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Abstract
In recent years the EU has been moving towards a more de-
centralised structure, as the energy landscape evolves and the 
importance of communities being key to decarbonising Europe 
is recognised as crucial. Positive energy districts (PED) use the 
energy efficiency first principle coupled with green technology 
and renewable systems to achieve decarbonised neighbour-
hoods. This paper introduces the concept of Positive Energy 
Districts and shows how to handle energy performance targets 
by moving beyond individual buildings towards a district level. 
This is a relatively new endeavour in both scientific research 
and realised projects. One route towards this could be to have 
the minimum energy performance requirements imposed by 
the EPBD also be applied to a cluster of buildings in a specific 
district. In practice, this means setting legal requirements that 
enable communities to become zero or positive energy districts 
(for example through municipal or regional requirements). 
From a financial point of view, a zero-energy district (ZED) 
or positive energy district (PED) project needs to be investible 
whilst providing the municipality and district-dwellers with 
low-carbon solutions that provide co-benefits to the citizens 
and local authorities (such as, inter alia, better wellbeing and 
health, job creation, increased GDP and tourism). In order to 
assess potential cost and benefits, this paper finds the EPBD’s 
cost-benefit calculation methodology for the setting of mini-
mum energy performance requirements can be utilised on a 
district scale by aggregating the individual buildings.

Introduction 
Humanity is highly vulnerable to looming changes in climate. 
The United Nations Intergovernmental Panel on Climate 
Change’s latest report gives mankind no more than a decade to 
cut back emissions before irreparable damage is caused to the 
world’s weather systems (IPCC, 2019). It is increasingly appar-
ent that action needs to take place now, and fast, to keep our 
planet, countries, cities and communities safe and healthy in 
the future. This vital endeavour cannot simply be waged from 
a top-down, political, macro approach; community and neigh-
bourhood actions are crucial in the course towards a transfor-
mational shift (Saheb et al, 2019).

The Covid-19 global pandemic in 2020 demonstrated the es-
sential importance of strong links between community actions 
and local and global solutions. The environmental community 
views the response to the pandemic as an opportunity to press 
the global reset button and as a watershed for climate action. 
(Figueres, Tom Rivett-Carnac, Thornton, 2020). The idea of a 
global reset is encompassed in EU COVID-19 recovery strate-
gies (e.g. the Renovation Wave, The Energy Sector Integration 
Strategy), the European Commissioner for Energy, Kadri Sim-
son stating (European Commission, 2020, ‘We must use this 
moment as an opportunity to accelerate the progress towards 
our climate neutrality goal. The Green Deal will be at the heart 
of that plan and energy will have an important role to play.’ The 
next 10 years are critical to curbing emissions and transform-
ing Europe into “the first climate-neutral continent” by 2050 
(European Green Deal, 2020). In the European’s Commission 
‘Clean Energy for All Europeans’, communities and citizens 
are central to the decarbonising strategies for 2050 (RESCoop, 
2017). The EU’s Strategy for Energy System Integration envis-
ages the evolution of the energy landscape towards 2050, as 
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policies promote change towards increased decentralisation 
and distribution.

From an energy perspective, the process towards a decentral-
ised, district approach presents openings for the achievement 
of cost-effective levels of high-energy efficiency and renewable 
energy systems. At a district level, efficiency measures on in-
dividual buildings lower the overall neighbourhood energy 
demand, while additional district level technologies, such as 
renewable energy systems, local energy networks and energy 
storage, can offer very cost-effective solutions, thus establish-
ing a performance guarantee in carbon savings and promoting 
investor confidence (Nematchoua, 2020 and Webb, 2019).

The aim of this paper is to understand the optimal man-
agement of energy performance targets through a change in 
emphasis from individual buildings to a district level. This is 
a comparatively fresh approach in both scientific research and 
realised projects. Practically, legal obligations to promote and 
assist communities in becoming ZED or PEDs are needed at 
city or regional level. In addition, a ZED or PED project needs 
to be investible and to provide the community and stakeholders 
with low-carbon solutions plus co-benefits to the citizens and 
local authorities (such as, inter alia, better wellbeing and health, 
job creation, increased GDP and tourism). 

To assess potential cost and benefits, this study finds that the 
aggregation of individual buildings can enable the use of the 
EPBD’s cost-benefit calculation methodology for the setting of 
minimum energy performance (MEP) requirements at a dis-
trict level. This refers to both energy efficiency assessment and 
RES measures on-site and nearby to reach minimum or cost-
optimal energy performance and the inclusion of district level 
renewable energy. 

