physical and socioeconomic landscape. Physically, the 

landscape strongly conditions the kind of energy used locally, while the use of energy also 

strongly influences the landscape. Socioeconomic activities, within this context, generally 

develop in close relation to the resources available in the local physical landscape, such as 

wood, flowing water, animal power or wind. Furthermore, energy production and 

consumption need to be nearby each other as energy needs to be produced where it is 

required, creating dense energy landscapes wherever windmills and suchlike were 

concentrated (Pasqualetti, 2012). In the first generation energy landscape, energy is not 

yet considered a public good to be guaranteed by the state or by local authorities. Rather, 

it depends largely on self-organised access to local resources. If there are institutions to 

organise and manage energy production and consumption, they are therefore also largely 
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area-based. In the Western Europe of the Middle Ages, landowners would create their own 

rules for harvesting wood or peat from their forests and estates (Dyer, 2009).  

 

3.3.2 Second generation energy landscape: A ‘footloose’ energy landscape 
While the first generation energy landscape continues to exist in some strongly rural or 

relatively undeveloped areas even in the twenty-first century, during the industrial 

revolution the production and consumption of energy changed radically, resulting in the 

shift towards what can be called the second generation energy landscape. The second 

generation energy landscape is based on a more intensive use of energy, typically based on 

resources with a high power density such as coal, oil and gas (Noorman & De Roo, 2011; 

Pasqualetti, 2012; Van Kann, 2015). Based on millions of years of accumulated biomass 

pressed into high densities, these resources can be extracted and excavated on a large 

scale, typically from underground layers (DeLanda, 1997:32-33).  

 

However, when fossil-based oil, natural gas extraction, and to a smaller extent uranium, 

gained importance during the twentieth century, the impact of energy production on the 

landscape became less visible in many regions. Not only would production facilities be 

modest in size and depend largely on underground resources, many of these facilities were 

also located out of sight in remote areas (IEA, 2012). While energy production is less visible 

within the second generation energy landscapes, energy consumption is also spatially 

detached from energy production. The higher energy density of fossil fuels allowed its 

transport over large distances by rail, road, water and through pipelines, while the 

invention of alternating current enabled the transport of electricity over hundreds of 

kilometres (Jones, 2010). A fine-grained network of electricity lines, gas pipelines and 

petrol stations emerged during the twentieth century, which now connects almost every 

household, company and vehicle owner across most of the world to non-stop power 

supplies. It allowed people to live in densely populated metropolitan areas far from energy 

sources. The result is a ‘footloose’, almost global energy system in which space is implicit, 

energy production and consumption have become spatially separated and the physical 

infrastructure is only visible to a limited degree in the landscape. In such a context, the 

influence of the energy system on spatial planning is marginal.  

 

Another characteristic of the second generation energy landscape is its hierarchical 

governance. Energy production is coordinated top-down by national and international 

governmental bodies and corporate representatives. International technological standards 

have been set for voltage levels, power plugs and oil quality, to name but a few, the EU has 

set policies to guarantee, among other things, the balancing of power on the grid between 

EU countries and to liberalise the energy market, and national laws have been designed to 

ensure the reliability of the national energy system. Public and private interests in the 

energy system are huge: almost every product is produced with help of mineral oil, coal or 
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natural gas, almost all our activities are made possible by oil, coal or gas, and oil, coal or gas 

play a role in almost every supply chain. Gaps in energy provision can cause major financial 

shocks to the economy, such as the oil crisis of 1973 (Hamilton, 1996). Therefore, energy 

security is an important public issue reinforcing a hierarchical governance approach (see 

also Verbong & Geels, 2007).  

