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Abstract This paper analyzes and contrasts the constraints, stakeholders, and
framing goals that must be considered when Energy Master Planning (EMP) is
conducted for communities in seven countries. The analysis is based on findings from
seven countries participating in the International Energy Agency’s “Energy in Build-
ings and Communities Program Annex 73”. The analysis covers design constraints
such as emissions, sustainability criteria, and resilience goals, regulations and direc-
tives, regional and local limitations, such as available energy types, local conditions,
and various levels of stakeholders, as well as community objectives. An analysis of
the various constraints on different planning levelswas done, and the key stakeholders
were identified. They can be characterized by different governance structures and
thereby stakeholder constellations. Mapping of the stakeholders involved provides
insights in further constraints resulting into issues within the EMP that will need to
be addressed for multi-owner, multi-stakeholder neighborhoods and districts. With
a closer look at a case study in Elverum, Norway, the paper identifies constraints
related to stakeholders involved and their impact on applying EMP.
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1 Introduction

Climate change challenges regulators to put in place more ambitious building
and community energy-related requirements to fulfill the ambitions Sustainable
Development Goals of the UN.

In the EU, reaching the climate gas-reduction goals of the Paris Agreement
challenges stakeholders on all geographical and organizational levels from nations,
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regions, cities, and communities. Following bottom-up approaches for energy plan-
ning on the neighborhood level is a promising attempt to reduce energy demand,
increase efficiency, and lower the carbon footprint in a multi-stakeholder approach.
This is important for the future task to decarbonize our cities, which will have to
focus on neighborhood and district level (Jank 2017). The concept of Energy Master
Planning (EMP) can help to initiate a better planning and implementation process
to fulfill these goals through providing a roadmap for energy planning. The applica-
tion of principles of a holistic approach to neighborhoods and districts often termed
community energy planning in the literature (EED 2012; Jank 2017; Strømann-
Andersen 2012; Fox 2016; Zhivov et al. 2014; Robinson et al. 2009) and the concept
of Energy Master Planning (EMP) can help to initiate a better planning and imple-
mentation process to fulfill these goals by providing a roadmap for energy efficiency
in the district as a basis for energy planning that points to the future. Haase and Lohse
(2019) tried to define EMP and explained the various steps involved in the process:
(1) energy efficiency and (2) comprehensive energy planning.

(1) When it comes to energy efficiency, in the context of the 2012EUdirective (EED
2012), several important measures have been adopted throughout the EU to
improve energy efficiency. These include national long-term renovation strate-
gies for the building stock in each EU country, mandatory energy-efficiency
certificates accompanying the sale and rental of buildings, the preparation of
national energy-efficiency action plans (NEEAPs) every three years, minimum
energy-efficiency standards, and labeling for a variety of products, as well as
obligation schemes for energy companies (to achieve yearly energy savings of
1.5% of annual sales to final consumers). However, Member States have yet to
fully implement the directive and additional support in building capacity and
know-how is needed (EPBD 2018).

(2) Significant additional energy savings, reduced emissions, and increased energy
security can be realized by considering holistic solutions for the heating, cooling,
and power needs of communities, on the neighborhood and district scales,
comprising collections of buildings. As a result, a considerable amount of liter-
ature has become available including both guidance and assessment tools aimed
at EMPat the neighborhood anddistrict level, e.g., campuses (DOE2013;Huang
et al. 2015; EnergyPlan 2019; CASBEE 2019; BREEAM 2019; LEED 2019).
But the existing guidance and tools do not seem to be fully solving the chal-
lenges. The energy planning consists of determining the optimal mix of energy
sources to satisfy a given energy demand. The major difficulties of this issue
lie in its multi-dimensional and scale aspects (temporal and geographical), but
also in the necessity to consider the quantitative (economic, technical), but also
qualitative (environmental impact, social criterion), criteria.

In addition, Schiefelbein et al. (2017) concluded in their investigation of
case studies and energy guidelines for energy-efficient communities that “the
primary challenges result from inefficient organizational processes and unsupportive
framework for implementation”.
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To provide the necessary methods and instruments to the stakeholders involved,
it is essential to identify and frame the constraints that bound the options towards an
optimized energy master planning solution (Sharp et al. 2020). Existing literature on
EMP guidance indicates that identifying and establishing project goals is a critical
first step (Jank 2017).