Objectives and Methods
This paper considers the performance needs of an energy dis-
trict and investigates ways of setting positive district targets in 
relation to energy efficiency and renewable energy. The main 
objective of this study is to suggest a methodology to aid de-
velopers and policy makers in establishing cost-optimum 
positive energy districts. The approach proposes the adoption 
of the EPBD’s cost-optimal calculation methodology for per-
formance targets. This strategy can be employed by a range of 
stakeholders, communities, developers and local, national and 
EU level policy makers. Primarily, the study discusses perfor-

mance aspects and guides local municipalities, urban planners 
and national policymakers by providing a roadmap for use in 
designing: national level: A policy to legislate and enable PEDs 
and district level: An individual PED project. 

The study adopted a three-layered approach, founded on ex-
pert knowledge and the scientific literature published since the 
recent 2000s. More than twenty stakeholders working in the 
field of energy efficiency and renewable energy and specialis-
ing in energy districts were interviewed. Additionally, a review 
of the scientific literature was carried out to examine possible 
methodologies for handling minimum performance require-
ments at district level. Finally, the interviewed experts reviewed 
and commented. 

The specialities of the interviewees are broad ranging and ge-
ographically diverse. Participants have experience in the field of 
building energy efficiency, renewable energy and experience in 
ZED/PEDs projects policies or financing, this includes; Global 
implementers of policy in the fields of EE and RE; Researchers 
of current methodologies for ZEDs and renewable energy com-
munities; Developers of building codes across Europe; Devel-
opers of building codes across America (ASHREA and ICC); 
Developers of localised or national nearly zero energy projects; 
Members of EU ministries handling building regulations; Third 
party experts from Non-Governmental Organisations working 
on energy efficiency and renewable energy in buildings; and 
Industry stakeholders.

The literature review examined around fifty papers and re-
cently published findings – peer reviewed studies in journals, 
case studies of low carbon districts, energy modelling tools for 
energy districts, grey literature from websites, databases and 
reports from sources such as Research Gate, Google Scholar, 
Science Direct and Horizon 2020 projects. Furthermore, the 
interviewees furnished many of the reports and online sources 
and the interviews fed into the literature review. 

Literature review
The process of establishing a zero or positive energy district 
involves consideration and identification of the diversity of 
the energy interplays in the buildings’ different energy perfor-
mances and production capabilities. This opens up the possi-
bility of sharing the neighbourhood’s energy needs, costs and 
resources (Amaral, 2018b). Thus, a ZED can provide much 
more scope for optimisation than a single building (Sameti and 

 
 Figure 1. Centralised to distributed systems (including EU policies). Source: Hoos, 2020.
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Haghighat, 2018). Building systems can be specifically designed 
and can have tailored load profiles to enable the high utilisation 
of carbon-free renewable sources, such as wind and photovol-
taics (PV) for the electricity demand and heat pumps, thermal 
waste, geothermal, solar thermal, etc. for the heating and cool-
ing demands (Olgyay and Campbell, 2018). Furthermore, a dis-
trict can use “energy cooperation” or “energy pooling” to enable 
communities to own their local renewable energy.

Thus, the PED/ZED approach can address many of the con-
cerns raised by individual NZEBs, it permits better-managed 
demand and flexibility in generation and the mutual influence 
of buildings and their surround urban areas enhance their en-
ergy performance based on being about to use the renewables 
available on-site or nearby (Koutra et al 2017). For instance, 
districts can use a range of energy resources and, due to a larger 
area, are more flexible. However, increasing the scale of inter-
vention from building to district will make energy performance 
assessment and design factors more complex (Eržen, 2017).

Envisioning the district will show clusters of buildings of 
varied typologies and energy profiles powered by renewable 
energy farms and building integrated RE systems, all con-
nected to centralised and/or aggregated storage facilities and 
smart distribution networks. Districts should also make provi-
sion for future technical advancement in electrical and energy 
equipment, these might encompass; Local climate change over 
time requiring more AC or heating; Energy systems such as the 
replacement of cogeneration units; Social changes such as in-
creased/decreased energy needs and demographics; and Vehi-
cle fleets changing in terms of infrastructure and electrification.

Primarily, a zero or positive energy district necessitates that 
the all stakeholders collaborate to develop the best-fit solu-
tion for their community to enable citizens and authorities to 
play their part in finding solutions to the climate crisis. With 
an enabling policy framework, communities should be able to 
develop their own district concepts (Williams, 2016). The inter-
actions between different building typologies and RE systems 
of an energy community/district require that future revisions 
of the EPBD and building codes should include such enabling 
frameworks to support different districts to optimise their ZED 
transitions (Sameti and Haghighat, 2018).

Although the terms ‘zero energy’ and ‘energy community’ are 
in use, no absolute definition is contained in current European 
legislation. In spite of this, there are many tools in the CE4E 
package to assist citizens, local communities and national au-
thorities to develop these districts (in particular REDII, EPBD, 
EED) (Hoos, 2020). Furthermore, the 2019 Green New Deal 

puts a strong emphasis on citizens and communities, for ex-
ample in their Climate Pact and Renovation Wave Programmes. 

