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Preface 
 
University  of  Sarajevo  and  Green  Design 
Foundation  housed  the  conference  on  Green 
Design Conference 03‐06 October 2013, organized 
in  cooperation  with  University  of  Twente  in 
Enschede, the Netherlands. 
Unique  feature of  the conference was  its attempt 
to bring together scientist from different fields and 
involve them in multidisciplinary debate during the 
evening key not addresses and discussions.  
Innovation  in  sustainable  construction  has  been 
presented  through number of case  studies by  the 
industry members of the different countries. 
The emphasis of the conference was on innovative 
design and  construction methods and assessment 
methods  that  will  incorporate  effective  use  of 
materials into the whole life cycle of buildings and 
building  materials.  Besides  new  energy  concepts 
and  mobility  strategies  were  presented  through 
couple of case studies. 
Eight  different  conference  themes  have  been 
presented during the four day being: 
1. Green Materials and Technologies covering 
issues of waste materials as source for new 
products, methods for effective material recovery  
2. Social Cohesion and Cultural Continuity 
3. Mobility and Infrastructure 
4. Energy solutions 
5. Urban Landscaping and farming 
6. Green Buildings 
7. Green Cities 
8. Economy, Policy and regulatory standards that 
can stimulate development and implementation of 
green concepts and techniques 
 
The conventional way of construction has become 
a burden  to  the dynamic  and  changing  society of 
the  21st  century.  Developers  and  real  estate 
managers warn that there is a miss‐match between 
the  existing  building  stock  and  the  dynamic  and 
changing  demands  with  respect  to  the  use  of 
buildings and their systems. 
A  report by  the World Resource  Institute projects 
300% rise  in material use as world population and 
economic activity increases over the next 50 years. 
Steel  price  is  rising.  Raw materials  are  gradually 
diminishing and becoming expensive,  landfill  sites 
are  filling up  forcing disposal  fees  to  increase and 

making  the  waste  management  exceptionally 
expensive. 
 
The physical  impact of  increasing building mass  in 
industrialized  nations  and  developing  world  has 
become undeniable  in  21st  century.  The  appetite 
for raw materials and landfill sites, as well as 
acceleration  of  the  changing  demands  by  users 
clearly  indicates that a fundamental change  in the 
way  buildings  are  designed  and  constructed  is 
needed. 
 
During  the conference  the state of  the art papers 
have  been  presented  with  respect  to  innovative 
approach to design, construction and management 
of buildings, building materials and cities.  
This  subject  integrates  issues  from  city  planning 
and  infrastructure  to  spatial  adaptability  and 
flexibility of building systems to material efficiency 
and energy saving (embodied energy). 
Development of the research agenda with respect 
to  this  topic  deal  with  issues  such  as,  life  cycle 
performance  and  strategies,  design methodology, 
systems development, reuse, renewable materials, 
cad  manufacturing,  and  development  of 
performance  measurement  tools  (transformation 
capacity measurement  tool,  life  cycle  costing,  life 
cycle assessments etc.). 
 
 
Dr. Elma Durmisevic 
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Multiple Design Approaches to Transformable Building: 
Three Models Towards a Profound Financial Assessment 

           

W. Galle, N. De Temmerman 

TRANSFORM Research Group - Transformable Structures for Sustainable Development, part of æ-lab 

Department of Architectural Engineering, Vrije Universiteit Brussel, Belgium 

 

 

Abstract 

Considering the increasing dynamism of our society, designers are challenged to apply design strategies 
that anticipate change and obsolescence. One of those strategies is ‘transformability’. Trough compatibility 
and dismountability it results in dynamic buildings. However, the higher initial cost generally attributed to 
transformable building forms a major impediment for its implementation. Nonetheless, long-term advantages 
are expected and a more profound insight is thus necessary. As a first step towards that insight, this paper 
proposes three models. They take into account the dynamic nature of transformable buildings, time 
dependent parameters and data, and a life cycle approach on buildings, components and materials. 
 
Keywords 

Transformable building, Life cycle design framework, Life cycle cost model, Data and parameter model 
 
 

 
 
 
 
 

1 INTRODUCING TRANSFORMABLE BUILDING 

Today, we live in an age where continuous change in 
cultural trends, technological knowledge and ecological 
systems is inherent and still fastening. Building The 
Future We Want, the European Environment Agency 

report written in preparation of the United Nations 
Conference on Sustainable Development (Rio, 2012) 
points this out clearly [1]. For example, the ageing and 
urbanisation of our society, the increasing waste 
production, mobility and global warming, and decreasing 
biodiversity witness the dynamism of our world. 

As those trends are more and more often acknowledged, 
also architects and engineers are challenged to apply 
design strategies that anticipate change. After all, 
construction has a major share in several of these 
tendencies. For example, mining and construction 
including maintenance and renovation account for 
approximately 60% of the 2,652,000,000 tonnes of waste 
generated annually in the EU-27. Consequently, the built 
environment is responsible for at least 45% of the 
depletion of the earth’s mineral and fossil energy 
resources [2]. 

Previous research has shown that the design strategy 
‘transformable building’ has the potential to make our built 
environment more dynamic and sustainable [3]. Through 
the key concept ‘design for disassembly’ and the use of 
‘exchangeable components’ buildings can be easily 
altered and meet changing users’ demands or standards. 
Consequently, transformable building prevents 
obsolescence, abandonment and eventual demolition. In 
contrast, it enables a non-destructive dismantling and 
hence fosters the reuse and recycling of construction 
components and materials. 

2 TOWARDS PROFOUND FINANCIAL ASSESSMENT 

The design of our built environment is of course not only 
driven by our changing needs. It also deals with the price 
we have to pay to fulfil them. Although designers and 
project owners have showed great interest in 

transformable building, they fear the higher initial cost that 
comes with such a ‘design for change’. This has been 
pointed out during an online inquiry, face to face 
interviews and a workshop conducted by Vandenbroucke 
et al. in 2012 [4]. Although each of the 54 questioned 
organisations acknowledges one or more advantages of 
transformable building, 44% indicates an increased initial 
cost as a major impediment. That makes the initial cost 
the obstacle cited the most. 

Conversely, as we know that transformability brings 
ecological advantages in the long-term (through the 
efficient reuse and recycling of buildings, components 
and materials) also financial benefits are expected. 
Financial analyses and case studies conducted at the 
æ-lab and elsewhere illustrated those benefits for 
buildings that are altered regularly [5, 6]. However, before 
‘transformability’ could be generally accepted and put into 
practice it is necessary to get a more profound insight in 
its long-term financial feasibility. 

This research starts from a critical reading of the life cycle 
costing methodology, in particular the framework 
proposed by the Davis Langdon Management Consulting 
Office commissioned by the European government [7]. 
Life cycle costing is the financial assessment of a design 
alternative considering all significant and relevant costs 
and revenues over the building’s entire life cycle. The 
alternative with the lowest life cycle cost is preferred. Life 
cycle costing is very interesting for assessing 
transformable buildings because its takes into account 
the long-term effects of this sustainable design approach. 

Current implementations of life cycle costing are based 
on the expected values of the service life of components 
and of future material and labour costs. However, future 
is hard to predict. It is therefore important to develop a 
financial assessment methodology that better fits 
transformable building [8]. As a first step towards a better 
insight in the financial feasibility of transformable building, 
this paper proposes three life cycle models. The first 
model is an integrated life cycle design framework, 
emphasising the relation between design, use and 
transformability of a building. The second model is a 
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multilevel cost model, indicating quantities, costs, savings, 
end of life fractions and corresponding residual values. 
The third model is an analytical data and parameter 
model, indicating explanatory and response variables in 
life cycle costing. Those models that are based on 
existing ones were redesigned and extended with specific 
features including the dynamic nature of transformable 
buildings, the time dependence of multiple variables, and 
a life cycle approach on buildings, components and 
materials. 

3 INTEGRATED LIFE CYCLE DESIGN FRAMEWORK 

After an extensive literature study on change in design, a 
framework for the analysis of multiple design approaches 
to transformable building has been developed (figure 1) 
[9]. The framework complements the two key concepts of 
transformability by rather traditional change related design 
aspects. In academic, professional as well as in 
nonprofessional literature, it is acknowledged that all 
those aspects have significant consequences for a 
building’s potential to deal with changing demands or its 
resistance against change. 

Compatibility 

The first key concept is the ‘compatibility’ of building 
components. When the form and dimensions of building 
components are aligned, like in a ‘Meccano ®’ or ‘Lego ®’ 
construction toy kit, those components are exchangeable 
and they can be applied in countless configurations. 
Consequently, their reuse is facilitated. Several pilot 
projects such as the Brussels Cooperation’s Open 
Structures project (www.openstructures.net) confirm the 
idea that the more generally components are shaped, the 
more configurations they can result in [10]. 

 

 

Design for disassembly 

However, in order to preserve the reuse potential of 
compatible components, they should be applied within a 
‘design for disassembly’. Reversible and accessible 
connections between the components of a building 
guaranty that they can be dismounted and reused or 
recycled efficiently. Additionally, shearing ‘layers of time’ 
such as skin, structure and space plan guaranties that 
fast ageing layers can be altered independently from 
those with a lower turnover rate. Duffy [11], Brand [12] 
and Leupen [13] have studied this concept in sequence. 

 

Durability 

In addition to the two key concepts of transformability, 
also the ‘durability’ of materials and components is widely 
acknowledged as a design quality. Durability defines 
materials’ and components’ technical service lives, given 
a certain environment or application. It is particularly 
discussed in technical publications and journals such as 
Techniques et Architectures, Architectural Science 
Review and Detail. For example, in A+t Maccreanor [14] 

promotes materials that allow a building to weather 
beautifully and grow old gracefully. 

 

Versatility 

In contrast to the previous technical issues, the 
‘versatility’ of the design determines the functional service 
life of a building. A versatile building that is easily 
accessible, that has a high load bearing capacity and 
receives lots of natural light is able to house multiple 
functions. Given that convertible and versatile buildings 
are designed in such a non-imperative way, they have the 
potential to buffer future change. Consequently, concepts 
such as Polyvalence, Flex-Building, Emotive Houses, 
Generic Space, Ambivalent and Kinetic Architecture have 
been discussed in essays and explored in countless 
architectural projects [15]. 

Figure 1: The first model integrates traditional design aspects (light grey) and the two key concepts of transformability  
(dark grey). Together they determine a building’s potential to be redesigned during its operational phase. 
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Maintenance and management 

Since this research concerns a building’s whole life cycle, 
the operational phase of a building is considered equally 
important as its design, construction and end of life. 
Consequently, ‘maintenance and management’ of 
buildings drew attention throughout the explored literature. 
Since long, practitioners have been discussing this time 
dependent aspect and found that a building’s capital value 
halves every twenty years if not maintained [12]. 
Maintenance slows down a building’s aging and an 
accurate management prevents high vacancy rates and 
eventual obsolescence. Additionally, management could 
make tenants aware of a building’s potential to anticipate 
change [16]. 

 

Sociocultural value 

Finally, in addition to the functional and technical 
requirements of users and standards, a building’s service 
life is also determined by the ‘sociocultural value’ that is 
addressed to it. Glogar [17] distinguishes four immaterial 
actors within that aspect: the sociocultural context, the 
social structure of the users, the building’s use and the 
wider cultural appreciation by society play an important 
role. Sociocultural value is acknowledged in literature by 
renovation architects, but it is rarely the object of a 
profound analysis. Only Brand made a clear statement on 
this aspect in his writing How Buildings Learn [12]: “all 
buildings”, he argues, “become loved by their age and 
‘adaptivity’”. 

 

The two key concepts and change related design aspects 
can be ordered on two axes representing traditional 
scales. They help us understand and discuss design 
strategies. The horizontal axis represents a building’s 
service life from design over use to reuse, disassembly or 
any other end of life. Some aspects are typically 
considered during the initial design or technical 
development of the building such as versatility, 
disassembly, compatibility and durability. Aspects such as 
management, maintenance and sociocultural value play 
their role once the building is being used. The vertical axis 
represents different levels of our built environment: 
construction materials such as plates, profiles or masses 
are combined to components such as windows, floor 
elements or wall panels that form together a building. 
Some aspects are typically considered at the level of 
components such as durability. Others are implemented 
at the level of the whole building such as versatility. More 
others, especially design for disassembly, range over 
multiple levels. 

The diagram that results from ordering all aspects on both 
axes shows that traditionally the emphasis is on the level 
of components during design and on the level of the 
whole building during its use. However, through the 
introduction of the key concepts of transformability it is 
possible to shift maintenance and management from the 
level of the whole building to the level of the individual 
materials and components. Additionally, from connecting 
the aspects in the way they facilitate each other, it might 
be concluded that transformability should be introduced 
from the initial stages of design. Only that way the 
potential to redesign and adapt the building efficiently 
during its operational phase can be guaranteed. This is in 
accordance with the results of previous research on 
transformability by Durmisevic [3] and Paduart [5]. 

At this moment, the analysis of two architectural projects 
has tested this life cycle design framework [18]. For both 
cases, the key concepts and change related design 

aspects allowed a comprehensive study of their design 
concepts and processes, and indicated their capacity to 
deal with change. However, these case studies also 
revealed that the relation between specific design 
concepts and the more general design aspects of the 
framework is not unambiguous. Balancing all aspects into 
one strategy remains a challenge for a designer because 
of the unique context of each architectural assignment. 
Nonetheless, through the introduction of the key concepts 
of transformable building the designer can actively 
anticipate future change. 

4 MULTILEVEL LIFE CYCLE COST MODEL 

One having affinity with clients, developers or 
construction practice in general might wonder why the 
financial feasibility of transformable building is missing in 
the life cycle design framework that has been developed. 
The answer is however not surprising: costing in 
construction is a complex issue. It is hardly known by 
researchers and scarcely taught to designers and 
engineers. In contrast, it is learned by practice and 
validated in some kind of ‘gut feel’. Consequently, 
promoters of transformable building rarely tackle 
transformability’s financial consequences. 

Few exceptions such as Duffy and Henney [11] made 
clear that the initial cost of traditional buildings such as 
offices is exceeded multiple times by the costs of 
replacements and alterations. This was adopted by 
Durmisevic [3] who suggests that the savings by 
transformable building could compensate the costs of our 
rising need for change. However, in her doctoral research 
Paduart [5] found that the effect of transformable building 
is largely dependent on the life cycle scenario a building 
meets. Moreover, the high labour costs that come with 
dismounting and reusing components might undo 
potential savings. 

However to date, the financial effects of transformable 
building are hardly understood and only partially included 
in studies. The impacts taken into account in previous 
research were often limited to specific construction costs, 
prolonged service lives of components and their residual 
values. However, the dynamic nature of a transformable 
building with a constantly changing configuration and 
performance is expected to have an important impact on 
its financial feasibility. 

As an answer, a life cycle cost model is proposed that 
acknowledges that dynamism (figure 2). This model is 
adopted from the life cycle model that was developed by 
Debacker [19] in his doctoral research Structural Design 
and Environmental Load Assessment of Multi-Use 
Construction Kits for Temporary Applications based on 
4Dimensional Design. While the original model indicates 
environmental burdens, the adopted model points out 
financial costs and potential savings. 

Debacker’s model leaves behind the traditional cradle to 
grave approach. As an alternative, a closed loop model 
linking a buildings’ construction with its operational phase 
and end of life is proposed. Such a model points out the 
responsibility of the designer for the entire life cycle of a 
building and its constitutive components: “life cycle 
thinking is based on the fact that decisions taken into 
account in one phase should always be set against the 
background of the consequences for the following 
phases” state Hendriks et al. [20] as cited by Debacker 
[19]. Through this holistic view, the proposed life cycle 
cost model allows a profound assessment of 
transformable buildings since all imaginable life cycle 
scenarios can be delineated uniformly. 
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Furthermore, the life cycle cost model integrates three life 
cycle levels: materials, components and buildings. “Even 
though these three cycles become one during the use of 
the building, this is not the case before construction and 
after dismantling. For a total picture of the material and 
energy flow and their side effects it is thus important to 
take all cycles into account” says Debacker [19]. Through 
this multileveled life cycle approach, it is possible to point 
out 12 different life cycle stages and corresponding 
material quantities. Additionally, 16 actions and 
corresponding financial impacts can be taken into 
account. 

Considering a building’s entire life cycle, the components 
and materials constituting that building change 
continuously. Consequently, their total quantities should 
be calculated at each life cycle stage and expressed in 
absolute (i.e. in quantities) or relative (i.e. in fractions) 
numbers. Expressing quantities fits a traditional budgeting 
practice and the work breakdown structure proposed in 
the ISO 15686-5 standard on life cycle costing [21]. 
Quantity surveys are well known from tendering or 
ordering materials. Through that tradition, a complete and 
detailed list of construction elements and techniques can 
be composed easily for the building’s entire life cycle. 

The components and materials of a building are 
processed and delivered through actions, moving them 
from one stage to another. The life cycle cost model 
foresees 16 actions and 10 financial impact categories. 
For each action, a set of relevant and important impact 
categories needs to be selected in order to assess the 
financial impact. For example, construction costs include 
design, financing, material and labour costs as well as 
taxes and transport costs, whereas the reparation of 
components includes material and labour costs as well as 
service costs for cleaning that component. 

This model, somewhat holistic, has not yet the intention to 
impose a particular methodology for life cycle costing. 
Rather it wishes to open the perspective of the researcher 
or designer and allow him or her to set out an appropriate 
assessment method. The definition of 3 life cycle levels, 
12 life cycle stages, 16 actions and 10 financial impact 
categories should form a generic model that allows 
comparative assessment of the financial implications of 
building for change. Only supported by sensitivity and risk 
analyses an exact assessment methodology can be 
developed. 

5 ANALYTICAL DATA AND PARAMETER MODEL 

The third model is a data and parameter model laying 
apart all explanatory and response variables in life cycle 
costing (figure 3). Data and parameters can be divided in 
three groups. First, there are time dependent parameters. 
Second, there are design and construction properties. 
And third, there are price parameters. The resulting 
model is based on a critical reading of the ISO standard 
on Life Cycle Costing [21] but also on particular writings 
[22, 23, 24] and the research conducted by the Davis 
Langdon Management Consulting Office [7]. The 
compilation of all variables in this model should allow a 
fundamental investigation of their interrelationship and 
their impact on the total life cycle cost. Remark that 
however this model links multiple cost drivers to 
parameters, the causal relation between them can only 
be proved by sociological and economic research. 

 

The fourth dimension ‘time’ 

Considering the long-term perspective of life cycle costing 
and the dynamic nature of transformable buildings the 
dimension ‘time’ plays an important role. Time is the 
measure that allows us to arrange life cycle stages and 

Figure 2: The second model proposes a life cycle approach at three different levels. Materials, components and the building 
become one during the latter’s operational phase but should be considered separately during a profound assessment. 
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formulate change of users’ needs and standards as well 
as technological and financial evolutions. Therefore, 
design and construction properties and price parameters 
are made time dependent as will be illustrated in the next 
sections.  

However, the most direct manifestations of change in this 
model are the time dependent life cycle scenarios		����. 
This new feature comprehends divergent sets of changing 
demands with varying probability. They can be achieved 
through discussion or expert knowledge as in the scenario 
planning management strategy [12]. Life cycle scenarios 
are based on demographic data and social and cultural 
trends (e.g. wealth fare and fashion), and include the 
consequences of regulations and strategic plans (e.g. 
urban planning and the energy performance of buildings). 
The acknowledgement of the dimension ‘time’ through the 
introduction of life cycle scenarios guaranties an 
appropriate financial assessment of transformable 
building since a long-term perspective is introduced, 
continuous change is acknowledged and social aspects 
related to buildings, their users and demands are taken 
into account. 

Additionally, the period of analysis T has to be defined, 
preferably in negotiation with all stakeholders. The period 
of analysis can be based on economic aspects such as 
the expected return on investment period or on the 
required service life of the building and its components. 

 

Design and construction 

Given the dynamic nature of each transformable building, 
the building itself should be considered as a parameter 
changing over time, i.e. the ‘state of the asset’ ����. The 
state of the asset is determined by the interaction 
between the life cycle scenarios		����, the versatility of the 
building ����, its demountability		���� and the reuse 

potential of its components ℛ���. It results in the building’s 
performance 
��� and in the quantities of new, used, 
reused and disposed materials and components ����. At 
this time, the format of all these parameters and their 
interaction has not yet been defined. However, it is clear 
that a structure of declarative and procedural knowledge 
that contains and processes design and construction data 
will be required.  

Many data can be derived from the state of the 
asset		��t�. It gives more insight in the turnover rate of the 

components, their number of replacements, their actual 
service life and number of reuses. However, the actual 
reuse and recycle rate RR and reused and recycled 
content RC depends on the prevalent market conditions 
and technological knowledge. Therefore, a yield Y is 
introduced expressing the effectiveness of reuse and 
recycling. Sensitivity analysis with multiple values for that 
yield will reveal how important market conditions and 
technology are for the feasibility of transformable building. 

Remark that the ‘state of the asset’ and the required 
continuous redesign is not influenced by prices and costs. 
Letting them influence the life cycle cost LCC, would no 
longer allow comparing the design alternatives that form 
the object of the financial assessment. 

