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Abstract – Urban strategies addressing affordable improvement of citizens’ 
comfort, fight against fuel poverty and better housing, have been proved to be 
important to keep historic cities inhabited and cultural values alive. Urban scale 
energy retrofitting requires flexible methodologies that facilitate evidence based 
decision making for policy makers and practitioners. Working in this direction, 
EFFESUS developed an incremental decision support system which works with 
different levels of information and offers energy strategies which are suitable 
for a wide range of historic urban environments. However, the universality 
of the approach did not consider the socioeconomic dynamics that can be 
triggered when a more local and systemic approach is adopted. Understanding 
the historic city as a unique ecosystem, nonlinear dynamics and evolutionary 
development can be used as leverage to unlock latent local capacities and 
activate the territory. Innovative eco-renovation strategies for traditional energy 
conservation measures from a life cycle perspective, are ways to work with 
local produced solutions linked with new local business models. ENERPAT 
is testing this approach. Three living labs have been created in Porto, Vitoria 
and Cahors as demonstration buildings and long-term thinking frameworks 
including stakeholders of the whole value chain. The solutions based on local 
materials that are being monitored have been decided by co-creation strategies 
using multicriteria methodologies, including criteria as social acceptance, 
socioeconomic development and circular economy. In this paper, EFFESUS 
and ENERPAT approaches and implementations are described and compared 
from different perspectives: multi-scalarity, 3D city models use, multicriteria 
methodologies, life cycle assessment, required information, stakeholders’ 
involvement and expected impact. The analysis shows the complementarity of 
the outcomes and frames their use in different phases of the decision-making 
process to support the development of inclusive and sustainable strategies that 
can boost local economies.
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1. INTRODUCTION

Urban strategies addressing affordable improvement of the citizens’ comfort, fight 
against fuel poverty and better housing, have been proved to be important to 
keep historic cities inhabited and preserved [1]. Urban conservation is also funda-
mental for the global sustainability as it maximizes the use of existing materials 
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and infrastructure, reduces waste, and preserves the historic character [2]. The 
process of updating our built heritage faces the complex challenge of balancing 
the requirements of the need of upgrading to the current standards of livea-
bility and sustainability with the needs and constraints of the preservation of its 
integrity and cultural values.

The project EFFESUS (Energy Efficiency for EU Historic Districts’ Sustainability) 
addressed this challenge through a data driven approach based on a decision 
support system and multiscale data models, as the growing complexity and 
heterogeneity of the existing urban information make proper information 
management crucial for the comprehensive sustainable rehabilitation processes 
[3]. The EFFESUS approach had clear benefits: incremental decision making, 
cost effective data management, applicability in a wide range of European cities 
and evidence based decision making. But one of its limitations was that it did not 
consider the socioeconomic dynamics that can be triggered when a more local 
and systemic approach is adopted.

The historical landscape is the complex result of changes in the use and 
development of the city [4]. Historic cities are the product of evolutionary self-
organization processes articulated around their territorial, environmental and 
climate context in the beginning and around their built environment at a later 
stage. Traditional cities have been considered as complex systems since the 
sixties [5] [6], as ecosystems where living entities (for example citizens, associa-
tions, business, local government) interact amongst them and with the buildings 
and infrastructures through information, energy and material flows, human 
connections and business dynamics. These interactions modify the structure 
of this ecosystem and the physical structure that supports the system (built 
environment and infrastructures). Some of these changes, steadily, make the 
historic urban areas learn and evolve through the adaptation to new circums-
tances and challenges making them complex adaptive systems (CAS). A CAS is 
characterized by spatial heterogeneity, non-linearity, multi-scale interactions and 
co-evolution, and the capacity to self-adjust as response to changes [7][8]. The 
preservation of our built heritage in this framework cannot be a passive process, 
but rather a process of evolutionary improvement of historic urban systems [9]. 
The historic areas should continue the process of adaptation and improvement 
that has allowed survival through the time, since it’s their adaptability that ensures 
their sustainability [10].