To this date, the only district or community definition can 
be found in the REDII, that states a ‘renewable energy com-
munity’ means a legal entity: a) which, in accordance with the 
applicable national law, is based on open and voluntary partici-
pation, is autonomous, and is effectively controlled by share-
holders or members that are located in the proximity of the re-
newable energy projects that are owned and developed by that 
legal entity; b) the shareholders or members of which are natu-
ral persons, SMEs or local authorities, including municipalities; 
c) the primary purpose of which is to provide environmental, 
economic or social community benefits for its shareholders or 
members or for the local areas where it operates, rather than 
financial profits.

In the EPBD, the definition for a NZEB is “a building that has 
a very high energy performance, as determined in accordance 
with Annex I. The nearly zero or very low amount of energy 
required should be covered to a very significant extent by en-
ergy from renewable sources, including energy from renewable 
sources produced on-site or nearby” (Directive 2010/31/EU, 
Article 2(2)). This definition could include these concepts at a 
district level. Similarly, most scientific publications and defini-
tions of a ZED consist of these very same components (Jalala, 
2016, Laustsen, 2008, Cortese & Higgins, 2014, A2PBEER, 
2014, seen in the list below Figure 2. 

The EPBD’s long-term building renovation strategies’ (LTRS) 
objective is the “transformation of existing buildings into near-
ly zero-energy buildings” (Article 2a, EPBD). As part of this, 
Article 2a says the Commission has promised to “collect and 
disseminate, at least to public authorities, … information on 
schemes for the aggregation of small-scale energy efficiency 
renovation projects … best practices on financial incentives to 
renovate from a consumer perspective”. This aims to mobilise 
investment for aggregated renovation projects.

Essentially, a ZED is a group of buildings (a city district, 
community, village, cluster of buildings or campus) with the 
declared ambition of achieving zero or positive energy, produc-
ing at minimum an equal amount of primary energy as they 
consume and whose remaining energy demand is met by on-
site or nearby renewable energy. The concept of a ZED can also 
be described thus, Net Zero Energy Districts, Plus Energy Dis-
trict, Zero Carbon District, Nearly Zero Energy District (Laust-
sen, 2008), as per Figure 2.

Each of the definitions has similar meanings, however they 
differ thus: Plus Energy Districts: supply more renewable ener-

 
 

Figure 2. Zero Energy District Concepts. Source: Laustsen, 2008.
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gy to the grid than they use, producing more renewable energy 
than they consume. Net Zero Energy Districts: deliver the same 
amount of energy to the supply grids as they use from the grids, 
and do not use fossil fuel for heating, cooling, lighting. These 
districts are connected to the national grid for backup and en-
ergy exchange. Zero Stand Alone Districts: are not connected 
to the grid and are independent in generating their own renew-
able energy supply with the capacity to store energy in storage 
systems such as batteries. Zero Carbon Districts: do not use 
energy from any carbon dioxide emitting sources (e.g. biomass, 
biogas excluded) and over the course of a year will either be 
carbon neutral or positive energy, they produce enough energy 
so that their energy demand is always at most zero. Nearly Zero 
Energy Districts: have a very high energy performance but 
do not always reach a zero-energy target over a year, most of 
the remaining energy demand is provided by onsite or nearby 
renewable energy. Using the EPBD, the REDII and scientific 
research as a basis, a PED or a ZED is an area with defined 
borders that:

• Is based on open and voluntary participation, autonomous, 
and effectively controlled by its citizens.

• Whose primary purpose is to provide environmental, eco-
nomic or social community benefits.

• Has an overall energy balance of zero or positive over a year.

• Has buildings with very high energy performance, comply-
ing with applicable minimum energy performance require-
ments and local building codes.

• Has buildings with a nearly zero or very low amount of en-
ergy demand.

• Has its building demand covered to, at least, a very signifi-
cant extent by renewable energy sources.

• Where renewable sources are produced on-site or nearby.

As aforementioned, an energy community requires that all 
stakeholders buy into, engage with and cooperate to develop 
the best-fit solution to enable citizens and municipalities to 
play their role in the energy transition. This implies that social 
innovation, including behavioural change, must be considered 
and transformed to deliver ZEDs. It is not sufficient to mere-
ly amplify when upscaling from a building to a district level. 
Some requirements will remain the same, others will have to be 
modified or added.

To achieve a ZED, the community should have the objective 
of a zero, or positive energy balance. The timescale this depends 
on several factors. Planners need to calculate the overall energy 
demand of the district and match this with renewable energy 
systems, single building units and whole district energy plants 
or farms (Ala-Juuselaa et al, 2016 and Admaral, 2018). The de-
sign must take account of residents’ needs and consider the dis-
trict as a whole. Factors to be considered include; The district’s 
boundaries; The location of the district; The geographical and 
urban morphology of the district (the form of the settlements); 
The building characteristics in the district; The characteristics 
of the district/building occupants; The energy demand before 
and after energy efficiency measures; The natural resources 
available for maximising the use of onsite and nearby renew-

able energy; and The balance between the energy production 
and energy consumption (including buildings, production of 
on-site renewable energy).

