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A B S T R A C T   

Positive energy districts and sustainable plus energy neighbourhoods are developed in the European context to 
reduce energy use and greenhouse gas emissions from the building sector. The planning and development of 
positive energy districts and sustainable plus energy neighbourhoods is complex and requires collaboration 
between stakeholders and new measures to achieve high energy efficiency, local renewable energy generation, 
energy storage and flexibility, and energy sufficiency. This paper examines the implementation of energy 
measures in the planning and design of four positive energy district and neighbourhood development projects in 
Norway and Sweden. The paper compares the two different institutional and energy system contexts and how 
these affect the development of positive energy districts, focusing on the perspectives of the municipality and 
developers. Existing academic literature and positive energy district guidelines are used to develop an analytical 
framework for the planning and design of positive energy districts and sustainable plus energy neighbourhoods. 
Results highlight an early focus on energy ambitions, wide stakeholder involvement, and the importance of 
aligning interests between stakeholders and working interdisciplinary in the planning and design phases to find 
optimal energy measures. Both the building and the neighbourhood/district level are important to increase 
energy efficiency, energy sufficiency, and energy flexibility, and consequently lower the environmental impact of 
the whole development project.   

1. Introduction 

1.1. Context 

In 2018, the building sector accounted for 36 % of the final energy 
use globally and 39 % of the energy and process-related carbon dioxide 
(CO2) emissions [36]. The European Green Deal aims to reach net zero 
greenhouse gas emissions by 2050 [30], and several policies are in place 
to incentivise the building sector to improve the energy efficiency of 
buildings. Measures such as nearly zero-energy buildings, zero-emission 
buildings, and positive-energy buildings are suggested to reduce energy 
use and greenhouse gas emissions in the building sector [69]. A stock 
energy analysis of Norway for 2016–2050 shows that widespread 
implementation of local energy sources, such as heat pumps and 
photovoltaic installations, provides significantly larger future energy 
savings in the system than extensive renovation of the building stock 

[83]. The share of electricity in the total delivered energy is anticipated 
to rise from 28 % in 2016 to between 37 % and 57 % in 2050 [83]. The 
shift towards buildings that generate more energy than they use has 
resulted in the need to look at energy within the neighbourhood context, 
as opposed to the single building level, introducing energy flexibility, 
building interactions, load matching and grid interaction [37], to 
enhance the utilisation of renewable energy sources locally. 

The topics of low-carbon communities, zero-emission neighbour-
hoods (ZEN), sustainable plus energy neighbourhoods (SPEN), and 
positive energy districts (PED) are widely discussed in the literature, 
with a large focus on the energy and emission perspective [14,97]. A 
PED should not be limited to the term district but should be flexible in 
the scale, if it is in line with the requirements of the PED concept, being 
it a neighbourhood, a district, or an island [22]. A PED is defined as “a 
district with annual net zero energy import, and net zero CO2 emissions 
working towards an annual local surplus production of renewable 
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energy” [48], p. 5 and a collection of other definitions are found in 
Brozovsky et al. [14]. The energy system in a PED has renewable energy 
supplies, high energy efficiency, and a substantial degree of flexibility 
[84]. Krangsås et al. [57] identified only two PEDs in operation in 
Europe in 2021, while Zhang et al. [97] identified eleven PEDs in 
operation in 2021. The definition affects how projects are classified and 
whether they qualify as PEDs. However, PED implementation in Europe 
is still in the development stage, with most initiatives being pilot 
projects. 

Currently, guidelines for the planning and design of PEDs are under 
development. However, integrating energy efficiency and zero energy 
objectives in urban development projects is not new [93]. Urban 
development projects with high ambitions for energy, including positive 
energy buildings, can provide wider lessons learned about energy 
requirement implementation, as shown in a study by Petersen and 
Heurkens [79]. The literature on PEDs highlights the need to document 
and disseminate lessons learned and experiences from real demonstra-
tion cases of PEDs to enhance knowledge development and dissemina-
tion to other contexts [84,94]. There is still little research on the early 
stages of PED projects and how to include different stakeholders [84]. 
Collaboration between stakeholders from various fields is necessary to 
achieve ambitious project results [63]. There has been a strong focus on 
the technologies needed to achieve PEDs, such as renewable energy 
systems. However, the knowledge and skills required to plan, implement 
and monitor PEDs still need further development [66]. Contextual fac-
tors are of great importance for the successful implementation of PEDs 
[6,84]and include both spatial, technical, and social considerations, 
such as the local climate, existing infrastructure, and district and 
building functions and use [94]. Straight replication of PED designs is 
therefore limited since design and performance are strongly context- 
dependent, thus PED measures need to be adapted to the specific 
context [94]. To deepen our understanding of PED development, a 
better overview of the contextual factors is essential for deriving more 
widely applicable lessons learned. 

1.2. Scope and limitations 

This paper investigates the planning and design processes of PEDs 
and SPENs by conducting a comparative case study of four ambitious 
urban development projects, all of which currently have a PED ambition 
or a similar goal. Lessons learned from these projects can support the 
rapid scaling up of PEDs and SPENs in Europe, and contribute to a more 
energy-sustainable building stock. The research question of this study is 
“How are positive energy districts and neighbourhoods planned and 
designed in practice?”, and is answered by examining four case studies 
of PEDs and SPENs: Ydalir in Elverum, Norway, Verksbyen in Fredrik-
stad, Norway, Vallastaden in Linköping, Sweden and Brunnshög in 
Lund, Sweden. 

1.3. Overview of the paper 

The paper is structured as follows, Section 2 describes previous 
research on the topic to provide a background and presents an analytical 
framework. Section 3 explains the methodology and materials for the 
paper. Section 4 provides the results from the case study comparison. In 
Section 5, the discussion is presented, and in Section 6 the conclusion is 
given. 

2. Background 

This section presents a background of energy measures in PEDs, the 
planning and design of PEDs, and an analytical framework for evalu-
ating the planning and design of PEDs. The background is based on 
scientific research on PEDs and energy planning, and on five PED 
guidelines [1,48,80,85,94] which have been published over the last few 
years and focus on “overall information on and suggestions for the 

process of planning, implementing monitoring and evaluation of PEDs, 
and a description of the potential impact of PEDs” (Neumann et al., 
2022, p. 516). 

2.1. Energy measures in PEDs 

As described in the introduction, to develop PEDs, innovative and 
integrated measures for energy systems that combine renewable energy 
supplies, a high level of energy efficiency, and a substantial degree of 
flexibility are needed to reach net zero greenhouse gas emissions and 
“actively manage an annual local or regional surplus production of 
renewable energy […] while securing the energy supply and a good life 
for all in line with social, economic and environmental sustainability” 
[48], p. 6. Four main elements of a PED energy system have been defined 
in previous research:  

1. Energy efficiency is defined in the Energy Efficiency Directive by 
the European Commission (EU/2023/1791) as “the ratio of output of 
performance, service, goods or energy to input of energy”. Using this 
definition, energy efficiency in buildings and districts can be 
described as using less energy for operation in contrast to standard 
building methods, while maintaining the desired output of perfor-
mance, i.e. high indoor environmental quality. The energy efficiency 
of buildings is affected by many factors, including insulation of the 
building envelope, cooling and ventilation systems, heat recovery 
systems, and appliances [29,48,55,94]. 

2. Renewable energy generation includes energy generated by tech-
nology utilising renewable energy sources. These energy sources, 
which are continually replenished by nature, include solar, wind, 
hydropower, geothermal, and biomass, and are used to generate 
electricity or heat [23]. Examples are building integrated photovol-
taics, solar thermal collectors, and stand-alone RES generation fa-
cilities [29,48,55,94].  

3. Energy storage and flexibility. Energy flexibility is defined in IEA 
EBC Annex 67 Energy Flexible Buildings as “the energy flexibility of 
a building is the ability to manage its demand and generation ac-
cording to local climate conditions, user needs, and energy network 
requirements. Energy flexibility of buildings will thus allow for de-
mand side management/load control and thereby demand response 
based on the requirements of the surrounding energy networks” 
[47]. Energy storage consists of generating and collecting energy at 
one time to use it at another time, allowing for flexibility. The 
availability of renewable energy fluctuates independently from the 
demand, and therefore energy storage becomes increasingly more 
important in the built environment [45]. Examples of energy flexi-
bility and storage systems are smart controls, thermal storage sys-
tems, hydroelectric storage and batteries, vehicle batteries, gas 
storage, connection to other energy networks, and thermal masses of 
buildings [29,48,55,94].  