Energy improvement in historic urban areas can be understood as one of these 
adaptive processes, where different operating agents (such as owners, tenants, 
architects, local government) try to update the building environment to more 
modern standards for different reasons: to improve comfort, to fight against fuel 
poverty, to reduce the energy bill or climate change mitigation. This improvement 
is usually studied as a disconnected and a linear process, neglecting its functional 
complexity and unpredictability. The conventional process is frequently initiated 
by the local government trying to improve the livability of their historic centers, 
attract new population or prevent depopulation. The historic built environment is 
then transformed to improve its energy performance and sustainability and the 



Energy Efficiency in Historic Buildings 2018

578

results are monitored and assessed. However, other non-linear effects are not 
evaluated: the material and energy flows of the city have changed, the real estate 
dynamic is altered (the value of buildings can be increased, but gentrification 
processes can be triggered too), investment can be attracted to the historic area, 
local economies can be boosted (if local solution are used), surrounding territory 
can be activated (if local materials are chosen), cultural identity can be preserved, 
and high value jobs can be created. These non-predicted effects are combined 
properties that are more than the sum of the characteristics of individual system 
elements. This is one of the characteristics of complex systems known as 
“emergence”. But how we can design a decision-making process to benefit of 
this emergence, when the outcomes cannot be totally controlled and the results 
of the interventions are unpredictable? Or as Marshall states “The paradoxical 
challenge of planning then becomes one of how to ‘plan’ a kind of complexity 
that seems to have arisen ‘naturally’ in traditional cities, without planning” [11]. 
One of the possible responses to this challenge is the participative, collaborative 
and iterative approach to engage urban agents in a process more similar to 
evolution than to design [12]. The optimization of complex environments needs 
bottom-up feedback and local knowledge is only available to the agents on the 
ground [13]. This is especially relevant in the improvement of the sustainability of 
the historic areas and buildings as local materials, climate, techniques and values 
are essential inputs. The ENERPAT project (Co-creation of Energetically efficient 
territorial solutions of Patrimonial Residential habitat Ecorenovation in SUDOE 
historical centres) is testing an approach where eco-renovation strategies that 
develop traditional energy conservation measures from a life cycle perspective, 
are a way to work with local produced solutions linked with new local business 
models. Three living labs have been created in Vitoria (Spain), Cahors (France) 
and Porto (Portugal) as demonstration buildings and long-term thinking frame-
works, including stakeholders of the whole value chain.

In the next sections, EFFESUS and ENERPAT approaches and implementations 
are described and compared from different perspectives: multi-scalarity and 3D 
city models use, considered indicators, life cycle assessment, required infor-
mation, stakeholders’ involvement and expected impact. The analysis shows the 
complementarity of the outcomes and frames their use in different phases of the 
decision-making process to support the development of inclusive and sustainable 
strategies that can boost local economies.

2. FROM A DATA DRIVEN APPROACH TO SYSTEMIC ECO-RENOVATION

Historic urban environments are not going to be strange to the key environmental 
and socio-economic drivers of change over the next 30 years: climate change, 
rising energy prices, social inclusion, information technology, global competiti-
veness, resource scarcity, changing patterns of consumption and demographics, 
insufficient or inappropriate built environments, and outdated or ill-adapted 
systems of planning, management and operational practice, among others [14]. 
They are going to have to face these challenges through rehabilitation strategies 
that must be respectful to their cultural values, but also coherent and compatible 
with their technological, architectural and constructive characteristics.
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EFFESUS was a four-year research project funded by the European Commission 
under its Seventh Framework Programme investigating the energy efficiency of 
European historic urban districts and developing technologies and systems for 
its improvement. The project, with 23 partners and 7 case studies, developed a 
Decision Support System (DSS) as an ecosystem of tools and methodologies to 
support evidence based diagnosis and decision making. Part of this ecosystem 
was a data model, two software tools and a methodology that supports the 
selection and prioritization of energy efficiency strategies. The multiscale data 
model is the EFFESUS model: a 3D georeferenced model based on the standard 
CityGML, which uses the extensibility of the standard to develop the previously 
identified four specific domain extensions (energy, cultural heritage, indicators 
and dynamic extensions) in order to provide all information requirements 
regarding the historic city (a detailed description of the model can be found in [1]). 
In order to facilitate the implementation of a modelling strategy, a categorization 
tool was created. This web application uses information from the multiscale data 
model to perform a categorization of the building stock and support the selection 
of sample buildings (a detailed description of the categorisation methodology and 
web application can be found in [15]). Santiago de Compostela (Spain) and Visby 
(Sweden) were selected for the full implementation and validation of the DSS.