 

3.3.3 Drivers for a third generation energy landscape  
The issue of energy security explains perhaps better than all others why we have witnessed 

a global trend towards more sustainable production and consumption of energy since the 

oil crisis of 1973. Nation states have become increasingly concerned about geopolitical 

uncertainty due to oil and gas dependency on foreign countries, aggravated by the fact 

that some Middle Eastern regions are considered relatively unstable (Correljé & Van der 

Linde, 2006; Bielecki, 2002). During the 1980s and 1990s international concern with 

environmental harm and later also with climate change due to fossil fuel usage rose, which 

led to treaties which aim at restricting the CO2 emissions from fossil fuels (European 

Commission, 2014). Furthermore, the fact that recoverable reserves of fossil fuel are 

limited has become common knowledge, supported by widespread media attention for the 

idea of peak oil (Smil, 2010). Estimates suggest that by 2030, more than two thirds of crude 

oil production will need to be replaced by new fields, which tend to be much smaller 

(Sorrell et al., 2012; Smil, 2010). Although unconventional gas reserves, such as shale gas, 

may amount to forty percent of available recoverable gas reserves, it remains uncertain 

whether recovering the reserves is economically viable (McGlade et al., 2013). Finally, the 

global financial crisis which began in 2008 inspired further consideration of a transition 

towards a sustainable economy (Jackson, 2011; Stiglitz, 2010). These drivers encouraged 

governments and civil society to look for a more sustainable energy system, which can be 

described as a movement towards a third generation energy landscape. 

 

Early twenty-first century landscapes in Western Europe are changing with the emergence 

of new forms of renewable energy generation; dominated by solar energy, wind and 

hydropower, and energy from biomass. These not only require large areas to harvest 

sufficient amounts of energy, but are also highly visible. Since the 1970s, photovoltaic solar 

panels have been developed and installed on roofs for private electricity generation or in 

large fields for community energy (Aberle, 2000; Hamakawa, 2002). Since the 1990s 

modern wind turbines have been developed and installed on land, which is visibly impacted 

by wind farms (Langbroek & Vanclay, 2012; Nadaï & Van der Horst, 2010; Sijmons & Van 

Dorst, 2012). The same period has seen experiments to improve bio-digesters, which 

produce gas from anaerobic digestion of residual or other biomass and organic waste 

streams (De Laurentis, 2013; Groningen Promotie, 2013; Jenssen, König & Eltrop, 2012). 

Other technologies which have been discovered or rediscovered include seasonal thermal 

energy storage for domestic purposes, the use of residual heat from industrial processes in 
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district heating systems, and wood-fuelled furnaces to heat sports parks, swimming pools 

and schools (De Boer & Zuidema, 2015).  

 

Usually, many small-scale generating installations are needed to generate renewable 

energy, working alongside large-scale hydropower plants and the cultivation of energy 

crops, all of which need to be integrated into local landscapes. The visibility of these 

installations can conflict with existing landscape values and therefore require careful spatial 

planning. Moreover, the integration of such installations into the wider energy system 

often depends on local linkages with various actors to develop an installation, connect it to 

the gas or electricity networks and energy consumers, and, of course, to locate the 

installation and its supporting infrastructure in the land. In order to integrate spatially, 

renewable energy systems need to find a certain fit with the landscape. This fit is needed 

since renewable energy systems are typically based on the physical potential of local 

landscapes and are often developed in a context of local socioeconomic activities. Local 

physical landscape features condition the potential for harvesting energy sources like wind, 

sun and biomass (Van den Dobbelsteen, 2008), while the socioeconomic functions of the 

local landscape condition the potential fit of energy generating installations with local 

willingness to invest and with local energy demand. The third generation of energy 

landscapes is, therefore, partly a return to the interrelatedness between energy systems 

and local landscapes that was common in the first energy landscapes. It is, however, also 

different in having to accommodate a far larger energy demand in an increasingly densely 

populated and intensely used landscape.  

 

3.3.4 Integrated energy landscapes  
What third generation energy landscapes are revealing about themselves so far suggests 

that renewable energy systems may well materialise in interdependence with local 

landscapes in physical and socioeconomic senses. It also means that energy initiatives will 

be challenged to exploit and respond to the conditions offered by a local landscape and 

produce synergies and make trade-offs with the landscape in physical and socioeconomic 

senses. The history of the energy landscape shows that this is neither a radical nor a new 

idea. Linkages between the energy system and the local landscape are obvious: they had 

already occurred in historical energy landscapes. The challenge is to link the energy system 

and the landscape sustainably.  

