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Introduction 

This literature review was conducted in support of a research project that focused on how the UK's 

planning systems can better facilitate the delivery of smart energy, and therefore ensure an 

affordable, clean energy system for the future. The project, funded by the Royal Town Planning 

Institute South West, was led by Regen, in collaboration with Pell Frischmann, The Landmark 

Practice and the University of the West of England. The main report and other appendices can be 

found at www.rtpi.org.uk/smartenergy. 

This research considers the characteristics of a smart energy system, and identifies potential 

interfaces with planning regulation, policy and practice. The research provides an overview of the 

technological changes that are expected to be necessary to deliver a smart energy future, and 

considers the interface that these changes are likely to have with the goals, tools and practices of 

spatial planning in England.i  

While the research project acquired this intelligence through an online questionnaire aimed at 

different stakeholder groups, together with a series of workshops and personal interviews, the 

research team was keen to gain an appreciation of the wider discourse surrounding the planning of 

smart energy. Reviewing relevant literature was therefore an important part of the project, and 

underpinned the way the project’s other research tools framed spatial planning issues relating to 

smart energy systems.  

This review focuses on academic sources only, and particularly articles that have appeared in 

refereed journals. These papers were identified and accessed following a keyword search of UWE 

Bristol’s online databases. This process generated a significant number of results, and this review 

focusses on the most relevant entries.  

Overall, this review identifies that there is limited literature on the interface between planning 

systems and smart energy systems. Furthermore, where planning is mentioned, its contribution to 

the design and implementation of smart energy is only discussed in broad terms, which makes it 

difficult for robust conclusions to be made. Given this gap, the research therefore makes a very 

valuable contribution to both practical and theoretical debates surrounding smart energy planning 

and sets a useful foundation for further research in this area. 

 

Context 

Energy systems are currently transitioning from being fossil fuel-based to being zero-carbon in 

response to a range of factors. The most significant of these include a need to reduce greenhouse 

gas emissions (GHG), to reduce imported fossil fuels, and to reduce the costs of energy to 2050.1 

Although there is recognition that this change will need to continue into the future, there is 

uncertainty over the exact change considered to be necessary.2 

To achieve the necessary transitions in energy generation and supply, a number of challenges 

                                                

i ‘National planning policy’ refers to the UK Government’s policy on spatial planning in England, unless 
otherwise noted. 

http://www.rtpi.org.uk/smartenergy
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need to be responded to.3 For example, new technologies and infrastructures will need to be 

developed in order to utilise, and expand the use of, renewable energy resources. To ensure that 

new technologies are successfully implemented, work will be required to design and develop new 

markets, products, services and industries. Similarly, new policy and institutions will be necessary 

to ensure that the technologies developed and promoted are those best fitted to meet national and 

local need, opportunity and circumstances.  

For the last 150 years, fossil fuels have made a significant contribution to energy use. Fuels such 

as oil, natural gas and coal are ‘energy dense’ fuels that can be effectively stored in liquid, gas and 

solid fuels respectively.4 These forms of energy are available ‘on-demand’, with power plants using 

fuel to generate electricity in response to energy needs as they arise. Fossil fuel systems are 

characterised by highly segregated energy branches, and the supply chains for mobility, electricity, 

cooling and heating have limited interaction with one another (see Figure 1).5 The systems are 

relatively simple in their design, with fossil fuels (coal, gas and oil) being converted (via a power 

plant, boiler or vehicle) to create an end use of electricity, heat or transport. Smart energy systems 

are inherently more flexible than such fossil fuel-reliant systems because they enable connection 

of the electricity, heating, cooling, and transport sectors together.6  

The simplicity of fossil fuel powered systems means that many of the interactions that could occur 

across energy systems, at a range of spatial scales, have not been properly realised. For example, 

heat from power plants is often lost to a sea or river, rather than being used for local housing 

needs.7 

 

Figure 1: Interaction between sectors and technologies in today’s typical energy system. Source: 

Connolly, Lund and Mathiesen (2016, p1635). 
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Since there is no direct replacement for fossil fuels, it is clear that existing energy structures that 

depend on their use cannot be maintained through the transition to renewable energy. Bioenergy 

(renewable energy created from natural, biological sources) is the only direct alternative to fossil 

fuels, and the physical and chemical properties of bioenergy would enable the continued use of 

existing energy infrastructure and institutions. These benefits are curtailed, however, by the limited 

availability of sustainable bioenergy.8 Future energy systems therefore need to ensure that 

significant amounts of wind and solar power can be used in a way that avoids the unsustainable 

consumption of bioenergy. 