 

Price parameters 

Prices and costs are related to multiple sociocultural 
ideas, for example the aversion to change and risk, time 
preference in a context of rising wealth, and the fact that a 
loss is estimated more important than a gain with the 
same magnitude (i.e. endowment effect). Such ideas 
account for price differences over time and consequently 

changing behaviour. However, in order to compare and 
sum cost and earnings that occurred at different moments 
in time, they need to be levelled by discounting and 
deflating them to their present value PV. The model 
foresees multiple parameters for composing an 
appropriate discount and inflation rate d and i. 

As this research aims for a long-term assessment, it 
might be appropriate to select a time dependent discount 
rate ���. Traditional discounting during economic 

regression and in the context of a thrift shop and do it 
yourself culture might be inappropriate since it assumes 
future costs far less important than current ones. Such 
very long-term discounting is an ongoing discussion that 
will be followed during the next stages of this research. 

The life cycle cost of each designs alternative can now be 
calculated for each scenario by summing all present costs 
and residual values over the period of analysis T. The 
acknowledgement of the life cycle model on three 
different levels entails a unique life cycle for each material 
and component. For that reason, it was necessary to 
make the residual value of materials and components 
time dependent in the life cycle costing formula, in 
contrast to the ISO standard wherein the residual value is 
only taken into account at time T [21]. The life cycle cost 
LCC thus becomes: 

��� = �� 	+� � ����1 + ���
�

����
−� � ����1 + ���

�

����
 

With �� initial costs, ��� costs at time t and	��� residual 
values at time t, for all n stages, levels and impact 

categories. 

Figure 3: The third model links parameters and data for a 
life cycle cost analysis of transformable buildings. 
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6 SUMMARY AND FURTHER RESEARCH 

To date, the financial effects of transformable building 
were hardly understood and only partially included in 
previous studies. Typically, case studies focused on 
buildings that are altered regularly such as offices and 
laboratories. From the critical reading of those studies and 
the research done at European level, several questions 
raised pointing out that a traditional implementation of life 
cycle costing might be inaccurate to assess the financial 
merits and burdens of transformable building. Those 
questions concern methodological aspects including the 
changing building performance, changing financial 
parameters and the complex life cycle of a building, its 
components and materials. 

As a first step towards a more profound insight in the 
financial feasibility of transformable building, this paper 
proposes three models on transformable building: a life 
cycle design framework, a life cycle cost model, and a 
parameter and data model. Specific features of the 
models are first, the time dependence of the ‘state of the 
asset’ through the adoption of scenarios and the 
acknowledgement of continuous redesign. Second, the 
definition of the building as a collection of components 
and materials of which each can have an individual life 
cycle. And third, the time dependence of parameters such 
as discount and inflation rates, and reuse and recycling 
yields. 

The three models provide a researcher and designer with 
a holistic, dynamic and long-term approach to assess the 
financial feasibility of transformable building. However, 
those models should yet be validated through case 
studies and sensitivity analyses in further research. That 
research should point out their applicability and therefore 
have special attention for the availability of data and 
parameters, and the consequences of transformability on 
operational costs, maintenance costs and component 
service lives. 
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Abstract 
More than 60% of the existing building stock in the EU27 area, and especially in the housing sector, is 
expected to be renovated during the next few decades in order to comply with the energy efficiency 
standards foreseen by the EU Directives (31/2010, 27/2012) and meet high levels of performances. Service 
life prediction and residual service life evaluation are key tools useful to define the lifespan expectancy of 
the building after renovation and to assess economic payback time as well as energy investment 
amortization. Performances, durability, and service life of building components have to be carefully 
evaluated when retrofitting interventions are pursued. 
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1 FRAMEWORK AND CONTEXT 
In the next few decades more than the 60% of the existing 
building stock in the EU27 area, and especially the 
greatest part of the one belonging to the housing sector, is 
expected to be renovated in order to comply with the 
energy efficiency standards foreseen by the EU Directives 
(31/2010, 27/2012) and meet the requirements deriving 
from the changes in lifestyle.  

The statistical data extracted from Eurostat highlight that 
European households are responsible for about the 70% 
of the total energy use in buildings, therefore this sector 
represents one of the key-responsible of consumes of 
energy in Europe where energy use in buildings has seen 
overall a rising trend during the last 20 years. This trend 
partially depends on the energy source, but is mostly 
influenced by the behaviour of existing buildings which 
depends on a number of factors, such as the performance 
of the installed heating system and building envelope, 
climatic conditions, typical indoor temperatures and socio-
economic conditions. The housing sector is mainly 
composed of two prevalent typologies: single family 
houses and apartments blocks. 

However some relevant differences in energy demand 
occur in each country, but it can be said that generally 
energy consume varies proportionally with the floor area. 
Floor area is strictly connected with the dimensional 
standards related to the period of construction, therefore 
many differences in terms of dimension, layout and 
distribution of dwellings can be noticed in reference to the 
age of construction.  

The existing residential stock in Europe can be associated 
with different time periods dating even before 1900s but 
mostly from 50’s to 90’s. Data on typical heating 
consumption levels of the existing stock shows that the 
largest energy savings potential is associated with the 
older building stock despite in some cases buildings from 
the 1960s are worse than previous buildings. In most 
cases the age of a building is strongly linked to the level of 

energy use and represents a simple indicator of the gap 
with the expected current energy efficiency level. 
According to a recent study carried out by BPIE [1] the 
residential building stock can be divided into three main 
age bands:  

• old – including buildings up to 1960; 

• modern –  including buildings from 1961 to 1990; 

• recent – including buildings from 1991 to 2010. 

It has to be noticed that the stock dating before 1960 
doesn’t include historical buildings, which, in many 
countries, are protected by specific codes under the 
control of the regional or national board of the ministry of 
cultural heritage and environmental conservation.  

The residential sector had a large boom during the 
modern period when, after WWII, the housing stock 
doubled due to the economic recovery and the 
demographic pressure. Unfortunately, this stock is 
affected by important deficits deriving from the wrong 
choice of materials and by reliability of construction 
methods originally adopted. A number of maintenance 
actions were required in order to adapt the buildings to 
the households’ need and new interventions are to be 
pursued to meet the challenges of roadmap to 2050, so 
the influence of construction techniques and the way the 
residential stock is getting old are key-factors to analyze 
the potential impacts of renovation actions.  

2 GOALS AND RATIONALE 
2.1 Objectives of the study and methodology 

This study aimed at investigating the obsolescence and 
the ageing pattern of residential buildings belonging to the 
modern age bands in order to support the design of 
retrofitting action according to the general improvement of 
quality expected by roadmap to 2050. The Research Unit 
of the Department of Architecture of University of Bologna 
is involved in surveys and studies aiming at developing 
effective design solution and measure to support the 
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renovation of the existing housing stock. Most of these 
research activities are focused on improving energy 
efficiency but a specific part of it deals with the definition 
of the expected lifespan of the buildings after interventions 
as a reasonable prediction of service life represents a key 
parameter to assess both the economic feasibility as well 
as the energy investment required for renovation. While 
buildings belonging to the old age band suffer the signs of 
the physiological obsolescence typical of a 70-100 year 
old building, most of the buildings dating from 60s to 90s 
shows severe deficits and get old early, considering they 
are 30-50 years old. This is due to a number of causes, 
which seriously compromise the use of the building in 
terms of residents’ expectations and health and safety 
requirements, if no huge maintenance and renovation 
interventions are foreseen to extend the potential service 
life. The methodology adopted provides the following 
steps:  

• the evaluation of the level of obsolescence of the 
existing building stock; 

• the evaluation of the gap between current conditions 
and expected performance level in 2020/2050; 

• the evaluation of the retrofitting actions necessary to 
reduce (or zero) this gap; 

• the definition of the service life of building components 
and systems to be adopted. 

The principal goal of the methodology consists in setting 
up the expected life span of retrofitting actions during the 
design phase to optimize all resources and investments 
taking into account the deadline of 2050, when new 
challenges probably will introduce new requirements and 
new buildings will replace part of the existing stock. 

2.2 State of the art and definitions 

Literature provides a number of consistent studies 
concerning service life prediction as well as performance 
of materials and building components during the life-cycle 
[2], since the early nineties these issues are key elements 
for standards and certification of building products [3]. EC 
mark is based on assessment of the product, including an 
evaluation of its durability in order to obtain a reasonable 
working life as expressed in ISO 15686-2 [4,5]. 

The increasing importance of service life expectancy is 
strictly connected to the growth of awareness concerning 
the role of durability in the field of sustainable 
construction. This involves the development of 
methodologies to identify reference service life and 
estimated service life [6] providing environmental product 
declarations of building materials and components as well 
as environmental performance of buildings [7]. Both these 
issues are addressed in ISO/TC59/SC17 and in CEN/TC 
350. 

In order to evaluate the amortization time of the 
investment in terms of energy and resources, a reference 
lifespan is required for new construction as well as for 
retrofitting. “Reference Service Life” can be defined as the 
“period in years that the component or assembly can 
normally be expected to last” [8]. According to this, 
“durability” is assumed as the “capability of a building or a 
building part to perform its required function over a 
specified period of time under the influence of the agents 
anticipated in service” [8].  

The introduction of “long term” in design and planning 
processes, according to the idea of spreading the impacts 
in a longer period of time, as an expression of a 
sustainable approach in construction [9], produced an 
increasing demand of information regarding the entire life 
cycle of construction products. The description and 

quantification of processes related to a product life cycle 
are basically linked to the availability of information about 
production processes and end-of-life processes as well 
as a reliable representation of the phase of use of the 
product [10]. When life cycle assessment [LCA] and life 
cycle costing [LCC] are applied in maintenance planning 
or service life planning, a reasonable assumption for the 
service life of materials, products or components is 
required as a key parameter. However the primary source 
of information concerning reference service life is the 
manufacturer of the product who can provide data, which 
are referred to a restricted number of general application 
situations and limited scenarios and generally don’t 
provide information about the detailed in-use conditions. 
Therefore, reference service life has to be critically 
evaluated and not be read as a warrantee of any sort 
[11].  

Furthermore, it has to be remarked that the term “service 
life” is associated with a number of meaning depending 
on the scope and the perspective assumed by the study. 

Despite service life can be defined on the basis of the 
structural design as “the assumed period for which a 
structure or part of it is to be used for its intended purpose 
with anticipated maintenance but without major repair 
being necessary”, a series of alternative concepts of 
service life can be defined as follows [12]: 

• Required (service) life - The minimum period during 
which the structure or a specified part of it should 
perform its design functions (prone to the routine use 
and maintenance) to meet the users’ requirements. 

• Design (service) life - The period of intended use 
established by the designer. 

• Technical (service) life - The real service time until a 
defined minimum acceptable state is reached. 

• Functional (service) life - The service time until the 
structure is obsolete for changes in functional 
requirements. 

• Economic (service) life - The time in service until the 
replacement is advantageous economically speaking, 
rather than a maintenance action. 

The most commonly used methodology for assessing 
service life is the one provided by ISO 15686-1 which 
foresees the following approach to categorize the factors 
influencing the estimated design service life [EDSL]: 

EDSL = RSLC x A x B x C x D x E x F 

Where RSLC is the reference service life, A represents 
the quality of materials, B the design level, C the level of 
quality in construction phase, D the environmental 
conditions factor, E the factor of conditions in-use, F the 
maintenance conditions factor.  

The reference service life may be derived from modelling, 
experience, accelerated testing, data from the 
manufacturer or from product standards. A to F represent 
factors that can affect the estimated design service life 
under circumstances where they do not meet the levels 
specified in manufacturers recommendations or in the 
Codes and Standards.  

The reference service life refers to the life-time of a 
component or a building under normal conditions and 
means that the building is used to the purpose for which it 
was designed and not exposed to any extreme loading 
from the weather or other events. The process of 
adapting a given reference service life to the specific 
conditions in a specific application is called service life 
estimation. Alternative methods such as the one based 
on factors are developing [13]. 
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3 FROM PHYSIOLOGICAL TO FUNCTIONAL 
OBSOLESCENCE  

During the planning of a retrofitting action, a prediction of 
the residual service life of the building and the service life 
expectations after renovation play a key role in developing 
design strategies and solutions, in assessing the 
feasibility of interventions and in evaluating the investment 
required in a life cycle perspective. However, the age of 
the building or the referring age band is usually the 
easiest tool to quickly address the design concepts 
towards some critical factors to be investigated in order to 
face the main deficits detected in the building and to 
develop effective retrofitting actions. 

This study is specifically focused on the residential sector, 
as it represents the widest share in the existing stock and 
consequently the most promising potential in terms of 
energy savings, but the adopted approach and 
methodology can be easily adapted to other sectors. 

It has to be noted that age bands represent not simply a 
range of time but also specific conditions for what 
concerns socio-economic background, political 
framework, availability of materials and resources, 
construction techniques.  

Before 1960’s most part of residential buildings was built 
following traditional criteria and construction methods 
mostly recurred to bearing masonry and wood structures 
to which some reinforced concrete structural elements 
were progressively introduced [14]. After the 1960s the 
diffusion of reinforced concrete structural frames with 
brick block closures widely increased as well as the use of 
precast concrete structural panels [15]. This reflects the 
events, which followed WWII, and also the changes 
involving the way the buildings were thought: from a 
system of structural walls to a punctual structural frame. 

Lots of the buildings belonging to the ‘modern age band’ 
are ageing, or better are decreasing their level of general 
performance, faster than the ones belonging to the ‘old 
age band’ and this is partially due to a lower construction 
quality but also to more complex interactions between 
building components, which often generate unexpected 
pathologies. These ones are often related to the building 
envelope and are strictly connected with the thermal and 
hygrometric condition of the indoor environment.  

The ageing of the building is usually associated with a 
physiological obsolescence, which can be described as 
the natural loss of performances of a system or a part of 
it. Phenomena of obsolescence produce a general 
decreasing in the capacity of the system (building) to 
answer to the primary requirements for which it has been 
built. If an ‘old age band’ building is considered, it is 
possible to estimate its lifespan in a range between 120 
and 150 years until 2010, assuming a construction date 
from 1850s to 1900s. That means this building was 
subject to several ordinary and extraordinary maintenance 
interventions aimed at covering the gap produced by 
physiological obsolescence, as figure 1 shows. 

The straight line ‘A’ in the graph represents the theoretical 
performance level of the system (building) at the 
construction date, while the split line ‘B’ describes the loss 
of performances and the corresponding ordinary and 
extraordinary maintenance actions (vertical segments) 
opposing to it. Unfortunately, as each action has a limited 
impact on the system as a whole, they are unable to bring 
it back to its theoretical performance level. In order to 
obtain this, a major renovation action is needed.  

It is evident that all these actions allowed the building to 
be adapted to functional requirements during its lifespan 

and that the investment (in terms of energy and financial) 
required can be spread in a quite long range of time. 

 

 
 

Figure 1. Obsolescence phenomena and influence on 
performance level in ‘old age band’. Source: J. Gaspari. 

If a ‘modern age band’ building is considered, no more 
than 50 years of lifespan are involved in this kind of 
process. However, a number of ordinary and 
extraordinary maintenance activities are equally required 
to face the deficits affecting the building.  

In this case the considered range of time is one third of 
the one related to the ‘old age band’ and even if there is a 
lower general number of interventions they are increased 
in the time as figure 2 shows. This means that, while in 
the first case interventions followed cycles of about 30 
years, in the second one they occurred every 15 years, 
more or less. On one side this is due to a reduction of 
reliability of the construction methods and of the lower 
construction quality typically affecting the buildings from 
60s to 90s, and on the other side this is due to 
unexpected external factors. 

 

 
 

Figure 2. Obsolescence phenomena and their influence 
on level of performances in ‘modern age band’. Source: J. 
Gaspari. 

A number of pathologies are due to inappropriate 
maintenance interventions carried out to improve the 
performance of the system or of a part of it, especially as 
a consequence of discomfort caused by thermal 
conditions. The introduction of new glazing surface on the 
existing windows or used for closing lodges and balconies 
are typical examples of intervention able to negatively 
influence the indoor thermal and hygrometric balance, 
causing other form of pathologies. 
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In addition to a general greenhouse effect, this kind of 
intervention – combined with the widespread thermal 
bridges – can produce condensation, moisture and many 
other deficits (see figures 3 and 4). Despite some 
interventions are aimed at increasing the durability of 
internal components, they often produce a faster ageing 
of other part of the building envelope. 

 
Figure 3. Pathologies caused by infiltrations, 
condensation and thermal bridges. Source: J. Gaspari.  

 

 
Figure 4. Improper glazing elements used to close lodges 
and balconies. Source: J. Gaspari. 

While service life of specific components may be 
increased, service life of the system (building) as a whole 
is decreased for unexpected pathological effects 
connected with a change in functional and comfort 
requirements. It can be said that generally anthropic 
activities – which evolve according to socio-economic 
conditions and lifestyle – produce an early ageing of the 

building. Therefore, line ‘A’ in both figure 1 and 2 
represents a theoretical condition, as the general 
performance of the system cannot be assumed as 
constant during the time. When the building starts its 
service life, the system begins to decrease – faster or 
slowly – its performance level. So line ‘A’ represents the 
potential performance level of the building at the moment 
of construction phase. Unfortunately, also the 
requirements (mainly technical and functional) that the 
performance level tries to meet cannot be assumed as 
constant as well. 

In the last thirty years, a number of new requirements 
were introduced in order to satisfy the needs expressed 
by households and concerning technical equipment, 
comfort conditions, additional spaces or functions, etc. 
and to adapt the residential units to new family models. 
As many relevant changes took place in a quite short 
period of time, it is easy to understand the reasons of the 
feeling of unsuitability expressed by final users, who 
requires an increasing in terms of performances. It has to 
be noted that on the one hand service life is influenced by 
physical factors, which may reduce durability, and on the 
other hand it may be influenced by functional and 
technical expectations, which translate new requirements 
into expected performance.  

Figure 5 shows how the expected performance level 
moved from the potential original level, represented by 
line ‘A’, to a new curve named ‘C’, which represents the 
trend of requirements evolution (and, as a consequence, 
of the expected performance level) which cannot be 
described as linear trend but rather as an exponential one 
[16]. 

  

 
 

Figure 5. Trend of requirements and influence on 
expected performance level. Source: J. Gaspari 

If on the one side ordinary and extraordinary maintenance 
actions try to reduce the gap between the current 
conditions and the theoretical level of performances, on 
the other side this referring level of performances is 
modified according to the requirements exponential trend 
so that the gap increases instead of reduces.  

This trend reflects also the condition of most part of the 
existing housing stock for what specifically concerns the 
energy topic: the performance of the system (building) 
decreases due to the physiological ageing and in the 
same time energy codes and regulations increase the 
expected performance level boosting the gap between 
the real current condition of the building and the level 
expected by a renovation action. As a consequence, 
when a renovation action is pursued, interventions have 
to provide a very high level of performance improvement, 
which requires a more expensive investment of 
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resources, of energy and efforts as well as an adequate 
service life estimation in order to obtain acceptable 
payback times. 

Defining expected lifespan, reasonable service life 
prediction and life performance of materials and building 
components represent key factors in planning a 
renovation process. 

4 LIFESPAN EXPECTATIONS 
The assessment of the ‘remaining service life’ of the main 
components of the building and of the system as a whole 
[17] is significantly linked to the existing condition of the 
building to be renovated and future degradation patterns, 
considering durability and functional obsolescence of the 
system and its parts [18]. Generally speaking, the residual 
service life [RSL] is an estimation of the remaining useful 
service of a building or component, taking into account its 
present condition and future functions. A number of 
methods to assess the RSL of the building have been 
currently developed but they mostly require sophisticated 
data that are not readily available. Furthermore, the 
definition of RSL presents some variations according to 
the structure and tools of each methods. Despite the ISO 
methods were developed with the aim to cover the widest 
range of situations and conditions, a comprehensive 
approach towards estimating RSL is necessary and 
further improvements are needed [19]. 

The general framework of RSL methods – and of 
renovation process itself – follows a sequence of actions 
organized in diagnostic phase, evaluation and design 
phases. During the diagnostic phase macro elements of 
the system (building) are identified and then sub divided 

into micro-elements (subsystems and components). 
Some key performance indicators have to be established 
to assess the condition of the element throughout the 
expected life and then all the identified parts of the 
system have to be assessed in order to detect the 
weaknesses. The weak point of the process is due to the 
availability and reliability of data used for estimations 
concerning the level of exposure, hazard and risk of the 
defects. 

RSL is not addressed to support decisional processes 
concerning the opportunity of retrofitting or demolishing 
buildings, but to plan maintenance actions and manage 
refurbishment projects. 

The main goal doesn’t consist in obtaining ‘remaining 
service life’ of a building, but in setting the expected 
lifespan to be provided by the renovation action, 
considering the current conditions of the market and the 
evolution of requirements in the very next future. The 
European Directives require actions able to produce huge 
energy savings until 2020 and Roadmap to 2050 foresees 
a number of further improvements in order to achieve the 
zero energy standards until 2050. Lots renovation 
interventions are therefore expected across EU in the 
next decades. 

Excluding historical buildings, most part of the existing 
housing stock can be divided into four main groups: 100, 
75, 50 and 25 years old buildings. This means that 
service life is reaching the limit for some of them or for 
some important part of them. Table 1 provides average 
literature values concerning the typical life expectancy of 
some recurring building components. 