Far less common inEMPguidance and related literature is information on the iden-
tification of constraints that limit energy technology options and how stakeholders
influence the decision-making process. Literature in this area mentions options anal-
ysis or prioritization, or optimization analysis (EED 2012; Fox 2016; Robinson et al.
2009; Zhivov et al. 2017), but fewmention constraint identifications related to energy
technologies as Sharp et al. (2020) pointed out when comparing energy technology
constraints in EMP in the seven countries. Although the work of Sharp et al. (2020)
contributes by widening the definition of constraints into EMP, it is limited in its
scope by focusing on single-ownership neighborhoods like campuses or military
garrisons.

Not much work is done on constraints, stakeholders, and boundary conditions
in EMP for multi-owner, multi-stakeholder neighborhoods. But many cities and
regions are characterized by diverse ownerships and a multitude of stakeholder
groups involved, which results inmore complex framing goals that can lead to further
constraints in EMP.

2 Objectives

As more and more countries push to improve the efficiency, environmental impact,
and the resilience of buildings and neighborhoods, the need for front-end comprehen-
sive EMP on a neighborhood level is critically important. A successful EMP is highly
dependent on a thorough understanding of framing goals and constraints, both local
and regional, and their associated limitations that will dictate the optimum master
planning design. This paper addresses the gap by developing a broader framework
of EMP by incorporating framing goals and constraints for energy technologies and
stakeholders’ engagementwithin amulti-stakeholder (eco)systemon a neighborhood
level.

3 Method

Our research approach is twofold: in the first step, we analyze framing goals and
constraints for energy technologies on a global level by comparing seven countries,
as part of a larger effort to analyze existing EMP practice in an international team
with partners from Austria, Australia, Denmark, Finland, Germany, Norway, and the
USA. A constraint analysis based on ongoing research in the participating countries
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for single owner neighborhoods (military bases and campuses) was used in this step
(Sharp et al. 2020).

In the second step, we chose an in-depth analysis of stakeholders involved in
EMP on a neighborhood level. We have chosen a case area in Norway because the
case is the furthest developed when it comes to the availability and application of
new energy technologies, as well as access to stakeholders (availability of interview
partners and data was given).

3.1 Analysis of Design Constraints

The constraint analysis was divided into two steps. The first analysis of framing
goals in seven countries (Austria, Australia, Denmark, Finland, Germany, Norway,
and the USA) covers design constraints such as emissions, sustainability criteria and
resilience goals, and regulations and directives and regional and local limitations,
such as available energy types, local conditions and different levels of stakeholders, as
well as community objectives. It then illustrates how a comprehensive consideration
of these can be used to guide the planner toward design options that will lead to
an optimum solution for a master plan. The second analysis was based on the local
constraints and site-specific goals in the case study of Ydalir in Norway. With this
analysis, the key stakeholders were identified, characterized by different governance
structures and thereby stakeholder constellations.

3.2 Mapping of Key Stakeholders

The case of Ydalir in the city of Elverum was chosen as a case study as one of nine
pilot projects within the Research Centre on Zero Emission Neighborhoods which
has implemented various phases of EMP. Nine stakeholders involved from various
sectors were interviewed and transcripts of the interviews were analyzed applying
qualitative content analysis (Mayring 2000).

This mapping of the stakeholders involved gives insights into other constraints
resulting in issues within the EMP that will need to be addressed for multi-owner,
multi-stakeholder neighborhoods.

4 Results

Local stakeholders are interested in natural locational constraints, but also are plan-
ners who relate their design on locational constraints such as climate data on wind
access, solar radiation, air-temperature distribution and time series, and water (and
wind) temperatures.
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The distribution system and storage constraints are mostly important to local
maintenance staff and facility managers, but larger thermal storages equipment could
be visible and important for inhabitants as well. Also, the level of noise of the
distribution system could be of interest to inhabitants and users in the neighborhood.

When it comes to the building and facility, there are planners and architects
involved. The end users or inhabitants play a limited role because they are often
unknown and therefore categorized (according to building typology and use of the
facility). Here, building codes have the role of defining the minimum requirements
that would ensure comfortable use of the building. Involvement of planners and
architects is normal, even more so in the next set of constraints that in particular is
concerned with the indoor environment. Again, minimum requirements are estab-
lished through building codes and standards. The building owner can decide on the
level of indoor comfort, typically choosing between different levels/classifications
(low, medium, high).

When it comes to the equipment in buildings and district systems, the technical
functionality is defined in building codes and related standards. Planners and archi-
tects have the expertise to define them. However, some technologies can be chosen
by the building owner or investor, e.g., if the building shall have a certain heating
technology or specific façade technology.

There are different levels for applying EMPwithin an urban context: starting from
the city level, followed by the neighborhood and then the group of buildings with
their building regulations. The stakeholders involved can be framed into different
categories as illustrated in Fig. 1.