 

Smart Energy Systems 

A variety of terms have been used to encourage discussion on the form that a future energy 

system might take. Examples include the notion of a ‘smart energy system’, ‘smart energy network’ 

or some kind of ‘smart energy grid’. The discussions in the literature about developing smart grids 

are framed around the need to better manage the fluctuations in supply that characterise the use 

of renewable energy. Such a grid involves a bi-directional power flow with consumers also 

producing to the grid. Such a system therefore differs from the traditional power grid, in which there 

is a clear separation between producers, on one side, and consumers on the other side (in other 

words a ‘uni-directional power flow’).9 A number of papers focus on how consumers can become 

active in the operation of this power balance, by introducing technical operation systems and/or 

economic incentives to help make their energy demands more flexible. Examples include the 

development and design of information and communication systems, heat pumps, and electric 

vehicles. 10 Discussions surrounding smart grids in the literature tend to have a sole or 

predominant focus on the electricity sector, with relatively few emphasising the need for the 

intelligent management of a complete set of energy forms, of which electricity is just one. 

The term ‘smart energy system’ seems to offer this desired level of completeness.11 The term was 

first introduced in 2012 and was included in the title of a notable book published in 2014 that 

advocated for adopting a smart ‘whole systems approach’ to the choice and modelling of 

renewable energy systems.12 A particularly helpful definition is provided by Connolly et al (2013), 

who explain how a smart energy system  

“...consists of new technologies and infrastructures which create new forms of 

flexibility, primarily in the ‘conversion’ stage of the energy system. This is achieved 

by transforming from a simple linear approach in today’s energy systems (i.e. fuel to 

conversion to end-use), to a more interconnected approach. In simple terms, this 

means combining the electricity, thermal, and transport sectors so that the flexibility 

across these different areas can compensate for the lack of flexibility from 

renewable resources such as wind and solar”.13 

A smart energy system is therefore one that seeks to create new forms of flexibility within the 

energy system, primarily by creating flexibility in the conversion process through integrating the 

electricity, heating/cooling, and transport sectors. It is important to note that the concept of a ‘smart 

energy system’ therefore differs from that of a ‘smart grid’, which is usually focused on the 

operation of an electricity system that is designed to facilitate the better integration of fluctuating 
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renewable energy.14 

As an approach, a smart energy system envisages combined electricity, thermal, and gas grids, 

linked with appropriate storage technologies.15 The smart energy concept consequently provides 

the basis for a paradigm shift away from single-sector thinking, to a coherent smart energy system. 

Reflecting this, the smart energy research community is committed to understanding how to 

design, analyse and discuss the benefits of including all sectors, infrastructures and grids. Three 

types of grid can be identified:  

 Smart electricity grids to connect flexible electricity demands, such as heat pumps and 

electric vehicles, to the intermittent renewable resources such as wind and solar power; 

 Smart thermal grids (district heating and cooling) to connect the electricity and heating 

sectors. This enables thermal storage to be utilised for creating additional flexibility and 

heat losses in the energy system to be recycled; and 

 Smart gas grids to connect the electricity, heating, and transport sectors. This enables gas 

storage to be utilised for creating additional flexibility. If the gas is refined to a liquid fuel, 

then liquid fuel storages can also be utilised.16 

A smart energy system requires renewable energy resources such as wind and solar power.17 In 

contrast to fossil fuels, these resources do not contain large amounts of stored energy so, unless 

dedicated storage capacity is available, they must be captured and used immediately. An energy 

system built around renewable energy resources will also have an element of volatility attached to 

it. These variations, on an hour to hour basis, will depend on whether heat demand is high or low, 

whether a heat storage is full or not, or whether the electricity demand is high or low.18 Capturing 

