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Abstract 

Governments are committed for decreasing greenhouse gases emissions to accomplish with the global world 

set targets and towards NZEB, Net Zero Energy Buildings. Since new construction in Europe amounts only a 

small percentage of the total building stock, emissions from existing buildings cannot be ignored and it need 

to be reduced. Historic buildings, located in inner cities can also have room for some energy improvements, 

even across compliance with some modern standards and new construction techniques without damaging 

their main valuable architectural features. However, to meet these energy requirements it is necessary to 

promote the use of solar energy also on existing buildings, with or without particular historical values. This 

matter should thus become a top priority for mid-term future but today it is still not being properly exploited 

because of psycho-social barriers and lack of information.  

This paper presents some experience and the lesson learnt from different research projects carried out in 

Switzerland by the Institute for Applied Sustainability to the Built Environment (ISAAC) to promote energy 

efficiency and regulate the use of solar energy system, such as PV, solar thermal and solar passive systems, 

on historical buildings. These research projects have enabled ISAAC to establish specific measures to 

integrate properly these solar systems with the collaboration and special contribution of different and same 

time divergent field experts. 

 

1 Understand & Respect the existing 

Replacing an existing building with new ones requires a considerable investment of ‘embodied’ energy in 

materials, transport and construction. The balance of advantage strongly favours the renovation of existing 

building stock, particularly when the energy consumption of the building can be drastically reduced. 

Particular cases are the protected heritage buildings. 

Cultural heritage items are fragile and can be compromised easily and irreparably unless they have been 
studied meticulously and fully understood prior to any internal/external changes altering the stratifications 
and balances that have been established over the course of time. With the aim to preserve and protect this 
kind of buildings as pointed in Article 4 of the new Recast of the Energy Performance of Buildings Directive 
[1], when setting of minimum energy performance requirements, Governments can opt to omit the following 
categories: “buildings and monuments officially protected as part of a designated environment or because of 
their special architectural or historic merit, but only where compliance with the requirements would 
unacceptably alter their character or appearance” 

But at the same time, different European and national [2, 3] projects demonstrate and already proposed 
innovative approaches to raise energy efficiency through the refurbishment of the building stock. These 
energy improvements are desirable but cannot always be implemented in such a way as to reach the highest 
standards. Alterations are often impossible without unacceptable damage to the historic fabric or cultural 
record, or the creation of new uncertain construction risks but opportunities for energy saving should be 
achieved. The quality of a conservation and renovation project for a historical building depends on the 
capacity to reach a compromise between the many, and often divergent, requirements of current legislation 
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on static safety, accessibility, levels of environmental hygiene and energy savings, set against the 
architectural and material features of buildings designed and constructed in accordance with other criteria.  

1.1 Intended use of historical buildings: analysis of the requirements and needs 

A good renovation project must also ensure an acceptable level of comfort for people and artworks. The 
environmental qualities of historical architecture, the bio-climatic aspects and benefit from solar passive 
strategies and the climatic qualities of the site can be an important starting point for an energy refurbishment 
project aimed at facilitating energy savings in a building. These buildings are usually characterized by a high 
energy demand and major thermal dispersion but furthermore, are more thermally stable due to its higher 
thermal inertia. In the case of historical buildings we must try to understand how to ensure a sufficient level 
of environmental quality, transferring some environmental regulation functions to the building itself with the 
possibility of achieving passive control over the microclimatic parameters. Passive energy solutions 
contribute significantly to improve the energy efficiency of the building without invasive and intrusive 
intervention. These solutions represents an opportunity for reconsidering “tradition”, by adopting an analytic 
and critical outlook of the capacity expressed by the historical building in solving the microclimatic problems. 

In effect, the objective of a historical building energy adaptation project is to improve the levels of comfort 
and to reduce the energy consumption required for heating, lighting and other purposes. Another important 
aspect when considering energy savings, it will also be advisable to evaluate the contribution of renewable 
energy sources. Integrating these resources into existing structures is a challenge that cannot be ignore 
nowadays.  

1.2 The widespread contribution of renewable energies in historical context 

When renovation works affects structural safety, fire safeties, and access for disabled people, are normally 
accepted by everybody because these measures improve the human comfort. Furthermore, technologies 
that are highly visible today, such as aerials, lightning rods and other technological equipment, which have 
been integrated into building coverings because they are considered as “necessary”, have now become 
generally accepted due to their importance.  