When developing a ZED, it is vital to consider the factors 
that make up the energy balance and how they interact to en-
sure the target can be met. However, it is important to note that 
the reduction of energy and carbon are not the sole drivers. In 
the Sustainable Development Goals of the United Nations and 
the objectives of the EU’s CE4E and Green New Deal packages, 
the objective is to ensure that the measures also benefit con-
sumers, growth, jobs and the planet (Becchio et al, 2018). 

DEFINING DISTRICT TARGETS: METHODOLOGIES FROM LITERATURE
This section outlines and describes the approaches developed 
by other researchers and projects to define a PED. The list is 
not exhaustive but offers a basis for understanding and has 
been key to the generation of this paper’s methodology. The 
reports demonstrate the importance of an accurate evaluation 
of the district energy demand for use as a baseline. Many of 
the studies below give procedures for the calculation of this, 
thus enabling designers to project district energy performance 
when ZED measures have been put in place. Table 11 shows 
each strategy’s objectives, metrics, design parameters and 
methodologies.

Koutra et al. 2018The studies examined from a district level 
have been used to produce a variety of models to simulate im-
provement in overall energy and carbon performance of the 
district. For this paper, methodologies using a holistic approach 
and taking account the territorial scale of the district have fed 
into the recommendations and conclusions of this report. Stud-
ies utilising the EPBD as a basis for establishing district level 
targets were crucial in developing a simple methodology to en-
able communities to develop accurate performance targets for 
PEDs/ZEDs.

Interview outcomes
The specialist interviews provided a wealth of innovative ideas 
for methodologies. Despite this variety of approach, experts 
concurred that performance targets are required for individual 
buildings as well as the district as a whole. The suggested per-
formance targets ranged from zero or positive energy overall, 
which would permit some flexibility through trading between 
buildings (allowing some buildings to be less efficient and other 
to be energy providers), to stringent component-by-compo-
nent targets. Some of these possible solutions included district 
performance targets based on: 

1. The EPBD’s cost-optimisation methodology. 

2. Monitored data. 

3. Cost-optimisation through energy modelling or tools. 

4. Energy Balancing – transactional trading system between 
buildings. 

5. A positive energy district, not a zero-energy district.

6. Multiple benefits coupled with cost-optimality calculations. 

1. Full citations can be found in the reference section.
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7. A life-cycle approach to a carbon neutral district. 

A popular and viable approach amongst the interviewees was 
the application of the EPBD’s cost-optimality methodology to 
each building and the subsequent aggregation of this to district 
level, thus both enabling building-based renewable energy on 
the building plus onsite or nearby renewable projects to be in-
corporated into the cost-optimality calculation. 

The specialists all agreed that individual buildings should 
have an individual minimum performance target, to be set via 
use of measured data or the use of reference buildings, as en-
capsulated in the EPBD methodology. Using these targets, an 
aggregation exercise can be carried out to determine the overall 
district performance target. 

The experts proposed that individual building targets are set 
based on a minimum performance level from cost-optimality 
calculations. In some areas, these may already be a available from 
local building codes. The interviewees also proposed that, in fu-
ture, the cost-optimality calculation include life-cycle analysis 
of costs and carbon reductions of the measures undertaken and 
also include the multiple benefits to the community, economy 
and environment.

All interviewees were in accordance that the Energy Effi-
ciency First principle should guide the process, roughly speak-
ing, this implies that the district should not aim for nearly or 
net zero, but positive energy and carbon neutral. It is tricky to 
achieve an exact “zero” and the positive energy goal will speed 
up the transition to carbon neutrality.

Approach to developing a Positive Energy District
A district being a community of buildings, as targets can be 
developed for distinct buildings, it is feasible to combine these 
to achieve a district target in kWh/m2/year. From interviews 
and the literature, this research has generated a strategy for the 
definition of a district energy performance target. This meth-
odology sets out the steps to enable the development of a cost-
optimum positive or zero energy district. The approach enables 
the least costly (“cost-optimal”) route to meet zero or positive-
energy targets. To meet the EU Green Deal and the Paris Agree-
ment targets, the following should be taken into account when 
developing a PED or ZED: 

• Fulfil the EE requirements of the local building code 

• Optimise EE versus RES 

• Optimise the supply of the remaining demand by onsite RE 
(in district) 

• Optimise the supply though a separate grid system 

Individual district targets can be defined in such detail as de-
velopers wish, for example, simply by aggregating all individ-
ual buildings in the district and dividing by floor area to give 
a whole district building target. To meet EPBD requirement, 
buildings should adhere to the local building code’s minimum 
energy requirements. Developers would then have a picture 
of the district’s demand before and after the energy efficiency 
measures and what further RE (onsite or nearby) needs to be 
supplied. The district would therefore have an “optimal” tar-
geted performance and related renovation measures/packages 
rather than a “minimum” energy performance (Olgyay and 

Campbell, 2018). The overview of the key steps in this meth-
odology are listed in Figure 3 and described in the following 
sections. 