energy, and stabilising its use, represent key challenges that will demand major shifts to be made 

to the technologies, regulations, policies, and institutions of many of the world’s current energy 

systems.19 

Although the large-scale integration of renewable energy is seen as an important thread to the 

development of a smart energy system, energy storage and energy conservation measures are 

also needed, as are technologies such as CHP (combined heat and power), heat pumps and the 

roll-out of electrified transport (through the use of batteries and electrolysers).20 Figure 2, below, 

attempts to visualise the key components of a smart energy system.21 
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Figure 2: Interaction between sectors and technologies in a future Smart Energy System. The flow 

diagram is incomplete since it does not represent all of the components in the energy sector, but 

the shaded boxes demonstrate the key technological changes required. Source: Connolly, Lund 

and Mathiesen (2016, p1636). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Once operational, a smart energy system can enable a wide-range of synergies to occur. For 

example: 

 Excess heat from industry and electricity production can be used to heat buildings via 

district heating; 

 Electricity for heating purposes makes it possible to use heat storage instead of electricity 

storage, which is both cheaper and more efficient; 

 Heat pumps for heating can be used to provide cooling for district cooling networks and 

vice versa; 

 Electricity for gas such as hydrogenation makes it possible to use gas storage instead of 

electricity storage which is cheaper and more efficient; 

 Energy savings in the space heating of buildings make it possible to use low-

temperature district heating which, in addition, makes it possible to utilize better low-

temperature sources from industrial surplus heat and CHP; 

 Electricity for vehicles can be used to replace fuel and provide for electricity balancing.22 
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The smart energy systems concept and approach has been discussed in relation to number of 

different spatial scales, from the European,23 to individual countries (e.g. Denmark24) and individual 

cities (e.g. Zagreb25). 

Despite its benefits, the term ‘smart energy system’ has been described as being nebulous,26 while 

the term ‘smart’ has also been described as being somewhat misleading,27 particularly where it is 

used to simply explain the application of technology or some kind of ICT solution.  

 

The ‘smart energy city’ 

The term ‘smart energy city’ has been introduced to help give the smart energy concept a more 

urban perspective and to help simplify some of the technical explanations of the term.28 Indeed, the 

goal for achieving a Smart Energy City (SEC) has also been presented as an urban development 

‘strategy’ that seeks to exploit recent opportunities in technology and economy in order 

“…to provide citizens with a better quality of life, while addressing urban energy 

challenges such as climate change, shortage of energy resources, and inadequate 

and deteriorating energy infrastructure”.29 

In addition to reaffirming what a smart energy city involves, this definition also outlines the type of 

interventions that are necessary for a SEC to happen:  

“The Smart Energy City is highly energy and resource efficient, and is increasingly 

powered by renewable energy sources; it relies on integrated and resilient resource 

systems, as well as insight-driven and innovative approaches to strategic planning. 

The application of information, communication and technology are commonly a 

means to meet these objectives. The Smart Energy City, as core to the concept of 

the Smart City, provides its users with a liveable, affordable, climate-friendly and 

engaging environment that supports the needs and interests of its users and is 

based on a sustainable economy”30  

The term ‘smart energy city development’ is used elsewhere, a programme of works that aims at: 

“a site-specific continuous transition towards sustainability, self-sufficiency, and 

resilience of energy systems, while ensuring accessibility, affordability, and 

adequacy of energy services, through optimized integration of energy conservation, 

energy efficiency, and local renewable energy sources. It is characterized by a 

combination of technologies with information and communication technologies that 

enables integration of multiple domains and enforces collaboration of multiple 

stakeholders, while ensuring sustainability of its measures.31 

Figure 3 overleaf presents a visual interpretation of ‘smart energy city development’.32 The model 

characterises SEC development in a system driven by three energy-specific principles, namely 

those relating to: 

 Energy conservation, either by lessening energy use in necessary activities or services or 

removing energy use from services felt to be unnecessary; 
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 Energy efficiency, or securing less energy consumption for the same level of service, or 

delivering the same level of energy consumption for higher levels of service; and 

 Renewable energy, referring to a general push to increase the share of local renewable 

energy sources.33 

The three energy principles are amplified by a further four ‘general principles’, namely: 

 Innovative, rational and integrated application of ICT; 

 Integration of domains; 

 Collaboration of key stakeholders; and 

 Sustainability evaluation. 

