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ABSTRACT
The European project Energy Efficiency for EU Historic
Districts Sustainability (EFFESUS) aims to develop and
demonstrate a methodology for assessing and selecting
energy efficiency interventions in historic urban districts.
This paper will give an overview of the whole project
with a focus on the methodology and results from the first
part of the project including the following steps:
Identification and collection of existing data on historic
urban districts, establishment of impact indicators for
energy retrofit measures, identification and evaluation of
European and national policies and legislation,
development of a categorization method, and
development of a multi scale data model
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1. Introduction
Historic buildings constitute around one quarter of the
European building stock. They are an important part of
our built heritage even though most of them are not
formally protected. In Europe, historic urban buildings
consume 4% of all energy and are responsible for 3% of
CO2 emissions. Therefore, improving energy efficiency
in historic buildings and historic districts is essential.

2. The EFFESUS project
The EFFESUS project is funded by the European
Commission, running from 2012 to 2016 and involving
23 partners from 13 European countries. EFFESUS aims
to investigate energy efficiency and sustainability of
European historic urban districts and measures and tools
to make significant improvements whilst protecting their
heritage value. The project will develop new
technologies; provide training and awareness activities;
and demonstrate its results in real case studies in seven
historic urban districts: Bamberg (Germany), Budapest
(Hungary), Genoa (Italy, Glasgow (United Kingdom),
Istanbul (Turkey), Visby (Sweden) and Santiago de
Compostela (Spain).
The main deliverable of the project will be a decision
support system (DSS), an expert system that provides
users with support in the identification and prioritization
of interventions for improving energy efficiency in
historic districts. The methodology and the DSS will
focus on the initial stage of the retrofitting process at
district level, in which the retrofitting framework is
established. The objective is to facilitate informed
decisions on the selection of strategies and technological
solutions.

The European project Energy Efficiency for EU Historic
Districts Sustainability (EFFESUS) aims to develop and
demonstrate a methodology for assessing and selecting
energy efficiency interventions in historic urban districts.
This paper will give an overview of the whole project
with a focus on the methodology and results from the first
part of the project where the aim is to develop a
structured categorization and multi scale data model for
the European stock of historic urban buildings.
Fig 1: The flow of information in the EFFESUS
project

Decision making will be based on the data both of the
historic district and of the retrofitting solutions. This
paper will focus on the first phase of the EFFESUS
project, which is divided into five tasks:
1. Identification and collection
(Completed in June 2013)

of

existing

data

2. Establishment of impact indicators (Completed in June
2013)
3. Identification and evaluation of European and national
policies and legislation related to energy efficiency and
cultural heritage conservation cultural heritage
(Completed in June 2013)
4. Development of a structured organization and
categorization method (Completed in September 2013)
5. Development of a multiscale data model (Completed in
November 2013)
Task 1, 2 and 3 will provide input to the tasks 4 and 5 as
shown in fig 1. In the following, each task will be
presented more in depth.

3. European building and urban stock data
The objective of this task was to identify existing data in
relation to the requirements for the structured
categorization (Task 1.4) and for the data management
model (Task 1.5). The data about historic districts will be
dealt with on three levels of detail:
1)

European historic district typologies in general

2)

Specific historic districts

3)

Multiscale data model for detailed information
about a historic district.

sources were described, evaluated and listed in the task
report [3] which will be provided on the homepage of the
EFFESUS project. The major findings are as follows.

3.1 Historic stock
The survey shows that the historic building stock in
Europe (EU 28, Norway, Switzerland, and Turkey)
accounts for around 23.1 % of all buildings. The national
age classes vary, therefore the border range between
historic and non-historic buildings is in the interval 1945
to 1950. In general the protected stock is only a small part
of the historic stock, even if some conservation areas are
taken into account. Thus data of the heritage authorities
cover only a smaller part of the historic building stock,
which implies that for the major part of historic buildings
there is no information about the cultural value or
building structure in public data bases.

3.2 Building and georeferenced data
The access to and quality of national building data varies
greatly and will be a limiting factor. For the case studies,
additional data will be actively collected. Most countries
provide georeferenced 2D or 3D information on
buildings. In general up to Level of Detail 2 data (3D
with roof forms) are available for most of the case studies
(see Figure 2). Data with higher levels of detail are not
generally available. They must be collected separately for
any chosen district.