Points 1–3 are to be based on the building EPCs and other 
available district data. Fundamentally, a district’s energy per-
formance (EP) target should follow EPBD outlines and local 
building code legislation and a “lowest-cost” or “cost-opti-
mum” energy performance can be calculated and combined 
to find the kWh/m² for the group of buildings, this should 
include renewable energy. Examining alternative district level 
energy system solutions will potentially be complex due to the 
range of different system components (combination of energy 
efficiency levels, building integrated systems, shared systems, 
energy storages, connections to energy networks and grid, 
smart control, etc.). Some important points regarding this 
novel methodology are: 

• The macroeconomic cost-optimality calculations are cru-
cial in determining the district target linked to an EE and 
RE strategy, these specify the societal multiple benefits. 
However, return on investment is likely to be more im-
portant to the private sector and project developers than 
the “optimal-performance” for society. Therefore, linking 
these macroeconomic aspects to private sector interests is 
important. 

• The approach may be perceived as complex due to the po-
tentially high number of technological combinations. 

• The data for these calculations probably exist but are dis-
persed.

• This 8-step process has been developed for policy makers; 
however, the real estate sector should be consulted to ensure 
that the process is feasible.

• Therefore, case studies should be undertaken in a range of 
countries to explore the practicality of the methodology, 
and to allow fine-tuning of the approach. 

STEP 1: DISTRICT BASELINE STUDY
In order to understand the role and interplay of buildings in the 
district, a baseline study should be undertaken of the building 
stock (Deakin and Reid, 2018). This assessment should include; 
District boundaries; Climate properties; Type and number of 
buildings; RES potentials for buildings and the district; Period 
of construction; Building locations; Distances and shading pat-
terns; and District energy system configuration.

The ways in which the design parameters can be adjust-
ed depends largely on the characteristics of the buildings, 
whether the district is formed of new builds or is an urban 
regeneration area with old stock, or a mix of old and new. The 
development of an existing district will not permit a great deal 
of change of the design parameters, however, the interven-
tion points can be highlighted during the baseline study of the 
district. For the overall transformation of a district, there are 
three key perspectives, the thermal performance of buildings, 
user behaviour and alteration of the operation of buildings 
and user behaviour and enabling new energy technologies 
and infrastructure. 

These roles are interconnected and crucial to ensuring cost-
effective zero-energy system solutions. The characteristics of 
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the district must be clearly understood by developers. The dis-
trict boundary must be defined to ensure that data is accurate 
and that building system energy flows can be estimate. The 
level of data required for the baseline assessment is linked to 
ensuring a “smart” location and “smart” morphology (Deakin 
and Reid, 2018). Climate and weather conditions, natural 
resource potentials and locations, land uses, meteorologi-
cal data and the functional autonomy of the district must be 
taken into account. Developers should also consider density 
(both residential and population), orientation and the spatial 
urban design and the compactness of the district (Kılkış and 
Kılkış, 2019). 

At this point, a rough calculation of the energy consumption 
of the baseline case should be undertaken to enable evaluation 
of the success of the ZED measures.

STEP 2: MAP THE EXISTING BUILDINGS IN THE DISTRICT 
In the district’s building stock, there will be a range of building 
typologies, ages and sizes. There are various methods of ana-
lysing these to establish the energy performance measures to 
be undertaken, including: monitored building energy use data, 

reference buildings (real examples), and building typologies 
(corresponding to common buildings). It is recommended that 
any monitored data be used, if available, to establish each build-
ing’s energy consumption (Jassens et al, 2017). 

STEP 3: DEFINING ENERGY PERFORMANCE RELATED MEASURES
Part 3 involves the recognition of existing energy-efficiency 
measures that can be undertaken in the district. After establish-
ing each building’s energy performance, a list of measures to 
improve this can be drawn up, together with their investment 
costs. Factors such as envelope, components, mechanical sys-
tem, shading, lighting systems and renewable energy systems 
should be considered at this point. These measures can be com-
bined into complementary packages. 

As in the EPBD and most MS building codes, new buildings 
should fulfil NZEB requirements. District renovations should 
adopt similar methodologies. It would be advisable to exceed 
the building code’s requirements and renovate as deeply, to zero 
or positive energy if possible.