 

Figure 3: Smart Energy City (SEC) Development: the black outer box passes through SEC 

general principles; three yellow arrows reflect SEC energy specific principles pointing to the light 

blue box showing SEC objectives. The small red boxes indicate SEC stakeholder groups, small 

dark-blue boxes indicate SEC domains of intervention, and small green boxes reflect SEC 

sustainability evaluation aspects (Mosannenzadeh et al, 2017, page 58). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The model presented at Figure 3 recognises the significant potential of the rational, innovative, and 

integrated application of new technologies and ICT.34 In addition to the technological advances 

associated with the generation, conversion, storage and transfer of energy, the authors of Figure 3 

also refer to the role that ICT can play in understanding people’s behaviour and enhancing 

decision making processes, and the fact that improving the interaction between different energy 

components is also identified as a further area where ICT can make a difference. Despite 

presenting a positive view on the role that technology can play, the authors do acknowledge the 

limitations that technology, or certain applications of it, can have in addressing the complexity and 

multi-dimensionality of urban problems. In this way, the authors recognise that ICT can only be an 

enabler, rather than as an end to itself.  
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The model assumes the integration of both hard/tangible and soft/intangible domains. The former 

includes buildings and districts, as well as infrastructure related to transport and mobility and 

energy and ICT. Transport and mobility infrastructure includes technological innovations that 

encourage or facilitate a shift from oil-based fuels to alternative vehicle technologies that can use 

electric and draw from renewable energy sources, together with interventions designed to increase 

the use of public transport.  

Hard energy infrastructure, meanwhile, is defined to comprise electricity infrastructure (smart grid), 

thermal infrastructure, and data infrastructure. Solutions in this domain are considered necessary 

in order for the infrastructure to become more resilient and to enable the integration of renewable 

resources into the energy infrastructure. In addition, energy infrastructure is also defined to 

comprise interventions that allow for the interconnection, monitoring and control of flows within 

energy networks.  

 
Table 1 provides a summary, by category, of the infrastructures found across hard domains. The 

authors usefully identify the spatial scale towards which specific interventions are directed, ranging 

from the building, block, district and city.35 Soft domains (see Table 2) relate to the application of 

human, intellectual and organisational capital, together with relevant software, to facilitate data and 

energy management, the shaping of consumer behaviour, and the promotion of collaborative 

planning.36 Solutions relating to collaborative planning and decision making include tools designed 

to assist with the communication of data, knowledge, and ideas between stakeholders. They also 

include tools for facilitating the application of multi-stakeholder decision support systems, 

simulations, and scenario analysis tools. Solutions relating to consumer behaviour include those 

that seek to increase awareness amongst stakeholder groups about their energy consumption, 

presenting options for limiting their energy use, and communicating how shifts in personal 

behaviour can lessen energy use.  

With respect to energy and data management, interventions are designed to optimise the overall 

energy system, from the sides of both energy supply (generation, distribution) and energy 

demand37. A wide variety of tools and instruments are encompassed within this category, with 

each having the potential to assist with the management, analysis, forecasting, and monitoring of 

SEC domains through the collection, storage, processing, and transformation of data. 
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Table 1: Smart energy solutions and technologies in hard domains of intervention with spatial 

scale (Source: Mosannenzadeh, 2017a, page 61-62) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The model advocates the full and engaged use of key stakeholder groups, with this being linked to 

a necessity for ensuring social inclusion and an investment in social capital. The authors identify 

four broad categories of stakeholder which they describe as: decision makers, service providers, 

target groups, and so-called ‘lateral effective stakeholders’. Figure 4 below identifies the specific 

nature of these groups.38 

The importance of evaluating the sustainability of SEC development is also recognised by the 

model. Developers are directed to think about relative costs and benefits, although the complexity 

of undertaking such an appraisal is acknowledged given the varying temporal and spatial 

dimensions of each project.39 For example, a rapid advancement in technology may generate new 

smart energy solutions to make practices, which were previously regarded as unsustainable, 

become sustainable.  
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Figure 4: Smart Energy City Stakeholders; each box encloses one stakeholder group and the 

arrows imply the interaction between stakeholders (Mosannenzadeh et al, 2017a, page 60). 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Smart energy solutions and technologies in soft domains (Source: Mosannenzadeh, 