Nowadays solar technologies available on the market have been specifically designed and adapted for this 
type of integration, while also reducing the impact on the buildings. Such devices include for example 
photovoltaic roof tiles, thermal collectors for hot water production, lighting elements, transparent and 
coloured elements. In any case, materials are being developed and in the future there might be new forms 
and elements that can be integrated appropriately, and with reduced visual impact, even into buildings of 
architectural value. It is also very important that the designer understands the diverse qualities and the 
unique features of each photovoltaic element, in terms of both performance and aesthetics, in order to 
increase the number of potential choices and solutions. Even though the situation may become slightly 
problematic when the thermal solar collectors and / or photovoltaic panels must to be installed, integrating 
renewable technologies into an urban context, or into existing buildings, can improve the architectural and 
technical quality of the building, in terms of economic and environmental sustainability. Good examples to be 
replicated are a big chance for the promotion of solar energy resources [4]. 
 

2 Develop high quality architectural solutions 

Swiss federal energy policies emphasise the importance of incrementing the supply of energy from 
renewable resources, while also reducing the energy demand in consumption sectors, with specific focus on 
the construction sector. These objectives have become much more relevant since the 2011 Fukushima 
nuclear station accident, after which principles were defined for a new “2050 energy strategy”. The Institute 
for Applied Sustainability to the Built Environment (ISAAC), part of SUPSI, the University of applied sciences 
and arts of Southern Switzerland, received several mandates both from the federal office of Energy (BFE) 
and from the Association for the Heritage Building, to carry out different researches in order to promote and 
regulate the use of solar energy system, on historical buildings and in particular landscapes.  

The experience matured at the Swiss Centre of Competence for BIPV starts from understanding if solar 
systems have a direct impact upon the performance, design, form and shape of a building.  

The final result, both in terms of cultural heritage preservation and energy efficiency, was due to the 
willingness to compromise and to the technical know-how demonstrated by all the players involved in the 
different research projects. An early dialogue between the building control and the conservation officers in 



the local planning authority is needed and all the actors involved in a renovation project (architects, 
renovation experts, owners, technicians, protection officers) must therefore carefully consider the new 
technological developments, and understand how they can be introduced and integrated into existing 
buildings. Targeted aspects must to be considered when redeveloping existing historical buildings: 

 

 

 

Usually most of the historical buildings that were built between the 19th and the beginning of the 20th 
centuries lie in old city centres, characterized by dense and compact urban scale settlements that 
compromise the proper solar access. In this situation, urban planning significantly determines the possibility 
to relish solar irradiation in buildings. Solar energy exploitation on existing buildings (in particular historical 
buildings) could be compromised during urban transformation. To maximize exploitation of the solar energy 
resources in urban zones it is necessary to ensure its acceptance on an upper level assuring both building 
and urban context needs. To prevent an arbitrary use of solar energy technology, it is necessary to assess 
the solar potential (solar photovoltaics, thermal collectors and direct and indirect passive solar systems) and 
availability for a building in relation with its immediate environment and with its constructive and typological 
features. 

In densely built-up areas it is important to consider factors such as the buildings’ geometry and height, the 
materials and colours, as well as the size and morphology of the streets, as these factors affect the 
absorption and reflection of solar radiation. In the same way urban shape also depends on the specific 
conditions of the local place and the climate. In the research project UiSOL, Urban Integrated PhotoVoltaics 
[5], in collaboration with HES-SO (Friburg, CH) and Accademia di Architettura di Mendrisio the solar potential 
in urban environment has been studied by calculating the solar and daylight availability in an urban area, 
composed of several multi-storey residential building near Lugano. This strategy has proven to be a useful 
tool for architects and renovation experts to locate active or passive solar systems, to guide choices and 
investments in the energy and urban planning fields allowing the elaboration of a repeatable procedure of 
analyses. 

To shift the detail at a building scale, but always linked to the urban environment, with the aim of identify 
various solar systems integrative possibilities in sensitive environments, it is necessary to examine the 
existing architectonical situation, by analysing the distinctive elements of the surroundings, the building and 
the solar technology to be considered. Generate an inventory of the buildings typology it will be useful to 
highlight the main factors for overcoming the hurdles that often limit solar integration. The existing housing 
stock is a repertory of very heterogeneous constructions which not only have to fulfil different needs but can 
also be identified according to building techniques, the year of construction, the materials used, and the 
representative status and, by the architecture. Within the SURHIB research project - Sustainable Renovation 
of Historical Buildings [6], with the aim of develop, test and promote solutions for the sustainable renovation 
of non-protected historical buildings, guidelines have been draw up for the proper integration of solar 
installations in historical town centres in Ticino. The procedure was then applied to a particular case study, 
the historical core of Bellinzona –TI-CH.  