Measures considered can be active or passive, each meas-
ure and component will have a different lifespan, and from a 
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Figure 3. Steps to Developing a PED Strategy.
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STEP 6: DEFINITION OF THE DISTRICT LEVEL ENERGY SYSTEM 
ALTERNATIVES
As the cost-optimal calculations provide the district energy de-
mand, the developers are able to understand and employ the 
appropriate systems for heating, cooling and electricity. Con-
ceivable approaches and technologies should be evaluated in 
terms of life-cycle assessment, energy consumptions, invest-
ment costs and long-term management costs. There are a range 
of available options, combining the energy efficiency levels with 
building integrated systems, shared systems, energy storages, 
connections to energy networks and grid, smart control, etc., 
and the final choice will depend on the climatic conditions, 
individual and district-wide demands, technical capacity, and 
natural resources within the district.

In terms of thermal district systems for heating and cooling, 
a broad range of options and technical systems already exist, 
therefore the measures evaluated by the developers will depend 
on site-specific opportunities and limitations (Kalaycıoğlu and 
Yılmaz, 2017). 

Developers should examine the following possibilities from 
the broad spectrum of renewable energy technologies exist in 
Europe and each MS: 

• Large electricity farms including wind, solar, tidal and wave 

• Heating and cooling including district heating and or cool-
ing plants, biomass, geothermal; solar thermal, heat pumps, 
etc. 

• On-site building level energy generation including heat 
pump systems, PV, wind, solar electric, photovoltaic (PV), 
solar thermal, solar hot water (domestic water heating and 
space heating), solar ventilation air preheating and geother-
mal heat pumps. 

STEP 7: COST-BENEFIT CALCULATIONS OF THE DISTRICT’S ENERGY 
SYSTEM ALTERNATIVES
A cost-optimal energy performance calculation can be made 
for all potential measures to be undertaken. The cost-benefit 
analysis will analyse the energy performance (as annual primary 
energy use) and the global costs (including the investment costs 
together with long term operating and maintenance costs) 
(Becchio et al, 2018). The lowest cost option which meets or 
exceeds the community’s energy demand should be selected. 

Calculations should be undertaken during the selection pro-
cess to examine different scenarios for different measures and 
combinations of measures. Sometimes the district’s catchment 
area might be too small for RES to supply the energy demand 
required by the community. In this case, it may be useful to 
consider the community in relation to neighbouring areas. 
ZEDs and PEDs should not exclude a wider regional approach 
and the boundary of the district could be reconsidered. 

STEP 8: COMBINING THE BUILDING SOLUTIONS, RES SOLUTIONS AND 
OUTSIDE ENERGY SYSTEM
To achieve an overall energy and carbon target of zero or posi-
tive energy for the district the individual building performance, 
the district energy performance target and the renewable en-
ergy systems performance targets should be combined and 
maximised. For example, step 4 assesses the buildings incapa-
ble of achieving a nearly zero energy target and, at the same 

cost-optimal perspective it is important that the high-value 
long-term energy savings are achieved first. Modification of 
the building envelope is essential to lower energy demand and 
active systems can then be installed/adapted to the new build-
ing demand. Developers must ensure that all strategies are ap-
propriate to the characteristics of the building. 

STEP 4: ENERGY PERFORMANCE CALCULATIONS
From the baseline and packages of measures, the cost-opti-
mality calculations can be applied to the buildings to estab-
lish minimum performance values. At this stage, any build-
ings unable to achieve NZE should be identified. They will be 
compensated for by other buildings in the district and this is 
be dealt with in step 8. A minimum performance calculation 
will be undertaken for each identified package of measures, 
input data will include energy performance as annual primary 
energy consumption and global costs, including the invest-
ment costs, long-term operating and maintenance costs, Life 
Cycle Assessment (LCA) and the Life Cycle Costing (LCC) 
and multiple benefits (Becchio et al, 2018 and Kalaycıoğlu and 
Yılmaz, 2017). 

In the cost-optimal calculations, the lowest cost package of 
measures for each building and aggregated buildings that will 
provide a positive or zero energy solution will be selected as the 
“cost-optimal solution”. This permits the comparison of differ-
ent scenarios, technologies and renewable methods. The main 
outputs for the evaluation are: Global cost, taking into account 
initial investment, maintenance cost, substitution cost of the 
current HVAC systems, energy consumption cost and the cost 
savings of the multiple benefits; Net Present Value (NPV) and 
Payback Period (PBP), using savings as a cash-flow to recover 
the investment; Primary energy (PE) consumption and related 
GHG emissions; Cumulative cost of energy consumption and 
saving depending on the horizon of calculation (for LCC); Em-
bodied energy and related emissions taking into account mate-
rials and energy use (for LCA). 

The EU (EU 244/2012) proposes this cost-optimal calcula-
tion methodology for establishing optimal levels as a function 
of costs for the minimum energy performance requirements. 
The global cost represents the current value of the initial in-
vestment cost, operating cost (including energy, operating and 
maintenance costs), periodic replacement costs, and final dis-
posal costs. Buildings and districts will enjoy benefits, amongst 
which are: Economic; Energy and social security; Health and 
wellbeing; and Environmental and biodiversity.