Bisello, Vaccaro, D'Alonzo, Hunter, G. and Vettorato, 2017, page 62) 
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Barriers 

A number of commentators have focused on the barriers for delivery or implementing certain parts 

of a smart energy system. For example, commentators have previously focused on the motivations 

and barriers associated with microgeneration,40,41 while other studies have been focused towards 

energy efficiency and renewable energy.42,43 More recently, authors have focused on consumer 

engagement with smart home technologies.44  

Broader perspectives on delivery have been provided to help urban planners create an energy 

efficient city.45 Work has also been undertaken to focus on the obstacles for energy planning at the 

urban scale (as considered below)46, and the prospects for municipality-led energy projects have 

also been considered.47 A number of studies have been undertaken to help identify potential 

delivery issues with smart-energy systems, with authors48 outlining the type of resources and 

actions felt to be necessary to increase roll-out. Mosannenzadeh has been a particularly important 

contributor to the discussion through her research that has sought to identify, and subsequently 

categorise, the type of barriers that can impact on the implementation of smart energy city projects 

across Europe. 49  

Particular insight has been provided via the work of the EU-funded CONCERTO programme which 

sought to generate intelligence and ideas for the delivery of ‘energy solutions for smart cities and 

communities’.50 The initiative supported local communities towards the sustainability of energy 

systems through local innovative energy efficiency interventions and by integrating local renewable 

energy sources in both new and existing urban districts. Collectively, the programme funded 

projects in 58 cities across 23 different countries. An initial assessment of the difficulties and 

barriers faced by these cities was undertaken in 2010.51 By conducting research with the 

necessary authorities and stakeholders, the researchers were able to draw together a wide-range 

of barriers that they ordered under five categories: administrative, technical, social, legal, and 

economic. These barriers were then classified against three broad perspectives; micro (project/end 

user), meso (organization), and macro (state, market, civil society).  

This initial work has been updated more recently, with the study highlighting a list of 35 barriers (as 

shown in Table 3).52 Each of these was assigned to nine separate categories: policy, 

administrative, legal and regulatory, financial, market, environmental, technical, social, and 

information and awareness. The researchers then considered, via a structured questionnaire 

delivered by interview, the frequency and impact of these barriers in 43 CONCERTO projects. 

It is clear that many of the barriers outlined in Table 2 have an urban planning dimension, most 

notably B1 (lack of long term and consistent energy plans), B7 (long and complex procedures for 

the authorisation of project activities), B14 (unfavourable local regulations for innovative 

technologies), B2 (negative effects of project intervention on the natural environment), B27 

(deficient planning) and B35 (perception of interventions as complicated and expensive with 

negative socio-economic or environmental impacts).  

Although the scores denoting impact are helpful in identifying ranked concern (with B2 being most 

significant), the authors provide some additional context by outlining some of the qualitative 

comments that respondents offered to accompany their assessment. For instance, in relation to 

B14 the authors refer to the impact of regulation relating to building aesthetics, with regulations 

relating to the historical preservation of buildings being identified as being particularly significant.53 
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Indeed, the authors note how: 

“…in Italy, Spain, and France, where the number of historical buildings is very high, 

it is difficult to reconcile historical preservation and environmental aspects, in 

particular in the case of solar panel installations on buildings. This aspect was 

observed in a number of CONCERTO communities”54  

 

Table 3: Barriers to the implementation of smart energy city projects: frequency and level of impact 

(Mosannenzadeh, Di Nucci, and Vettorato, 2017, p. 194). Level of impact changes on a range of 0 

(neutral or no impact) to 5 (very high impact). The values indicated in this table were developed by 

Pezzutto et al. (2015). 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For some of the barriers, further analysis of the views received would have been helpful. For 

instance, while for B27 (deficient planning) the authors refer to the implementation difficulties when 

systems do not ‘accurately consider the conditions of both [the] natural and built environment’, the 

example offered refers to a case where wind turbines were installed in a location where wind 

speed was ultimately inadequate.56 Consequently, given that, for example, it is difficult to 
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appreciate whether respondents were responding to inadequate regulations for the management 

of development, or as the example suggests, poor planning by project teams or energy 

developers. 