4. Energy sufficiency is defined as: “a state in which people’s basic 
needs for energy services are met equitably and ecological limits are 
respected” [20]. As energy sufficiency strongly relates to people’s 
experience of buildings, occupant demand and behaviour are at the 
core of building energy sufficiency. Passive design principles that 
reduce the need for active energy systems and prolong the periods in 
which the indoor environmental quality targets can be met with 
passive strategies, such as natural ventilation, enhance the building 
energy sufficiency [44]. Other examples of building energy suffi-
ciency are optimised use of buildings, adequate floor space per 
capita, and line drying clothes. 

These four elements are interrelated, but important to distinguish 
because each factor affects the performance of plus energy buildings and 
PEDs differently. Energy sufficiency is frequently mistaken for energy 
efficiency. Energy sufficiency includes the minimum energy necessary to 
provide a comfortable living environment. Energy efficiency is related to 
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the design and consequently, buildings’, districts’ and neighbourhoods’ 
potential to use energy optimally and reduce wasted energy. Thus, a 
building’s potential to be energy efficient lies in the design, and is 
exploited and realised in the operational phase, where energy efficiency 
in combination with energy sufficiency results in low energy consump-
tion [44]. Interactions between building and district/neighbourhood 
design for efficiency and sufficiency are necessary for PEDs to reduce the 
energy need and consumption, e.g., in the orientation of buildings, 
layout and height of buildings, and the materials and fabric of and be-
tween the buildings [29]. Energy flexibility and storage can reduce the 
temporal mismatch between energy needs and renewable energy 
generation. 

For the implementation of suitable energy measures in a PED, 
contextual factors play an important role and demand distinct ap-
proaches to achieve PED goals [22,80,84,94]. Contextual factors include 
spatial, technical, and social aspects. Spatial aspects include the location 
of the area, climate conditions, geographical and urban morphology, 
building typologies, and the natural resources available, and are 
defining components in the design of a PED [22,80,84]. The technical 
factors include the existing energy infrastructure and the available 
technologies [22,84]. Andresen et al. [2] present designs for SPENs in 
four different climate zones, illustrating how energy efficiency measures 
and systems must be tailored to fit each project’s spatial characteristics 
and available technologies. Each project has different design measures 
to achieve the same goal, a plus energy balance on a neighbourhood 
level. The technologies for energy efficiency, the integration of renew-
able energy and energy storage, and energy sufficiency and flexibility 
are in constant development, which asks for an open approach to 
innovative energy measures in the planning and design of PEDs [84]. An 
optimal design of a PED can only be determined based on the local en-
ergy context [94]. It is therefore necessary to consider the regional and 
local energy systems to integrate, scale up and replicate the energy 
systems in PEDs efficiently. The social aspects include culture, identity, 
trust, power relations, and the needs of the diverse users [22,84]. Baer 
et al. [6] describe that it is a challenge for stakeholders involved in urban 
development to identify and adapt suitable strategies for PEDs to the 
specific local context, balancing innovation, and technical and social 
dimensions. 

2.2. Planning and design of PEDs 

The development of PEDs requires integrated spatial and energy 
planning [94], and multiple stakeholders to join forces [84] to imple-
ment the energy measures. Energy planning has predominantly centered 
around either large, centralised power and heat plants, or single build-
ings. However, for an energy-efficient built environment, innovative 
solutions on a larger scale than the building scale, such as neighbour-
hoods, are necessary [17]. Since urban form, energy demand, and 
renewable energy generation are interrelated, there is a need for urban 
planning policies and procedures that consider energy planning at the 
urban scale [15]. Integrated urban and energy planning combines urban 
planning and energy planning to develop energy transition strategies 
and improve the climate protection of a neighbourhood, district, or city. 
Integrated urban and energy planning is characterised by creating future 
scenarios, goals and objectives for an urban area, and using energy 
modelling at the city and urban scale to find and implement appropriate 
climate protection and energy measures [94]. According to JPI Urban 
Europe / SET-Plan Action 3.2 [48] and Cajot and Schüler [17] energy 
aspects are traditionally not thoroughly integrated into urban planning 
processes. Urban planning and energy planning are complex processes, 
compromising interconnected activities that necessitate integration to 
develop appropriate solutions [16]. This means integrated and iterative 
design processes to implement energy efficiency and sufficiency strate-
gies and the development of renewable energy systems that are sound 
and cost-efficient [80], requiring collaboration between different 
stakeholders and domains [63,84]. Key stakeholders in PED 

developments include traditional planning stakeholders, such as the 
municipality, landowners, urban planners, architects, contractors and 
property owners and managers. Additionally, energy system stake-
holders, such as local energy system operators and energy suppliers for 
electricity networks and district heating and cooling networks play 
crucial roles. Lastly, stakeholders who can develop capabilities for en-
ergy balancing and aggregation of loads and renewable energy source 
generators, such as energy community entities, energy service com-
panies (ESCos), and energy storage system operators, have been iden-
tified as significant stakeholders [84]. 

Sareen et al. [84] and Alpagut and Gabaldón [1] stress the need for 
collaborative governance models to connect different stakeholders and 
align their interests and priorities during the planning and design of 
PEDs. Collaborative governance can be defined as “the processes and 
structures of public policy decision making and management that 
engage people constructively across the boundaries of public agencies, 
levels of government, and/or the public, private and civic spheres to 
carry out a public purpose that could not otherwise be accomplished” 
[28]. Previous research shows that for the planning and design of PEDs, 
a common vision and early agreement among the key stakeholders are 
needed [32,80,84]. Shnapp et al. [85] and Pless et al [80] emphasise the 
importance of stakeholders collaborating and reaching an agreement on 
energy targets and overarching energy measures during the design 
phase. However, achieving consensus among stakeholders is a challenge 
and could limit the implementation of a PED [85]. Therefore, process 
management, to steer and guide the project development through the 
stages from initial idea or concept to implementation and operation, is 
found to be a key element in the planning and design of PEDs [92]. A 
third party might be necessary to oversee the overall setup and moni-
toring of the district [85]. Citizens should be included in the process to 
align the planning and design of PEDs with their needs as they are the 
end-users [22,94], achieving democratic governance processes but also 
increasing transparency in the decision process [41]. Organising citizen 
participation and collecting knowledge from different stakeholders is 
part of the process management. Approaches beyond involvement and 
engagement have also been identified, in which citizens are regarded as 
participants with ownership of the energy system in a PED, for example 
through citizen energy communities [55]. In Avedøre, a suburb in 
Copenhagen, Denmark, the citizens took the initiative to increase the 
sustainability of their community. As this requires specific energy and 
building expertise, they created a steering committee with local stake-
holders who made a “green city” vision for Avedøre, and a comple-
mentary manual with actions and initiatives to reduce the energy need, 
improve energy efficiency, and incorporate renewable energy supply 
[85]. Empowering citizens with the knowledge and the right tools can 
increase the implementation of improved energy measures in the 
building stock. 

The role of occupants and the impact of user behaviour on energy 
performance are topics of debate in the literature. A review by Mahdavi 
et al. [70] found little documentation supporting the idea that occupants 
play a central role in the energy performance gap. Instead, it is argued 
that energy performance is more of a collective endeavour [70]. How-
ever, in residential buildings occupants drive energy use through their 
control of heating set points, window openings, and the use of appli-
ances, lighting, and domestic hot water. Studies have found that occu-
pants can reduce energy use in residential buildings by 6 % to 25 % 
through behaviour changes, while in commercial buildings, the reduc-
tion ranges from 5 % to 30 % [7,38,98]. A review by Far et al. [31] 
indicated that half of the energy consumption in residential buildings 
can be attributed to occupant behaviour, while the other half is attrib-
uted to the building’s envelope and installed systems [31]. 