ENERPAT, partially funded by the INTERREG SUDOE program, is a 3-year 
ongoing project that addresses the challenge of finding energetically efficient 
solutions for the historic urban areas from the perspective of systemic 
eco-renovation and local techniques, considering Life Cycle Assessment (LCA), 
circular economy and co-creation perspectives. In the core of the approach is 
the idea that the improvement of energy efficiency and comfort can function as a 
central piece of the ecosystem of complex interactions between social, technical, 
ecological and economic forces. The eco-renovation approach from ENERPAT 
relies on a systemic innovation as the European Commission describes it: 
“innovation that aims at responding to a societal challenge by obtaining a system-
wide transformation through affecting the system’s economic, social and environ-
mental dimensions as well as their interconnections” [16]. Through innovating 
in local solutions and using local materials, ENERPAT aims to activate the 
surrounding territory, mobilize resources (materials) and local competences and 
capacities.

The evolution from the EFFESUS to the ENERPAT approach, is the expansion 
from a concept that considers material, energy and information flows to one 
that includes the former, but also takes into account more political, physical and 
social processes. The change sought in EFFESUS is a crucial one but limited 
sectorally (to improve the energy efficiency and living conditions to keep the 
historic city conserved and alive). ENERPAT aims for a more ambitious transition 
where the building retrofitting system of the historic city is transformed to a more 
sustainable, resilient and economically dynamic one (through the co-creation of 
innovative eco-rehabilitation solutions that are sustainable from the whole life 
cycle perspective and are based in local material and techniques to boost new 
local business models).
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3. DECISION MAKING PROCESS: DSS VS. LIVING LABS

The end user of the EFFESUS DSS is an expert, working for the local 
government, who uses the tool to select the best energy retrofitting strategies 
for a specific historic city. In order to optimise the available data, different levels 
of decision making (LoDM) are possible within the tool. These LoDMs range 
from low levels (LoDM 0 and I) where only general information regarding the city 
is necessary and just generic strategies are provided, to medium-high levels 
(LoDM II and III) where the development of an external data model is necessary 
to structure the information and provide tailored strategies. The two highest 
levels can be considered as part of an incremental strategy of use of information: 
LoDM II addresses the agile generation of a basic functional model and LoDM III 
operates with a fully complete model.

ENERPAT uses co-creation strategies to decide the solutions that would be 
tested in the living-labs. The process of co-creation was originally conceived as 
a business strategy for identifying new forms of customer engagement and has 
since been applied to urban management to interact with citizens and stake-
holders as a way of “creating new solutions, with people, not for them”. In urban 
contexts, the concept has evolved to address the socio-technological transition 
and the experimentation to develop new solutions to answer the complex 
challenges that cities face (e.g. sustainability, climate change or resilience). The 
type of living lab developed in ENERPAT has features of the “Urban living labs”, 
focused on specific urban contexts and problems. Central to this concept is the 
“transition arena” that offers an informal, well-structured space to a small group 
of diverse stakeholders or “change-agents” [17]. In ENERPAT the transition arena 
has been decided locally and included the whole value chain: local government, 
research organisations, practitioners, craftsman and construction workers 
and local solutions providers. This group of change-agents worked in different 
workshops to select the best solutions to be tested in the living labs. Local univer-
sities, closely connected with the historic cities, provide scientific background, 
they test the solutions in laboratory before the installation in the demonstration 
buildings and monitor and evaluate the results.