Although this additional analysis would have been helpful for the majority of the identified barriers, 

the research also helped to identify the uniqueness of smart energy technologies and how they are 

often characterized by relatively high costs of design, material, installation, and construction and 

higher risk and uncertainty.57 Hidden costs (B17), such as the general overhead costs of project 

implementation, are also described as being higher for new technologies, leading to the view that 

‘individuals with low-income, and companies with a limited access to capital, are not able to invest 

in such technologies’.58 Similarly, the unique and innovative nature of some technologies was 

leading to low acceptance (B32), due to unfamiliar procedures and a lack of knowledge about the 

costs and benefits of new technologies among both consumers and authorities59. Associated with 

this, the authors also refer to a lack of institutions/mechanisms for disseminating project 

information (B06), a barrier that was mentioned in few CONCERTO projects. Similarly, the 

complexity of relevant actor networks, and the challenge of engaging with a diverse selection of 

stakeholders, was also identified as a challenge pertinent to smart energy developments. 

The CONCERTO programme helped to offer guidance to both project coordinators and policy 

makers. For the former, the authors note: 

“Considering the pivotal role of new technologies in SEC projects and numerous 

barriers associated with it, the selection of a technology should be preceded by 

careful consideration of related regulations and financial incentives, social 

acceptability and previous experience and expertise. Accordingly, employment of 

skilled and trained staff, especially operators and managers, for deployment and 

operation of new technologies is paramount for project success. Consequently, 

education and training within the project can improve project implementation”.60 

For policy makers, the following advice is given: 

There is a need for upgrading national, regional, and local regulations for the 

adoption of new technologies. Regulatory and support scheme stability at the 

national level is a fundamental feature for reducing investment risks and 

encouraging the private sector to take on new technologies. Accordingly, provision 

of new and appropriate business models, e.g. for public-private partnerships is 

essential for an appealing and successful collaboration between the public and 

private sector. Provision of wide-scale platforms and networks is fundamental for 

learning from other experiences and building knowledge around new technologies. 

This should be part of policies for general increase of information and awareness 

among all stakeholders, specifically general public and authorities on real costs and 

benefits of smart energy solutions in short to long term. Finally, the prioritization 

analysis of barriers shows that a consistent political support during the long term is 

paramount for successful implementation of SEC projects.61 
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Energy planning at the urban scale 

Cajot et al. (2017) outline the need for broader energy planning at the urban scale.62 While the 

authors outline the significant role that buildings have in determining energy consumption and the 

emission of greenhouse gases, they acknowledge the importance of planning in helping to deliver 

a more holistic, cross-city framework for energy. Such a view develops previous work that 

identified how the transition towards renewable energy sources requires the strong intervention of 

municipalities in energy planning who need to develop appropriate institutional frameworks and 

help facilitate a ‘two-way communication policy’.63 Equally, Madlener and Sunak (2011) identify the 

‘inextricable link between urban planning and energy planning’, with their paper outlining the 

influence that planning can have on the supply and consumption of energy at a range of spatial 

scales.64 These interventions can extend from direction over the design and orientation of 

buildings, to the design of heating and cooling systems at the district scale.  

Despite these associations, Cajot et al. (2017) refer to the work of Peter et al65 and Strasser66 by 

acknowledging how ‘the consideration of energy as a central aspect of urban planning still lacks a 

proper framework and clearly designed methodologies’.67 Cajot et al. (2017) therefore contend that 

the ‘research and planning communities need to develop a new understanding of the role and form 

that urban planning should take in order that can take on the ‘pressing issues’ related to energy’.68 

Indeed, by acknowledging how urban planning must go beyond the traditional tasks of designing 

the city’s spatial aspects and defining strategic targets, Cajot et al. (2017) explain how planning 

systems: 