Since there are many sources of data of varying content
and quality, criteria for the data collection have been
established in order to identify the most suitable
databases. These criteria are:




Quality, update status, and type of information
Scale and geo-references
Domain and thematic areas, and language Format
and accessibility

Based on the above mentioned criteria, existing data in
Europe with focus on the countries of the EFFESUS
partners have been identified and evaluated. This includes
a statistical presentation of the age distribution in the
European building stock and of the literature on energy
consumption and energy refurbishments in historic
buildings. In addition data on building typology and on
availability of georeferenced data were identified. The
latter one covers the following categories: geometry
(districts, buildings: location, terrain, level of detail,
space, volume, etc.), climate (climatic regions,
microclimate, etc.), building (construction typology and
materials, building age and usage, protection, retrofitting
state, etc.), and energy (provision, sources,
heating/cooling systems, consumption, etc.). The data

Figure 2: Different Levels of Detail (LoD) to represent
a single building.

3.3 Climate data
The survey of available data showed that there is not
sufficient data on climate. To overcome this problem
EFFESUS will use climate data from the European
project Climate for Culture [1]. This project will provide
outdoor climate data for the periods of 1960 – 1990, 2020
– 2050 and 2070 – 2100 with a resolution of 10 km to 10
km grid size for Europe and the Mediterranean [2]. The
first period will be validated by real measured data.

3.4 Energy data
Data from the various national energy certification
schemes can be useful. However, the heterogeneous
structure and content makes it difficult to define a
common method. In some countries data are linked to an
address, in others it is anonymous. The assessment of
energy performance must be based on actual energy

consumption for several years, corrected by the actual
climate of the period [4]. Data based on calculated values
are not reliable, because of incorrect representation of
constructions and materials of historic buildings. [5]). An
example from Germany shows, that the refurbishment of
buildings before 1919 can be less effective compared to
buildings in the period 1919 to 1948, because they have
more architectural features on facades and details which
results in more complex tasks for retrofitting [4,5]), see
fig 3. It may be of interest to perform such analyses for
different European countries or regions.

in the European project PERFECTION. Here, indicators
are defined as “quantitative or qualitative measures which
can be compared to specific standards, thresholds, guided
values or principles, in order to assess the performance of
products, building components, buildings in relation to an
objective” [7].
Impact indicators specific to this project were developed
following this approach, see fig 4:



(Non refurbished buildings)

For each category a list of impact indicators was
defined in the form of subcategories or science
areas;
Each impact indicator was in turn divided into
specific indicators, for which the related standard or
guidelines were specified and also the exiting target
or recommend values.

(total)

(Fully refurbished buildings)

EFFESUS Limit

(Year of construction)

Figure 3: Comparison of heating energy use
depending on the year of construction of domestic
multi-family building in Germany. The upper curve
indicates use of non-refurbished buildings; the lower
curve of fully refurbished buildings; and the middle
curve represents the whole analysed stock. [5]

4. Impact indicators
Energy efficiency measures in historical buildings and
districts require particular attention since the conservation
requirements and purposes need to be respected and
guaranteed, in addition to the objectives of economic
return and sustainability. For this reason the suitability of
a retrofit measure and its impact should be assessed
considering
the
following
categories:
indoor
environmental conditions, building and urban fabric
compatibility, historical values and conservation
principles, embodied energy, operational energy and
economic return.

4.1 Overall methodology
To facilitate a systematic assessment of the above
mentioned categories, a number of impact indicators have
been identified. Indicators are defined in the UNI norm
11097:2003 as “qualitative and / or quantitative
information associated to a phenomenon (or a process or
a result) under observation, which allows you to
investigate the changes during time, as well as to verify
the accomplishment of a goal, in order to allow for proper
decision-making” [9]. A similar definition was found also

Figure 4: The approach for defining impact indicators
Subsequently, a short list of impact indicators has been
identified from the wide array of topics found in the
literature. The choice of the most relevant indicators for
EFFESUS project, in particular for the development of
the decision support system (DSS) tool, was
accomplished on the basis of the interaction with other
work packages. The result is a first broad selection, which
will be refined throughout the project’s development
according to the results of the following EFFESUS work
packages and in function of its usefulness for the DSS
tool. The development is still in progress and the final
selection of impact indicators will be made in close
cooperation with the development the DSS tool.