Ideally, the potential reduction goals should be discussed on different levels
with the relevant stakeholders in various constellations. A stakeholder forum would
encourage a top-down approach, however, in some cases, a bottom-up approach

Regional level
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Fig. 1 Stakeholders involved in EMP at neighborhood levels and constraints and framing goals on
the regional and building levels
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Fig. 2 Constraints in EMP on a neighborhood level

seems more promising. There is the intrinsic problem that different stakeholder
perspectives may result in an unclear nature of the problem since stakeholders at
different levels view the problem differently. Architects and planners must rethink
buildings and spaces; public authorities need to adapt organization and procedures;
lawyers need to adapt legal and policy adaptation, etc. This can cause a lack of
a unique problem statement and the choice of inadequate solutions for emission
reduction.

Figure 2 illustrates the model by visualizing the boundaries in EMP by diagram-
ming the top-down and bottom-up approaches for EMP on a neighborhood level.
There are constraints coming from the building level, as well as from the regional
level that will limit the technical possible solutions for a site-specific EMP. Various
valid objectives possibly conflicting on short-to-medium terms require prioritizing
(carbon-free cities; cheap affordable energy for all; regional energy self-sufficiency;
job promoting energy system; fully renewable energy sources; etc.). This problem
is intensified by the dynamic nature of energy planning parameters (energy price
fluctuation; evolving new technologies; population growth; high urbanization rates;
changing political actors and agendas etc.).

The quality of physical data is often not available, hindered by privacy and/or
measurability issues. This aspect is enhanced by a vast set of technology options,
uncertainties on effectiveness, and constantly evolving new solutions at different
technological readiness levels.

While locational threats usually do not influence technology selections, locational
resource limits, as well as the limits of existing distribution and energy storage
systems, can profoundly affect technology selection.

Ambiguity in purpose leads to a lack of clarity about successful outcomes. This
may lead to conflicting objectives. On the other hand, ambiguity in values prevents
the clear assessment of outcomes. Different stakeholders will value sustainability
criteria differently depending on their objective (societal benefits of clean energy
opposed to the need for low investment costs, the “landlord- tenant” dilemma; top-
down planning or bottom-up collaborative planning; etc.). Therefore, it is important
that key performance indicators are introduced and that their weighted values are
agreed upon at the beginning of the process.
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Identified framing constraints should be evaluated as either a hard or soft
constraint. If not, constraints that can be overcome may be missed and promising
technologies stripped out of a final EMP solution.

On the political level, we find often unclear policy responsibilities and ambiguous
values to address climate change, as well as disagreement on societal effectiveness of
climate change policy. This is enhanced on the administrative level with ill-defined
responsibilities, budgets and implementation procedures, no established standardized
way on the definition and themonitoring and reporting of key performance indicators.
On top of this, governments need to reach sustainability targets and safeguard public
interest, while energy providers need to make profits and individuals need to reduce
expenses.

5 Discussion of a Case Study in Norway

So far, three phases of EMP have been implemented within the Ydalir case—a new
neighborhood development within the city of Elverum: goalsetting, assessment and
development options and implementation.While twobuildings are already completed
and in use, the development of a comprehensive plan is still under development (Baer
and Haase 2020). We present the following case study under the following three
categories: ambitions, commitment to the problem and timeline.

Ambitions

The ambition forYdalir is to become zero emission neighborhood (ZEN), the amount
of emissions throughmaterials and energy usedwithin the construction and operation
phase of the neighborhood shall be offset by locally produced energy (Elverum
Tomteselskap 2017).

With regard to energy, these general measures are identified within the master
plan to achieve the ambition:

• Buildings built after passive house standard or even better, and a high use of wood
or other materials with low greenhouse-gas emissions as a building material,

• District heating based on bioenergy for residential buildings,
• Local electricity generation based on solar cells and bioenergy-based power/heat

production.

Within the Assessment and Development Options phase of EMP, three studies
were undertaken in 2018 and 2019 to analyze future energy and emission perfor-
mances. Lund et al. (2019) applied a Lifecycle Assessment analysis (LCA) model
for neighborhood development based on a modular structure, integrating buildings,
mobility, infrastructure, networks, and on-site energy. The study reveals that, regard-
less ofwhich scenario is considered, theYdalir project does not achieve the ambitious
goal of becoming a zero-emission neighborhood, using the existing planning status
as the basis for consideration.
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There are several general factors particularly influencing the Ydalir develop-
ment with regard to attaining high ambitions in cutting down energy and emissions.
Through qualitative interviews with the stakeholders involved, we have identified
two main factors: commitment to the project and the timeline, that do influence the
stakeholders involved and the implementation of EMP (Baer and Haase 2020).