In addition to the importance of early planning and design stages, 
monitoring and evaluating PEDs during the operational phase is crucial. 
Evaluation helps to understand how PEDs contribute to energy goals, 
and how solutions can be scaled up and replicated [84,94]. 
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2.3. An analytical framework for the planning and design of PEDs 

Sareen et al. [84] provide an analytical framework for enabling 
PEDs, which consists of three parts: framework conditions, prefigura-
tion, and emerging impact. Framework conditions refer to the institu-
tional structures and contexts within which PEDs are implemented. 
Sareen et al. [84] define prefiguration as the PED process, including 
multiple stakeholders and collaborative governance. The emerging 
impact includes both energy-related impacts (such as lower energy use 
and increased system flexibility/resilience) and non-energy-related im-
pacts (such as improved health and well-being and economic value) 
[9,84]. The emerging impact can be viewed as the outcomes of the PED 
process. 

To compare different development projects, Squires and Heurkens 
[86] introduced a conceptual model comprising five levels: the devel-
opment environments, markets, agencies, processes, and outcomes. 
These levels are interconnected by institutional rules, market condi-
tions, agency requirements, and actions. The development environments 
encompass the values, norms, and systems that determine the institu-
tional rules. Markets represent the conditions in which the development 
takes place. Agencies comprise the organisations, interests, and in-
struments involved in the project. Processes entail the roles, relations, 
and events that lead to actions. Outcomes represent the results of the 
project across different scales. This model is considered comprehensive 
and generic, making it suitable for comparative studies [86]. 

Inspired by the literature discussed in Sections 2.1 and 2.2 on energy 
measures in PEDs and the planning and design of PEDs, the framework 
of Sareen et al. [84], and the conceptual model of Squires and Heurkens 
[86], we present an analytical framework for the analysis of the plan-
ning and design of PEDs in Fig. 1. This analytical framework shows four 
levels: framework conditions, stakeholders, process, and outcomes. 
Framework conditions set the wider context for the PED, including the 
energy system context and the institutional context. Stakeholders, 
partially defined by framework conditions, include public, private, and 
civic organisations with interests in the PED. Throughout the develop-
ment process of a PED, stakeholders undertake specific roles in 

coordinating and managing the development process. Successful 
development of PEDs depends on integrated processes, collaborative 
governance, and the involvement of citizens. The outcomes of a PED are 
the implemented energy measures and their related impacts. 

Fig. 1. Analytical framework for the planning and design of PEDs.  

Fig. 2. Map of the location of the case studies with the Norwegians marked in 
red and the Swedish marked in blue. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.) 
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3. Materials and methods 

3.1. Case selection 

We conducted a comparative analysis of four urban development 
projects in Norway and Sweden, see Fig. 2 for the locations of the pro-
jects. The number of case studies is based on the balance between the 
depth of the analysis of each case study and the possibility of making a 
cross-comparison analysis [58]. An information-oriented case selection 
was applied, based on the expectation of the information content of the 
cases [33]. The four cases all have PED, SPEN or similar ambitions, and 
have been recognised by practitioners and academics as flagship pro-
jects for energy [34,60,77]. These urban development projects are 
distinguished from traditional planning and design processes in their 
application of various methods and measures to achieve high energy 
ambitions. The most important characteristics of the cases are given in 
Table 1. 

The four case studies differ in size and scope but the framework 
conditions for Norway and Sweden are comparable. In both national 
settings, urban planning is predominantly driven by local government 
authorities, with comparable ownership structures for housing. In 
Sweden, urban planning is regulated by the Planning and Building Act 
[13]. The Act includes regional plans, comprehensive plans, area regu-
lations, and zoning plans [42]. Only the latter two are legally binding 
plans, the regional and comprehensive plans can be seen as indicative. 
As a result, Sweden’s national and regional planning levels are relatively 
limited, thereby granting significant authority and accountability to 
municipalities at the local level [46]. Likewise, in Norway, urban 
planning predominantly occurs at the municipal level, as it is the pri-
mary level of local government and administration. The hierarchical 
arrangement and objectives of the different plans mirror those found in 
the Swedish structure [81]. The Norwegian Planning and Building Act 
requires municipalities to have master plans and zoning plans, which are 
significant instruments in PED development [81]. In Sweden, 62 % of 
the dwellings are owner-occupied and 38 % are rented, in Norway 77 % 
of the dwellings are owner-occupied and 23 % are rented. Of all 
dwellings, 4 % is social or public housing in Norway, and in Sweden, it is 

19 % [49]. 

3.2. Data collection and analysis 

Document analysis of planning documents and relevant literature for 
each case was performed. For a detailed overview of the empirical 
material used in the case study analysis, see Appendix. The case studies 
have used various building energy performance tools to calculate the 
energy consumption for the buildings and districts. In addition, energy 
performance is reported in different metrics, such as energy use, deliv-
ered energy, primary energy, and greenhouse gas emissions. The energy 
data for Ydalir is calculated with the energy simulation tool SIMIEN and 
based on the Norwegian standard for passive houses for residential 
buildings, NS 3700:2013. The Norwegian standard is based on the 
passive house requirements by the Passive House Institute and adapted 
to the Norwegian climate and building practices [87]. For Verksbyen, 
the energy data is calculated with the “ZEN predictor”, a tool developed 
within the FME Research Center on Zero Emission Neighbourhoods and 
Smart Cities. For Vallastaden and Brunnshög, energy performance data 
used in this paper is based on the energy performance calculations 
available in the municipal archive (for calculated energy demand), 
where energy performance in Vallastaden is calculated with Ener-
gihuskalkyl, a Swedish calculation tool for energy performance calcula-
tions, with standard figures provided by the municipality of Linköping. 
For Brunnshög, developers are free to choose which tool to use, and 
consequently, the data is calculated with different calculation tools (e.g., 
IDA ICE). For actual energy use (delivered energy and primary energy 
use) in Vallastaden and Brunnshög, the energy performance certificates 
available in a database managed by the Swedish National Board of 
Housing, Building and Planning are used, where the data is based on 
measurements by an independent certified energy expert. In Table 2, the 
primary energy factors (PEF) used in Sweden and Norway are given. 

Moreover, seven semi-structured interviews were carried out during 
2022 and 2023 to obtain further information about the planning pro-
cesses and the tools used. These interviews were with different people 
from the municipality, energy companies, architects, and developers. A 
thematic interview guide was used, focusing on the energy goals and 
requirements for the district, the planning process and the imple-
mentation of energy measures, and the involved stakeholders. The in-
terviews lasted approximately one hour each, and five out of seven were 
audio-recorded, transcribed, and coded, while the data from the other 
two was collected through notetaking. 

4. Results and analysis 

4.1. Presentation of the cases 

4.1.1. Ydalir (NOR) 
In a former sand pit in Elverum, a new development of approxi-

mately thirty-five hectares, called Ydalir (see Fig. 3), will include a 
kindergarten, a school, and 800 to 1000 housing units. The largest 
landowner in the area, a combination of a public (municipality) and a 
private organisation, drives the development. Ydalir is a ZEN (zero 
emission neighbourhood) pilot project in the FME ZEN research centre 

Table 1 
Project characteristics of the Norwegian and Swedish cases.  

Project Timeframe Urban development project type Size Energy ambition 

Ydalir, Elverum 
(NOR) 

2016–2030 Greenfield development, including a kindergarten, a school, and 800 to 1000 dwellings 35 ha Zero emission neighbourhood 

Verksbyen, 
Fredrikstad (NOR) 

2018–2030 Brownfield development (former industrial area), 1500 to 2000 dwellings 20 ha Plus energy neighbourhood 

Vallastaden, 
Linköping (SWE) 

2011–2030 Greenfield development, housing exhibition in 2017, 1800 dwellings with some commercial 
properties, offices, schools, parking garages, preschools, and nursing homes. 

20 ha Resource-efficient and 
climate-smart district 

Brunnshög, Lund 
(SWE) 

(1998) 
2006–2055 

Greenfield development, 6000 dwellings, offices, research facilities, commercial properties, 
schools, services 

100 
ha 

Positive energy district  

Table 2 
Primary energy factors (PEF) for Sweden and Norway.  