The different decision-making processes developed in both projects represent 
the differences between the principles of traditional modernist urban planning 
and the self-organization as it is described by Rantanen & Joutsiniemi [18]. The 
EFFESUS decision making process is set to look for mono-functional, techno-
structural solutions using partial optimization strategies where the improvement of 
energy efficiency is considered as a separate activity in the process of organizing 
the city efficiently. Instead, the ENERPAT process uses the interlocking and 
overlapping of spaces to enable stakeholders to interact and evolve using a 
holistic rather than comprehensive approach trying to change the whole rehabili-
tation system.

4. CRITERIA AND SOLUTIONS

Three main axes that influence the historic cities energy sustainability were consi-
dered in EFFESUS: efficient resource management, liveability improvement and 



581

Energy Efficiency in Historic Buildings 2018

conservation of cultural values. The followings six criteria were identified: indoor 
environmental conditions, embodied energy, operational energy, economic return, 
impact in heritage significance, and fabric compatibility. The DSS calculated 
quantitatively the impact in operational energy of each strategy and considered 
qualitatively indoor environmental conditions improvement, embodied energy 
of the solution, and the required degree of economic investment. An Analytical 
Hierarchical Process (AHP) was used to introduce the end user preferences in 
the system. The impact on the heritage significance was used as filter to discard 
solutions [19]. DSS automatically prioritised solutions from a database of 77 
energy conservation measures previously characterized by experts.

In ENERPAT the solutions were not selected, instead they were created. Criteria 
and indicators were used to make stakeholders think about the different qualities 
of the possible solutions and to discriminate the ones not aligned with the project 
goals in order to focus the discussion on a short list of solutions. To the criteria 
proposed by EFFESUS, energy poverty, logistical easiness, socio-economic 
development, and citizen acceptance were added. The LCA was broadened 
(and focused), specifically including the proximity of the materials and circular 
economy concepts. The final solutions were selected in each living lab by 
consensus based on the local materials and solutions suitable to be improved 
and local business models developed. The solutions were basically focused on 
the improvement of the building envelope using locally available materials and 
the involvement of local business interested in developing innovation around 
them, for example the use of hemp mixed with lime in Cahors or cork in Porto. 
Currently, the baseline of the energy performance and comfort is being monitored 
in the demonstrator cases and a separate LCA assessment is being carried out 
to compare the sustainability of the original rehabilitation system (“business as 
usual”) with the proposed new one.

5. REQUIRED INFORMATION, MULTI-SCALARITY AND 3D CITY MODELS

The urban interventions in valuable and vulnerable environments such as 
historic districts must be carefully planned and managed to ensure that the 
new interventions are respectful with the heritage values in all the scales. A 
multiscale approach that considers the multiscalarity of energy and heritage 
significance, makes it possible to develop location-specific heritage significance 
impact assessment, i.e. to systematically link the impact of one solution with the 
heritage value of the specific element that is impacted. Then, interventions that 
were initially considered unacceptable at the building scale could be considered 
suitable at the component scale [1].

Both projects have in common a multiscale data model based on the standard 
CityGML that aims to be the reference model for the diagnosis, decision making 
and management of the energy efficiency in historic urban areas, integrating 
energy and cultural heritage information. Both projects used the model specifi-
cally to calculate the impact of the selected strategies at urban level, but the used 
methods are different. EFFESUS is using “sample building” modelling strategy 
through a categorization method and tool: it categorises the building stock, 
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chooses one building as representative of each typology and then extrapolates 
the results to the whole historic district [15]. ENERPAT will use the same model 
to extrapolate the results of the monitoring of the living labs. The three demo 
buildings (living labs) are being monitored by sensors in order to assess the 
impact of the new solutions at building level. The model will be used to assess the 
applicability and impact at urban level of theses tested solutions.