 

 Building Element/Component  
Typical Life 
Expectancy 

(Years) 
 Building Element/Component  

Typical Life 
Expectancy 

(Years) 

 Foundations 110 

R
o

o
f 

Timber pitched roof 84 

F
ra

m
e 

Steel frame 83 Softwood decking to flat roof 37 

Concrete frame 81 Aluminium decking to flat roof 39 

Timber frame 69 Insulation to flat roof 36 

Laminated timber frame 65 Bitumen felt covering to flat roof 19 

F
lo

o
rs

 

Steel and reinforced concrete floor 71 Tile covering to pitched roof 64 

Precast concrete slab 78 Copper sheet covering 63 

Timber joists 90 Lead sheet covering 72 

Softwood decking to timber joists 71 

S
ta

ir
s 

Concrete stairs 74 

E
xt

er
n

al
 w

al
ls

 

Fair-faced brickwork 86 Steel stairs 59 

Steel profiled sheet cladding 35 Softwood stairs 64 

Aluminium curtain walling 43 

H
ea

t 
 Boiler 20 

Structural glass curtain walling 43 Solid fuel back boiler 21 

Timber weatherboarding 30 Major pump 14 

Plastic weatherboarding 28 

A
ir

 t
re

at
m

en
t 

- 
he

at
in

g 

Radiators 29 

 

Plasterboard to wall  39 Thermostatic radiator valves 17 

Clay tiling to wall  37 Aluminium air-conditioning ductwork 34 

W
in

d
ow

s 

Softwood windows 36 Steel air-conditioning ductwork 30 

Hardwood windows 50 Air-conditioning heater 17 

Aluminium windows 44 Air-conditioning chillier 17 

PVC windows 37 Air-conditioning pump 15 

Steel windows 50 Air-conditioning fan 15 

    

 

Table 1. Typical life expectancy of some recurring building components. 
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According to these values, it can be easily remarked that 
most of maintenance and retrofitting actions may concern 
the building envelope, which typically – at the same time – 
is the part to be implemented in order to increase the 
energy efficiency of the building. Windows, façades and 
roof cladding as well as insulation layer and equipments 
have usually to be replaced every 30 or 60 years. It has to 
be noticed that typical life expectancy refers to the ability 
of a single building element to provide its function in a 
defined period of time, while most of the improvements 
required to meet the emerging requirements and the 
energy savings are the result of a synergy between 
different elements and this is the reason why the gap 
described in figure 5 is higher than the one originally 
supposed.  

Therefore, reasonable average lifespan expectancy after 
renovation interventions can be set in 30 years, according 
to their RSL for 75-100 years old buildings, while it has to 
be carefully evaluate for the ones of 50-25 years old 
according to RSL assessment and to the predicted 
requirements trend. Especially for 25 years old buildings, 
an expected lifespan of 50 years might be evaluated, 
despite it’d be very complex to foresee the expected 
standards and performance level to be reached after 2050 
and this is still an open issue. 

5 FINAL REMARKS 
Retrofitting strategies and renovation actions are required 
to considerably improve the performances of the old and 
modern age buildings in the existing housing stock in 
order to meet the reduction of impacts and the energy 
savings according to the EU Directives. Service life 
prediction and residual service life assessment represent 
key elements in order to set adequate lifespan expectancy 
after renovation. Retrofitting actions may be addressed to 
increase their lifecycles by a range between 30 and 50 
years in order to fit the goals of Roadmap to 2050 at least. 
50 years is a long time to predict evolution of 
requirements and lifestyle – which strongly influence 
performances expectancy – but fit with the RSL of the 
buildings belonging to the last decades of the modern age 
band. Furthermore, it has to be said that a period of 50 
years is usually assumed by Life cycle assessments 
[LCAs] despite it does not fully represent maintenance, 
repair and replacement cycles of some materials and 
construction methods and this is the reason why new 
methods that consider integrating service life evaluation 
into LCA modelling are currently under development [20]. 
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Abstract
The current approach tends to treat the building as an isolated object, omitting its own relationship with the 
surrounding context, both urban and territorial. Additional research has expands environmental assessment 
to the city level, assuming the building as a part of a wider context. The paper presents the results of the 
original research focusing the multiscalarity as a driver to evaluate performances and benefits of a set of  
operational options on a building that is a part of a real estate asset. The case study is located in the main of 
the seven city Campuses of Politecnico di Milano.
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1 INTRODUCTION
Thanks  to  the  contribute  of  the  international  scientific 
community,  the  life  cycle  approach [1]  [2]  [3]  has 
become  essential  in  the  assessment  methodologies  of 
sustainability in construction works.
However, this approach treats the building as an isolated 
object, omitting its relationship with the surrounding urban 
and  territorial  context.  Additional  research  expands 
environmental assessment to the city level, assuming the 
building  as  a  part  of  a  wider  context and  the 
consequences of any operation on the building not limited 
at its own boundary, but affecting the upper scale areas, 
from the neighbourhood to the global level.
An  analysis  of  the  state  of  the  art  shows  that  for  the 
assessment of sustainability of construction works in a life 
cycle approach the most commonly used rating systems / 
multi-criteria  tools  are  generally  inconsistent  one  with 
each other. Actually, this represents also a barrier to the 
progress of sustainability in the building sector.
However,  at  the  European  level,  there  is  an  ongoing 
process  by  the  European  Technical  Committee  for 
Standardization CEN  TC  350,  in  order  to  develop 
common rules for the assessment of the  environmental, 
social  and economic performances of  new and existing 
buildings  within  the  framework  of  integrated 
performance of  buildings.  This  is  a  response  to 
Standardisation  Mandate M/350 addressed in  2004  to 
CEN  by  the  EC/DG  Enterprise  for  the  so  called 
development of  horizontal  standardized methods for the 
assessment of the integrated environmental Performance 
of buildings. [4]
At the same time, at the international level a discussion 
on  wider  system boundaries, beyond  the  building,  is 
going on.
On the other hand, since the problem to contain the use 
of natural resources and the anthropic actions has been 

raised,  a  certain  number  of  international  organizations 
and authorities (from governmental to local) have issued 
acts,  programs,  action  plans,  directives  to  press  the 
economic  sectors,  including  building,  to  reduce  mainly 
energy use and carbon emissions.
The paper presents  the results of  the original  research 
focusing the multiscalarity as a driver to evaluate  and 
compare  performances  and  benefits of  a  set  of 
selected operations on a building that is a part of a real 
estate asset. The case study is located in the main of the 
seven  city  Campuses  of  Politecnico  di  Milano.  The 
performances in  terms of  energy reduction and carbon 
emissions of each one of the options are compared to a 
set  of  benchmarks,  adopting  the  environmental  targets 
identified  in  the  main  international,  national  and  local 
action  plans.  This  performance  management  method, 
including  also  an  analysis  of  economic  sustainability, 
allows to support  the decision-maker to rank /  rate the 
technical  alternatives  in  base  of  their  multi-scale 
performances  and  territorial  quality.  The  life  cycle 
approach  and  the  benchmarking  are  able  to  aid  the 
owner and the project managers in a virtuous process of 
continuous  improvement  of  the  asset  in  a  wide 
sustainable perspective.

2 METHODOLOGY
2.1 The case study
The sustainable campus project concerns the “Leonardo 
Campus”, which is the main one of the seven campus of 
Politecnico  di  Milano  distributed  around  the  Lombardia 
region.  Today,  the  “Leonardo  Campus”  occupies  a 
surface of 186,613 m2 and 17,484 students are enrolled 
in  the  different  programs.  In  addition,  1,748  staff 
members (professors and personnel) work every day on 
the campus.

GDC2013 Conference
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The “Città  Studi  Campus Sostenibile”  project  was  born 
structured  into  four  main  themes  or  areas  of  interest, 
namely  People,  Energy,  Environment,  Accessibility  [5] 
and Food. Recently a City area has been added. The first 
challenge is a strong commitment to reduce the energy 
consumption of buildings. The initial stage of the work, 
conducted  in  2007,  was  mostly  dedicated  to  create  a 
baseline  for  measurements  and  the  quantification  of 
indicators,  describing  main  characteristics  (orientation, 
lighting layout and activation, heating and cooling devices, 
windows,  shading  devices,  etc.)  of  the  3700  building 
spaces and more than 100 fields for each zone. At the 
current  and  the  further  stages  the  aim  is  creating  a 
virtuous  system  of  management,  related  to  the 
maintenance  work  plan  and  potentially  redirecting  and 
improving  design  choices.  This  strategy  is  expected  to 
ensure  at  present  and  in  the  future  the  valuing  and 
integration of  new sustainable projects and initiatives at 
the building and campus levels and connected with  the 
urban context.
The case study chosen at the building level is the Building 
n.14, so called “La Nave” for its particular shape looking 
like a ship. The building was built in 1965. The designer, 
Giò Ponti, is considered one of the major Italian modern 
architects  and  the  building  is  part  of  the  Politecnico's 
architectural heritage. This is the reason why the retrofit 
applications and maintenance operations on this building 
face aesthetic constraints. 
2.2 The operational alternatives
Previous  studies  [6]  had  identified  a  set  of  design 
alternatives,  aiming at  renovating the envelope and the 
technical  plants  and  at  the  same  time  respecting  the 
architectural  constraints. The main strategy is improving 
the performances of the building from a sustainable point 
of  view,  including  environmental,  social  and  economic 
aspects. The applied strategies pay particular attention to 
energy  saving,  carbon  emissions  reducing  and  indoor 
comfort  improving. The life cycle  approach include also 
the  costs,  from  the  investment  stage  to  the 
dismantling/recycling of the components.  The selected 43 
alternatives cover the following categories: roof insulation, 
windows  replacements,  HVAC  and  lighting  control  and 
automation. Included is also a partial façade renovation, 
with  replacement  of  single  antiquated  and  energy-
intensive components, like glass blocks.

3 METHODOLOGY
3.1 The first analysis and the preparatory studies
The research has included a first wide analysis aiming to 
identify:
1. Indicators
3. Benchmarks.
A  large  study  has  taken  in  account  the  European 
indicators/aspects and methodology identified by the CEN 
TC  350  Standards,  and  the  drivers  of  the  current 
developments. [7]
A first  panel  of  indicators  has so been set,  grouped in 
environmental, social and economic indicators. Thanks to 
a further recognition in literature, reporting the results of 
researches validating additional  indicators,  an additional 
list of indicators has been selected.  A conceptual model 
reporting the levels of the building, the campus, the city, 
the  metropolitan  area  and  the  national-European 
framework  has  been  drawn  to  support  the  territorial 
contextualization of the European indicators.
On  the  other  hand,  the  results  of  a  research  on  the 
assessment  and  reporting  studies  applied  to  the  case 

study  have  allowed  to  identify  a  large  number  of 
evaluations of the sustainability at the different scales of 
the territory in which the Campus is located, from the city 
level to the national / European level, going through the 
metropolitan and regional scales and also including some 
international  university  ranking  systems  (i.e.  (Global 
Reporting  Initiative -  GRI  -  and Sustainability  Tracking, 
Assessment  &  Rating  System  -  STARS).  The  used 
control grid to cross the panels of indicators,  the themes 
(People,  Energy,  Environment,  Accessibility  and  Food) 
and  the  main  topics  (energy  saving,  carbon emissions 
reduction,  etc.)  and  the  territorial  scales  is  the  same 
control  matrix  adopted  by  the  Città  Studi  Sustainable 
Campus working group of Politecnico di Milano. The grid 
is  based  on  ISCN (International  Sustainable  Campus 
Network)  principles  and  commitments,  as  a  supporting 
tool for the management of the projects and operations 
on  the  Campus and its  buildings  in  the  perspective  of 
continuous  improvement.  The  principles,  corresponding 
to related partial grids, allow to put in relation the aspects 
and indicators describing the performances of any single 
building with the campus and of the campus with the city.
This has taken as a first  result  the identification of  the 
interrelations  between  the  panels  of  indicators 
belonging  to  the  respective  assessment/reporting 
documents at the different scales  and later cause-effects. 
And,  also,  the  identification  of  a  panel,  including  the 
European  environmental,  social  and  economic 
indicator/aspects at the building scale, able to identify and 
describe  these  interrelations,  with  the  campus  and 
beyond its boundaries. [8]
Moreover,  it  has  confirmed  the  hypothesis  that  it  is 
possible  to  approach  the  assessment  of  sustainability 
looking at the performances of a building, before and after 
a retrofit operation, from a  multi-scale and transversal 
point of view. [9] [10]
Another  preparatory  study,  falling  within  the  area  of 
management,  has  highlighted  and  studied  the  cause-
effects  and  synergistic  connections  between  sets  of 
variables,  applied to the case study,  driven by possible 
construction  works.  The  results  have  highlighted  and 
classified many multilayer implications to take in account 
during  the  decision-making  process  when  designing  or 
selecting an option of  construction works.  The decision 
maker  in  the  case  study  is  the  Rector,  aided  by  the 
academic councils and institutional bodies, of Politecnico 
di Milano, that is the owner of the whole asset occupied 
by the university activities.
The last preparatory deepening has started from the list 
of indicators/aspects identified in the previous stages and 
has  identified  a  shorter  list  of  indicators/aspects 
suitable to the case study, as the result of splitting up 
the total list in two different lists, even if overlapping for 
such  elements.  These  operation  is  derived  from  the 
assumption  that  the  construction  works  on  an  existing 
building can be divided in two main categories: renovation 
on  technological  systems   (windows,  façades,  roof, 
plants,  etc.,  also  including  new  installations)  and  the 
operations changing the layout even if of a part of it. The 
difference falls on the choice of indicators. In the study 
case, for example, this implies that the set of indicators 
for the assessment of the alternatives exclude indicators 
referring to spatial efficiency or accessibility.
A  parallel  study  has  been  conducted  on  the  campus, 
comparing  the  performances  of  the  Leonardo  Campus 
particularly  in  terms  of  energy  consumption,  carbon 
emissions,  accessibility,  to  the  corresponding 
performances  per  unit,  at  the  city  level  and  in  the 
framework  of  some  reference  worldwide  campus. 
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Moreover,  comparing the performances, per unit,  of  the 
building  “La  Nave”  to  the  Campus.  This  study  has 
produced results useful to measure the incidence of such 
operations on the building on the whole campus, in other 
words a sort  of  sensitivity analysis  of  the effects of  the 
construction works operated on the single building on the 
surrounding  context. This  study  has  contributed  to 
“frame”  the  building  and  its  hypothetical 
transformations in the territorial context in which plays a 
dynamic role and is able to improve metric characteristics 
as a positive, strategic, actor.
3.2 The benchmarks
The  previous  study  had  concerned  the 
assessment/reporting  systems  applied  to  the  territory, 
even highlighting benchmarks at the surrounding area of 
the campus and the upper scales, but none at the building 
level.  For  this  reason an  additional  deep research  has 
looked for strategic plans and programs, from the local to 
the  global  scale,  putting  direct  or  indirect  targets  to 
indicators closely related to the building. This, with the aim 
of compare the performances of the building, for each one 
of the design alternatives, to at least one external official 
reference, and on this base dividing the options in classes 
by a rating procedure.
The  analysis  of  literature  fas  included  more  than  40 
reports and strategic documents, going from the current 
action  plan  for  the  educational  building  of  the  Milano 

Council,  to  the  most  recent  regional  environmental 
programs, to the governmental measures in the fields of 
energy, to the OECD and EU environmental measures.
The strategic documents, aiming at reducing the carbon 
emissions and the natural resources use, are for the most 
focused on measures  applied  to  the built  environment, 
the  transports  and  the  industrial  sectors,  those  are 
estimated  as  the  three  responsible  of  the  climate 
changes.
Considering in particular the building sector, exemplifying 
the  concept,  the  plans  ask  the  owners  and tenants  to 
contribute to decelerate the climate changes substantially 
operating on the  energy consumption and the carbon 
emissions  reduction.  They  fix  targets  directed 
sometimes to  the  whole  asset  of  buildings,  sometimes 
different  targets  for  civil  and  industrial  buildings, 
sometimes for residential and not tertiary buildings. The 
most  are  fixed  in  form  of  percentage  of  reduction 
assuming as the start point the state of art.
The  analysis  of  the  documents  has  been  leaded 
extrapolating  the  targets  matching  with  the  case 
study,  that  is  a  both  civil,  tertiary  and  educational 
building. (Table 1)

Carbon 
emissions: 
category

ECONOMIC SECTOR

All No ETS Civil Tertiary
Direct+Indirect -20% MI 2020 

(1)
-6% Lombardia 

2020 (2)
-0,04% Metr. 

Area MI 2010 (3)
-0,6% Lombardia 
Region 2020 (4)

-21% MI 2020 
(5)

-24 kg/sq.m. a 
EU27 2020 (6)

-20% to -30% 
EU27 2050 (7)

-13,5% EU 
OECD  2050 (8)

-40% to -44% 
EU27 2030 (9)

-35% EU OECD 
2050 (10)

-75% EU OECD 
2050 (11)

-37% to – 53% 
EU27 2030 (12)

-79% to – 82% 
EU27 2050 (13)

-88% to – 91% 
EU27 2050 (14)

Direct -20% MI 2020 
(15)

-1,4% MI 2020 
(16)

Table 1: Target for the carbon emissions reduction (in brackets the references to the sources, below listed)
(1): Piano d'azione del Comune di Milano per l'energia sostenibile e il clima Elaborazioni IEFE-Avanzi su dati AMAT (2009); 
(2) PLS Piano Lombardia Sostenibile 2010; (3) Programma di efficienza energetica della Provincia di Milano – 2006; (4) PLS 
Piano Lombardia Sostenibile 2010; (5) Decreto Interministeriale Ministero Sviluppo Economico e Ministero Ambiente 8 marzo 
2013  (Strategia  Energetica  Nazionale);  (6)  SuperPerBuildings  Final  Report,  2012:  Economic  assessment  of  the 
refurbishment of eternal walls (Petersdorff et al. 2005), “Towards low Energy buildings, Energy saving and CO2 emission 
reduction by changing European building regulations to very low energy standards”; (7) EU Climate-Energy Package 2009; 
Commission Staff Working Document accompanying the Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions “Analysis of options to move 
beyond 20% greenhouse gas emission reductions  and assessing the  risk  of  carbon leakage”;  (8)  IEA – ETP 2010 su 
scenario BLUE Map Europa-OECD; (9) COM(2011) 112 final “A Roadmap for moving to a competitive low carbon economy 
in 2050”. Communication from the European Commission, Brussels, 8.3.2011; (10)IEA – ETP 2010 su scenario BLUE Map 
Europa-OECD; (11) IEA – ETP 2010 su scenario BLUE Map Europa-OECD; (12) COM(2011) 112 final “A Roadmap for 
moving to a competitive low carbon economy in 2050”. Communication from the European Commission, Brussels, 8.3.2011; 
(13) COM(2011) 112 final “A Roadmap for moving to a competitive low carbon economy in 2050”. Communication from the 
European Commission, Brussels, 8.3.2011; (14) COM(2011) 112 final “A Roadmap for moving to a competitive low carbon 
economy  in  2050”.  Communication  from  the  European  Commission,  Brussels,  8.3.2011;  (15)  (16)  Piano  d'azione  del 
Comune di Milano per l'energia sostenibile e il clima Elaborazioni IEFE-Avanzi su dati AMAT (2009).
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The panel of the “territorial” targets has contributed to set 
out the final key indicators, those ultimately respect the 
criteria:
-  describing  the  changing  of  the  performances  of  the 
building along its life cycle, from the environmental, social 
and economic point of view
- describing the above «changing» as «improvement» in 
comparison with the state of art (alternative 0)
-  type  and  number  easily  managing  using  a  common 
assessment procedure, balanced in the three areas
-  potentially  effective  in  a  perspective  of  further, 
continuous improvement of the building / campus
- transversal to the assessment / reporting systems, from 
the building to the upper territorial scales, when existing
- transversal between the building and the campus, when 
possible

-  shared  and  identified  by  the  European  CEN TC 350 
standards
-  measurable  throughout  the  methods  shared  at  the 
scientific  international  level  and  availability  of 
unmistakable or at least reliable data
- possibly lending to further comparisons of the results of 
the assessment to other previous assessments/studies on 
the same case study or part of it (“La Nave”, campus) or 
on another  case study (building)  in  the same /  another 
campus
- the performances of the building at the state of art and 
after the operations associated to the set of the options 
are comparable to the targets of improvement fixed in the 
official strategic programs, when available. (Figure 1)
In this way a panel of targets applied to “La Nave” has 
been set out.

Figure 1: Comparison between the 43 options in base of the Primary Energy reduction (EP,%) with respect to the State of Art 
(SDF) and the identified targets (benchmarks). Categories of operations: HVAC (TA, RISC); lighting control (ILL); roof 

insulation (COP); glass blocks (VCEM), windows (SER), fibercement replacing (FIBR); façade insulation (CVO).