In this instance it was verified that aesthetic and technical issues are important for improve solar systems 
acceptance by the inhabitants, tourists, architects, planners and representatives of monument protection 
authorities. As an example, to enhance the architectural quality of solar systems -solar thermal (ST) 
collectors and/or the photovoltaic (PV) modules- by defining, first of all, the formal constraints that negatively 
affect the installation in order to identify appropriate solutions, six objective criteria, focusing on shape and 
emplacement of the solar panels, were define in SURHIB project: 1) Co-planarity, with the building surface; 
2) Respect of the lines; 3) Shape, compliance with the proportions to avoid random solar installation; 4) 
Grouping, for better integration; 5) Accuracy of connecting elements; 6) Visibility, from other building or from 
the streets. In addition, five recommendations deal with more subjective aspects such as the visual 
characteristics of the installations were been suggested: a) Cover the construction surface; b) Multi-
functionality; c) Application; d) Aesthetics; e) Sizing. These recommendations were consequently conceived 
as a set of suggestions which can be helpful, but are not mandatory, when approaching the design and the 
installation of a solar plant. This research serves to elaborate guidelines for the public institutions of Canton 
Ticino: “Solar panels in historic centres. “Installation criteria and landscape evaluation”. 
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Figure 1: 1) iPPF tool developed at the University of Applied Sciences of Western Switzerland used in UiSOL 
research project allows to assess the potential for different solar techniques; 2) Criteria and 
recommendations set out in the research project SURIHB. 

Moreover, when considering the energetically and environmental upgrading of a protected heritage building 
all building energy system (i.e. HVAC system) must also be considered. The technical equipment in a 
historical building are almost always part of the architectural heritage them self. These systems provide 
unique evidence of historical developments and of the construction techniques then in use and that can often 
still be used, although with some appropriate supplementary elements or adjustments. Unfortunately often in 
a building renovation process the final expectations in terms of aesthetics and regarding the expected levels 
of comfort, and maximum energy savings will not be achieved. Reducing the energy consumption of historic 
buildings using fossil fuels is a hard work and often it is not economically justifiable; for this reason a 
possibility would be integrating new solar technologies in the building itself to contribute to the energy 
production. 

During EnBau, Energie und Baudenkmal research project [7], focused on energy conservation practices on 
Heritage Buildings, three tangible cases studies settled in Switzerland have been analysed, in order to define 
a series of solutions aimed mainly at improving the energy features of the buildings and the level of comfort 
inside. All the energy efficiency improvement measures by renovation/restoration or rehabilitation of these 
particular buildings that have been studied are focuses at maintaining and protecting the original 
architectural features reinforcing the historic character and increasing property values while avoiding 
degradation. Such this difficult task entails the involvement of an inter-disciplinary work group and the 
methodological approach developed to evaluate each improvement solution with specific objectives and 
requirements had been considered and set up in a logical manner: 

 In the first stage, it is necessary to set off the requirements and acquire all necessary information 
about the property to assess the current status condition: 1) objectives to reach; 2) needs of the client and of 
all the stakeholders; 3) main features of the historical building (external envelope, internal structure, 
surrounding environment, current energy assessment, final use); 4) analysis of the critical aspects, 
restrictions and regulations. 

 The second stage foresees the energy measures proposal based on previous information in order 
to define different energy retrofitting solutions and tools to enhance and improve the present situation; 

 A third stage consists in the evaluation of the proposals and of the results achieved: assessment 
of retrofit measures, management, planning and maintenance. 

To establish a common procedure, main indicators were defined to assess energetically refurbishment 
measures in relation to the characteristics of each historical artifact. The main key parameters for energy 
efficiency assess measures are: Feasibility; Reversibility; Reliability; Comfort Improvement; Potential 
savings; Environment effects; Maintenance and management. Finally a scoring system gives the evaluation 
of these key parameters that can be used in the evaluation of further interventions.  

This methodological approach allows studying different heritage buildings and to quantify the effectiveness of 
each retrofitting measure that depends on so many factors: type of building (residential, museum...), 
intervention limits, the intended use, constructive features; status condition, existing technical equipment, 
etc. how it is used, the in the building and other factors. This methodology determines the criteria to 
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establishing priorities of the work to be done on each case studio, as example of the standard that should be 
adopted by architects and state and local officials for the review of historic preservation projects aiming at 
energy efficiency improvements.  
 

 

Figure 2: Example of chart developed at ENBAU research project. This chart shows the possible solar 
energy integration for the specific case studio and application of the evaluation criteria.  

In conclusion, different aspects must be considered when solar energy resources must be integrated in 
historic buildings. Potential solutions should be measured by knowing all the aspects involved, from the 
macro scale of the urban structure as well as, the micro scale of the building itself. Priorities should be 
streamlined and ranked, to clarify the potential advantages and disadvantages of the different technical 
solutions with regard to the features of the intervention proposed by applying a methodological approach.  
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