One of the big differences between the two approaches is the level of required 
information (and the ambition of the expected results). With the EFFESUS DSS, 
once the data are included in the model, the assessment of the solutions is an 
almost automated process. The time required for data collection and generation 
of the data model is very much dependent on the availability of data and the 
size of the area to assess. From the beginning of the process until the final 
results are obtained, an estimated average timeframe would be around two 
weeks for a medium-sized district. The process described in ENERPAT could 
take around three years if the whole process is considered: adapting the metho-
dology, selecting the stakeholders and the demo buildings, setting the living labs, 
co-creation process, installation of the solutions, monitoring (and co-monitoring), 
analysis of the results and extrapolation.

6. RESULTS and complementarity

The following table summarizes the comparison of the two projects and their 
methods. 

Table 1. Summary of the comparison between EFFESUS and ENERPAT

EFFESUS ENERPAT

PROJECT  
DATA

Duration 4 years (2012–2016) 3 years (2016–2019)

Funding Seventh Framework Programme INTERREG SUDOE 

APPROACH Data driven Systemic eco-renovation

DECISION MAKING Through a DSS Through co-creation strategies

REQUIRED 
RESOURCES

Time Low-Medium High

Staff Low Medium

SOLUTIONS Universal Based on local techniques and 
materials

3D MODEL Use Feeding the data for decision  
making and extrapolation

Only extrapolation

Modelling strategy Sample building Living labs

INDICATORS Considered  
indicators

Energy performance (quantitative) 
Indoor environmental conditions, 
embodied energy, operational 
energy, economic return, impact 
in heritage significance and fabric 
compatibility (qualitatively)

The EFFESUS indicators + energy 
poverty, logistical easiness, socio-
economic development and citizen 
acceptance

Assessment Calculations Monitoring + calculations

Monitoring by sensors No Yes

LCA Through the characterization of 
the solutions

Specific study of the whole system

STAKEHOLDERS´ INVOLVEMENT Limited The whole value chain is involved 
through living labs

EXPECTED IMPACT Improvement of energy efficiency 
and comfort

Systemic change and territorial 
activation
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The comparison of the two approaches clearly shows the difference between 
them in terms of ambition, required resources and used methods and tools. 
ENERPAT addressed a valuable systemic perspective but EFFESUS developed 
some useful tools that can be integrated through the co-creation strategies and 
help decision makers. As Colander and Kupers stated “complexity policy is 
contextual and consists of a set of tools, not a set of rules, that helps the policy 
maker to come to reasonable conclusions.” [13]. The EFFESUS model and 
approach have been proved to be useful for early-stage urban energy decision 
making [1]. At this stage a long list of solutions can be easily evaluated through 
the DSS in order to provide to the co-creation process with data for an informed 
decision in coherence with the recently approved European Standard, EN 16883 
(Guidelines for Improving the Energy Performance of Historic Buildings).

7. CONCLUSION

This paper has described the approach of two different projects with a similar 
goal: the improvement of energy efficiency and sustainability in historic urban 
environments. Although the projects were close temporally (when EFFESUS 
finished ENERPAT just started), the evolution from one to another can be seen 
as a change in the way we see historic cities and their energy improvement: from 
a linear, mechanistic view, to one based on nonlinear dynamics, evolutionary 
development, and systems thinking. However, the results of the projects are 
complementary. The EFFESUS DSS can be highly beneficial for the early stages 
of an urban energy retrofitting process and provide evidence to the co-creation 
strategies within the ENERPAT approach. To adopt the ENERPAT strategy, a 
high political commitment and long-term vision is required. Should it be adopted 
as an evolutionary strategy, it could be deployed step by step in an incremental 
and controlled way. Benefits that can be obtained could significantly transform the 
system of the historic city improving its sustainability and liveability, reinforcing its 
local economy, preserving its cultural values and including all the stakeholders in 
the whole process.
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