Energy 
carrier 

Primary energy 
factor/weighted 
factor (PEF), 
Sweden before 
01.09.20201 

Primary energy factor 
(PEF), Sweden after 
01.09.20202 

Primary energy 
factor (PEF), 
Norway3 

Electricity 1.6  1.8 1 
District 

heating 
1  0.7 1 

District 
cooling 

1  0.6 1 

Biofuel 1  0.6 1 
Oil 1  1.8 1 
Gas 1  1.8 1  

1 BBR25 (Boverket’s Building Regulations). 
2 BBR29 (Boverket’s Building Regulations). 
3 [54]. 
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[24]. A ZEN “aims to reduce its direct and indirect greenhouse gas 
(GHG) emissions towards net zero over the analysis period, in line with a 
chosen ambition level”, where the focus is on energy efficiency, 
renewable energy generation, energy flexibility, sustainable mobility, 
economic sustainability through minimising total life cycle costs, spatial 
qualities and sustainable behaviour, and lastly incorporating innovative 
solutions [51], p. 5. The development of the neighbourhood is planned 
for more than ten years ahead, with a 2030 vision for the neighbourhood 
identity; to create a zero-emission neighbourhood with a sustainably 
built environment, which also promotes social connectivity [24,27]. The 
initial energy concept is based on a ZEB – O (Zero Emission Building – 
Operation) level for the area, which means that renewable energy 
generation compensates for the greenhouse gas emissions from the op-
erations of the buildings in the neighbourhood. It is suggested to in-
crease the ambition level to ZEB – COM (Zero-Emission Building – 
Construction, Operation and Production of building Materials) towards 
the last development period, which means that renewable energy onsite 
will compensate for greenhouse gas emissions from construction, oper-
ation, and production of materials [60]. 

4.1.2. Verksbyen (NOR) 
Verksbyen (see Fig. 4) is a new neighbourhood, 4.5 km from the city 

centre of Fredrikstad in Norway. It is developed by a private developer 
who owns the whole area, and has a project timeframe of ten to fifteen 
years. The neighbourhood is a former industrial area, and the site used 
to be excavated for clay for the brick industry, which has resulted in a 
small lake on site. The lake is now protected due to bird migration. The 
area consists of roughly twenty hectares, and the neighbourhood in-
cludes single-family housing, row houses, and apartment buildings, and 
will have between 1500 and 2000 housing units when finalised [64]. 
The project is called “Future Living” with the strategy to supply the 
buildings with renewable energy, and together with energy-efficient 
buildings, aims to be a plus energy neighbourhood [3]. A section of 
the neighbourhood is part of the European research project syn.ikia, 
funded by Horizon 2020. Syn.ikia aims to develop and demonstrate 
sustainable plus energy neighbourhoods (SPEN) in four different climate 
zones in Europe [91]. A SPEN is “a group of interconnected buildings, 
with associated infrastructure, located within both a confined 
geographical area and a virtual boundary. A SPEN aims to reduce its 
direct and indirect energy use towards zero over adopted complete year 
and an increased use and production of renewable energy according to a 
normalisation factor” [82]. A SPEN focuses on energy efficiency, 
renewable energy generation, energy flexibility, sustainable mobility, 
and well-being for the inhabitants, and has a social perspective for the 
neighbourhood. 

4.1.3. Vallastaden (SWE) 
Vallastaden (see Fig. 5) is an urban development project, located 3.5 

km from the city centre of Linköping in Sweden. The planning of Val-
lastaden started in 2011, and the first phase of the district was shown in 
an urban planning and housing exhibition in September 2017 [35,39]. 
The goal for Vallastaden, formulated in the Idea program of the mu-
nicipality (2012), was to become a leader in realising the latest in-
novations in energy, environmental technology, and sustainable urban 
development, and to develop an energy- and resource-efficient district 
that contributes to the municipal goal of being CO2 neutral in 2025. 
Currently, Vallastaden consists of 1400 dwellings (apartments, detached 
houses, and single-family houses), and 400 more will be developed in 
the coming years. A total of forty different developers were contracted to 
develop the buildings in the first phase in Vallastaden [35]. An infra-
structure culvert is an important innovation in the district, consisting of 
a 1.8 km major underground pipe-bound construction, holding pipes 
and cables for district heating, electricity, telecommunications, water, 
waste, and sewage. The electricity grid is designed to manage a surplus 
of electricity, and the buildings in Vallastaden are developed with 
stricter energy performance requirements than the national building 
code prescribes, and some have been developed as passive houses. 

4.1.4. Brunnshög (SWE) 
Brunnshög (see Fig. 6) is an urban development project in the 

northeast of the city of Lund in Sweden, connecting the existing city with 
two new research facilities. The initial planning of Brunnshög started in 
the late 1990 s in the comprehensive plan of Lund, the first specific plans 
were developed from 2006 onwards, and the first buildings in the dis-
trict were completed in 2015. Brunnshög will be further developed until 
2055, on a total area of one hundred hectares. The first part (South 
Brunnshög) is almost completed, and the second part consisting of 
Central Brunnshög and the Science Village is currently under develop-
ment. The vison for Brunnshög is that it will be a showcase for sus-
tainable urban development, generating more energy than what is used 
in the district, referred to as a PED. The sustainability goals for 
Brunnshög are based on the principles: minimise – balance – maximise. 
The minimise goal includes the energy goal: minimising the climate 
impact is about generating sustainable energy, reducing energy use, and 
climate-adapting the urban environment to face the effects of a changing 
climate. A central part of the energy system is a low-temperature district 
heating network that uses excess heat from two large-scale research 
facilities in the area. Energy-efficient buildings and PV systems in the 
buildings are energy measures implemented in the district. The urban 
development project was part of Trans-PED, an international research 
project resulting in tools for co-creating sustainable and inclusive urban 
energy systems. 

4.2. Cross-case comparison 

Comparing the cases with the analytical framework from Section 2.3 

Fig. 3. To the right: An aerial view of Ydalir’s development. To the left: A photo of the new school in Ydalir (). 
Source: FME ZEN, https://fmezen.no/ydalir-elverum/?lang=no 
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provides insight into the empirical understanding of the planning and 
design of PEDs. Table 3 provides an overview of the outcomes, the main 
elements of the process, the stakeholders, and the framework conditions 
in Ydalir, Verksbyen, Vallastaden, and Brunnshög. 

4.2.1. Outcomes 
All case studies implemented energy-efficient buildings, often more 

energy-efficient than the national building code prescribes. The Nordic 
climate is heating-dominated and requires a well-insulated building 

Fig. 4. A photo of Verksbyen development in Fredrikstad, Norway (). 
Source: ArcaNova, https://www.synikia.eu/neighbourhoods/demo-neighbourhood-norway/ 

Fig. 5. Two photos of Vallastaden in Linköping, Sweden (photos taken by the authors).  

Fig. 6. Two photos of Brunnshög in Lund, Sweden (photos taken by the authors).  
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envelope. Ydalir and Verksbyen follow the Norwegian passive house 
standard (NS 3700:2013). This standard requires an energy-efficient and 
airtight envelope, ventilation with heat recovery, and efficient heating 
systems For Vallastaden, the buildings are designed to reduce energy 
demand by 25 % compared to the national building code, and some 
buildings also meet the passive house standard. In Brunnshög, there are 
currently no overarching quantifiable requirements for the energy per-
formance of the buildings. However, the different land allocation com-
petitions have criteria for building certification system levels (including 
heat load, solar heat gain, and energy performance) and the installation 
of photovoltaics. The energy performance calculations and certificates 
of the buildings in Brunnshög show low primary energy use, see Table 4. 
The lower primary energy use number in comparison to delivered en-
ergy is due to the applied PEF, as shown in Table 2. The cases also 
demonstrate the importance of PV systems in PEDs. All four cases have 
local renewable electricity generation through building integrated 
photovoltaic panels (BIPV). Verksbyen used an iterative process to 
orient the building to increase solar access and PV generation [92]. 
Three of the case studies utilise (low-temperature) district heating as the 
main source of thermal supply, while Verksbyen uses ground-source 
heat pumps. Table 4 provides a more detailed comparison of the en-
ergy systems. 