4.2 Results and recommendations
A common approach to the use of the indicators was
defined, in order to connect the quantitative assessment of
the technical or practical categories with the qualitative
assessment related to historical values and conservation
principles. Hence, for each category or subcategory a five
point scale was established for the evaluation of the
impact indicators both in the initial conditions and after
the implementation of the possible retrofit measures. The
first assessment of the existing stock can be based either
on existing data sources or on field assessment, while the
impact of the interventions may be derived from the
repository of existing technologies and systems for

energetic retrofitting. The required qualitative assessment
values should be established by qualified professionals
with experience in dealing with historic buildings (e.g.
specialist conservation architects, specialist conservationexperienced structural engineers, building physicists with
specialist experience in assessing historic building
fabric). Assessments should be carried out using state-ofthe-art expertise and will need to precisely describe the
knowledge gaps relevant to the assessment carried out.
The proposed method is weigh the above outlined
assessment categories against each other, in order to
evaluate the impact and the related risk of the
implementation of a particular retrofit measure on a
particular building or urban fabric. The results of the
assessment of the existing stock and later of the impact /
risk of the possible retrofit measures, might not be in
form of absolute values, but rather in the form of
probability and risk assessments:





retrofit measure likely to be suitable;
retrofit measure might be suitable;
retrofit measure suitable;
retrofit measure likely not to be suitable.

The aim is to obtain an overall assessment of the
suitability of the intervention in question and for the
specific case in function. This can help to prioritize
retrofit measures and indicate the degree to which further
specialist assessment will be required.
The recommendation for the DSS system is that it should
be iterative with the first iteration using this relative scale
of indicators to determine the initial relative suitability of
various retrofit measures. When this is achieved, the
resulting smaller list of suitable retrofit options can be
investigated in detail for the specific building, district and
location using external tools recommended by the DSS.
The detailed results obtained can then be fed back into
the DSS tool for a second iteration and selection of the
most suitable options.
Even if some recommendations on how to use the impact
indicators was suggested, their integration within the DSS
tool and the overall method will be further developed in
the course of EFFESUS project.

5. Identification and evaluation of European
and national policies and legislation related
to energy efficiency and cultural heritage
conservation
In order to assess the potential for energy interventions in
a historic district, the legal framework must be defined.
The objective of this task was to make an overview of the
current European and national legislation including
international charters and EU directives in order to define
the relationship between legislation and policies for
heritage protection on one hand and energy efficiency on
the other hand.

In a first stage, the method and scope of a European
survey was defined. A questionnaire was distributed to all
partners. In parallel, information on EU law (EPBD) and
international conventions and charters were collected.
Data collected from the questionnaire was systematized
and analyzed. The following is a summary of the findings.
The results show no direct conflict between legal systems,
neither on international, European nor national level. One
reason for this may be that the European legislations and
the international legislations have broad formulations.
This is especially true of international conventions and
charters, which are considered “soft law”, this refers to
quasi-legal instruments which do not have any legal
binding force and serve mainly as guidance. Regulatory
authorities in each country are therefore relatively free to
adapt the requirements into national regulations in a way
ensuring that they do not come in conflict with existing
national legislation. Unclear or undefined legislation
leads to much room for discretion which in turn leads to
different practices, based on the political composition.
Lack of legal conflicts is probably also related to the fact
that most participating countries seems to have adopted
the Directive EPBD 2010 fully. This also applies for the
participating countries which are not a member states.
EU law makes a clear distinction between officially
protected buildings or environments and non-officially
protected buildings or environments, where non-officially
protected buildings or environments in principle shall be
treated equally with all other existing buildings and
environments, when it comes to requirements for energy
efficiency. This concept is implemented in the guidance
document “Cost-optimal methodology framework”.
The survey also shows that communication and
cooperation between relevant bodies can be improved. A
close dialogue between relevant public bodies should lead
to the development of a common national standard. There
is further a need to develop a common method of costoptimal methodology framework which is suitable for
historic buildings and environments. Existing methods are
not designed to deal with the specific problems which
occur when the requirements are applied in historic
buildings. A method that is particularly suitable for
historic buildings, will not only be useful for calculating
efficiency without harming the building or environment, it
is likely that it causes the current policy and practice to
follow.