We developed the image of an integrated energy landscape to draw attention to the 

linkages between renewable energy and the multiple functions of the landscape in order to 

discern potential synergies and trade-offs. In an integrated energy landscape energy 

systems are integrated parts of a local landscape with multiple functions. This is a physical 

landscape with socioeconomic functions which are linked to land use (Pérez-Soba et al., 

2008). For example, the physical infrastructure land use of renewable energy generating 

installations offers society several socioeconomic functions: employment, renewable 
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energy provision, carbon dioxide emissions reduction, etc. Simultaneously, the energy 

system also linkages to other landscape functions, such as housing, mobility, tourism, 

agriculture or the environment. Hence, the image of an integrated energy landscape 

conceives of the energy system in its local spatial context and by doing so draws attention 

to the linkages between the energy system and the landscape’s multiple functions.  

 

The image of an integrated energy landscape shifts attention to the area-based conditions 

for integrating energy in the landscape. The image helps discern what the area-based niche 

– in which energy initiatives develop and can spread and upscale – entails. By doing so, the 

image also helps discern how energy initiatives link the energy system and other social 

systems in their area-based niches and how their spreading and upscaling can give rise to 

new coevolutionary pathways. Hence, the image of an integrated energy landscape offers 

insight into the kind of linkages that matter for the energy transition from an area-based 

perspective. The image offers insight into what elements need to be considered in relation 

to each other when developing tailored action plans to drive the energy transition. This 

area-based perspective fits with area-based planning approaches to achieve the integration 

of renewable energy in the landscape. Area-based approaches are concerned with reaching 

integrated solutions based on utilising and balancing local potential, needs and stakeholder 

interests (De Boer & Zuidema, 2015a). ‘Having an area as a reference facilitates the 

recognition of local strengths and weaknesses, threats and opportunities, potential and the 

identification of major bottlenecks for sustainable development.’ (Wade and Rinne, 2008) 

Accordingly, an area-based approach not only considers the physical-technical aspects of 

integrating renewable energy in the landscape, but also the kind of socioeconomic linkages 

that energy initiatives activate. In the following section we will draw inspiration from this 

image to see whether we can already discern coevolutionary processes in energy 

landscapes in local energy initiative practices.  

 

3.4 Coevolutionary behaviour in energy landscapes 
In a previous paper we already found that individual energy initiatives benefit from linkages 

with the local physical and socioeconomic landscape (De Boer & Zuidema, 2015). In this 

section we will show that these initiatives can also become a vehicle for the energy 

transition since their linkages give rise to interaction between the energy system and the 

landscape and hence provide opportunities for coevolution.  

 

3.4.1 Research method: identifying starting points for coevolutionary processes 
We conducted empirical research to explore the argument that energy initiatives activate 

linkages in their area-based niches which can give rise to interaction between the energy 

system and the landscape and hence provide opportunities for coevolution. We analysed 
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the linkages that energy initiatives activate with the local landscape and explored whether 

these linkages offer potential starting points for coevolutionary processes.  

 

Our empirical research was conducted in two phases. The first phase involved sifting some 

key research reports on energy initiatives, participating in workshops and conducting 

interviews. The reports we studied highlighted the importance of these initiatives for the 

energy transition (Hajer, 2011; Rotmans, 2012), described the presence of a plethora of 

initiatives (Schwencke, 2012), or analysed how initiatives develop and how they become 

successful (Avelino et al., 2012; Mangoyana and Smith, 2011; Seyfang and Haxeltine, 2012; 

Walker et al., 2010). The workshops we participated in discussed issues related to the 

energy transition and presented renewable energy initiatives (Borgman and Maas, 2012; 

Brunt and Termeer, 2012; Edgar, 2014; Groen Gas-Grünes Gas, 2014; NEND, 2013). The 

interviews were conducted with experts involved in the energy transition. Experts included 

consultants, government officials facilitating innovative energy projects, spatial planners 

and other scientists working for knowledge institutes. The goal was to understand whether 

and how initiatives interact with their contexts.  

 

In the second research phase, we analysed the linkages that several energy initiatives 

activated with the local landscape. Several initiatives located in the North-East Netherlands 

were selected for more detailed analysis. A desk study of reports was conducted for each 

initiative to reconstruct its physical and institutional development, and interviews were 

conducted with relevant stakeholders. Based on this empirical material, the following 

sections discuss and illustrate some of the starting points for coevolutionary processes we 

discerned in local landscapes.  