3.3 The Scenarios
Once fixed the panel of the key indicators and identified a 
general  list  of  targets  for  two  of  them,  the  set  of  the 
targets  has  been  systematized  assuming  two  main 
criteria:
- the scale to the building (ordering the list from the city to 
the  European  level  and  favouring  the  contiguity  to  the 
campus)
- the increasing ordering of the numbers
- the time (year) the targets point to.
This  last  criteria  has  leaded  to  divide  the  panel  in  4 
different groups: 2015, 2020, 2030, 2050.
Putting aside the one belonging to 2015 (too forthcoming) 
and the ones referring to 2030 (too few and apparently not 
consistent with the numerical series), two series for  each 
one of  the two indicators have been set out:  2020 and 
2050.  The two  time points  appear  well  distributed  in  a 
perspective of ideal time line and consistent with the life 
cycle of  the building (assumed in 60 years) [2] and the 
available data result sufficient to be assumed to build the 
profiles of a rating system. For these reasons, the rating 

procedure  has  assumed  two  scenarios:  2020  (short-
medium term) and 2050 (medium-long term). The case 
study is evaluating in comparison with the performances 
of  an  ideal  building,  meeting  the  requirements 
associated to the two scenarios. [1]
3.4 Energy saving and carbon emissions reduction
The performances associated to the 43 alternatives (plus 
the  hypothesis  of  no  intervention,  as  alternative  0)  in 
terms of energy saving and CO2 eq reduction have been 
particularly deepened, visualizing the alternatives and the 
targets, highlighting the best and the worst, category by 
category and option by option. The visualization has aided 
to define the effective number of classes for each one of 
the two rating systems (4 for scenario 2020, e for scenario 
2050). The sustainable approach has also suggested to 
investigate the  economic  benefit  associated  to  the 
improvements of these performances in comparison with 
the state of art (Cost-benefit analyses).  The economic 
performances  have  been  visualized  both  as  LCC  (Life 
Cycle Cost) and for each one of  the partial costs (CI = 
Initial/investment  cost;  CO  =  Operational  cost;  CD  = 
Dismantling Cost). (Figure 2)
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Figure 2: Comparison between the 43 options in base of the LCC (Life Cycle Costs) (Euro) with respect to the State of Art 
(SDF) and  distribution of the partial costs (CI = Investment Costs, CO = Operational Costs, CD = Dismantling Costs). 

Categories of operations: HVAC (TA, RISC), lighting control (ILL), roof insulation (COP), glass blocks replacement (VCEM), 
windows replacement (SER), fibercement replacing (FIBR), façade insulation (CVO).

4 RATING SYSTEM
4.1 The model
Downstream the steps above described, a double rating 
system has been built, with the following elements:
- Scenarios: 2020 / 2050
-  Macro-criteria:  Environmental  /  Social  /  Economic 
sustainability
- Criteria: nu.12
- Classes : A, B, C, D (2020); A, B (2050)

- Profiles: Pa,b; Pb,c; Pc,d (2020); Pa,b (2050)
Despite to the intermediate watersheds between the worst 
and  the  best  values  corresponding  to  the  targets 
(benchmarks) for the first couple, for the other indicators 
the  watersheds  have  been  linearly  calculated  because 
actually  there  are  not  strategic  documents  or  shared 
literature fixing benchmarks.
The weights,  on base 100, have been assumed from a 
previous study, estimating after a survey involving more 
than stakeholders. (Table 2)

Macro-area Criterion Indicator Weight

Environmental 
sustainability

EP consumption EP (saving on State of Art, %) 37,85

CO2 eq emissions CO2 eq (saving on State of Art, %) 9,59

Embodied Energy EE (saving on State of Art, MJ) 7,56

Environmental 
sustainability

Thermal Comfort (hot) Heating degree hours (reduction on State of Art) 5,51

Thermal Comfort (cool) Cooling degree hours  (reduction on State of Art) 5,51

Acoustic comfort Increased insulation on State of Art (dB) 5,77

Indoor Air Quality IAQ (reduction of PPD on State of Art) 4,45

Lighting quality Increased lighting quality on State of Art (reduction of Psup) 2,79

Economic 
sustainability

Initial Investment Cost CI (saving on State of Art, Euro) 6,97

Operational Cost CO (saving on State of Art, Euro) 12,48

Dismantling Cost CD (saving on State of Art, Euro) 1,53

Table 2: Indicators and related weights assumed in the rating system 

4.2 The veto conditions
The vetos have been fixed assuming the following criteria:
-  Winning  threshold  (50%)  not  to  high  because  of  the 
presence of other vetos.
-  The reasons  in  favour  (concordance)  must  include  at 
least one of EP and CO2, to ensure the relationship with 
the territorial benchmarks.
- The performance described by the other indicator of the 
couple EP / CO2 must not be too low, so to ensure such a 

good  response  also  to  the  other  requirement  fixed 
throughout the environmental target.
- The criteria in favour must include at least  one of  the 
Social  Macro-area, so to ensure also a minimum social 
quality.
- The reasons in favour must include at least one of the 
Economic  Macro-area,  and  precisely:  CI  (Investment 
Cost) or CO (Operational Cost) in the Scenario 2020; CO 
(Operational  Cost)  or  CD  (Dismantling  Cost)  in  the 
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Scenario 2050 (because of the different priorities for the 
short-medium and the medium-long term choices).
-  The  number  of  reasons  against  (discordance)  and 
belonging  to  the  lowest  classes  must  be  limited,  so  to 
ensure  the  consistency  with  the  basic  concept  of 
sustainability as a balance between the three components 
(environmental,  social  and  economic),  admitting  no 
exclusion of one in favour of the others.

5 RESULTS AND DISCUSSION
5.1 Final remarks
The results of the preparatory stages essentially show the 
existence  of  an  interrelation  between  the  panel  of 
European  indicators  (CEN  TC  350)  of  the  building  / 
campus and the  territory, namely relations with  different 
scales  (building,  campus-area),  due  to  the  relapse  of 
effects  (impacts)  produced  by  building  operations 
and  consequently  affecting  the   whole  territorial 
performances from a sustainable point of view.
The systematization of the panels of indicators identified 
in the assessment/reporting systems and the later study 
on  the  plans/programs  containing  local  to  global 
enviromental  targets  highlight  such  similarities  and 
congruences between a large number of  correspondent 
aspects/indicators.  Moreover,  this  paves  the  way  for  a 
multi-scale approach .
The results of the rating procedure, aided by a sensitivity 
analysis,  reward  mostly  the  technical  solutions  that  not 
only  meet  more  the  2020  and  2050  environmental 
requirements (carbon emissions and primary energy), but 
also show  balanced performances in the other  areas, 
with  emphasis  on some of  the economic ones.  This  in 
consequence  of  the  criteria's  weights  and  vetos.  As 
expected the window replacement operations ensure the 
best results, but the best performances are given by the 
mix  of  the  technologies  and  materials  (frame  profiles, 
glazing double-triple and sunscreens) which show better 
to be able to cooperate.
The final results of the rating procedure, compared to the 
ones of the previous ranking procedure [6] assuming the 
same  case  study  and  data,  show  consistency,  but 
expressive differences. This highlights that setting up an 
assessment system based on a  benchmarking related 
to  territory  requirements,  makes  possible  to  evaluate 
the sustainability of the construction works not only in an 
“absolute”  system,  but  beyond  the  building's  own 
physical boundaries.
5.2 Future developments
Further developments may be leaded in the direction of 
the  introduction,  in  the  rating  procedure,  of  additional 
criteria, referred to the use of natural resources and waste 
production.
From  a  wider  point  of  view,  the  vision  of  the  building 
closely  connected  to  the  wider  context  at  the  different 
scales throughout its life cycle, is expected to open new 
scenarios, more and more involving the responsibilities 
of the actors with regard to the communities and the 
surrounding and large environment.
On the other hand, a virtuous collaboration is expected by 
the scientific  community  and the authorities  to  monitor 
the levels of sustainability of the territories and drive 
the development of the built environment by sustainable 
plans  and  programs.  Actually,  the  absence  of  local 
improvement  targets  at  the  short-medium-long  terms 
represents a limit to the implementation of a method as 
the one described and proposed.
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Abstract 
The study is a multidisciplinary project based on use of thermal iodine water, with particular emphasis on a 
Spa, rehabilitation centre, science and technology park and Paralympic Sports Centre. Along with the 
existing town values, new public spaces are promoted, which will have social, cultural, educational, sports, 
tourist and health-care facilities. New spaces are inspired by physical (location) and social (anthropologic 
metods) contexts. The aim of the project is to put into operation and permanently use thermal iodine water 
as a unique natural resource for health, pharmaceutical, scientific and sports and recreation purposes. 
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Figure  1: Town  Sisak - Site and Heritage 
 
Sisak town is situated 50 km away from Zagreb. With its 
urban development programme it has the status of a 
major regional centre, the centre of Sisak-Moslavina 
County, one of the counties of central Croatia. 
One of the privileges of the city are the finds of iodine 
water within the city area. The physical-chemical 
characteristics of thermal iodine water from the region of 
Sisak make it a unique resource in Europe and an ideal 
thermal and pharmacological milieu for offering specific 
medical therapy and services and for the development of 
health tourism with the goal of improving the quality of life. 
In accordance with Sisak's urban development plan and 
as recommended by competent town services, a 106-
hectare zone has been defined and made a proposed 
urban development study. Study area encompasses 
Pogorelac district, which is like a peninsula bounded on 
three sides by the river Kupa. Spring of hot geothermal 

iodine water was found in this area since 1928th, and first 
Sisak Thermal Iodine Bath was founded in 1932., at that 
time the best equipped public bath in Europe, but heavily 
damaged in 2. World War. 
The question was how to create a new urban quarter, a 
new piece of the city, that combines housing, offices, 
hotels, recreation and leisure, shops, exhibition centers, 
education, research, almost everything in everyday 
life...into a city of energy and creativity ? How can this 
new district be accommodated on a linear site that sits 
near an old town centre and surrounded by the river ? 
If we assume the city as a product of the vision of its 
citizens, architects and local authority who leave their 
imprint every time anew in each context, we can say that 
the constant of that eternal entering is a tension, 
interaction between natural and artificial. Venues 
manmade processes have always been related to the 
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tension which has acquired its formal character to 
interpolate architecture in the context (natural, urban or 
rural). The study departs from these tension - interrelation 
and uses them as formative potential with the intent of 
establishing the new value in dialoque between nature 
and form - geometry as artificial fact made by human. 
In western society, in architecture and urban planning, we 
have witnessed the changes that aim to treat the 
''wounds'' in landscape made by modern and postmodern 
eras. Town Sisak seems to be a perfect place to attempt 
to establish a new direction in urban planning which in 
modern planning processes called ''integrated urbanism'' 
[1]. Quality of the place observed through the integrated 
urbanism describes the changes from focus - brunt to 
place and separation of functions in terms of the wider 
context, and leaving presumed contradiction between 
people and nature, buildings and landscapes, architecture 
and landscape architecture to emphasizes 
interdependence. 
 

 
Figure  2: Site - Concept 
 
Integrated urbanism leaves the modernist attitudes that 
are focused on the management, control and efficiency. 
This view assumes precise interventions that contribute to 
the activation of places, creating the relationships and 
making high-intensity links. Created by the people for the 
people, these relationships - links arise at the same time 
intuitive and rational, inspired by both, the physical (place, 
location,...) and social context. 
The modern world is disordered space with various rules 
that have several common denominators. Architecture 
does not exist without the daily life, movement and action, 
where the most dynamic aspect of such parsing are those 
which suggestive a new forms. It becomes apparent that 
cities are not concieved as a totality by its dwellers or 
visitors. People have a selective view on the city in which 
distinctive architectural and atmospheric qualities and 
characteristics play a vital role. 
Along with the current value of town Sisak new public 
spaces are being affirmed with social, cultural, 
educational, sports, tourism and health facilities within. 
New spaces are inspired by physical (location) and social 
(anthropological methods) context understanding the 
culture as a part of the nature and not as a contrast of the 
nature. 

 
Figure  3: Concept - Form 
A concept form can be organized as a single unified 
volume or as the articulation of the discrete volumes, as a 
collage or assemblage in minimalist or picturesque 
modes, and at last, as a tipology or a topology which can 
use analogies with literary, mathematical or biological 
structures. It begins with the idea of architecture, or a 
''small city'', made out of independent entities, each 
without an apparent relationship with the others. 
It is an abstract configuration that can be implemented in 
a particular place or culture, while nonetheless accepting 
and accommodating its cultural and situational 
idiosyncrasies. It is a concept that generates a form, or a 
form that generates a concept, in such a way that one 
reinforces the other. The concept may be programmatic, 
technological, social, and so on... [2]. 

 
Figure  4:  Proposal for a New Urban Plan 
(1-thermae, Spa, wellness, hotel, lodgement-seniors; 2-
row apartment housing; 3-commercial facilities; 4-indoor 
sports facilities; 5-public-cultural facilities; 6-scientific and 
technological park; 7-new city administratice centre; 8-
apartment housing; 9-educational facilities; 10-residential-
commercial zone; 11outdoor sports facilities; 12-park 
area; 13-new pedestrian bridges) 
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The proposal for this new urban plan will ensure new 
urbanization of either neglected or unfinished urban areas  
in Pogorelec district, and most importantly, integrate two 
separated and eternally poorly connected city areas. A 
condition to achieve this goal according to ''integrated 
urbanism'' we propose the ''concept-form'' for each 
content. 
On the other side, we came up with a matrix of typologies, 
traffic and pedestrian routes, and in terms of zoning and 
neighboring development made a juxtaposition towards 
program contents. Multipart green belts adjoin the sports 
and leisure area inside the peninsula, creating an irregular 
free forms of landscape - trees, grasslands, water 
surfaces. In this study water is an element that is present 
and as a dynamiser, water is a part of the architecture or 
an inascapable presence. 

 
Figure  5: Aerial view - west side 
The design and composition have maximum respect for 
the existing situation, identification and rehabilitation of 
nature values. The entire open spaces encompasses a 
series of places marked for construction of buildings for 
diferent purposes - public, commercial, residential, etc. 
The idea for this project comes also from the desire to 
offer therapeutic and rehabilitative services in all medical 
areas in which therapeutic preference is given to the 
medicinal characteristics of iodine water in comparison to 
other thermal resources. 
One of the results of this study activities can be seen in 
the creation of a new medical facility that should perform 
new knowledge and innovative approaches to the future 
therapies and services in everyday medical practice. 
„IODINE WATER SPA SISCIA“ is Spa Medical-
Rehabillitation Centre with activities which will be based 
on the use of thermal iodine water as a natural resource 
and for providing medical services, scientific research 
works, as well as for pharmaceutical, sports and 
recreational purposes. 
It means to put the thermal iodine water into operation for 
permanent use as a unique natural resource for health, 
pharmaceutical, scientific, sports and recreational 
purposes as well as reach the highest level of a 
respectable European health centre for balneology, 
endocrinology, respiratory and loco-motor diseases. 

 
Figure  6: Spa-wellness, Hotel, Lodgements - seniors 

 
Figure  7: Aerial view - north side 
 
The project can be called a ''green'' for several reasons, 
including: 

1. as thermal iodine water is a natural resource, it 
will be used with rationally, and overflowed 
amounts of water will not be disposed of in the 
communal sewage system, but will be returned 
to the water bearer, 

2. methane gas will not be burned but instead it will 
be used as a source of energy (HVAC), 

3. the project will use renewable energy sources, 
such as solar power, 

4. large green park-like areas will surround all the 
buildings, 

5. the technology of thermal spas does not produce 
harmful effects, such as noise, air and water 
pollution, harmful waste, or other things for 
people, the environment or flora and fauna, 

6. the working conditions will be designed 
according to the highest ecological and 
technological standards. 

 
This study primarily presents a vision and a concept of a 
new urban district in Sisak, determines details which are 
numerous, points to possibilities and options, plays with 
alternatives. It describes the approach, the principles and 
perspectives of posibilities in urban planning of one part 
in Sisak and these are the highlights only of the some 
important aspects.  
 
 
 
 
 
 
 
 
 
 
 
[1] Ellin, N., 1999, Postmodern Urbanism, Princeton 

Architectural Press, New York, NY 
[2] Tschumi, B., 2010, Event Cities 4 - Concept-

Form, The MIT Press, Cambridge, 
Massachusetts 
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Figure  8: Aerial view - south side 
 

    
Figure  9: Museums Mall  Figure  10: Innovation Park 
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Tools for the Energy Buildings’ Certification in Italy 
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Abstract 
This work aims to verify the reliability of energy certification of buildings in Italy issued through the use of 
certified software. In the first part it was carried out a comparative analysis of the characteristics of the main 
programs currently available on the market. In the second part it was implemented a simulation of the 
energy behaviour of a sample residential building, located in different climatic areas, through a comparative 
evaluation between three main certified software. Contrary to the expectations, the results of the energetic 
performances appear significantly influenced by the software used. For this reason, it is absolutely 
necessary to implement the development of open source validated software in order that the energetic 
certification of buildings in Europe will continue to be a valuable analysis tool. 
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1 INTRODUCTION 

In order to certify the achievement of the minimum 
requirements of the energy performance of buildings in a 
comparable way, the European Directive 2002/91/CE 
obligates its member states to adopt a comparative 
calculation methodology. In Italy, DLgs 195/2005, DLgs 
311/2006 and DLgs 28/2011, following this directive, 
define the criteria and the procedures for the evaluation of 
the building-plant system. For this purpose, along the 
years a variety of computerized operational tools have 
been developed and introduced into the market. In this 
context it is necessary to evaluate the performance of 
different calculation-codes more utilized by the experts in 
the energetic field. It is necessary that the results provided 
by the software are comparable to each other and 
especially the levels of certification achieved by a building 
are independent from the verification software used. 
Unfortunately, the large variety of calculation-codes 
commercially available are different for schemes of 
calculation, for calculation algorithms employed and for 
type of graphical user interface. This variety requires a 
knowledge of the characteristics and the differences of 
each software and this does not make easy the 
comparison. In the first part this work carries out a 
comparative analysis of the characteristics of the most 
diffused at steady state certified software present on the 
market. In the second part, it deepens the comparative 
evaluation between the most representative software 
chosen among those identified in the first part. In order to 
establish the energetic performances, it was carried out a 
simulation using different software on a sample residential 
building project considered a “case study”. Even though 
each software had a different approach to the simulation 
in relation to the specificity of the calculation codes and 
the interfaces, the expectation was that the final results 
would not have been very different. Otherwise, the work 
highlights how the energetic performances appear 
significantly influenced by the software used, with 
variations above 5%. 

2 COMPARATIVE ANALYSIS OF THE MAIN 
SOFTWARE ON THE MARKET 

In general the calculation-codes are classified according 
to two main features: 

 • temporal regime of calculation (stationary or dynamic 
model); 

 • graphical user interface. 
This study examines only the calculation-codes in  
temporal stationary regime, excluding in dynamic 
conditions. These are not examined because they provide 
a quantity of variables for which the comparison with the 
software in stationary regime should be distorted from the 
initial definition of the boundary conditions. Moreover, 
they require high levels of knowledge. Users have to set 
in all the data and to verify the results founded. For this 
reason, their lacking practicality makes them less used in 
respect to the other software group. The calculation-
codes that work in stationary regime are divided into two 
categories, depending on the mode of the input data and 
the possibility to interface with CAD. The most popular 
software for the evaluation of the buildings energy 
demand are divided between with or without CAD 
interface and they are expressed in Table 1. 

2.1 Termus 

Termus is the first software to be certified by the Italian 
Heat Committee (CTI) in compliance with the calculation 
methods defined by the UNI TS 11300. 

The main features of the program are:  

1) Graphics objects with specific thermal properties 
(walls, windows, doors, etc..); 

2) Possibility to design starting from a dxf or dwg file with 
immediate conversion of lines in objects with 
thermotechnical properties; 

3) Graphical representation of the results; 
4) Internal archives fully customizable of materials, 

transmittances and thermal bridges; 
5) Analysis of thermodynamic comfort study integrated 

with sound insulation ; 
6) Possible integration with BIM. 
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Name Company Company Web site 

CALCULATION CODES WITH INTERFACE CAD 

Termus  Acca software S.p.A www.acca.it 

Termolog Epix 3  Logical Soft www.logical.it 

Easy clima  Secos Engineering Srl www.secos.it 

EC700 Edilclima www.edilclima.it 

CALCULATION COD ES WITHOUT INTERFACE CAD 

Docet ITC-CNR ed ENEA 
www.itc.cnr.it 

www.enea.it 

CasaClima  Province of Bolzano www.agenziacasaclima.it 

Table 1: The most popular software divided between with or without CAD interface 

 

2.2 EC700 

The EC700 software allows to calculate the energy 
performance of buildings in accordance with the Technical 
Specifications UNI TS 11300. 

The main features of the program are:  

1) Online tips and data stores pre-calculated: 
2) Calculation of thermal transmittance of opaque 

structures, the equivalent thermal transmittance of the 
soil-structure system and the thermal characteristics in 
dynamic conditions ; 

3) The insertion of thermal bridges can be made in a 
simplified manner (with increases provided by UNI TS 
11300-1) or analytical methodology (using the archive 
of thermal bridge of UNI EN ISO 14683); 

4) The inclusion of the surfaces of the building can be 
done either in graphic form and in tabular form; 

5) With the presence of integrated graphical text editor is 
possible to characterize in detail every type of door 

6) Graphical rappresentation of the results; 
7) The basic application software allows you to make the 

energy certification of buildings, there are also 
necessary upgrades to perform the energy certification 
of the following Italian regions: Lombardy, Piedmont, 
Liguria, Trento, Emilia Romagna and Apulia; 

8) A key element of the program is tmodeling the plant, 
which allows the management of any type of it. 