6. Development of a structured organization
and categorization method
For practical reasons, the investigation of a historic
district as a whole cannot be made on a house by house
basis. The building stock must somehow be reduced to a
manageable number of categories that provides a
satisfactory statistical representation of the whole stock.
Thus a limited number of typical sample buildings would
represent the whole building stock in question. In

addition to this, the district will be represented at a
communal level with information on energy supply,
possibilities for local energy production etc.
This approach has been used to assess the potential for
energy improvements in general. A study to investigate
the potential and cost for reducing the environmental
impacts of residential buildings in the European Union,
[6] used national statistical data to categorize the building
stock in the EU. Based on geographic location, age,
design and technical characteristics, 72 categories were
selected. These categories were estimated to represent
around 80% of the building stock in the EU. The
European project TABULA [8] has presented national
building typologies representing the residential building
stock of their countries in order to assess the potential for
energy savings. In a Swedish study by the National Board
of Housing, 1800 buildings were statistically chosen to
represent the entire building stock.
Even though the previous projects use a variety of
typologies and categorization schemes, they still define a
common platform in terms of methodology and input data
specifications.
Based on the previous studies, one can identify a
minimum requirement of data that is needed for building
categorization on a wider scale. Climate zone







information at different scales (city, district, building and
component) and from different domains (infrastructure,
housing, mobility, energy etc) Therefore, it will be
necessary to design a data model that allows organizing
the domain knowledge within a complete and unique
model, which will feed the DSS.
After the identification of the general requirements of the
model and the analysis of the existing representation
standards, it has been decided to develop the model based
on CityGML, which is a standard data model for the
representation of 3D city models that combines semantic
and geometric information. This is an application of the
Geography Markup Language (GML3) that enables the
exchange of spatial data. Both are standards approved by
the Open Geospatial Consortium (OGC). The
requirements that are fulfilled by a data model based on
CityGML are the following:




Type of building
Type of use
Size
Age of construction
Building envelope
Heating/cooling system

Existing typologies and categorization methods are useful
in the EFFESUS context, however in the context of the
EFFESUS project they have be further developed to take
into account the impact factors that are specific for
historic districts. As the access to and quality of national
building data varies the method of categorization has to
be flexible. The EFFESUS categorization is being
developed and will be tested and verified using the world
heritage town Visby as a case study.





Figure 5: The district will be represented by a number
of typical buildings.

7. Development of a multiscale data model
To achieve the project objectives, a proper strategy for
the management of data is needed. In order to enable an
informed decision, this strategy should link the

It should include semantic and geometric
information properly related and georeferenced.
CityGML not only represents the geometry,
topology and appearance of objects in a consistent
and homogeneous way. It also represents semantic
and thematic properties, taxonomies and
aggregations.
It should interconnect the information at different
scales and levels of detail. CityGML can represent
graphical data at different Levels of Detail (LoD) se
fig 1, reusing semantic information. Different LoD
allow visualization and analysis of data at different
resolution and scale, depending on the requirements
of each application. In this way the strategic scale
(urban) and the operative scale (buildingcomponent) are connected within the same model.
Moreover, thanks to its interoperability, it’s
possible to connect the city scope with more
detailed building or component model as BIM
models (Building Information Modelling) and with
territorial level systems (GIS - Geographic
Information System).
It should be interoperable with the other outputs of
the EFFESUS project, but also with other existing
data models and external tools for management
analysis and decision making. As City GML is an
international standard, the model will be
interoperable with other data models and tools
(analysis, management, decision-making ...)
The model should be domain-independent but
should be extensible in order to incorporate
domain-specific information for the energy
assessment and management. CityGML is intended
to be a universal model independent of the
application domain, but it allows to create,
according to the users’ needs, new entities or to
characterize existing ones with new attributes. To
simplify this process and increase the flexibility,
CityGML defines Application Domain Extension
(ADE). Once formally specified, documents can be
validated according to it; while compatibility is

maintained with the original tools based on
CityGML.
The data model will be fully implemented in the case
study of Santiago de Compostela.

8. Conclusion
This paper has shown the progress of the EFFESUS
project towards a method for categorization of European
historic districts and a multi scale data model for the
assessment of energy interventions in historic urban
districts. In relation to the information needed in the
project as a whole, available data sources have been
identified. A general methodology for the assessment of
measures has been developed and impact indicators have
been identified. In a survey, European and national
policies and legislation related to energy efficiency and
cultural heritage conservation have been identified and
evaluated. The development of a structured organization
and categorization method has been initiated and a new
method will be tested and validated using one of the case
studies. Finally, the requirements for a multi scale data
model have been defined and a data model based on
CityGML will be developed implemented in the case
studies.
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