The four case studies illustrate energy efficiency measures and 
renewable energy generation solutions primarily focused on the build-
ing level. Energy flexibility and energy sufficiency measures within the 
developments remain insufficient, as do measures on larger scales than 
individual buildings, such as enhancing energy flexibility through 
interconnectedness among buildings in the district. This could be 
explained by limiting barriers in the Energy Act in Norway, and legal 
barriers for sharing of power between buildings in Sweden [71]. 

Verksbyen has previously gotten time-limited dispensations from the 
Energy Act to share energy between apartments [10]. Energy sufficiency 
is incorporated in passive design principles by reducing the energy needs 
of buildings and users and is strongly linked to energy efficiency. In 
Verksbyen, neighbourhood-level energy measures were considered 
during the detailed planning of the district, e.g., by considering the 
orientation of the buildings concerning solar energy [92]. In Brunnshög, 
researchers participated in the early stages of the project investigating 
the solar potential of the neighbourhood [34]. Energy sufficiency related 
to adequate floor space per capita transcends the scale of the building 
and needs to be considered on a larger scale. For example, Ydalir will 
have a platform for sharing common spaces and activities [59]. The 
concept of sharing spaces and goods for Ydalir was developed within the 
FME ZEN research centre, to reduce greenhouse gas emissions by 
lowering the total neighbourhood resource consumption. Also, Vallas-
taden has shared common spaces in each building group, which often 
include a guest apartment, a play area for children and teenagers, and a 
shared kitchen that can be used for larger gatherings or parties. These 
shared spaces reduce the floor space needs per person and consequently 
lower energy use per person while satisfying the occupants’ needs. 

4.2.2. Process 
PEDs can be developed through different management structures, 

and Verksbyen falls in the category where the whole area is developed 
by one privately owned company, which makes the ownership structure 
[19], the implementation, and the business models for energy measures 
more straightforward. In Ydalir, Vallastaden, and Brunnshög, the initial 
planning phase is overseen by the municipality, consistent with the 
decentralised planning systems in both Norway and Sweden. 

A master plan or overarching program for the district or 

Table 3 
Significant elements of the planning and design of the case studies.   

Ydalir (NOR) Verksbyen (NOR) Vallastaden (SWE) Brunnshög (SWE) 

Outcomes: Energy measures for 
Energy efficiency, Renewable 
energy generation, Energy storage 
and flexibility, Energy sufficiency  

• Passive houses  
• PV panels on roofs  
• CHP  
• District heating based on 

biofuels  

• Passive houses  
• PV panels on roofs and 

facades  
• Hybrid-Solar-System on 

facades (on selected 
buildings)  

• Ground-source heat pump  
• EV charging  
• Dispensation for energy 

sharing between 
apartments  

• Solar energy studies  
• Instruction videos for 

energy-conscious user 
behaviour  

• Energy-efficient buildings 
(some passive houses)  

• Energy-efficient lighting and 
appliances in buildings  

• PV on buildings  
• District heating and cooling 

(infra culvert)  
• Electricity grid designed to 

manage surplus electricity  
• Common spaces in each block  

• Energy efficient buildings 
(some plus energy buildings)  

• Low-temperature district 
heating and cooling, supplied 
with excess heat from two 
research facilities  

• Low-temperature district 
heating and cooling, supplied 
with excess heat from two 
research facilities  

• Building-integrated 
photovoltaics  

• Battery storage in some 
buildings  

• Solar energy studies  
• Smart building technology in 

some buildings (remote 
control) 

Process  • Workshops to develop the 
Master plan  

• Master plan as part of a 
contract with developers  

• LCA Calculation tool to 
evaluate GHG emissions1  

• Workshops to develop the 
energy concept  

• Close collaboration 
between developer, 
architect, and PV 
specialists.  

• Overarching programs for the 
district  

• Point system for the land 
allocation competitions for 
the developers  

• Software prescribed for 
energy calculations2  

• Overarching program for the 
district  

• Land allocation competitions  
• Sustainability contracts with 

developers  
• Collaboration contract with 

energy company 
Main stakeholders Municipality (initiative), 

developers, research center 
Developer (initiative), 
architect, PV specialist, 
energy consultant 

Municipality (initiative), 
developers, energy company 

Municipality (initiative), 
developers, energy company 

Citizen involvement Workshops and interviews 
with the local community 
through Ydalir Living lab 

“Verksbyen Day”, a social 
gathering where current and 
new residents meet 

Citizen dialogues, an online 
platform to collect ideas and 
exhibitions of the plans 

Resident meetings, city walks, 
newsletters, an outdoor 
exhibition, and several events 

Framework conditions The site is owned by the 
municipality, but a small 
private section of the area is 
privately owned. 

Privately owned site by one 
developer. 

The municipality owns most of 
the land, and Linköping has a 
district heating network in 
place. 

The municipality owns most of the 
land, and Lund has a district 
heating network in place.  

1 Life Cycle Assessment calculation tool developed by FME ZEN Research Center. 
2 Energihuskalkyl, a Swedish calculation tool for energy performance calculations, with standard figures provided by the municipality of Linköping. 
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neighbourhood with energy ambitions is part of all case studies. In 
Ydalir, the formulation of the project ambition and the development of 
the implementation strategy within the master plan fostered a shared 
understanding among all stakeholders of the challenges and complexity 
of a ZEN area [24]. The process of developing the master plan improved 
the stakeholder commitment and reduced uncertainty at the beginning 
of the planning phase [40]. The master plan functions as a framework for 
detailed zoning plan development for Ydalir and is a part of the contract 

between the landowner and the developers. Both Verksbyen and Ydalir 
received external funding from a Norwegian state enterprise to perform 
an initial planning study for the energy concept of the neighbourhood, 
which allowed for an early assessment of low-emission measures with 
different neighbourhood scenarios and strengthened the energy concept 
for Verksbyen and master plan for Ydalir [26,92]. Interdisciplinary 
collaborations are necessary to find optimal energy measures for 
neighbourhoods, from building specific energy efficiency measures to 

Table 4 
Energy system comparison of the case studies.   

Net calculated delivered energy and generated 
energy 

Net calculated specific delivered energy 
and generated energy per area 

Actual energy use per area 

Project: Ydalir (NOR) 
Electrical energy system PV panels 

CHP 
Electricity grid 

Thermal energy system CHP 
District heating 

Electrical energy (fans and pumps, 
cooling, lighting, technical equipment) 

3.9 GWh/year 36 kWh/m2-year Not available 

Thermal energy (space heating þ DHW) 4.8 GWh/year 63 kWh/m2-year Not available 
Electricity generation PV panels: 

1.0 GWh/year 
(6000 m2) 
CHP: 
2.5 GWh/year 

PV panels: 
10 kWh/m2 for residential buildings (6 m2/ 
residential building) 

Not available 

Thermal generation CHP (9 machines): 
6.3 GWh/year 
District heating: 
5.5 GWh/year  

Not available 

Project: Verksbyen (NOR) 
Electrical energy system PV panels 

Electricity grid 
Thermal energy system GSHP/HYSS 

District heating for auxiliary heat 
Electrical energy (fans and pumps, 

cooling, lighting, technical equipment) 
5.4 GWh/year 37 kWh/m2-year Not available 

Thermal energy (space heating þ DHW) 1,9 GWh/year 13 kWh/m2-year Not available 
Electricity generation PV panels: 

7,3 GWh/year 
PV panels: 
50 kWh/m2-year 

Not available 

Thermal generation  GSHP/HYSS 
District heating 

Not available Not available 

Project: Vallastaden (SWE) 
Electrical energy system PV panels 

Electricity grid 
Thermal energy system District heating and cooling 
Thermal and electrical energy Not available Delivered energy: 

between 25 kWh/m2-year and 73 kWh/m2- 
year 
Primary energy use (delivered energy * 
PEF): 
between 36 kWh/m2-year and 83 kWh/m2- 
year 

Delivered energy: 
between 48 kWh/m2-year 
and 121 kWh/m2-year 
Primary energy use 
(delivered energy * PEF): 
between 41 kWh/m2-year 
and 154 kWh/m2-year 

Electricity generation Not available Not available 1611 m2 PV panels 
Project: Brunnshög (SWE) 
Electrical energy system PV panels 