2.3 Termolog Epix 3 
Termolog Epix 3 is compatible with all the procedures of 
calculation national and regional. The program evaluates 
the design loads and the energy performance of the 
building according to the UNI TS 11300 and UNI EN 
12831. The software allows to enter data with a graphical 
or tabular method. 

The main features of the program are:  

1) Insertion of image, pdf, dwg and dxf file; 
2) It is possible to insert BIM and 3D models and 

imediatly recognize areas and volumes surfaces; 
3) It is possible to insert the geometry of the enclosure 

numerically using tables or a mixed method of data 
entry. 

4) It is possible to check the indices of performance and 
hygrothermal behavior of the structures checking that 
the values of condensation are less than the legal 
limits. 

5) It is possible to evaluate the heat capacity, periodic 
thermal transmittance, phase shift in hours and 
attenuation coefficient of the element.  

2.4 Easy Clima 
The EasyClima software calculates energy buildings 
consumption in accord to the UNI TS 11300 legislation. 

 

The main features of the program are:  

1) Calculation of energy performance index in winter 
(EPi)  

2) Calculation of energy performance index for cooling 
(Epe)  

3) the energy performance index for the domestic hot 
water (EPacs)  

4) Possibility of the calculation of energy performance 
index for building or for part of it. 

5)  Possibility of choosing between values obtained by 
analytical calculations or tables 

6) Calculation of the renewable energy produced by 
thermal solar or photovoltaic panels 

7) Calculation of the condensation in opaque 
components (UNI 13788) 

8) Calculation of shading due to projections 
9) Calculation of periodic thermal transmittance  
10) Possibility of choice for the analytical or tabular 

calculation of the thermal capacity air. 

2.5 Docet 

Docet is a software for the energy certification of the 
existing residential buildings. It was updated according to 
the methodology of simplified calculation, within the 
technical standards UNI TS 11300. This approach allows 
to introduce the input values easily. It permits to calculate 
the energy requirement of existing buildings in the 
simplest and reproducible way.  

The general structure of this instrument, which is divided 
in different calculation-computation modulus, has been 
studied and developed through simplicity, clearness and 
a “friendly way”. 

The detailed calculating-engine and the availability of 
intermediated output can allow to make a post-process 
analysis. 

Docet makes calculations about the following 
performance-marker: 

1) Net-energy requirements for heating (Epi,invol), and 
cooling (E-pe,invol); 

2) Energy requirements for domestic hot water (EPacs); 
3) Primary energy for heating (EPi) and global energy 

requirements (Epgl); 
4) Produced Co2 quantity 
5) Economic saving and returning time for the presumed 

investiments; 
6) Energy efficiency class (from G to A+). 
The instrument can consider the contribution of the 
thermal solar and photovoltaic panels. 

A further peculiarity of Docet is in the Recommendations. 
In the last section of the software, you can define the 
improvements in terms of performance, according to the 
minimum requirements described in Appendix C of the 
legislative order 311/06. 
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2.6 Casa Clima 
The program “KlimaHouse” is an online-tool for evaluation 
and certification of efficiency energy and overall 
preliminary design. It is included in the web "XClima 
Europe." 
The energy balance of the program KlimaHouse helps to 
calculate the energy requirements of buildings in the long 
term. 

In addition to the calculation of the specific energetic 
needs of the shell, this version also provides a calculation 
way for defining the energy efficiency of buildings 
indicated as primary energy.  

In this way it is possible to check the energy requirements 
during a year to satisfy the energy standards for a 
building. It is also defined as the consumption of CO2 on 
the basis of the used energy source. In addition to energy 
consumption it is defined for the following activities: 
heating, cooling, hot water production, lighting. 
2.7 Comparison of software 
The software with graphical CAD input have the ability to 
insert elements and characterizations also with the tabular 
method. All software are equipped with climate data of the 
regions, and calculate the energy needs for heating and 
cooling.  

The parameters to consider are: 

1) software's ability to read and modify files in dxf or dwg; 
2) software's ability to use your own CAD without 

depending on other programs. 
3) ability of the software to recalculate the energy 

performance of the building in real time. 
4) ability of the software to calculate the heat loss and 

the temperature of each part of the building bringing 
everything in graphics. 

5) software's ability to have an implementable database 
of the main construction materials and of the main 
systems for heating and cooling. 

6) software's ability to perform energy certification also 
based on the regional parameters as well as in terms 
of the criteria of the national guidelines. 

7)  software's ability to calculate the effects of shade and 
ventilation 

8) software's ability to make check thermo-hygrometric 
9) ability of the software to calculate the energy 

performance of a single unit or of the entire building 
analyzing all the parameters even if in the presence of 
a centralized systems; 

10)  software's ability to carry out an energy certification of 
an existing building and to define the focussed 
measures to increment the energy efficiency. 
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Design in dwg 
and dxf file 

x x x x   

Own CAD  x x x x   

Changes in 
real time 

x x     

Thermographic 
images 

x x x    

Own archives x x x x x x 

Regional 
legislation 

x x x x x x 

Shadows and 
Ventilation 

x x x    

Thermo 
hygrometric 
Check 

x x x x   

Calculation of 
individual units 

x x x x   

Price variable x x x    

Building 
renovation 

x x x x x x 

Table 2: Comparative analysis of the main software on 
the market 

3 THE CASE STUDY 

The comparison between the software Termus, Docet 
and EC-700 was performed on a single-family residential 
building project. The case study is simple from the point 
of view of geometrical composition and of thermo-
physical properties but with features that represent a real-
life example. Some special features have been 
introduced in order to analyze the differences in results 
between the software that may occur when addressing 
the calculation of heat loss for existing buildings. In this 
building there is a overhang on the sides southwest a 
double-height living room with fully windowed walls to 
south-west and a no-heated cantilever staircase on the 
north side The climatic conditions chosen are expressed 
in Table 3. 
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Padova  E 2404 183 -5 

Roma D 1415 166 0 

Bari  C 1185 137 0 

Palermo  B 751 121 5 

Table 3: Climatic parameters of the locations used for the 
simulations 

The main characteristics of the enclosure are shown in 
table 4. As for the plants was chosen a condensation 
boiler type C with effective rated output of 16 kW with 
terminal radiators positioned on insulated external wall. 
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Figure 1: South - West view 

Figure 2: South - Est view 

 

Thermal Transmittance  value  
(W/ m2K) 

South, east and west: 
Brick sp=25 cm, 
with external insulation extruded polystyrene 
15 cm 

0.191 

North. 
Brick 25 cm  
with external insulation extruded polystyrene 
10 cm 

0.168 

Isolated slab 0.267 
Double glazing with low-emissivity coating. 
Cavity of 16 mm with Argon gas. 1.2 

PVC frame. 1.8 
Table 4: Characteristics of the enclosure 

4 RESULTS 

For the three software Termus. Docet and EC700, the 
following indexes were analyzed and compared: 

1) the index of global energy requirements (EPglob); 

2) the index of the primary energy demand for heating 
(EPi); 

3) the index of the energy requirements for the domestic 
hot water (EPacs); 

4) the index of the net-energy requirements (EPinv). 

These are the values that have to be reported in the 
energy performance certificate of buildings. This study 
has been made in four different climatic regions (Table 3). 
In figures 3-4-5-6 it is possible to see the needs of the 
primary energy demand for heating and for the domestic 
hot water energy requirements expected by the three 
software, respectively in the Padua (Fig. 3), Rome (Fig. 
4), Bari (Fig. 5) Palermo (Fig. 6) zone. 

 
Figure 3: Primary energy demand for heating and for the 
domestic hot water energy requirements expected by the 

three software for the zone of Padua 

 
Figure 4: Primary energy demand for heating and for the 
domestic hot water energy requirements expected by the 

three software for the zone of Rome 

 
Figure 5: Primary energy demand for heating and for the 
domestic hot water energy requirements expected by the 

three software for the zone of Bari 

 
Figure 6: Primary energy demand for heating and for the 
domestic hot water energy requirements expected by the 

three software for the zone of Palermo 
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The follow figure 7 shows the comparison of the results of 
both index of primary energy while figure 9 shows the 
index of the global energy requirements for the four 
different climatic regions. 

 
Figure 7: Comparison of the index of the primary energy 

demand for heating. 

 
Figure 8: Comparison of the index of the global energy 

demand. 

5 CONCLUSION 

The study offers a clear vision about the potentialities and 
the limitations of software available on the market for 
energy certification of buildings. The analysis is conducted 
in the eyes of the professional user, for whom the 
software is a necessary operational tool during verification 
and project phases. The study rises different results 
superior to 5% caused by the software used. This is why 
the building case study can obtain energy certification 
class A if the computation is performed by software Docet 
and EC700 and energy certification class B if the 
computation is done by the software Termus. This 
represents a gap in the system of energy certification of 
buildings. To overcome these limitations it is 
indispensable to do further investigation and to develop 
shared rules concerning: 

1) acquisition of the data such as climate values and 
material properties; 

2) precise definition of the system to examine; 
3) fundamental algorithms. 
So that the energetic certification of buildings remains a 
valid tool to define correctly the adoptable strategies in 
order to reduce energy consumptions of buildings, it is 
necessary to improve more accurate and open source 
codes of calculation. 
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Abstract 
The target of achieving high energy efficiency standard in order to comply with the EU Directives is leading 
to remarkable efforts to improve the performance of the building envelope. Excellent thermal insulation and 
airtight sealing of leakages are of the utmost importance to fulfil the expected targets. Unfortunately 
airtightness produces the negative effect of increasing the indoor concentration of air pollutants like radon. 
Despite the seriousness of the problem is generally misconceived, long-term exposition to radon is 
acknowledged to be the second cause of lung cancer after smoke. The paper outlines the implications for 
the building sector and focuses on design and preventive criteria as well as on mitigation and remedial 
techniques. 
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1 BACKGROUND AND STATE OF ART  
1.1 Introduction and context 
Energy saving measures and energy efficiency design 
criteria, according to EU Directives (31/2010, 27/2012), 
are boosting the concept of a strongly insulated building 
envelope in order to avoid dispersion and air exchange 
between inside and outside. New high performing 
insulation layers, new waterproof membranes and vapour 
barriers as well as new high efficiency doubled glazed 
windows are all addressed to increase the thermal 
behaviour of the building envelope completely avoiding 
dispersions and recurring to mechanicals and equipments 
for air treatment.   

No uncontrolled air exchanges between inside and 
outside are allowed in order to maintain optimal indoor 
comfort conditions and to obtain huge energy savings. On 
the one hand this approach is the most viable solution to 
obtain significant results in reducing energy demand, but 
on the other hand it strongly increases the risk of 
concentration of indoor domestic and natural pollutants. 
Most of indoor pollutants are due to anthropic activities or 
to cleaning products as well as to furniture finishes or 
emissions from equipments and devices, while some of 
those agents come from natural sources.  

Pollutants (CO2, NOx, VOC, etc.) normally produced 
during the daily activities carried out by the occupants or 
by HVAC plants, can be easily diluted by natural or 
mechanical means of ventilation. However, this is 
generally avoided in low energy building, since avoiding 
the heat loss caused by ventilation a 50% saving of the 
total demand can be obtained, especially in winter. 
Avoiding dispersion through the building envelope, also 
the chance of removing the pollutant agents is strongly 
reduced. An adequate number of air changes is generally 
provided, on the basis of the internal air quality measured 
in the occupied spaces. Though such means of ventilation 
reduce the presence of “standard” pollutants, the 
depression they cause to the building can lead to natural 
pollutant inflow. 

Even though it can be quite hard, the risks deriving by 
anthropic origin can be reduced modifying the lifestyle 
and habits of the households or of the final users of the 
building, while the risks deriving by natural origin have to 
be adequately faced. The most relevant differences 
between these two families of pollutants concern the 
availability of information, the chance to identify and 
detect them in order to remove their source. 

Among natural pollutants, radon represents one of the 
most dangerous agent currently known for a series of 
reasons: it is the second cause of lung cancer after 
smoke [1]; it is colourless, odourless, tasteless; it can be 
detected only recurring to specific and adequate devices; 
its presence has no relation with conventional anthropic 
activities.   

1.2 Basic information about radon  

Radon is an isotope – mass number 222 [222Rn] – 
belonging to the uranium radioactive group and deriving 
by the uranium decay, the process through which a 
radioactive element changes into another substance 
emitting radiation. Likewise other natural isotopes with 
unstable configuration, it is called radionuclide and it can 
be easily found in rocks, soils and water [2]. Radon 
usually flows through the micro-cracks of the soil and is 
dispersed in the atmosphere. Unfortunately when it is 
able to flow into a building its concentration increases as 
well as the risks for health.  

During the decay process, ionizing radiations are able  to 
transfer a considerable amount of energy to the human 
body damaging it at DNA cellular scale and causing 
cancer pathologies. The International Agency for 
Research on Cancer (IARC) has included radon in group 
1 among definitely carcinogenic agents [3]. 

When inhaled, most of radon flows out through the breath 
or is eliminated by the tracheobronchial mucociliary 
epithelium system. Human exposure to natural ionizing 
radiation is an unavoidable condition of life in the Earth 
and radon is indicated to be responsible of the half of it. 
However high concentrations and long exposures, 
increase the risk of pathologies caused by the decay 
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process. Therefore “no risk” thresholds cannot be defined 
while acceptable risk thresholds can be estimated. 

Avoiding dispersions of conventional buildings, recurring 
to high energy efficiency building envelope, means a 
proportional reduction of the chance to disperse radon 
and a significant increase of its concentration. So 
adequate design criteria have to be introduced in order to 
prevent radon inflow.  

The environmental protection agencies of several EU 
member states are completely aware of the risks for the 
public health and began a number of surveys including 
geological monitoring in the last decades [4] as well as an 
intense dissemination action in order to widespread 
information and data about the problem. Despite this, 
most of the risks are due to an underestimation of the 
problem in the building sector. The way the building are 
built and the features of materials and building 
components play a primary role in this issue. Radon 
becomes seriously harmful only when it is confined into a 
closed environment in which its concentration increases, 
so building design has to provide adequate concepts to 
prevent inflow and effective measures to disperse it in 
case of inflow. However specific requirements concerning 
radon prevention are far to be conventionally adopted in 
current construction methods. 

2 RADON AND THE BUILDING SECTOR 
2.1 Radon inflow into buildings 

Radon is an inert gas able to migrate by molecular 
diffusion inside through the micro-cavities of the ground 
until it reaches the atmosphere through porosities and 
cracks. This leads to an atmosphere background value of 
about 10/15 Bq/m2 . When radon reaches the foundations 
and/or the basement of a building it is able to inflow by 
micro-cracks or porosities of the materials used for the 
ground floor and underground floor slabs and walls as 
well as through connection joints, or the points in which 
plumbing pipes, electrical and drainage cross the slabs. It 
has to be said that, despite soil is clearly the radon main 
source, some building materials of natural origin can be 
radon-emitters, such as tuff, granite, and other rocks often 
used in traditional wall masonry. 

Radon inflow is usually derived by physical phenomena 
such as convective air effects produced by the difference 
of pressure between lower and upper floors due to 
different thermal conditions (stack effect), or as a result of 
the pressure of the wind against the building (Venturi 
effect). A thermal difference of 10°C between inside and 
outside associated to a wind speed of of just 5 m/s 
produces a pressure of only 5 Pa which is able to trigger 
radon inflow from the soil. This phenomenon is usually 
stronger during the winter season when the heating 
system is operating and the thermal differences increase 
as well as during the night when doors and windows are 
usually closed. 

Radon isotopes are able of limited own movements but 
are usually carried by dust particles, aerosols, VOC 
(Volatile Organic Compound), water vapours, etc. till they 
reach human respiratory system where they deposit on 
the mucous membranes releasing energy – supposed to 
be the preceding phase of tumour biological damage – 
during the decay process. 

A number of causes contribute to the radon inflow into the 
built environment. Of course the geological and 
lithological features of the soil play a very relevant role 
and this is the reason why several National Environmental 
Protection Agencies across EU are engaged in monitoring 
activities for producing territorial risk maps. As radon is a 

soluble agent, the groundwater level is a relevant factor: 
water may infiltrate radon into cracks and porosities or 
move it across the soil level. Also climate conditions can 
influence the phenomena as well as barometric pressure. 
The most influencing factors are due to the technological 
features of the building: 
• construction system adopted for the basement or the 

ground floor level;  
• floor slab technology and typology; 
• presence of micro-cracks or porosities in the floor 

slab; 
• lack of sealing around  equipment pipes and ducts; 
• flooring typology; 
• use of building materials with high porosity; 
• open vertical connections between floors; 
• presence of chimneypot, kitchen hood, extractor fan, 

etc. which can increase the pressure difference 
between the building and the ground. 

Some specific features of the building, such as the 
shape, the size, the arrangement of openings and  
rooms, orientation and exposure, etc. can also influence 
radon inflow as well as users’ lifestyle and habits. 
 

2.2 Radon detection and measurement units 

Radon measurement is based on the number of particles 
emitted in the air by radon isotopes during the decay 
process. Radon is measured in Becquerels per cubic 
meter [Bq/m³] where one Becquerel stands for one decay 
per second.  

European regulations set different limits for indoor 
environments concentration, varying from country to 
country and from existent buildings to new ones, in order 
to achieve the better relationship between risk of disease 
and the cost of remedies. The 90/143/Euratom 
recommendation sets a limit of 400 Bq/m3 in existing 
buildings and 200 Bq/m3 in the new ones [5], but values 
of several thousands of Becquerels can be found in many 
highly-polluted buildings [6]. 

However, there is no threshold concentration below which 
radon exposure presents no risk. Since guidelines of 
most countries consider acceptable values between 200 
and 400 Bq/m3 [7], the recent WHO report [8] argues that 
even low concentrations of radon can increase the risk of 
lung cancer, suggesting values around 100 Bq/m3, that is 
a very low value for some EU regions.  

The most recurring, reliable and cheap is the integration 
measurement method. It is carried out by placing a 
dosimeter in the living area in the lower floor of the 
building. 

Two typical passive radon measuring devices are used in 
the countries included in WHO International Radon 
Project surveys [8]: alpha-track detectors (ATDs) and 
electret ion chambers (EICs). Both these devices do not 
require electrical power and provide a long-term 
integrated radon measurement. This is a very relevant 
feature as filed studies demonstrated that radon 
concentrations, measured in the same building, may vary 
daily, seasonally and yearly [9]. A reliable measure 
provides at least two consecutive periods of six months 
each, which are used to evaluate the average radon 
concentration in the building. 

In order to assess the effectiveness of a remedial 
technique or to evaluate the chance of timing the suction 
systems, active electronic integrating devices (EIDs) or 
continuous radon monitors (CRMs) are required. Both of 
them need to be supported by electrical power but offer 
the ability to chart the concentration and fluctuations of 
radon gas during the measurement period giving the 

30



opportunity to assess variations in radon concentration 
while the system is off and on. 

3 DESIGN AND CONSTRUCTION CRITERIA 
A research unit [RU] based on the Department of 
Architecture of the University of Ferrara is involved in a 
joint research program in cooperation with the Italian 
National Health Agengy [ISS] and the Environmental 
Protection Agency [ARPA] of Lombardia and Veneto 
Regions with the aim to investigate design criteria and 
implication in preventing radon pollution in the built 
environment [10,11].  

The RU focused on developing effective design 
requirements to be introduced in new constructions and 
especially in those ones belonging to the high energy 
efficiency group and on defining adequate mitigation 
measures in order to reduce the radon risk in existing 
buildings. The methodological outlines and findings of the 
research activities have been tested in several case 
studies applications either in the private or in the public 
sector.  

However relevant differences occur between new 
construction and interventions on existing buildings. 

3.1 Technological solutions in new constructions 

Despite the concern which is usually related to a 
radioactive agent, very simple measures can be adopted 
in order to prevent radon inflow into a new building. Of 
course this depends on the confidence of the design team 
with the problem and with the specific features of 
materials and technologies to be used.  

As the main radon source derives from natural emissions 
from the ground, it is easy to understand that the 
basement and/or the ground floor structures have to be 
adequately protected. As figure 1 (a,b,c) shows a specific 
layer (see point 3) is required in order to avoid the radon 
inflow.  

This layer – which can be a simple waterproofing 
membrane – has to cover completely the surface of the 
floor slab in order to obtain a continuous element  
including under the walls. It has to be adequately sealed 
around the vertical structural elements as well as around 
the equipment pipes and ducts which cross the slab. 
Certificated, reliable and tough radon proof membranes 
are currently available on the market at a cost of about 6-
8 €/m2, but a simple vapour barrier – if carefully placed – 
represents a safe obstacle to radon inflow. Guidelines 
from British Research Establishment [BRE] suggest the 
use of a simple thick polyethylene membrane [12]. 

As figure 1b shows, a crawl space under foundations or 
ground floor slab supports radon dispersion in the 
atmosphere: the ventilation effect derived by thermal 
differences and wind pressure is used for ejecting the gas 
through special openings provided in the structural walls. 
In order to increase this effect a north south orientation of 
the openings is preferred. This is a very recurring option 
especially in radon prone areas where it is required by 
local building codes. 