“…must be carefully and profoundly rethought to take ownership of, and 

appropriately address, energy and resource issues. This means that planners are 

expected to handle simultaneously both qualitative aspects such as aesthetics of 

urban form or quality of life, along with more the quantitative concerns for energy 

system design and engineering.”69  

While identifying this need for urban planners to acknowledge and proactively plan for energy, 

Cajot et al. (2017) refer to some of the key obstacles to effective energy planning at the urban 

scale. Presenting energy planning as a kind of ‘wicked’ problem70, the authors initially refer to the 

challenges that arise from the fact that energy planning, as an activity, is poorly defined. They cite 

the work of Thery and Zate (2009)71 who define energy planning as a process responsible for 

determining the optimal energy mix for an area given projected demand. While this suggests a 

simple task of equating supply and demand considerations together, Cajot et al. also acknowledge 

the role, importance, and complexity of inherent technologies surrounding the supply, conversion, 

storage, and transportation of energy. In addition to considering these factors, energy planners 

must also take a more active role “in organising their energy systems from within their 

geographical boundaries”.72 Despite these expectations, they acknowledge the challenges that 

surround energy planning, given the complexities that arise from overlapping scientific, political 

and administrative systems and processes. Reflecting on these challenges, they go on to outline a 

‘paradigm change’ for the stakeholders that need to be involved in energy planning. Specifically, by 

referring to the work of Coelho, Antunes and Martins (2010)73, they consider the broadening nature 

of those who need to be involved: 

“…from a limited group of specialists, including local and national authorities, 
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energy companies and operators, to a wider one including as well as local 

producers, energy consumers, transportation companies, technical officers, 

international institutions, manufacturers of end-use appliances, financial institutions 

and environmentalist groups”.74 

Cajot et al. (2017) identify other important obstacles, including the disassociation of energy 

planning from the standard activities of a planning department. Citing the work of Caputo and 

Pasetti75, they also suggest that municipal offices often lack knowledge and authority regarding 

energy planning. This latter point is attributed to the fact that urban planners often struggle to 

access important data, and that the dynamic nature of energy based-technology makes it difficult 

for ‘planners to anticipate change and to understand which technologies they should invest in’.76 

Furthermore, they go on to acknowledge that: 

“Energy planning in cities is dependent on different highly time-bound and volatile 

parameters, such as fuel prices and operational costs, energy conversion 

technology investment costs, improving and emerging technologies, population 

growth and high urbanisation rates, changing political actors and agendas, unstable 

international and national policy frameworks etc”.77 

The long-term nature of some urban planning projects can be problematic if they cut across 

different political, economic and policy cycles.78 The design, phasing and construction of 

development is also felt to be critical if energy goals are to be achieved.79  

 

Conclusions 

A key finding of the literature review is the paucity of academic research into the interface between 

planning systems and smart energy systems. Whilst there is a growing body of research into what 

smart energy comprises and the principles that a smart energy system should seek to deliver, the 

ways in which planning can be effective in that delivery is addressed peripherally and in vague 

terms only.  

The main driver to this research project is the imperative for the UK to make the transition to a 

smart energy future. The UK's planning systems have a fundamental role in facilitating the delivery 

of smart energy, and this research review provides real and much needed insight to complexities 

surrounding the delivery and implementation of smart energy. A range of factors were identified 

through the review with these spanning social, economic and environmental domains. Planning 

was mentioned at times as having a role to play but the depth of analysis associated with the 

exploration of this relationship was generally limited. The literature surrounding energy planning 

makes clear why planning professionals and elected politicians should engage with, and seek to 

understand, energy stakeholders and their associated technologies. The review identifies and 

describes issues linked to uncertainty over definition, the fast-paced nature of the energy industry, 

and the multitude of stakeholders that are inevitably involved. It does not, however, aid 

understanding of how planning systems, theory and practice might respond in a robust and 

effective manner to such issues, challenges and to opportunities as they arise in the future.  

Focussed academic research into the interface between planning systems and smart energy 

systems is needed. The purpose of the research is to provide the depth of analysis necessary to 
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underpin planning’s role in the energy transition, and to contribute to understanding of how 

planning systems, policy and practice need to be framed to support and drive the UK’s the 

transition to a smart energy future. 
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