Electricity grid 
Thermal energy system Low-temperature district heating and cooling 
Thermal energy 23 GWh/year (prognosis for 2030) Not available Not available 
Thermal and electrical energy Not available Delivered energy: 

between 29 kWh/m2-year and 68 kWh/m2- 
year 
Primary energy use (delivered energy * 
PEF): 
between 38 kWh/m2-year and 89 kWh/m2- 
year 

Delivered energy: 
between 22 kWh/m2-year 
and 88 kWh/m2-year 
Primary energy use 
(delivered energy * PEF): 
between 36 kWh/m2-year 
and 74 kWh/m2-year 

Electricity generation Not available Not available 2139 m2 PV panels 
Thermal generation 250 GWh/year in 2050, 28 GWh/year from MaxIV 

(one of the two research facilities) in 2030 
Not available Not available 

Note. The data for Ydalir are from Wiik et al. [51] and Lausselet et al. [62]. The energy demand per floor area is based on the design of two houses that are a part of the 
first construction step in Ydalir, and the results are scaled up for the whole neighbourhood. The data for Verksbyen are from Lindberg et al. [64]. The data for 
Vallastaden are from the energy performance calculations available in the municipal archive and from the available energy performance certificates in June 2023. The 
district data for Brunnshög are from Moallemi et al. [72] and Kraftringen [56], and the building data are from the energy performance calculations available in the 
municipal archive and available energy performance certificates in June 2023 from Boverket. 
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district energy supply systems, connecting demand and supply. In 
Verksbyen, energy specialists developed the concept and strategies for a 
plus energy neighbourhood [64], which functioned as the main tool for 
implementing energy efficiency measures. In Vallastaden, an over-
arching plan for the district was developed in 2012 and included the 
vision for Vallastaden with eleven principles, one of which concerned 
energy. In 2013, a more detailed program was published and formed the 
basis for the further development of the district. This program included 
an overall description of the goals and specific requirements for the 
public spaces and the buildings, of which six requirements and three 
recommendations were related to energy. These requirements and rec-
ommendations connect to the responsibilities of the municipality, the 
energy company, and the developers. All buildings in Vallastaden were 
required to exceed the national building code’s energy performance 
standards by 25 %. Additionally, the developers were required to utilise 
the municipality’s designated software for energy calculations, as 
different software programs can produce significantly different results. 
In Brunnshög, the vision for the district is published in an overarching 
plan for Brunnshög, first developed in 2006, and then redeveloped in 
2012. This document outlines the vision of a PED and three goals for the 
development, one of which is related to energy efficiency, “Minimize 
climate impact”. There is a larger focus on energy concepts at the district 
level in the Norwegian case studies. However, the Swedish case studies 
have energy plans on the municipal level. Furthermore, local energy 
companies play a significant role in the developments, overseeing the 
district heating network, and entering collaboration agreements with 
the municipality for the projects. 

In Ydalir, Vallastaden and Brunnshög, a key factor is that most of the 
land is owned by the municipality. For Ydalir, the Norwegian planning 
and building legislation limits the authority of the municipality to 
enforce energy efficiency requirements beyond the building code for 
privately owned land [10]. As previously mentioned, the master plan is a 
part of the contract between the landowner and developer, applying the 
ambition and requirements of the master plan to the developer’s design 
and construction. In general, municipalities and urban planners 
encounter constraints when utilising regulatory planning instruments. A 
building permit must be approved if it complies with relevant legisla-
tion, regulations, and plans, and the room for applying additional energy 
efficiency measures is limited. In the development of Ydalir issues with 
managing the entire process emerged because of the necessity for a wide 
range of expert skills and knowledge. The PED development process 
involves innovation, is challenging, and is not yet established. For the 
Swedish case studies, municipal land ownership makes it possible to 
include energy requirements in the land allocation competition for the 
developers. Thus, the land allocation competition is an important 
planning tool in Swedish projects to ensure that the buildings and 
neighbourhoods perform better than the national building code pre-
scribes for energy efficiency. However, in Vallastaden, energy was not 
the primary focus of the land allocation competition. Developers had the 
opportunity to strategise with the point system for land allocation 
competitions, bypassing the development of passive or plus-energy 
houses. As a result of the point system used in the land allocation 
competition, only nine buildings were designed as passive houses. In 
Brunnshög, the municipality works with land allocation competitions to 
select developers, including proposals for sustainability measures. Each 
time, the land allocation competitions have a distinct focus, enabling 
adaptation over time. There is no prescribed method or predefined list of 
energy measures mandated to achieve the energy goals in Brunnshög. 
However, the municipality suggests designing low-energy buildings 
with low heat losses, low cooling demand, efficient heating and cooling, 
and efficient electricity use and in the more recent land allocation 
competitions the installation of photovoltaics is required. Upon being 
awarded a land allocation contract, a sustainability agreement is 
established between the municipality and the developer. In this agree-
ment, the three overarching goals for Brunnshög have different subgoals 
and the document provides information about the actions the 

municipality and the energy and utility companies of Lund take to reach 
the goals, and what the developer contributes with, based on their 
proposal from the land allocation competition. For the buildings 
commissioned by the municipality of Lund, a sustainability certification 
system (Miljöbyggnad level silver or Svanen) must be used, including 
energy performance requirements that are stricter than the national 
building code prescribes. 

In Ydalir, the municipality is no longer a part of the process once the 
infrastructure is in place and the plots are sold [5]. An Excel sheet serves 
as a quality assurance tool and check-list to ensure that the objectives 
from the master plan are being implemented in four different phases in 
Ydalir; before the zoning plan/concept phase, before the building 
permit/design phase, during construction, and when construction is 
finished [25]. There is no dedicated plan for operational performance. 
The operational phase in Ydalir will require more management than 
traditional residential neighbourhoods due to the sharing of services and 
possibly energy. As part of the syn.ikia research project, Verksbyen has a 
project evaluation of the energy and indoor environment after one year 
of monitoring [82]. In Vallastaden, the municipality underestimated the 
workload of following up on the operational performance of the build-
ings. The municipality finds it difficult to assess the energy performance 
of buildings in use (overall set up of monitoring, how to measure per-
formance, when to measure it), and there are difficulties with the legal 
process if the energy requirements are not met. Data from energy per-
formance certificates were used for performance follow-up on the 
buildings. Assigning the performance gap to the developers because the 
energy use measurements are partly dependent on user factors, which 
developers proved challenging due to the dependency of energy use 
measurements on user factors, which developers have limited control 
over. Nevertheless, it is crucial to evaluate the effectiveness of designs in 
real life, to commission buildings and systems thoroughly, to refine and 
enhance the operational performance of the neighbourhoods, and to 
learn and gather insights for the planning and design of future projects. 
The land allocation competition documents of Brunnshög include three 
official meetings between the developer and the municipality; first to 
discuss the ambitions and decide on the following actions, then before 
the building permit to ensure the ambitions are met, and a final meeting 
to reflect on the collaboration, process, and results. So far, most de-
velopers have delivered what was defined in the sustainability contract. 
Thus far, developers who have not delivered the requirements outlined 
in the sustainability contract have not faced any consequences. Ac-
cording to the municipality, a possible consequence could be that the 
developers are excluded from future projects in Brunnshög. An evalua-
tion of demonstrations and installations of the low-temperature district 
heating in Brunnshög indicates that the system operates in a techno- 
economically viable manner. However, the system needs improvement 
to fulfil the needs of the end-users. The thermal comfort during the first 
winter was unsatisfying and the users would like more information 
about the heating system and more frequent feedback on their energy 
use [72]. 