Where this option cannot be adopted due to technical 
reasons or specific conditions of the building site, a 
manhole – provided of adequate holes in order to act as 
radon collector – is usually placed under the ground floor 
slab approximately in the centre of the building plan. As 
figure 1c shows, the manhole is than connected with the 
outside by a pvc extraction pipe (Ø100/120 millimeters) 
which reaches a second manhole where a fan/air 
extractor is placed. The gas is finally released in the 
atmosphere by a special ejection pipe. Figure 2 (a,b,c) 
provides some examples of the components usually used. 

The device provides the same principle on which the 
previous option is based on. Of course the effect is 
increased depending on the features of the adopted 
device. It has to be said that this option does not prevent 
radon inflow, but provides the elements and the 
equipments to intercept and extract it whenever indoor 
measurements would result higher than acceptable limits. 

 

 
 

Figure 1a, 1b, 1c. Detailed cross section of the ground 
floor structures: 1- vapour barrier, 2 - thermal insulation 
layer, 3 - radon proofing membrane, 4 - levelling layer, 5 - 
ventilation pipe Ø 100-120 mm, 6 - manhole for placing 
fan/air extractor, 7 - fan/air extractor, 8 -  ejection pipe, 9 - 
gravel, 10 - extraction pipe, 11 – manhole with adequate 
holes to collect the gas. Source: G. Zannoni. 
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Figure 2a, 2b, 2c. Examples of components to be used in 
realizing a suction point. Source: G. Zannoni. 

 

3.2 Mitigation and remedial techniques in existing 
buildings 

From a theoretical point of view mitigation and remedial 
techniques are based on the same principle of preventive 
measures, but they have to take into account a number of 
constraints and features of the existing building. 

When the building is provided of a crawl space under the 
ground floor slab this space can be used as a wide gas 
collector to be connected to a fan/air extractor placed in a 
manhole on the outside in order to obtain a depression 
effect. Of course this option requires also a number of 
holes in the basement of the wall [13]. 

This solution can be adopted when the crawl space is 
composed of incoherent materials like gravel, while it has 
to be avoided in case of compact and grained materials or 

in the case some structural elements divide the whole 
space into separate sectors. Very large buildings require 
a number of suction points according to accessibility and 
building geometry. It has to be remarked that suction 
holes have to be placed on the same side and never on 
opposite sides. 

When there is no crawl space under the ground floor slab, 
a manhole for placing a suction point has to be placed 
and of course this requires to remove part of the flooring 
and of the floor slab itself. The technological solution to 
be adopted is the same described by figure 1c. 
Otherwise, instead of placing the manhole, a special pipe 
(Ø 100/120 mm) with adequate holes (Ø 30 mm) and 
protected by a nonwoven-fabric can be driven into the 
ground as figures 3a and 3b show. The pipes provide the 
same collector function and has to be connected by the 
extraction pipes with the outside manhole provided of 
fan/air extractor as figures 3c and 3d show. 

 
Figure 3a, 3b, 3c, 3d. Examples of extracting pipes in a 
suction point. Source: G. Zannoni. 

When placing the suction point inside the building is an 
unsuitable solution due to functional or budget 
constraints, to preserve high quality finishes, etc. a 
number of remedial interventions have to be provided 
around the external walls of the buildings. The number of 
suction points depend on their influence area (usually 
estimated in of 6-8 meters depending on the soil 
typology) and on the buildings’ dimension. 50-60 watts 
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extractors with a flow of 500-600 cubic meters/hour are 
often adequate devices in most cases. A timer can be set 
in order to limit operation time and achieve some energy 
savings. 

All mitigation and remedial techniques require to provide 
adequate sealing around vertical cavities and connections 
such as equipments pipes and ducts or the lift shaft. 
Especially underground ducts which provide domestic 
utilities are critical points because when they cross the 
ground floor slab they can favourite radon inflow. So all 
these discontinuity points have to be sealed using 
silicone, grip tape or the same rubber flange used in flat 
roof for drainage. Figure 4a, 4b, 4c and 4d provide some 
examples. 

 

 
Figure 4a, 4b, 4c, 4d. Examples of pipe holes sealed. 
Source: G. Zannoni 

4 FINAL REMARKS 
Feedback and experiences coming from case studies 
application and research activities in the field gave 
positive results concerning the mitigation and remedial 
techniques adopted. A number of mitigation techniques 
were tested in small and large buildings and a monitoring 
action was performed in order to assess the results 
especially in public buildings where Authorities 
specifically required a compared study of indoor 
conditions before and after interventions. 

The size and complexity of the building often required the 
adoption of two combined remedial techniques or to 
divide the building into separate sectors in which a 
specific remedial technique was provided [14] as shown 
in figure 5 series. 

The most recurring techniques are the one based on the 
depressurization of crawl space and then the one based 
on the depressurization of the ground by a suction point. 
Some critical aspects were detected. The place where 
intervention is provided plays a crucial role in the 
effectiveness of the adopted techniques, but its choice 
represents a very difficult phase as the users and the 
households are usually more interested in reducing 
damages and discomfort than in achieving optimal 
results. On the one hand this is due to the invasive 
character of several remedial technique and on the other 
hand to a reduced awareness of the users and 
households towards the problem and the risk for health. 

In high energy efficiency buildings difficulties are 
increased by more complex stratifications composing the 
building envelope and the basement as well as by the 
strong relation between achieved energy savings and 
dispersions reduction.  

In case of new construction a bitumen membrane can be 
introduce in the ground floor stratification in order to avoid 
radon inflow from the ground: the principle is more or less 
the same of the measure adopted to prevent rising dump 
but requires a very careful application in order to avoid 
any discontinuity point. 

In case of refurbishment or energy retrofitting a 
responsible approach towards radon problem is required. 
It has to be noted that when airtight sealing of leakages in 
the building envelope is pursued in order to fulfil energy 
savings requirements, any small element able to produce 
a depression effect inside the building (such as a 
chimneypot, an air extractor, or even an open windows) 
may produce a suction effect of the gas from the soil by 
the ground floor slab. As the importance of this effect  is 
usually underestimated, this building element is not 
involved in major interventions in undergoing renovation. 

However it has to be remarked that avoiding air exchange 
between inside and outside has very relevant implications 
both on the energy and the radon issues as well.  

Thus these issues cannot be faced separately, but 
focusing on indoor air quality which depends on several 
factors. So more specific requirements have to be 
introduced in building codes and regulations, as already 
done by some Public Administrations, in order to combine 
adequate radon proofing measures with energy saving 
principles especially when air tightness is assumed as a 
strategic design criteria. It finally may be said that health 
problems caused by  indoor pollutants like radon should 
be more expensive than any energy bill.   

Energy savings and sustainable policies are certainly a 
priority in the very next future, but many efforts are still 
required for making people aware of the importance of 
indoor air quality which is a very closed topic to near zero 
energy buildings. 

service duct 
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Figure 5. Three different remedial techniques applied to 
different blocks of the same building. Source: G. Zannoni 
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Abstract 
This paper investigates the annual energy consumption of an office building located in the north-eastern 
Mediterranean area of Italy equipped with automated shadings. The simultaneous impact of automated 
dynamic solar shadings and lighting control is calculated using Energy Plus and Radiance. Results show that a 
substantial reduction of energy demand for cooling and lighting could be achieved in office spaces if an 
integrated approach for automatic control of motorized shadings is used in conjunction with controllable electric 
lighting systems. Automated shadings are an irreplaceable strategic instrument to improve thermal and visual 
comfort in high energy efficiency buildings. 
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1 INTRODUCTION 

From 2020, the European Union will require its member 
countries to construct new buildings with “near-zero 
energy consumption” [1]. Taking into account that 
buildings (office buildings and dwellings) are using 40% of 
Europe’s total primary energy, this objective can only be 
achieved when every potential source of energy saving 
will be applied -and as it will be demonstrated in this 
paper- good dynamic solar shading systems are the first 
solutions to consider. 
In fact it is preferable to use design strategies that start 
from the interaction between the outdoor environment and 
the indoor comfort. This puts the façade, as the actual 
separator between the indoor and outdoor climate, at the 
centre of the “energy reduction issue”. Shading systems 
should be considered as an integral part of fenestration 
system design for commercial and office buildings, in 
order to balance daylighting requirements, to optimize 
visual and thermal comfort and to reduce primary energy 
demand according to different strategies (building design, 
façade concepts, HVAC, lighting, control system). 
With the support of technological advances of 
architectural components, design alternatives have shifted 
to use dynamic fenestration and shading system to 
optimize the indoor comfort. For this reason, the need for 
a detailed integrated thermal and daylighting simulation is 
strong [2]. 
This paper presents an integrated simulation of energy 
consumption of an office building located in the north-
eastern Mediterranean area of Italy. The impact of 
shading design and control on building performance is 
taken into account at the design stage. The integrated 
thermal and daylighting simulation, conducted by Energy 
Plus and Radiance, allows to quantify the impact of 
intelligent solar screens on energy consumption of 
buildings. 

2 INTEGRATED SIMULATION 
Analysis were carried out using Energy Plus (version 7.2), 
a tool developed in the U.S. Department of Energy and 

Lawrence Berkeley National Laboratory. Energy Plus 
calculates heating and cooling loads necessary to 
maintain thermal control set-points and energy 
consumption of primary plant equipment [3]. 

The daylighting simulation is obtained using the Radiance 
daylight simulation engine developed by the Lighting 
Systems Research group at Lawrence Berkeley 
Laboratory [4]. The daylight luminance level in a zone 
depends on many factors, including sky condition, sun 
position, photocell sensor positions, location, size, glass 
transmittance of windows, window shades and 
reflectance of interior surfaces. The reduction of electric 
lighting depends on daylight luminance level, luminance 
set-point, fraction of zone controlled and the type of 
lighting control. 

In this work, the software DIALux is adopted to reshape 
and simulate the artificial lighting system and to value the 
specific power to install to. DIALux determines the energy 
light solution required complying with the respective 
national and international regulations.  

These programs are exploited to implement the 
integrated simulation of energy and daylight in an office 
building. The integrated simulation was conducted at 
single room office level. Only on this scale it is possible to 
evaluate both behaviours and requirements with regard to 
the thermal and the visual indoor environment defined by 
the occupant [5].  

3 THE CASE STUDY 
3.1 Masterplan 
The project of the office building, object of this study, is 
arranged for a masterplan that concerns a particularly 
interesting area for the city of Grado. The involved area is 
named “Sacca dei Moreri” and it is situated in the 
southern part of Gorizia, on an island between the lagoon 
of Grado and the Adriatic sea (Fig. 1). The project 
choices that regard the urban aspect and the individual 
residential buildings are made to optimize the natural 
ventilation through the breeze exploitation for which this 
area is famous for. In this masterplan (Fig. 2) the office 
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building is employed as a case study in order to calculate 
the impact of shading design. 

 
Figure 1: In yellow the implicated area “Sacca dei Moreri” 

 

 
Figure 2: Masterplan  

 

3.2 Office building design 

The impact of shading design and control on building 
performance is taken into account at the early design 
stage to optimize cooling and lighting energy balance 
between the fenestration and the lighting [6]. The building 
project starts off by the results of recent studies, that have 
shown a significant cooling load reduce and an important 
energy consumption decrease for lighting and cooling. 
This was achieved maintaining good thermal and 
luminance indoor conditions with the aid of appropriate 
shading designs and controls in connection with 
simultaneous control of electric lighting and HVAC 
components [7]. 

Moreover, the project takes into account all the 
environmentally and urban protective restrictions. The 
office building is composed by five floors that reach a 
volume of about 23000 m3 (Fig. 3). The southern façade 
presents a glass ratio of 30% window-to-wall for 
daylighting maximization. The larger window areas would 
not result in any significant increase in useful daylight in 
the room [8]. The external façade presents an exterior 
thermal isolation that allows an interior ventilation through 
a stone that has a distance of 8 cm (Fig. 4). 

 
Figure 4: Rendering of the office building 

3.3 Simulation model 

The office room is a 5.25 × 3.15 × 6.7 m (width × height × 
depth) space for four people, with a specific façade type 
and system configuration (HVAC and artificial light 
system). The room sees daylight by a south oriented 
window of 7.29 m2, which fills about 33% of the office 
south façade (Fig. 5). The office is simulated as a single 
unit in a larger office building and only the façade is 
exposed to the outside climate. Ceiling, floor and internal 
walls are assumed to face the same thermal environment 
as the room investigated and their thermal capacity is 
included. The model is simulated in an environment 
without any obstruction elements. The office is occupied 
by four people from Monday to Friday (8 a.m.-18 p.m.) all 
over the year except for five weeks of holiday. Table 1 
contains input data on geometry, construction, system 
configuration and internal loads for the simulation models. 
Both heating and cooling systems are always available 
for all the year. The heating set-point during office hours 
(heating operation also has one preheat hour) is 22 °C. 
The cooling set-point during office hours (heating 
operation also has one precool hour) is 24 °C. The 
heating system consumes natural gas (80% efficiency) 
while the cooling system consumes electricity (average 
COP of 2.5). These values are typical and are adopted to 
convert thermal loads to a source energy use. Maximum 
natural ventilation rate through open windows is defined 
using minimum fresh air requirements per person. Set-
points for heating/cooling and air flow rates for 
mechanical ventilation correspond with requirements for 
class II in the European standard [9]. Both heating and 
cooling systems are simulated as active during 
occupancy the entire year, therefor the system set-up 
would result in temperatures and air quality that always 
correspond to Class II requirements. 

 

 
Figure 3: Plant  
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Figure 5: Case study – Single office room 

 

Geometry 

Office room  

(width × height × depth) 

5.25 × 3.15 × 6.7 m 

Window width and height 2.7 × 2.7 

Constructions 

Heat transfer coefficient of 
opaque façade construction (U-
value) 

0.313 W/m2K 

Heat transfer coefficient of 
glazing (U-value) 

0.15 W/m2K 

Visual transmittance of glazing 
(TL) 

72% 

Solar transmittance  60% 

Systems and internal load 

Density occupancy 0.111 p/m2 

Activity occupancy Light office 
work/standing/walking 

Metabolic factor 0.9 

Clo-Values 1 Clo (winter) 

0.5 Clo (Summer) 

Set-point temperatures - heating 22°C 

Set-point temperatures - cooling 24°C 

Natural ventilation cooling set-
point temperaturea 

22°C 

Infiltration 10 m3/hm2 at 50 Pa 

Mechanical ventilationb 1.15 l/sm2 

Heat exchanger efficiency of 
mechanical ventilation 

0.8 

Venting rate (minimum) 7 l/sp 

Internal loads equipment 10 W/m2 
a Only active during heating season (18 pm to 23 pm)  
b Equivalent to indoor air quality Class II in the European 
standard EN 15251:2007  

Table 1: Input values defining simulation model 

Sizing method artificial lighting 

The study of artificial illumination is achieved using 
DIALux software (Fig. 6). This software gives a detailed 
evaluation of the correct electric power demand to install 
according to the DIN 18599-4 legislation. This legislation 
admits a detail engineering planning (that exploites a 
specific software as DIALux) and other two simplified 
methods too. So, there are altogether three methods 
allowed by the DIN 18599-4 legislation: 

 • Tabular method; 

 • Simplified utilization method; 

 • Detailed engineering planning. 

The possibility of using a detailed method allows to define 
more accurately the electric power demand which has to 
be installed through a 15% of power reduction compared 
to the other two methods mentioned above. According to 
the indications of the UNI EN 12646-1 legislation, an 
office building, as the case studied, has to guarantee an 
average lighting of 500 lux on the work plane (0.8 m 
above floor). Always in order to minimize the electric 
power requirements, and consequently to reduce 
consumption levels, a direct illumination system has been 
adopted. This one is endowed with luminous sources with 
rapid start fluorescent lamps. The result achieved 
provides a power density of 13 W/m2 of the lightning 
system. Approximate values of radiant fraction and visible 
fraction for overhead fluorescent lighting are expressed in 
Tab 2.  

 
Figure 6: Rendering of the office space obtained with 

DIALux 

 

Input valuesa Surface mount 

Radiant fraction 0.72 

Visible fraction 0.18 

Converted fraction 0.1 
a  Source: Lighting Handbook: Reference & Application, 
8th Edition, Illuminating Engineering Society of North 
America, New York, 1993, p. 355. 

Table 2: Input values defining surface mount 
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4 RESULTS 
The first analysis carried out has been implemented to 
quantify the possible energetic saving through a simple 
continuous control of the artificial lighting. In this case 
there is an artificial lighting control that is switched on 
when the lighting level on the desk is lower than 500 lux. 
The artificial light controller will fill up the gap increasing 
this own power when the natural light is decreasing. The 
lights switch off completely when the minimum dimming 
point is reached. Daylight luminance on the working plane 
is calculated for four locations in an office zone during the 
simulation. The sensors are always located on the work 
plane, which is 0.8 m above the floor. This control over 
the artificial lightning allows 24% reduction of the global 
energetic consumption of the building all the year round, 
passing from 164 kWh/m2 to 124.5 kWh/m2 (Fig.7). 

 
Figure 7: Reduction of annual energy consumption 

(kWh/m2)  

The second analysis values an ulterior energetic 
consumption reduction, reached by a screen system with 
defined properties positioned on the externally windows. 
Transmittance and reflectance values are obtained after a 
series of analyses to reach the best results in terms of 
thermal and visual comfort (Table 2). This analysis has 
been effectuated through the monitored control of the 
artificial lightning. 

Solar transmittance (Ts) 0.1 

Solar reflectance (Rs) 0.7 

Visible transmittance (Tv) 0.5 

Visible reflectance (Rv) 0.4 

 Table 2: Shade properties 

The analysis is done using at first fixed solar shadings 
and then automated dynamic solar shadings. The control 
system has been defined to maximize the winter sun 
penetration and to minimize the excessive solar radiation 
in the summer time. Shading control strategy is defined in 
accord with the outdoor conditions (Fig. 8; Fig. 9). 
Shading is on if the outside air temperature exceeds 21°C 
and if the solar radiation incident on the window exceeds 
80 W/m2. The choice of this control type determines the 
activation of the shading device in the summer period, 
slightly increasing the demand for artificial lighting during 
the warmer months (Fig. 10) but significantly decreasing 
solar gains through the window (Fig. 11). 

Using this type of control a significant reduction of energy 
consumption for cooling in the summer season is 
remarkable (Fig. 12). In winter the dynamic shading is 
considered fully retracted, so the energy consumption for 
heating is identical to the analysis conducted without the 
use of shadings (Fig. 13). 

Through a fixed shading and the control over the artificial 
light an additional savings of 10% on annual energy 
consumption is achieved. Using automated dynamic solar 
shadings it’s possible to obtain an additional 10% of 

saving (Fig. 14). It follows that through the use of dynamic 
solar shading devices and the lightning control the energy 
consumption of the building is reduced by approximately 
40% (Fig. 15), from 164 kWh/m2 to 100 kWh/m2. 

 
Figure 8: Outside air temperature 

 
Figure 9: Solar radiation direct and diffuse on window 

 
Figure 10: Lighting demand 

 
Figure 11: Solar gains on window 
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Figure 12: Cooling demand 

 

 
Figure 13: Heating demand 

 
Figure 14: The comparison of the annual energy 

consumption (kWh/m2) for the three cases. 

 

 
Figure 15: The comparison of the annual energy 

consumption (kWh/m2) of the first and the last case 
analyzed. 

5 CONCLUSION 
To quantify the potential of dynamic solar shadings, we 
have presented three different simulation models: with no 
shading system, with fixed shading system and with 
dynamic controlled shading system. The performances of 
the southern façade have been evaluated in terms of the 
total energy demand (included heating, cooling and 
artificial lighting energy demands), considering thermal 
and visual comforts. Using automated dynamic solar 
shadings it’s possible to obtain 20% of saving on annual 
energy consumption and to reduce the cooling capacities 
of the HVAC systems. 

From the studies it rises the need to develop the research 
of automated dynamic solar shading system, which are 
able to maximize the winter sun penetration and to 
minimize, at the same time, the excessive summer solar 
radiation. The utilization of the natural light in buildings 
can involve a remarkable saving on the electricity 
consumption, which also allows a higher indoor comfort. 

The object of this study has been the analysis of the 
properties of this innovative product. The future task will 
be the development of a specific automated solar shading 
product that consents to put in practice the obtained 
results. 
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Abstract 

Sun daily radiates an enormous amount of energy to Earth, and yet, that energy is still not properly exploited, neither in the 
World nor in Bosnia and Herzegovina. There are many reasons for this; one of the main being that relatively low-level 
information about the benefits of solar energy and the ways of its utilization are available and widespread. There is no 
systematic stimulation for usage of solar panels, purely relying on individual cases of installation on different types of objects. 
Building the solar tree can be very beneficial for raising awareness about solar energy, its advantages and ways of usage. 
Projects like this are not new, and they already have helped to raise environmental awareness in many European capitals. 
This paper elaborates the possibility of building a solar tree in Sarajevo, covering technical, social and economic aspects. 
Benefits and potential drawbacks are elaborated, while special emphasis is given to the specifics of its utilization due to the 
geographical position of Sarajevo and corresponding number of sunny hours/days per year. Also, suggestions for potential 

building sites are given, as well as description of its design. 
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1 INTRODUCTION 

Renewable energy is a socially and politically defined 
category of energy sources. Renewable energy is 
generally defined as energy that comes from resources 
which are continually replenished on a human timescale 
such as sunlight, wind, rain, tides, waves and geothermal 
heat. While many renewable energy projects are large-
scale, renewable technologies are also suited where 
energy is often crucial in human development. 