These can and should be included into the cost-optimal cal-
culations and can be added to the global cost calculations. Also, 
a life-cycle analysis can be made of the components, measures 
and environmental considerations that are included within the 
cost-optimality analysis. This establishes the amount and cost 
of carbon during the lifetime of the project. LCA and the LCC 
(ISO 15686, 2008) are the established standards to be used for 
this. 

STEP 5: DETERMINATION OF THE DISTRICT LEVEL ENERGY DEMAND
Through calculating the baseline and post intervention of en-
ergy levels, the district energy demand can be defined, which 
shows the energy saving potential of the district. Each build-
ing’s energy demand will be calculated and then aggregated to 
reach the total district energy demand. 



7-222-21 SHNAPP, PACI

924 ECEEE 2021 SUMMER STUDY

7. POLICIES FOR A GREEN RECOVERY IN THE BUILDINGS SECTOR

4. Energy performance calculations 

5. Determination of the district level energy demand 

6. Definition of the district level energy system alternatives 

7. Cost-benefit calculations of the district’s energy system al-
ternatives 

8. Combining the building solutions, RES solutions (building 
and district level) and outside energy system 

This Report provides a fuller understanding of how targets 
can be set by districts and how policy makers can provide 
an 8-step methodology, guiding MS and developers on the 
procedure to develop a PED. The general conclusions of the 
paper, in line with the views of the interviewees and literature 
review, are: 

• A methodology for defining a PED target has been de-
fined based on a general consensus amongst the experts in-
terviewed; this approach was also reinforced by some of the 
reviewed literature reports. 

• The districts should be positive energy districts (not near-
ly or net zero) supported by smart grids and renewable and 
efficient technology. 

• The energy efficiency first principle is used to guide the 
district’s target, although it is imperative to ensure RES are 
included within the district’s plans.

• In order to develop a performance target for the district, the 
individual buildings within the district should follow the 
EPBD’s methodology and local and national building codes 
in order to establish their minimum performance targets. 

• For the individual buildings, the minimum performance 
targets are to be found either using measured data, ref-
erence buildings or archetypes of the building typologies 
within the specific district. 

• To find the minimum performance in a cost-optimal man-
ner, the EPBD’s cost-benefit calculation methodology can 
be utilised on a district scale by aggregating the individual 
buildings. 

• Renewable energy solutions are to be included within the 
cost-benefit calculation methodology at building and dis-
trict levels. 

• In order for the targets to be realistic and investable, the 
cost-optimality calculation methodology must take ac-
count of the life cycle costs and life cycle carbon of the 
efficiency and renewable interventions into account (e.g. 
CO2 emissions and costs of each measure), ensuring the car-
bon footprint of the district is accounted for and is neutral. 

• The multiple benefits of a PED are to be included within 
these calculations in order to be accounted for and valued. 
Not only will this encourage project investment, it will also 
help the community to understand the benefits of a PED, 
individually and as a community. 

• Going forward, policies addressing the built environment 
should seek to include a district or portfolio approach, such 
as the EPBD.

time, identifies potential energy producing buildings which 
can compensate through trade-off. Therefore, an iterative de-
sign process is required to account for all systems and their 
interactions, including all associated costs and value streams, 
minimising the carbon emissions of the district. This step will 
provide district scenarios, and analysis of the selected positive 
or zero energy scenarios can be undertaken by the developers 
in order to find the optimum energy performance at the lowest 
cost. 

The relationship with the outside energy system will depend 
on the consumption and production peaks of the district. ZEDs 
or PEDs should not operate in isolation but rather integrate 
with the wider energy system. They are likely to have overpro-
duction and consumption peaks and developers will have to 
take these into account when planning the district. The district 
will have security of supply as backup for peak demand as it will 
be connected to the grid, and also able to export surplus energy.

SUMMARY OF PED PROCESS
This 8-step approach is an initial endeavour to produce a meth-
odology for the development of district targets and optimisa-
tion techniques for use on a range of policy or implementation 
levels. The approach has used the existing EPBD formula and 
framework of cost-optimality and applied it to a procedure for 
districts. 

It is crucial to establish the district baseline before target set-
ting, and this will vary with location and climate. Hence com-
munity targets will differ; some regions/districts will have the 
technologies and climate to reduce demand in their buildings 
while others will have the natural resources enabling the supply 
of energy. A multi-mechanism approach must be taken in order 
to find the optimal best fit solution for each particular district, 
based on the Energy Efficiency First principle. Cost-efficient 
solutions for each district can be found using the EPBD’s cost-
optimal mechanism.