4.2.3. Stakeholders 
In both Ydalir and Verksbyen, a wide range of stakeholders partici-

pated in the initial phases of the project through workshops focused on 
crafting the vision, energy, and climate-related goals, resulting in the 
master plan for Ydalir and energy concept for Verksbyen. Key stake-
holders were involved in the process of developing the energy concept in 
Verksbyen, including energy consultants, the developer, an architecture 
company, a company that develops hybrid solar systems, a smart house 
solutions provider, a power company, and a photovoltaic panels supplier 
[92]. Through this process, they experienced an increased understand-
ing of each other’s expertise and viewpoint. In contrast, Brunnshög and 
Vallastaden did not engage such a wide range of experts initially, 
instead, the concept was developed by the municipality in collaboration 
with local energy and utility companies. The community engagement 
process in Ydalir, through the LivingLab, did not start from the 
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beginning of the project and was more oriented towards understanding 
the community’s way of living rather than asking for project input and 
feedback to consider in the planning and design process [96]. Both 
perspectives are valuable, but only including one form or perspective of 
community engagement and consultation can limit the impact on the 
project outcome. Citizen involvement was less prominent in Brunnshög, 
Vallastaden, and Verksbyen. An annual social gathering day in 
Verksbyen was organised for the last two years for existing and future 
neighbourhood residents to meet and socialise [68]. The aim of the 
development of Vallastaden was to engage citizens in the planning 
process. The municipality created different platforms for citizens to 
participate through; three citizen dialogues and one online platform at 
the beginning of the process to collect ideas, and exhibitions of the plans 
for the district in various locations in the city [77]. However, partici-
pation methods did not focus on energy specifically [35,77]. In 
Brunnshög, citizens are involved through resident meetings, city walks, 
newsletters, an outdoor exhibition (showroom Brunnshög), and events 
for kids, families, and other target groups. Similar to Vallastaden, citizen 
involvement is primarily informational and not specifically targeted at 
energy-related aspects. To conclude, all case studies lack a process for 
community engagement concerning the energy ambitions of the 
neighbourhoods. 

4.2.4. Framework conditions 
The framework conditions of the energy systems for Sweden and 

Norway are different, where Sweden has a larger share of district 
heating, while electric heating is the main heating source in Norway. As 
of 2021, 91.5 % of the power production was from hydro in Norway, 7,5 
% was from wind and only 1 % was thermal energy production [88]. In 
Sweden, 39 % comes from hydropower, 39 % from nuclear, and the rest 
of the electricity comes from combined heat and power plants (10 %), 
wind energy (12 %), and solar (0.4 %), where the latter two are 
increasing [89]. Sweden has one of the highest implementation rates of 
district heating in Europe, and the implementation rate is on the rise in 
Norway, driven by the establishment of new waste-to-energy plants. A 
high implementation rate affects the heating measures implemented in 
new urban districts, where (low-temperature) district heating networks 
are more common for the Swedish PEDs, as seen in Vallastaden and 
Brunnshög. 

The framework conditions concerning (national) planning regula-
tions also affect the development of PEDs. The follow-up of the energy 
performance of new buildings two years after the building is in use is 
regulated in the national building regulations of Sweden. However, the 
Swedish case studies show that municipalities are not using energy 
performance certificates to follow up on the energy requirements, and 
there are currently no consequences for exceeding the energy con-
sumption stipulated by building codes. In Norway, municipalities lack 
the authority to reject a building permit application based on re-
quirements beyond the regulations. Landowners and developers are not 
required to follow the municipal area plan but are required to base their 
applications on the plans [11]. This implies limitations for ambitious 
planning projects that move beyond the legislation. For Ydalir, it might 
lead to lower energy efficiency than the initial goals in the master plan 
due to resistance from developers and contractors regarding the costs of 
building to the passive house standard, resulting in lower efficiency and 
higher greenhouse gas emissions for the whole neighbourhood [52]. At 
present, there are no dedicated regulations specifically addressing PEDs 
in Norway [81]. However, a new addition to the Energy Act in Norway 
allows energy sharing between units/apartments on the same property, 
with a limit for power generation of 100 kW [76]. 

5. Discussion 

This paper aims to understand how PEDs are planned and designed in 
practice and contributes to the dissemination, adaptation, and large- 
scale implementation of energy measures for PEDs, ZENs, SPENs, and 

similar energy-ambitious district or neighbourhood concepts. As the 
nature of the planning and design of districts and neighbourhoods are 
highly context-specific, general recommendations for every PED devel-
opment are challenging. The energy measures in PEDs must be tailored 
to suit the local climate, existing infrastructure, available renewable 
energy sources, and the functions and use of the buildings and district. 
However, the case studies show that there are several significant factors 
common for PED projects despite different contexts: early focus on en-
ergy efficiency, coupling energy efficiency with energy sufficiency, 
assessing options for renewable energy generation, developing measures 
for energy flexibility, aligning interests between stakeholders and 
sharing a common vision for the development, wide stakeholder 
involvement, and working interdisciplinary in the planning and design 
to find optimal energy measures. 

The cross-case analysis of the four cases revealed that integrated 
energy and urban planning is still limited. This is in line with the 
conclusion of previous studies that found that energy and urban plan-
ning are often unintegrated, which decreases the capacity to meet en-
ergy targets [15,17,21]. De Pascali and Bagaini [21], conclude that a 
more strategic approach in urban planning is needed to move beyond 
short-term actions, policies, and building-scale focused measures to 
achieve more structural impacts and improved integration. The specific 
contextual factors of the climate and locally available renewable re-
sources are important in the urban planning and design of the energy 
systems in PEDs [80,94]. Solar energy in cold climates, such as the 
Nordic climate, has a large potential for both passive heating and 
renewable energy supply [73]. Thus, urban planning should account for 
solar accessibility [65], but municipalities often lack the tools for solar 
energy integration [34]. Kanters and Wall [50] found that the detailed 
development plan or zoning plan is an often-overlooked instrument 
influencing solar energy in buildings [50]. The case studies in this paper 
included solar studies and solar energy systems. However, the focus has 
been on the building level rather than on the interaction between 
buildings and the neighbourhood or district level, which could limit the 
efficacy of the solutions [21]. Even though the buildings in the case 
studies are highly energy efficient, increasing the size of housing does 
not follow the principle of sufficiency, and Lorek and Spangenberg [67] 
argue that it is necessary to implement policies that target energy suf-
ficiency, by adapting to smaller living spaces with more shared facilities 
[67]. None of the projects incorporated specific strategies for reducing 
the living space per person in the design. However, in Ydalir, the aim is 
to include the sharing of communal spaces, while in Vallastaden com-
munity spaces have been developed for shared use. For buildings with 
different user profiles, coordinating the energy loads through energy 
balancing can reduce the costs of the power system [4], and improve the 
energy sufficiency of the neighbourhood by reducing wasted energy. 
While energy flexibility offers incentives for both energy and utility 
providers as well as occupants, none of the case studies incorporates 
explicit measures to enhance energy flexibility at the neighbourhood or 
district scale. Only in Vallastaden, the electricity grid is designed to 
manage surplus electricity. 

The case studies report energy consumption in different metrics and 
have used different software and methods to predict energy use and 
delivered energy to the projects. This challenges comparing the case 
studies, as the energy data might not be based on the same assumptions. 
In addition, the use of primary energy factors differs between Norway 
and Sweden. In Norway, the use of primary energy has been close to 
nonexistent. However, as of 2023 official primary energy coefficients for 
the Norwegian energy sources were provided, but they are all equal to 1, 
assuming fully renewable energy for all sources [54]. Thus, the con-
version from delivered and generated energy to primary energy does not 
affect the energy numbers. Primary energy is more widely used in 
Sweden. The Swedish case studies report energy performance in primary 
energy use and have different factors for the different energy sources, as 
shown in Table 2. There have been debates about the primary energy 
factors being affected by the allocation, the calculation method, and the 
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value of different energy sources [90]. Bilardo et al. [8] suggest adopting 
shared primary energy factors to facilitate an adequate comparison be-
tween buildings in different geographical contexts. Furthermore, they 
describe that “the use of current PEFs depends on political choices that 
do not reflect the actual condition of energy generation and production 
of European countries” [8]. 