Solar energy, that is radiant light and heat from the sun, is 
harnessed using a range of ever-evolving technologies 
such as solar heating, solar photovoltaic, solar thermal 
electricity, solar architecture and artificial photosynthesis. 
It is considered as one of the main sources of renewable 
energy in future. Solar technologies are broadly 
characterized as either passive solar or active solar 
depending on the way they capture, convert and distribute 
solar energy. Active solar techniques include the use of 
photovoltaic panels and solar thermal collectors to 
harness the energy. Passive solar techniques include 
orienting a building to the Sun, selecting materials with 
favourable thermal mass or light dispersing properties, 
and designing spaces that naturally circulate air. 

“Solar power” is the common name of sunlight converted 
into electricity, either directly using photovoltaic (PV), or 
indirectly using concentrated solar power (CSP). CSP 
systems use lenses or mirrors and tracking systems to 
focus a large area of sunlight into a small beam. PV 
converts light into electric current using the photoelectric 
effect. A photovoltaic cell (PV), sometimes named solar 
cell, is a device that converts light into electric current 
using the photoelectric effect. The first solar cell was 
constructed by Charles Fritts in the 1880s. In 1931 a 
German engineer, Dr Bruno Lange, developed a photo 
cell using silver selenide in place of copper oxide. 
Although known for low efficiencies (depending on variety 
of factors, but usually up to 10%), by 2012 it exceed 20% 
and the maximum efficiency of researched photovoltaic is 
over 40%. 

The “Solar Tree” is a combination of artistic and 
technological effort which exists as a form of solar 
artwork. Within the past several years, artistically inclined 
inventors have strived to envision new methods to gain 
utility from solar cell technology. This relatively new 
concept was conceived in an attempt to merge new 
technology, relating to the absorption and use of solar 
power, and artistic aesthetic. The inspiration for their 
organic design has both visually pleasing and pragmatic 
purposes. Though the instrumental value of the Solar 
Tree may differ depending on its interpretation, the 
general form of an organic, tree-like figure utilizing solar 
panels remains consistent. 

2 DESIGNING PROJECT “SOLAR TREE” 

2.1 Project description 

Solar tree represents steel construction that with its 
appearance reminds of the tree, on top of which are solar 
panels  that by collecting solar energy, mobiles and 
portable computers will be charged . Also it can be used 
for charging of info panels and street lighting.  
Goals and ideas of the project are:  

- To provide citizens and tourists of Sarajevo free 
access to energy for charging of mobiles and 
portable computers on frequent locations in 
Sarajevo, that already have free access to 
wireless internet. 

- To offer tourist in Sarajevo interactive info panel 
with basic information related to the Sarajevo 
city. 

- To raise awareness of the citizens about 
renewable and sustainable energy.  

- To promote Faculty of Mechanical Engineering 
and other technical faculties generally, knowing 
that technical occupations deficient in Bosnia 
and Herzegovina. 

- To include as many students in project and by 
that to provide students more practical training. 
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Figure 1: Example of solar tree in Gleisdorf (Austria) 
 

2.2 Selection of potential locations in Sarajevo 

During the selection of potential locations in Sarajevo for 
successful implementation of the project „ Solar tree“, it is 
necessary to consider following:  

- Choice of location, 
- Orientation, 
- Annual temperature of location, 
- Distribution of the location, 
- Overcoming the obstacles. 

Orientation, distribution and selection of location affects 
amount of solar energy that will solar tree collect. 
Geographical factors as climate, naturally affects the type 
of project that will be implemented on some locality. 
Satisfying location can represent important aspect for 
local development and support of Institutions.   
South part of Bosnia and Herzegovina has solar radiation 
of about 1600 kWh/m

2
, and on the north is of about 1240 

kWh/m
2
, with average for this region of 1300 kWh/m

2
. 

Number of sunny days annually for Bosnia and 
Herzegovina is about 270. 
The largest solar radiation of solar collector is achieved if 
it is oriented to the south. Optimal angle of collector field 
depends on the purpose of solar thermal system and 
period when it is mostly used. Considering that Solar tree 
is consisted of solar panels, its ideal orientation is south. 
Acceptable deviation from the orientation of location for 
setting up collectors to the south is ±30°.  Even if it is 
possible to set up solar collector to the southeast and 
southwest, it is necessary that the angle of solar panels 
would be appropriate to provide maximum output power.  
Optimal angle is about 33° if it is used for summer and 
winter regime. If it is necessary to collect more Solar 
energy during winter time, the collector angle should be 
50‐60°. More energy during summer is provided with the 

angle of 25‐35°. 

Suggestions of ideal location for implementation of the 
project “Solar tree” are urban parts of the city, dynamic, 
where there is constant concentration of society. Reason 
to choose these localities is because of the primary role of 
project to promote renewable technologies through 
concrete applicative example and in that way to raise 
awareness of the society and to accept eco-technologies. 
Observing principles of work and design of the Solar tree, 
society will be interested how similar model can be 
implemented on wider environment.  The importance of 
project is not only local. Depending on social acceptance 

and success of the project, it can be expanded on 
regional level.  
Locations as Vilsonovo šetalište, Trg Djece Sarajeva, 
Skenderija plateau, park near municipality Centar and 
Second Gymnasium are characterized with attractive 
environment, near green areas, parks and squares, and 
in that way combines urban and natural concept. 
Localities are daily meeting places of different 
generations, venue of different events, centrally 
positioned in relation to the environment. Implementation 
of local experiment as Solar tree it is possible to achieve 
the goal of designer and investor, considering conditions 
that project needs to satisfy to achieve quality outcome by 
social, economic, technological and what is most 
important ecological aspect.   

3 CALCULATION OF PHOTOVOLTAIC SYSTEM  

 

3.1 Selection of photovoltaic system type  

Depending on mode, there are independent, network 
(active and passive) and hybrid photovoltaic systems. 
Considering photovoltaic system for Solar tree because of 
constant need for electricity during year, and considering 
that during summer there is extremely solar radiation and 
higher production of electricity, optimal system would be 
active, or interactive photovoltaic system  (Figure 2). 

 
Figure 2: Scheme of active PV system  
 
Active, or interactive, network PV systems use network 
interactively, using it in the case of higher needs or 
returning it in the case when more electricity is produced 
in PV modules. 
 

3.2 Intensity of Solar radiation on the area of 
Sarajevo  

Data about intensity of solar radiation are necessary for 
calculation for electricity production of photovoltaic 
system. Sarajevo is located at 43°50' north latitude and 
18°20' east longitude. 
Optimal angle of inclination for Sarajevo locality is 34°, 
and optimal angle of orientation is 1°. Monthly production 
of electricity is 1 kWp (Figure 3).  

 
Figure 3:  Production of electricity 1 kWp by months  
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Ed – Average daily production of electricity from given 
system (kWh) 
Em – Average monthly production of electricity from given 
system (kWh) 
Hd – Average daily sum of global radiation by module 
square meter of given system (kWh/m2) 
Hm – Average sum of global radiation by module square 
meter of given system (kWh/m2). 
 

3.3 Technical description of PV system 

“Solar tree” has 10 pieces of PV modules type BP 3150S 
at an angle of 34°, south oriented. Total power of PV 
modules is 10×150=1500 W. Modules are serially 
connected to the exchanger, type SWR 2000, with total 
power 10×150=1500 W.  It is peak power for exchanger.  
Rated power of exchanger is 1800 VA. Total power of PV 
system is 1500 kW.  Occupied area for modules is 12 m², 
while total amount of one module is 15.4 kg. 
Photovoltaic modules are connected by cables type 
H07RN‐F (EPN‐50), which are after PV modules 

introduced into module distribution cabinet and from there 
into solar exchanger.  
Distribution cabined is equipped with overvoltage 
arrestors and dc switches.  
Systematically are applied safety and protective measures 
in accordance with all applicable Bosnian and European 
standards for such systems. For protection of modules, 
DC switches 20 A are used, and automatic fuse 16 A and 
25 A type B for exchanger, as recommended by same 
manufacturer. 
 
Two billing metering timers are necessary, one for 
measuring the production of electricity from PV systems, 
two–tariff meter for tariff customer of electricity. Three 
internal timers: timer of produced energy, consumed 
energy and timer that measures excess of electricity 
transmitted to the network are connected to the computer 
to monitor work of PV system. 
Previously it was estimated that with this PV systems 
annually will be received about 1943 kWh electricity. 
System is in parallel operation with distribution network, 
where produced electricity from PV system is used for to 
supply with electricity consumers from Solar tree (LEDs, 
mobiles, laptop ...), and excess of electricity will be 
transferred electricity distribution network. 
 

3.4 Calculation and selection of PV system elements  

For calculation and selection of PV system elements, 
PVsystV6.07 software was used, by which it can be made 
simulation of PV system, using input parameters of 
location on which is already installed PV module and also 
with use of this software, approximate economic analysis 
of PV system can be made.  
This PV system (Solar tree) will charge 5 fluorescent 
bulbs power 18 W and 5 devices as mobiles and laptop, 
total power 250 W, on average of 8 hours per day. For 
this case, from Figure 4 it  can be seen that daily needs 
for electricity are 2576 Wh/day, or 77,3 kWh/month. 
Based on these requirements, it is necessary to 
dimension PV system. 
After selection of location for installation of PV system, it 
is necessary to adjust input parameter for PV system, at 
such as at first step values of the nominal power (kWp), 
orientation, angle of inclination and azimuth, and at 
second step it is necessary to define type of module, 
module technology production, and method of assembly 
and ventilation of module (Figure 5.) 
 

Figure 4:  Defining number of consumers that will charge 
PV system 
 

 
Figure 5: Adjustment of input parameters for PV system 
 
After correctly entered input parameters for PV system, 
software is doing calculation and provides output results 
that are shown on Figure 6.  

 

 

Figure 6: Results of calculation for PV systems 
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It can be noticed for PV system – Solar tree will have 
annual production of electricity about 1943 kWh/year, and 
for that it is necessary to have 12 m² of solar modules. 
 

3.4.1   Photovoltaic modules 

For realization of photovoltaic system, used are PV 
modules are BP 3150S (10 pieces), power 150W, by 
manufacture BP Solar, USA (Figure 7). 

 

 

Figure 7: PV module BP 3150S 

Module BP 3150S is consisted of polycrystalline Si cells 
with anti-reflective coating. It has relatively high degree of 
efficiency (11.9%) and long lifespan with guarantee on 
power of 25 years. Characteristics of embedded modules 
are given on Figure 8.  

 

Figure 8: U-I Characteristics of PV module type: BP 
3150S 

 

3.4.2   Cables for connecting of PV  

Photovoltaic modules because of atmospheric impact, 
rain, solar radiation and high temperature, are connected 
together with cables H07RN‐F.  

Cable H07RN‐F (EPN‐50) is made of tinned conductor 

with insulation made of special rubber compound (El 1) 
and sheath made of chloroprene rubber.  

Because of excellent mechanical strength H07RN‐F, 

cable is ideal for use in medium and heavy mechanical 
loads, in dry and wet conditions, in conditions with higher 
temperatures than standard and high Solar radiation, in 
free space and facilities where is a risk of explosion.   
Cable H07RN‐F is produced by using joints that have 

better behaviour than standard cables. This fact makes 
cable H07RN‐F to be multipurpose for voltage to 1 kV. 

 

3.4.3   Inverter 

Solar inverters convert DC voltage of solar modules into 
AC voltage regulated amount and frequency, timed with 
network voltage. Inverters that used for connection of PV 
modules with network are divided into voltage inverters 
and electrical inverter, and based on regulation, are 
divided on current controlled and voltage regulated 
inverters.  
Minimum requirement for achieving parallel operation is 
that the protection of inverter effects or operates on 
breaker and to isolate PV system from network if occurs 
deviation from voltage (overvoltage and undervoltage) or 
frequency (overfrequency or underfrequency). Limits of 
possible barriers are originally attached or programmable 
for every single inverter. Requirements for protection 
functions and limits of inverter adjustment have to fulfil 
EU standards.  
Embedded inverters in PV system are Sunny Boy, type 
SWR 2000, by manufacturer SMA from Germany. 
Inverters are produced by reputable manufacturer and 
they unite all circuits necessary for safe and reliable 
operation of the low voltage network in parallel mode.  
Inverter type SWR 2000 is equipped with:  

- System for monitoring of network operation; 
- Device for automatic synchronization of systems 

and network; 
- Protective device that can be customized 

between deviation limits  
- Deviation from nominal value (U<, U>, f<, f>), 
- Protection system from injected DC current into 

the network;  
- Device for exclusion or inclusion on network 

(exclusion in the case of deviation from default 
values or inclusion when conditions are fulfilled). 

Figure 9 represents change of inverter efficiency 
depending on the input power. 
  

 
Figure 9: Inverter efficiency as function of output power  
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3.4.4   Protection of PV system from atmospheric and 
induced voltages  

To ensure safe and continuous operation of PV system 
through its lifespan, it is necessary to predict overall 
protection from atmospheric and induced voltage in 
designing phase of PV system and project realization. 
Protection has to be ensured not only on the output side 
of inverter, then also on output side of PV modules. 
Photovoltaic system (Solar tree) will be installed on some 
green area in Sarajevo, which at the beginning represents 
greater probability of thunderbolt (atmospheric 
overvoltage).  
Consequences of thunderbolt on PV modules will have 
also consequences on other electrical equipment, 
because of electric connection between PV system and 
electrical installation, which leads to the financial losses. 
Furthermore, risk of financial losses should be taken into 
account when considering investment in PV panels. In 
accordance with standard EN62305‐2, in expected risks 

of damage of PV systems are direct or indirect 
thunderbolt.  
Protection of PV system from atmospheric and induced 
overvoltage has to be in accordance with standards EU 
EN 60364‐7‐712 (Electric installation of photovoltaic 

system), EN 61173 (Protection from overvoltage produced 
in photovoltaic system) and group of standards EN 62305 
(lighting conductor). Core of PV system is consisted of 
inverter, so the protection from thunder and induced 
overvoltage will be oriented to the inverter, and at the 
same time into protection from thunder and induced 
voltage, all PV system will be included. 
If the distance between connector bus field of PV modules 
and inverter is less than 25m (as in our case), then it is 
necessary to install on one place overvoltage arrester, 
and otherwise it has to be installed on both places. In 
Figure 10 is shown PV system with embedded 
overvoltage arrester near inverter and connecting bus 
field of PV module. 
  

 
Figure 10:  Protection of PV system by grounding and 
overvoltage arrester.  
 

3.5 Costs and cost-effectiveness of PV system 

3.5.1 Costs of equipment and construction of PV 
system  

Approximate costs of equipment and costs of work on 
designed PV system (Solar tree), nominal power 1.5 kW 
is shown on figure 11. 
Costs of designing, electrical services and costs of DC 
field of PV module and alternating field of inverter are 
assumed based on similar projects network connected PV 
system in Bosnia and Herzegovina.  
 
 

 
Figure 11: Approximate costs of construction and 
equipment of PV system  
 
3.5.2 Effectiveness of PV system   

Effectiveness of investment into construction of PV 
system depends on many parameters like: 

- Orientation, size, effectiveness, orientation to the 
sun;  

- Solar radiation;  
- Tariff rates and price of electricity;  
- Incentive for produced electricity; 
- Interest rate and tax relief.  

 
Key parameters in analysis of effectiveness or calculation 
of payback period are price trend of electricity, the 
amount of incentive and tax relief 
Average annual production of electricity of this PV system 
is 1943 kWh/year. Maximum monthly needs for electricity 
for supplying consumers on Solar tree 77.3 kWh/month.  
If it is multiplied with the number of months in one year, 
result is 927.6 kWh/year. This means that during one year 
there will be 1015.4 kWh excess of electricity that can be 
sold. Price of electricity produced from PV systems, less 
than 10kW (it includes Solar tree) in Bosnia and 
Herzegovina is 0.9195 KM/kWh. It means that with the 
sale of electricity excess, produced on Solar tree, 
annually can be earned:  

 
Total initial costs of PV systems are 19.100 KM + VAT, 
and lifetime of project is 30 years.  To view effectiveness 
of project (PV system „ Solar tree“), method of payback 
time will be used.   

 
Where is:  

 
It can be calculated for what period project “Solar tree” 
will be paid off. 

 
COMMENT: In analysis of PV system costs, amount of 

incentive, subvention and tax relief are not taken into 
account. 

4 SOCIAL ASPECT OF THE PROJECT 

Social tree represent urban concept that with its design 
and eco-technological characteristics opens up new 
social perspective, satisfying environmental, social, 
cultural and aesthetic aspects. Goal of the project is to 
achieve satisfying outcome, including multifunctional role 
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(street light, mobile, laptop charging etc.), durability, 
aesthetically, ecological and economical acceptable.  
Social factor is very often in the shadow of engineering 
aspect, technological characteristic of any implemented 
measure. The way man behaves in its environment, 
affects whether some certain “change” will be accepted in 
a positive sense or consciousness of society about need 
for improvement will continue to stagnate. That is why 
social acceptance of any change introduced into society, 
represents dynamical process rather than static one. This 
step includes primarily introduction of society with 
innovation, as well as current policy of area where project 
is implemented.  Implementation of this type of projects 
that promote the use of renewable energy at the local 
level is extremely important for the further development of 
alternative technology.  Experience through 
implementation and use of the project not only has 
positive affect on technological development, but also 
focuses on transfer of knowledge and experience on 
wider environment.  It is important to understand cultural 
and historical aspects, or characteristics of society, in 
order to some certain effects could become evident in 
concrete application of renewable energy.  
Solar tree aims to promote the trend of implementation of 
energy efficiency and renewable energy, trend that is just 
beginning to develop in Bosnia and Herzegovina. Solar 
tree represents dynamic concept, aesthetically acceptable 
in the city or any other environment that provides free 
solar energy, resulting in financial savings and reduced 
negative impact on environment. Uniqueness of the 
project lies in the benefit that is provided to the community 
as well as to manufacturers of solar panels.  
With constant information, education and practical 
examples, it is possible to achieve goals that can have 
huge and irreplaceable role in raising awareness and 
acceptance of new technologies.  
Local institutions together with media can support design 
and implementation of new approaches to the technology 
through activities as local experiments, festivals, 
exhibitions and various information events. Constraints 
that we daily encounter can be solved if community works 
and acts as a collective, because only with active 
participation, support of different innovations and will to 
progress, small improvements can be achieved that will in 
future represent essential and irreplaceable aspect in the 
development of society. 
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Abstract 

Since the Italian landscape is dense of historic centers and considering that the residential buildings 
represent the main potential sector for reducing energy consumptions, the application of renewable energies 
into these specific areas becomes an important issue. The use of such systems in these contexts is often 
prevented by the lack of specific local legislative references. Therefore, this paper analyzes existing 
regulations in order to provide background material for developing criteria useful to integrate renewable 
energies into historic city centers. It has been developed in the framework of the IEA-SHC Task 51 Solar 
Energy in Urban Planning (http:// task51.iea-shc.org). 
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1 INTRODUCTION 

“Italy is characterized by an extraordinary density of 
artistic and cultural heritage and valuable landscapes. Not 
only works of art (…) but also several assets with an huge 
presence in the wide national territory” [1] ( p.359 e ff.). 

The Central Institute for Cataloguing and Information 
Materials has identified about 22.000 historic centers: 900 
are main historic centers, 6850 are minor historic centers 
and 15.000 are isolated clusters, villages, hamlets, 
religious or military settlements. 

So, facing the issue of renewable energy systems 
application in such specific context can represent a 
significant objective. 

The Italian Energy Efficiency Action Plan of ENEA [2] 
identifies the residential buildings stock potential sector 
that can contribute the most to the energy reduction for 
2016 and 2020 (in comparison with service sector, 
industry and transports).  

What could be the way to reach this goal? What are the 
strategies to achieve both this purpose and the protection 
of stylistic features of historic centers? 

Since the use of the renewables is difficult in the Italian 
context also due to the lack of local regulations on the 
specific issue, an  investigation on this topic is needed. In 
particular, guidelines for citizens who would like to install 
renewable energy systems in these particular areas 
should be proposed. 

Municipal Building Codes represent fundamental tools for 
professionals who operate within the building process, 
due to the inclusion of several technical aspects and 
disciplinary guidelines in these Building Codes. 
Otherwise, in order to correctly implement regulations, 
professionals should have broad knowledge of urban 
planning, building design and energy systems and 
technologies; as well as a good knowledge of national, 
regional and municipal laws and regulations.  

Moreover, public administrations can take advantage of 
these tools to support design innovation in buildings. 

Indeed, such attention towards buildings innovation can 
be proven by recently introduction of subsidies in order to 
promote the use of renewable energy systems even 
though not all buildings codes consider such possibility. 

In this paper, a first aim would be the research and the 
analysis of specific regulations relating the use of 
renewable systems, when considered in buildings codes; 
in particular, focusing on their specific subjects and their 
application ways. Buildings codes, considered in such 
study, regard the North Eastern Italian regions with 
specific references to the Building Codes of the provincial 
administrative towns of such area. The north Eastern 
Italian area is characterized by four regions: Friuli-
Venezia Giulia, Trentino-Alto Adige, Veneto and Emilia-
Romagna, as shown in Figure 1. 