 

3.4.2 Some exemplary energy initiatives  
The reports we studied and the workshops we attended reveal some interesting examples 

of possible starting points for coevolution. Mostly, these examples did so in searching for 

synergies between renewable energy development and local contextual features. A strong 

example we encountered was the energy cooperative TexelEnergie from the Dutch island 

Texel. TexelEnergie generates collective solar energy on rooftops, generates bio-energy 

and provides renewable energy to local members since 2007 (Schwencke, 2012). 

TexelEnergie, however, did more. It developed into a new economic sector for the island; it 

reinforced the islands’ historical strive for ‘being independent’ (Avelino et al., 2012); and it 

stimulated the institutionalisation of local renewable energy supply not just on the island, 

but also in being an exemplary case for others. Clearly, producing renewable energy 

creates alternative benefits that reinforce support and focus on producing renewable 

energy. That is, the initiatives can be seen as one of the starting points for coevolution of 

the energy system, the economy and the governance system on the island and beyond. 
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The NEND and Groen Gas-Grünes Gas workshops we participated in also revealed some 

interesting examples of synergy between energy generation and alternative societal 

interests (NEND, 2013; Groen Gas-Grünes Gas, 2014). One good example we found was in 

the village of Annen (Municipality Aa en Hunze), where a mobile heating installation is used 

for heating the local swimming pool during the summer and the sports hall during the 

winter. The heating installation runs on residual woodchips derived from wood cuttings 

from municipal green. Without locally available energy demand of large municipal facilities 

such as swimming pools and sport halls the project would be difficult. Vice versa, without 

the generation of renewable energy supply the ecological maintenance of municipal green 

would be difficult to pay for. Renewable energy, that is, creates new synergies between 

alternative societal interests. The creation of such synergies, subsequently, seem to also 

allow each of these interests to create a new market, as is also illustrated by a second 

swimming pool in the municipality now also being fuelled by woodchips 

(Gemeentebelangen, 2015). A quick scan shows several similar swimming pools in The 

Netherlands (Zwemrecreatie, 2015). The spreading and upscaling of this synergy offers 

starting points for coevolution of environmental management and the energy system.  

 

Another example we viewed during a NEND workshop, is a project from the agricultural 

nature management association ANV Drenthe (NEND, 2013). Due to budget cuts, both 

farmers and the ANV Drenthe face increased difficulties financing the nature management 

in the conservation area ‘Drentse Aa’. In response, ANV Drenthe investigated the possibility 

to generate energy from grass taken from the area, which is seasonally harvested in order 

to conserve the local bio-diversity. The energy that is generated via bio-digestion can be 

sold and cover the costs of environmental management, while farmers in the Drentse Aa 

can benefit from the residual digestate as a fertilizer. Although the project is not realised 

yet, the initiative reveals a potential synergy between environmental management, farming 

and energy generation. During the workshops several similar initiatives were discussed 

showing possibilities to link energy generation to various alternative interests, such as 

nature maintenance, farming, composting, and urban green waste collection and 

processing. Again, therefore, we encountered encouraging signals that synergies between 

renewable energy development and local contextual features may indeed engender 

coevolutionary processes. The lessons we drew from these reports and workshops 

stimulated us to study some cases in more detail.  

 

3.4.3 Green hub 
In the second research phase, we identified similar starting points for coevolution in the 

cases we could study in more detail. A good example of an initiative connecting the energy 

system to various societal domains is the Arnhem-Nijmegen region Green Hub case 

(Hagens et al., 2013). The Green Hub platform connected the sustainable regional 

transport interests and activities of regional government, knowledge institutes and 
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companies. The platform encouraged dialogue among participants on how regional 

biomass could be used to generate biogas for use in regional public transport. This dialogue 

resulted in a regional public-private partnership for biomass for sustainable regional 

transport (De Groene Hub, 2013a). Local government had a sustainability ambition and 

policy target for innovative use of its organic waste material. At the same time, there was a 

public transport organisation interested in using green gas from organic waste material for 

public transport. Success led to the creation of a second phase for the Green Hub in which 