In the four case studies, the alignment of goals and interests at the 
beginning of the projects proved crucial, either set by the municipality 
and communicated to the other stakeholders, or created in collaboration 
with developers, energy specialists, energy and utility companies, or 
other involved stakeholders. This confirms previous research indicating 
the importance of the planning and design phase for energy-efficient 
technology implementation [18] when the project framework is set. 
The guidelines for PEDs describe that the development of an energy 
master plan is significant for high-performance districts [80], arguably 
the most crucial factor in achieving PEDs. Each of the case studies 
established a vision and energy goals at the project’s start, providing a 
clear direction and necessary focus for the development [32]. More 
specific energy measures, such as passive house requirements, were 
explicitly stated in the master plans or overarching program or were part 
of the land allocation process. This is in line with Shnapp et al. [85], 
showing that building code requirements for energy efficiency on the 
building scale are still significant to achieve PEDs and SPENs, following 
the energy efficiency first principle, where highly energy-efficient in-
dividual buildings are the precursor, and local RES to cover the low 
energy demand [85]. A master plan incorporating an integrated energy 
concept, with active involvement from local energy and utility com-
panies, merges urban planning with energy planning and results in more 
suitable measures [17]. Innovative measures increase project risks, but 
national funding schemes could provide support in the pilot stages, 
where measures are not yet robust, as shown in the Norwegian cases. A 
sustainability framework or energy measures, together with community 
engagement and consultation, strengthens the project outcomes in the 
design and improves the planning and design process. Therefore it 
should be introduced as early as possible in urban development projects 
[75]. 

Several PED studies and guidelines recognise the value of citizen 
involvement as a key factor for PED implementation [12,55]. Citizens 
are expected to become more important actors in their role as prosumers 
or in citizen’s communities [53,55], which requires more citizen 
involvement in the development of new neighbourhoods and energy 
systems. The four cases show varying levels of citizen involvement in the 
development processes, but overall, the engagement of citizens is low. 
The cases show an initial ambition to include citizens in the process but 
seem to have difficulties reaching further than workshops or informa-
tion provision. This is in line with the conclusion of Neij and Heiskanen 
[74] who show that there is a lack of municipal strategies for citizen 
participation, that the citizens’ abilities to contribute are disregarded, 
and that diverging views about the role of citizen contributions exist 
[74]. Pissourios (2014) argue that bottom-up approaches with citizen 
participation are more time-consuming when the size of the community 
increases, require a high level of coordination and planning and must 
relate to the local interests and consequences (Pissourios, 2014). Citizen 
involvement should be designed to work efficiently, targeted at factors 
that affect the citizens directly or indirectly. Koutra et al. [55] demon-
strated that in PED research technological innovation has taken prece-
dence over citizen engagement, a trend mirrored in practice shown in 
the case study of these four cases. Koutra et al. [55] emphasise future 
research on “how bottom-up initiatives will be incorporated for the co- 
creation of PED designs” [55] to which we would like to add future 
research on the capabilities and the role and responsibility of the initi-
ating stakeholder in collaborative governance and citizen involvement. 

As described in the background, process management of a PED is 
important to facilitate and coordinate the development and manage-
ment of the district [48,85,94]. The four cases differ in the roles and 
responsibilities of the stakeholders involved. In both the Swedish cases 

and one Norwegian case, municipalities took the lead and were 
responsible for the overall management of the planning process, align-
ing with the recommendations of Vandevyvere et al. [94]. The other 
Norwegian case is initiated and managed by the developer, fostering 
long-term involvement and responsibility. The involvement of 
municipality-owned energy companies plays an increasingly significant 
role in the Swedish cases, with their responsibilities formalised through 
collaboration contracts and designated roles. In the Norwegian cases, 
the energy consultants play an important role and are included from the 
beginning of the process. In the cases initiated by the municipality, after 
the land allocation competition, the developers are the main stake-
holders in the design and construction phase of the buildings, and the 
role of the municipality becomes less clear. This is in line with previous 
studies, highlighting the dependence on the participation of the private 
sector in the implementation of plans [74,79]. However, only limited 
practices of follow-up and evaluation of energy requirements are found 
in the case studies. As discovered in previous studies, there are no 
consequences for exceeding energy use stipulated by building codes 
[43,61,78,95]. Sareen et al. [84] and Vandevyvere et al. [94] high-
lighted the importance of (adaptive) monitoring for impact assessment, 
but also for the scaling up and replication of measures for PEDs. 

6. Conclusion 

This paper shows that planning and development of positive energy 
districts and sustainable plus energy neighbourhoods is complex and 
requires diverse expertise within energy and urban planning, from the 
building level to the urban scale and new measures to achieve high 
energy efficiency, local renewable energy generation, energy storage 
and flexibility, and energy sufficiency. This paper develops and uses a 
new analytical framework for the planning and design of PEDs to 
examine the implementation of energy measures in four positive energy 
district and neighbourhood development projects in Norway and Swe-
den. The development and implementation of a master plan including 
PED ambitions and goals is arguably the most important factor in 
achieving PEDs and SPENs, fostering alignment of interests among 
stakeholders in an early phase. Land allocation competitions function as 
an important tool for the implementation of energy measures in cases of 
municipal landownership. Pilot projects and innovations incur risk, and 
external funding for the initial planning stages can provide support 
when PED and SPEN measures are not yet robust. However, the cases 
show a lack of follow-up procedures for the implementation of energy 
measures by the developers, and there are no consequences for failing to 
meet them. Lastly, the study highlights that it is necessary to focus on 
both the building and the neighbourhood/district level to increase en-
ergy efficiency, energy sufficiency, and energy flexibility. This requires 
interdisciplinary cooperation in the planning and design to find optimal 
energy measures, and consequently lower the environmental impact of 
the whole development project. 

We recommend further research to focus on the operational phase of 
PEDs and SPENs to provide a deeper understanding of the actual 
outcome of the planning and design processes of PEDs and SPENs, and to 
improve the understanding of how to operate such districts and neigh-
bourhoods to achieve low energy consumption and environmental 
impact. Furthermore, future research on the capabilities, roles and re-
sponsibilities of initiating stakeholders in collaborative governance and 
citizen involvement and engagement is crucial. 
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Appendix. Overview of the empirical material used for the case study analysis  

Interviews 

Role Organisation Duration 

Project manager Municipality of Linköping 1 h 
Project manager Municipality of Linköping 1 h 
Technical manager An energy company in 

Linköping 
1 h 

Quality manager Consulting company 
(Vallastaden) 

1 h 

Project manager Municipality of Lund 1 h 
Urban planner Municipality of Lund 1 h 
Developer and Architect Verksbyen 1 h 
Developer Verksbyen 1 h  

Documents 

Name of the document Author 

Idea program (Idéprogram) Municipality of Linköping (2012) 
Quality program (Kvalitetsprogram) Municipality of Linköping (2013) 
What have we learned so far? (Vad har vi lärt oss hittils?) Municipality of Linköping (2018) 
Brunnshög contract 2013 (Brunnshögskontraktet 2013) Municipality of Lund, Lunds Energi, 

VASyd, Lunds Renhållningsverk (2013) 
Lund NE/Brunnshög – Vision and goals (Lund NE/Brunnshög – Vision och mål) Municipality of Lund (2012) 
Sustainability PM Brunnshög: Action program for future societal challenges, Version 2 (Hållbarhets-PM Brunnshög: Åtgärdsprogram för 

framtidens samhällsutmaningar, Version 2) 
Municipality of Lund (2018) 

Sustainability in Brunnshög: how the district reaches Lund municipality’s goals (Hållbarhet i Brunnshög: hur stadsdelen når Lunds 
Kommuns mål) 

Municipality of Lund (2022) 

Ydalir Master plan Part 1 (Ydalir Masterplan Del 1) Elverum Tomteselskap, Tegn_3, Asplan 
Viak 

Ydalir Master plan Part 2 (Ydalir Masterplan Del 2) Elverum Tomteselskap, Tegn_3, Asplan 
Viak 

Planning description for the detailed zoning plan for Ydalir B4 (Planbeskrivelse til Detaljregulering for Ydalir B4) Plan 1, Elverum Tomteselskap 
Zoning regulations for the detailed zoning plan for Ydalir B7 (Reguleringsbestemmelser til Detaljregulaering for Ydalir B7) Municipality of Elverum 
Status report 2022 Ydalir (Statusrapport 2022 Ydalir) FME ZEN 
Theory meets practice – is environmentally firendly buildings economically viable?) (Teori møter praksis – er miljøriktige bygg 

økonomisk gjennomførbare?) 
FME ZEN 

Climate and Energy in Elverum 2020–2024 (Klima og Energi i Elvrum 2020–2024) Municipality of Elverum 
Concept study energy system Verksbyen (Konseptutredning energy system Verksbyen) Multiconsult, Arca Nova  
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