Commitment to the Project

The analysis has shown that commitment to the project depends on the individual
stakeholder’s vision and agenda. The collaborative development process of themaster
plan was pointed out by the interviewees as an important step for knowledge and
trust development besides the establishment of a common understanding and vision,
thereby strengthening the commitment to the ambitious project goal. The local
land-development agency ETS received co-funding for the master plan development
through Enova, the Norwegian environmental funding agency. Housing developers
are indicated as crucial in this phase of development because they have to commit
to the general vision of Ydalir by developing an energy system and buildings with
climate ambitions that go beyond existing regulations. In its first version, the master
plan of Ydalir contained no parking lots for buildings, but the establishment of a car
park. These ambitions were already lowered and parking spaces allowed because
housing developers feared a lack of interest from buyers. The fear of higher develop-
ment costs due to higher building standards is also expressed by housing developers
and could influence future commitments.

Timeline

The timeline is always a factor influencing project development, but it is especially
important because planning of the energy system and the management of the system,
including reducing loadon the system, depends on the realization of aminimumquan-
tity of buildings and infrastructure within a limited timeframe. In this phase of devel-
opment, windows of opportunities are open regarding developing a holistic energy
system based on minimized loads. It is much more difficult to realize economies of
scale for energy solutions if they are added stepwise to the neighborhood system.
The time of realization of community services such as the car park is crucial for
housing developers with regard to developing their own plots. Future buyers may
not be interested to buy houses without their own parking lots as long as the planned
shared car park at a central position is not in place.

6 Conclusions

This paper addresses the gap by developing a broader framework of EMP by incor-
porating framing goals and constraints for energy technologies and stakeholder’s
engagement within a multi-stakeholder (eco)system on neighborhood level.

The energymaster planning on a neighborhood level is confrontedwith constraints
from higher and lower levels. A city consists of several districts or neighborhoods,
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which must have a consistent energy plan within the municipal EMP. This strategic
level from urban planning, as well as natural constraints, are limiting options from
the top, while a number of imposed constraints limit technology selection from the
bottom. This understanding should be taken into consideration when an EMP is
conducted. The stakeholders involved play a crucial role when it comes to EMP and
its implementation. The main barriers identified have a strong impact on EMP and
are all influential by the stakeholders involved. However, due to the complexity of
urban planning and energy master planning, there remain some issues. These issues
point to a wicked problem that needs to be solved. The main issue is linked to how
to best involve different stakeholders in the EMP process. Which tools are needed to
facilitate the stakeholder involvements? How does one communicate and visualize
analysis results in the decision-making group?

In the study on the neighborhood of Ydalir, we identified the stakeholders
involved, as well as stakeholder constraints with regard to EMP and its implemen-
tation. The type of stakeholders involved, how they communicate, and how they are
involved in the process play a crucial role. The main barriers identified have a strong
impact on EMP and are mainly influenced by the involved stakeholders themselves.
The Ydalir case has shown that a collaborative master plan development can help to
strengthen the commitment to the project and lower uncertainty in an early phase of
development. The realization of this collaborative process was enabled through the
initiative, and thereby commitment, of ETS. The external funding was crucial here,
as financial resources for broad stakeholder engagement are often limited.

To maintain consistent quality in the EMP process, it is recommended that the
identification of framing constraints and their limits, and perhaps their evaluation,
be standardized (perhaps starting in checklist form). If identifying constraints and
applying their limits were standardized, the results here could perhaps help to estab-
lish a baseline that can be used by others, built upon experiences, and improved
to establish a standardized process. For the concept of EMP applied on the neigh-
borhood level with multiple stakeholders involved, we learned through the Ydalir
case that there is a need to incorporate aspects of stakeholder management and
engagement, process management, and tools for the identification of the appropriate
neighborhood design. As there are today, no tools or indicators available, as well
as a lack of interest from the academic side, to identify appropriate neighborhood
sizes, we recommend elaborating and identifying appropriate neighborhoods within
a multi-stakeholder approach by screening the whole city and/or region. In this selec-
tion process, factors, e.g., constraints regarding available energy sources, possible
stakeholders involved and their interests, and location within the greater urban and
regional infrastructure system, have to be considered. We recommend conducting a
SWOT-analysis to assess development opportunities with regard to strengths, weak-
nesses, opportunities, and threats for neighborhood development, in general, and
specifically in realizing ambitious energy and emission goals.
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