Discussion
The literature review and the interviews undertaken in this 
study came to the consensus that it is possible to develop cost-
optimal energy performance targets for a ZED, although there 
are still some barriers to wholesale application. The EPBD’s 
cost-optimality calculation methodology, designed to calculate 
the minimum performance of individual buildings, can, with 
some adaptation, allow for minimum district performance re-
quirements to be defined following an 8-step process, resulting 
in a locally adapted energy performance target of zero or posi-
tive energy and an optimised zero or positive energy district so-
lution. As each district is different so the processes for this will 
vary, depending on the morphology and building typology of 
the district, for example, it will be more straightforward applied 
to a new district rather than in the renewal of an existing one. 

The 8-steps to developing a district target and finding opti-
misation solutions are: 

1. District Baseline Study 

2. Map the existing buildings in the district 

3. Defining energy performance related measures (individual 
building EE and RE systems) 
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Fichera et al, 2016. Evaluation of overall energy demand of 
existing neighbourhoods.

Figueres, Tom Rivett-Carnac, Thornton, 2020. Opening online 
talk of ‘The Earth Convention’ series.

Hachem, 2016. Impact of neighborhood design on energy 
performance and GHG emissions. 

Hachem, Athienitis, & Fazio, 2012. Energy demand for heat-
ing and cooling of neighbourhoods. 

Hoos, 2020. Zero Energy Community Presentation. Concert-
ed Action Joint Plenary. Barcelona January 2020. 

IBSA, 2018. GIS-Based Residential Building Energy Modeling 
at District Scale. 

IPCC – Intergovernmental Panel on Climate Change, 2019. 
Chapter 4. 

Jalala, 2016. Net Zero Energy District Nzed: A Strategy 
Towards Achieving Sustainable Urban Development In 
Qatar. Qatar University.

Jassens et al, 2017. Transforming social housing neighbour-
hoods into sustainable carbon neutral districts.

Kalaycıoğlu and Yılmaz, 2017. A new approach for the ap-
plication of nearly zero energy concept at district level to 
reach EPBD recast requirements through a case study in 
Turkey. 

Kılkış and Kılkış, 2019. An urbanization algorithm for districts 
with minimized emissions based on urban planning and 
embodied energy towards net-zero exergy targets. 

Koutra, Becue, Gallas, Ioakimidis, 2017. Towards the develop-
ment of a net-zero energy district evaluation approach: A 
review of sustainable approaches and assessment tools. 

Koutra, S., Ioakimidis, C. S., Gallas, M.-A., & Becue, V, 2018. 
Towards the Development of a Net-Zero Energy District.

Laustsen, J. (2008). Energy Efficiency Requirements in Build-
ing Codes, Energy Efficiency Policies for New Buildings. 
International Energy Agency (IEA).

Marique & Reiter, 2014. A simplified framework to assess the 
feasibility of zero-energy at the neighbourhood/commu-
nity scale. 

Marique & Reiter, 2014. Assessment of the impact of urban 
form on districts’ energy needs.

MODER, 2015. Mobilisation of innovative design tools for 
refurbishing of buildings at district level. 

Nematchoua, Marie-Reine, Nishimwe and Reiter, 2020. To-
wards nearly zero-energy residential neighbourhoods in 
the European Union: A case study. 

Olgyay and Campbell, 2018. 3.3 – An Integrative Business 
Model for Net-Zero Energy Districts. 

OPERA-MILP, 2017. On the performance of LCC optimiza-
tion software OPERA-MILP by comparison with building 
energy simulation software IDA ICE. 

Polly, Kutscher, Macumber, Schott, Pless, Livingood, and Van 
Geet, 2016. From Zero Energy Buildings to Zero Energy 
Districts. National Renewable Energy Laboratory. ACEEE 
Summer Study Paper 2016.

RESCoop, 2017. Annual Report January to December 2017. 
Saheb, Shnapp, and Paci, 2019. From nearly-zero energy 

buildings to net-zero energy districts – Lessons learned 
from existing EU projects.

Sameti and Haghighat, 2018. Integration of distributed energy 
storage into net-zero energy district systems: Optimum 
design and operation. Accessed: Science Direct.

It is important to test this 8-step methodology on actual PED 
projects going forwards. Practical trialling can be done through 
collaboration with developers and municipalities planning to 
undertake such projects. In addition, it could be tested on fi-
nalised or PEDs/ZEDs in the development stage to compare 
results with the final decisions made. If baseline data for case 
study projects is available, this methodology can be applied, 
fine-tuned and further developed. 

This report elucidates an 8-step process endorsed by building 
specialists that will allow project developers not only to have a 
district target but also to be able to develop a district energy 
strategy. Following the 8 steps will provide the project with a 
renewable energy and energy efficiency roadmap with a cost-
optimal methodology for the design and development of a zero 
energy or positive energy district. 

Zero energy districts are an interesting area for future re-
search and policy making. It is expected that further research 
will be undertaken building on the experiences and best prac-
tices from Member States and taking into account both the 
revised legislative framework and the upcoming Renovation 
Wave. 
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