the partners aim to upscale their practices (De Groene Hub, 2013b). The project is now 

being promoted as a means to achieve regional targets, such as a cleaner living 

environment and a stronger regional economy. In doing so, the Green Hub promotes 

innovation in several systems. The Green Hub promotes innovation in the energy system by 

creating a regional bio-energy network, innovation in the mobility system by basing 

regional transport on biomass, innovation in the governance system by creating regional 

public-private partnerships, and innovation in the economic system by creating a regional 

social network with a wide variety of actors around regional bio-energy for public 

transport. The synergies and trade-offs among these systems provide opportunities for 

upscaling and making the Green Hub part of a wider societal development and could, 

therefore, be a starting point for a coevolutionary pathway for energy, mobility, economy 

and governance. 

 

3.4.4 Grunneger Power 
An interesting initiative in the Northern Netherlands which offers springboards for 

coevolutionary processes is Grunneger Power. Grunneger Power is a community solar 

power initiative which started by supporting its members in solar panel procurement and 

installation, and soon also became an energy distribution company selling renewables-

based electricity at fair prices to its customers (Grunneger Power, 2012). Within two years 

Grunneger Power grew to almost 1000 household members (Broere, 2013), but shrank 

temporarily after encountering difficulties following the bankruptcy of its renewable 

energy supplier. Grunneger Power became one of the key drivers behind the initiative for a 

regional renewable energy distribution cooperative. This paved the way for a regional 

cooperative, called NLD, which buys renewable energy from initiatives and sells renewable 

energy to members of local energy initiatives in the Northern Netherlands (Coöperatieve 

vereniging NLD Energie U.A., 2013). Grunneger Power now distributes energy to its 

members via NLD. Simultaneously, Grunneger Power was closely involved in the 

development of a provincial energy service point for citizens and initiatives answering 

questions on renewable energy and energy saving (Natuur en Milieufederatie Groningen, 

2015). Among the outcomes these two developments achieved is the development of an 

umbrella cooperative in the province of Groningen, called GrEK, which functions as a 

knowledge platform for energy initiatives. GrEK now coordinates the provincial energy 

service points and also represents the Groninger initiatives in NLD (GrEK, 2015). In doing 
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so, Grunneger Power stimulated the creation of a social network that facilitates the 

spreading and upscaling of local energy initiatives: Grunneger Power, NLD and GrEK 

provide social services for citizens in the region and the connection of these initiatives with 

established actors such as municipalities and provinces drives the adaptation of existing 

institutions to local energy initiative practices. Grunneger Power thus generated new 

regional dynamics which, when upscaled and transmitted through society further, could 

initiate coevolutionary processes between the energy system, the social services system 

and the governance system.  

 

3.5 Conclusion  
Theoretically, it is well established that transitions depend on coevolution processes. We 

added an area-based perspective on transition thinking to help us identify what kinds of 

linkages could support such coevolution from the bottom up. The image of an integrated 

energy landscape we developed helped us to identify linkages between energy systems and 

local landscapes. Despite the fact that current practice on governing the energy transition 

in the Netherlands is rather narrowly focused on energy ‘alone’, and dominated by a 

centralised governance network, our area-based perspective helped us discern that a 

plethora of local energy initiatives is activating linkages with the local landscape. These 

linkages revealed synergies and trade-offs between various societal systems in which we 

discern the origins of new coevolutionary pathways.  

 

For the energy transition, such innovations and interaction among societal systems could 

promote learning from a rich collection of varied initiatives and practices: it is a way to 

discern the pros and cons of various ways of embedding energy production in different 

spatial contexts. Through monitoring and comparison, spatial planners and other 

stakeholders can draw lessons from area-based practices. These lessons could help 

initiatives get started or improve and might help governance adapt its practices. Local 

initiatives and practices are now indeed niches in terms of transition thinking: area-based 

niches. Some become successful as they make efficient use of local potential, able to 

upscale and export energy or knowledge, while others might fail or remain of marginal 

importance. In this context, evaluating and monitoring the linkages that local renewable 

energy initiatives form with the local landscape is essential for understanding the 

conditions for spreading and upscaling renewable energy.  
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