 

Figure 1: Map of Italian administrative towns, highlight on 
North Eastern regions. 
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So, this study firstly makes references to the regional 
legislations, because some relationships exists with local 
regulations as demonstrated below, and afterwards the 22 
Building Codes of the provincial administrative towns of 
the North Eastern regions are analyzed. Considering that 
there are 110 Italian provincial administrative towns 
(National Statistical Institute, update to January 2013), the 
number of Building Codes considered in such study 
corresponds to the 20% of the overall Building Codes of 
the Italian provincial administrative towns.  The study has 
been developed in the framework of the IEA-SHC Task 51 
Solar Energy in Urban Planning. It has been launched in 
May 2013, ending in April 2017. The Task aim is support 
urban planners, authorities and architects in integrating 
solar energy solutions in urban planning including both 
new urban area and existing one, as well as 
sensitive/protected landscape. 

2 REGULATORY PROVISIONS ANALYSIS  

2.1 National laws  

The aim of the Directive 2002/91/EC (modified with the 
Directive 2010/31/EU) is the promotion of renewable 
energy sources in order to improve the energy 
performance of buildings. The Italian Legislative Decree 
n.192 of 2005 adopts such Directive and it establishes 
that at least 50% of domestic hot water demand has to be 
provided with renewables - mainly by means of solar 
thermal collectors and systems fueled by biomass - in 
case of new buildings or renovations (when the additional 
cubic-capacity exceeds the 20% of the existing volume), 
and in the case of replacement of energy systems (article 
4 point 1 letters a. and b.). Implementing measures of 
such article are explained in the Decree of Italian Republic 
President n.59 of 2 April 2009, that defines guidelines, 
calculating methods, energy efficiency minimal 
requirements for buildings and energy efficiency minimal 
requirements for systems that provide space heating and 
domestic hot water. These provisions for energy 
performance of buildings regard both public authority and 
private owners, also for building refurbishments.  

The recent Law Decree n.63 of 4 June 2013 “Urgent 
instructions for adopting the Directive 2010/31/EU of the 
European Parliament and of the Council of the 10 May 
2010 on the energy performance of buildings, introduced 
after the infringement proceeding by European 
Commission, and on other measures for social cohesion 
(GU n.130 del 5-6-2013)” is introduced for solving the 
wrong fulfillment of the Directive 2010/31/EU in Italian 
legislation as a consequence of the infringement case 
Court of Justice of the European Union (judgment of the 
13 June 2013, case C-345/12). Such Law Decree 
substantially modifies the previous Legislative Decree n. 
192 of 2005. For example, the innovative elements are 
represented by the consideration of climatic and local 
conditions as well as indoor climate environment and 
cost-effectiveness. To the article 3 which contains 
modifications of the article 3 of the Legislative Decree 
n.192 of 19 August 2005 section i); the realization and the 
adoption of common tools for the State, regions and 
autonomous provinces regarding the management of their 
own fulfillments. 

2.2 Regional and Provincial laws, links with Building 
Codes.  

From the analysis of regional laws of North Eastern 
provincial administrative towns, relevant differences can 
be observed and they regards two main aspects. The first 
one is related to the possible presence of laws that define 
the framework and the contents of Building Codes.  

The second aspect is connected to the possible 
provisions about renewable energy systems and energy 
efficient measures for buildings. 

The Regional Law of Friuli-Venezia Giulia n.19 of 2009 

“Building regional code” and its implementation 
measures, represented by the Decree of the Regional 
President of 20 January 2012 n.018/Pres, regulates 
building activities in order to support the improvement of 
security and comfort conditions for the citizens and the 
diffusion of sustainable buildings. So, these regulations 
are aimed at reducing buildings energy consumptions, by 
means of renewable energy systems and energy efficient 
measures, in addition to the protection of natural 
resources.  

The autonomous province of Trento, in Southern 

Trentino-Alto Adige, promulgates the provincial law on 
energy (n. 20 of 4 October 2012), according to the article 
13 of the Directive 2009/28/EC of the European 
Parliament and of the Council of 23 April 2009 on the 
promotion of the use of energy from renewable sources. 
Such provincial law, in agreement with European and 
national energy policy,  would support and coordinate 
initiatives for improving the energy efficiency and the use 
of renewable energy sources, reducing the exploitation of 
fossil fuels and involving both public authorities and also 
companies and citizens. These measures are defined in 
order to reach a sustainable urban model for improving 
the life quality of citizens, as well as the quality of the 
territory and the local economy.  

In Northern Trentino-Alto Adige, the autonomous 
province of Bolzano represents a singular case due to 

its provincial legislation about buildings energy efficiency 
that is composed of several provisions released in the last 
10 years. One of these provisions - Decree of the 
Provincial President n. 34 of 29 September 2004 
“Executive regulations of urban provisions about energy 
efficiency” - regards the mandatory certification of the 
energy performance of buildings. Moreover, it defines 
maximum value of annual space heating for some 
categories of new buildings. Specifically, the insulation 
thickness doesn’t involve an increase of building 
volumetric index. Other examples of these provisions are 
represented by: the Deed of Provincial Council n. 1609 of 
15 June 2007 about  the energy refurbishment of 
expanding existing building, the Deed of Provincial 
Council n. 1969 of 27 July 2009 on the energy 
performance certificates for apartments, or the Decree of 
Provincial Council n. 939 of 25 June 2012 that 
establishes guidelines about the energy performance of 
building, according to the Directive 2010/31/EU, which 
can be in force after the notification of the Decree to 
European Union.  

The Veneto region promotes the building sustainability 

and the use of renewable energy systems by means of 
the Regional Law n. 4 of 8 July 2009 “Regional act in 
support of building’s sector and building sustainability”. 
Moreover, it fosters building measures in order to improve 
the comfort quality of users and in order to preserve, 
maintain and reinvigorate the buildings heritage. The 
Regional Law n. 10 of 22 January 2010 “Regulations on 
authorizations and subsidies for solar thermal and 
photovoltaics systems realized within Veneto region” 
specifies kinds of energy systems that are allowed. 

The Emilia Romagna region establishes regional 

guidelines in order to coordinate measures and 
procedures for building design and the urban planning. 

So, as required by the Regional Law n. 20 of 24 March 
2000, the Building Code of each municipality have to be 
substituted with a new tool, called building and urban 
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code, that includes provisions about interventions on new 
or existing buildings and disposals for urban interventions, 
in addition to technical requirements. 

In particular, the Regional Council releases the Deed n. 
156 of 2008 “Adoption of guidelines for energy efficiency 
requirements and for methods for building energy 
performance certification” in order to promote the 
buildings energy efficiency and the building integration of 
systems fueled by renewables, according to the purpose 
of Kyoto Protocol, and it establishes methods for 
evaluation of energy efficiency for buildings and energy 
systems, with the calculation of energy efficiency index for 
buildings. Such evaluation, according to the Deed of 
Regional Council n. 1366 of 2011, should be calculated 
during the design phase. Moreover, this Deed provides a 
tool for measuring the energy generation by means of 
systems fueled by renewable energy sources. 

References of Regional and Provincial Laws for the North 
Eastern Italian area are presented in Table 1. 

2.3 Building Codes analysis 

The Building Codes analysis for provincial administration 
towns of the Italian North Eastern area has been 
conducted researching specific provisions, regarding the 
use of systems by renewable energy sources. Moreover, 
the research of dispositions about renewables has been 
adopted in order to characterize suitable areas for such 
systems, specifically in historical city centers.  

Within the provincial administrative towns of Friuli-Venezia 
Giulia region, the Building Codes analyzed regards regard 
the cities of Trieste, Udine, Pordenone and Gorizia. 

 

 

The Building Code of Trieste is not recent, indeed it has 

been adopted with Municipal Council Deed n. 63 of 31 
July 2003 and it has been approved thanks to the Decree 
of the Regional Council President n. 09/Pres of 21 
January 2004. Such fact involves that the use of 
photovoltaic systems is not considered, but it is important 
to note that restrictive provisions are established for 
building installation of energy systems. For example, the 
article 37 letter i) sets that “the realization of new 
technological systems, like solar systems and heat pump 
for the production of hot air and water, for existing 
buildings” have to be installed on roofs or, alternatively, 
they have to be located on building surfaces, not visible 
from public streets or public areas. Furthermore, before 
system installation it is possible to require a non-
mandatory advice of the municipal Building Commission. 
An unexpected openness is related to subsidies which 
can be released when these kind of system installations 
constitute building interventions with high architectural 
quality. The city of Udine adopted its Building Code by 

means of Municipal Council Deed n.69 of 29 October 
2012 and it entered into force since 17 November 2012. 
In particular, the article 4 establishes some disposal for 
urban central areas, called area A and B0: the installation 
of solar thermal or photovoltaic panels on roofs is 
generally not permitted for restricted buildings or 
monuments, identified through the Legislative Decree 
n.42 of 2004. However, in some cases an evaluation – 
that can be based on the advice of municipal Building 
Commission – can allow these kind of installations on 
roofs of secondary buildings, when systems don’t involve 
the typical view of monuments.  

 

Region Regional Laws Notes 

Friuli Venezia Giulia Regional Law of 2009, n.19 
Decree of the Provincial 
President of  20 January 

2012, n. 018/Pres 

They promote the use renewable energy sources and 
the diffusion of sustainable buildings 

Autonomous 
province of Trento 

Provincial Law of 4 October 
2012, n. 20 

Subsidies for public authorities, companies and 
citizens in order to support the use of renewables and 

the improvement of building energy performance 

Autonomous 
province of Bolzano 

Provincial President  Decree 
of 29 September 2004, n. 34 

 
Provincial Council Decree of 

15 June 2009, n.1609 
 

Decree of the Provincial 
Council  of 27 July 2009, 

n.1969 
 

Decree of the Provincial 
Council of 25 June 2012, 

n.939 

It lays down the laws for the energy performance 
certificate 

 
Energy performance certificate for expanding existing 

buildings 
 

Energy performance certificate for apartments 
 
 
 

Guidelines which will be in force after the notification 
procedure to EU 

Veneto Regional Law of 8 July 2009, 
n.14 

 
Regional Law of 22 January 

2010, n.10 

It promotes the use renewable energy sources 
 

Provisions on authorizations and subsidies for solar 
thermal and photovoltaic systems 

Emilia Romagna Regional Law of 2002, n.31 
 
 

Decree of the Regional 
Council  of 2008, n.156  

 
Decree of the Regional 

Council  of 2011, n.1366 

Substitution of Building Codes with building and urban 
codes 

 
Building integration and promotion of systems fueled 

by renewables 
 

Methods for calculating the energy efficiency index for 
buildings 

 

Table 1: Regional laws regarding the building’s use of renewable energy sources. 
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Regarding urban energy uses, the municipality of Udine 
adopted the Energy Code, a useful tool about energy 
requirements of building envelopes, energy efficiency of 
systems, renewable systems, energy evaluations and 
subsidies. Moreover, it is interesting to note that all new 
buildings have to be designed in order to fulfill certain 
value of energy requirements. In the city of Pordenone, 

the Building Code was adopted through the Municipal 
Council Deed n.60 of 28 June 2004. The article 40-bis 
focuses attention on the issue of building energy 
efficiency and related subsidies, aimed to reduce the 
value of the contribution fee. Indeed, the main purpose in 
building design have to be the sustainability, realized also 
by means of systems fuelled by solar or wind energy, as 
well as hydroelectric, geothermal or biomass energy.  
Subsidies for new buildings can consists in cubic-capacity 
bonus of 5%; while, in the case of building refurbishment 
for adaptation to sanitary and functional standards, 
subsidies can consist in additional cubic-capacity up to 50 
m

3
. In the Building Code of the city of Gorizia, approved 

with Decree of the Regional Council President 
n.0126/Pres. of 18 April 2000, no references have been 
introduced regarding photovoltaics or other renewable 
systems. 

The region of Trentino-Alto Adige is constituted of the 
autonomous province of Trento and the autonomous 
province of Bolzano. The Building Code of the city of 
Trento, approved through Municipal Council Deed n.90 of 

17 July 2012 and in force since 6 August 2012, regards 
the building use of renewables within the article 62-bis. 
The article 62-bis lays down the installation of renewables 
systems for construction of new buildings, for building 
refurbishment, for building demolition and reconstruction, 
for building elements substitution, both in cases of public 
buildings and also in cases of buildings of private owners. 
Such installations should provide thermal and electric 
energy; in particular, photovoltaics are required for 
electricity generation with a minimum production of 
1kWp/250m

2
 of floor area. When buildings are 

characterized by historic-artistic value or when they 
constitute urban area of architectural value, requirements 
on building energy supply are not binding. The city of 
Bolzano adopted its Building Code by means of Municipal 

Council Deed prot. n. 90959 n. 117 del 5.12.2006 but 
several modifications have been applied, the latest 
entered into force on 22 January 2013. The article 19-ter 
“Energy efficiency and renewable energy sources” 
establishes that the energy demand of new buildings have 
to be provided with 25% of energy from renewables while 
the domestic hot water demand have to be produced with 
at least 50% of energy from renewables. Such provision 
have to be applied also in case of existing building both in 
case of total refurbishment or partial refurbishment, 
regarding at least 50% of net floor area or volume, and 
also in case of renovation of thermal systems. The 
energy, produced from renewables, should be generated 
by means of building-integrated solar thermal collectors or 
photovoltaic modules. For building characterized by 
historic and artistic values, such provisions are not 
mandatory. 

Within the Veneto Region, the Building Codes analyzed 
regards the administrative towns of Belluno, Padova, 
Rovigo, Treviso, Venezia, Verona and Vicenza. The 
Building Code of Belluno, adopted with the Municipal 

Council Deed n. 114 of 5 December 2000 and entered 
into force on 21 June 2006, doesn’t present any reference 
to the renewable energy systems application.  

 

Analyzing the Building Code of Padova, the article 70 

“Technological systems, antennas, solar panels and other 
systems installed outside building envelope” specifies that 
solar panels can be installed on roofs. Specifically, for 
their application within the historical city center, they can 
be installed like shading elements with roof’s inclination, 
as described in article n. 44 of specific regulations. 
Nevertheless the fourth section regards “Building and 
urban quality”, no other instructions are provided for new 
buildings or for the building’s refurbishment. The Building 
Code of Rovigo considers the solar systems applications 
within the article 45, entered into force in 2008. In 
particular, the point 3) establishes that the authorization 
for building’s construction can be issues only if renewable 
energy systems for electricity generation are able to 
generate at least 1kW for each dwelling, when the 
technical project is feasible. The article n.55-bis “Solar 
thermal and photovoltaic panels” of the Building Code of 
Treviso, updated to August 2010, establishes that 

renewable energy systems have to be part of public 
authority buildings and also of private owners buildings, in 
order to guarantee thermal and electric energy 
production. In particular, the renewable energy systems 
have to fulfill at least the 50% of the domestic hot water 
annual demand, such value corresponds to the 20% for 
building located in historical urban areas and other 
specific disposals regard their positioning. Further 
instructions are included in the Regional Law n.10 of 22 
January 2010, used as reference. The Building Code of 
Venice, adopted with the Municipal Council Deed n.30 of 

24/25 February 2003 (P.D. n. 2769 dell’08.02.02) and 
entered into force with the Regional Council Deed n.2311 
of 28 July 2009, defines that the building interventions 
should integrate both passive renewable energy systems 
and also active ones, as well as they should improve the 
energy efficiency of buildings and related systems. 
Specifically, the article 53 about energy requirements is 
connected to the Municipal Plan for Energy and 
Environment, adopted by means of Municipal Council 
Deed n.151 of 6/7 October 2003 (updated on 2009). 
Within such plan, instructions about renewable energy 
systems, energy efficiency and related building’s design 
are included. The Building Code of Verona, approved 

thanks to Municipal Council Deed n. 145 of 16 December 
1969 but updated on 2008, includes regulations on 
photovoltaic systems installation within the article n.101. 
Such article establishes that photovoltaics have to be part 
of new buildings, otherwise the building’s construction 
can’t be allowed. In particular, these systems have to 
provide at least 1 kW for each dwelling, when the 
technical project is feasible. Other renewable energy 
systems have to be designed if photovoltaic cannot be 
installed. The Building Code of Vicenza is dated 23 

October 1935, with Municipal Magistrate Deed n.12681 
but it presents recent modifications. For building 
interventions within the historical urban areas the 
reference tool, called Detailed Plan, is dated 1958; while 
building interventions outside the historical city center are 
subordinated to the Technical Instructions of the 
Interventions Plan, approved with the Municipal Deed 
n.10 of 7 February 2013. However, the topic of renewable 
energy systems is not considered. 

With regards to Emilia Romagna Region, the Building and 
Urban Code of Bologna has been approved with the 

Deed n. 137 of 2009 and it entered into force on 20 May 
2009. Considering buildings energy refurbishment, solar 
thermal and photovoltaic panels installations are 
considered as current maintenance of building envelopes 
(article 26).  
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Such installations can be realized without authorizations 
but they have to fulfill specific requirements. In particular, 
historical buildings should preserve their specific 
characteristics, so, solar thermal and photovoltaic 
modules have to be located on roof surfaces not visible 
from main streets (article 57). It is worth to note the 
promotion of the mixed use of renewable energy systems 
installed on buildings and district renewable energy 
systems. The Building and Urban Code of Modena, 

adopted with Municipal Council Deed n.1 of 9 January 
2012 and approved in 2013, presents a requirements 
approach. Considering requirements about the energy 
efficiency topic, new buildings have to be designed 
including renewable energy systems for thermal and 
electric energy generation; when they are not restricted. 
Moreover, renewable energy systems, or district heating 
systems, have to provide at least 50% of the annual 
primary energy demand for domestic hot water. Such 
value corresponds to the 20% for building located in 
historical urban areas; but each specific case is submitted 
to a specific analysis. The Building Code of Parma, 

adopted with the Municipal Council Deed n.11 of 17 
January 2009 and approved with the Municipal Council 
Deed n.71 of 20 July 2010, defines that the solar 
collectors have not to compromise existing historical 
buildings. In particular, the Energy Code is taken as 
reference for defining disposals about building energy 
performance and subsidies. The Building and Urban Code 
of Reggio Emilia, adopted with Municipal Council Deed 

n. 5840/92 of 16 April 2009 and approved in 2011, defines 
that renewable systems are considered as current 
maintenance of building envelopes, while, in the case of 
restrained historical buildings, such installations are 
considered as extraordinary maintenance (article 1.5.5 
point 2.d.). Moreover, it defines that new buildings have to 
be designed including renewable systems in order to 
provide thermal and electric energy. It is worth to not that 
the visual effect of these system installation have not to 
compromise the typical aspects of the built environment; 
in particular, solar thermal collectors and photovoltaics are 
not allowed for restrained historical buildings. Within the 
Building and Urban Code of Ravenna, adopted with 

Municipal Council Deed n.64552/102 of 3 July 2009 and 
approved with Municipal Council Deed n.77035/13 of 28 
July 2009, the article I.24 promotes the use of renewable 
energy systems. Their building installations are 
considered as extraordinary maintenance (article 3 point 
2.c.) and specific measures are defined in order to realize 
solar thermal and photovoltaic systems, as well as wind 
turbines. The Building and Urban Code of Ravenna 
presents a requirements approach and, within such 
requirements, also energy performance are considered. It 
is important to note that specific regulations regarding the 
way to install renewable energy systems are introduced, 
depending on the building location in the urban area. 
Specifically, such regulations are referred to the disposals 
included in Economic Ministerial Decree of 17 February 
2007 aimed to promote energy production form 
photovoltaics. The Building Code of Rimini, updated to 29 

march 2011 with the Municipal Council Deed 
n.64552/102, doesn’t introduce specific regulations for the 
building use of renewable energy systems. 

 However, some general measures and criteria are 
defined, like the requirement regarding their installation on 
building surfaces not visible from main streets and urban 
areas. Within the Building and Urban Code of Ferrara, 

adopted with Municipal Council Deed of 9 July 2012 and 
approved Municipal Council Deed of 28 July 2009, the 
article 68 “Building design provisions” contains 
instructions for solar systems installations. In particular, 

solar thermal panels for domestic hot water production 
and photovoltaic modules for electricity generation have 
to be integrated in the roof in order to reduce their visual 
effect. In particular, such systems have to be designed for 
new buildings, while, in case of existing buildings, their 
installations should create a homogeneous result in 
relation to the architectural building characteristics. The 
Building Code of Piacenza, updated to July 2005, 

considers solar thermal and photovoltaic systems within 
extraordinary maintenance, because they are 
technological devices that don’t change the net floor area 
and the cubic-capacity of dwellings (article 48 comma 1). 
In particular, they have to be located without 
compromising the architectural characteristics of 
buildings. Furthermore, such systems have to be 
considered since the first phase of building’s design, in 
the case of new construction. Any specific instruction is 
introduced for systems installations within historical urban 
areas. The Building Code of Forlì, adopted with Municipal 

Council Deed n.98 of 23 June 2008 and approved in 
2009, establishes that solar systems installed on building 
facades, on roofs or on balconies have not to be visible 
from public streets or public urban areas (article 210). 
Within attachment n.3 are included mandatory disposals 
regarding the use of energy resources in order to obtain 
building authorizations; in particular articles 7 and 8 
define measures for solar thermal and photovoltaic 
systems. It is important to note that solar systems 
installations for buildings have to guarantee the minimal 
effect under the aesthetical perspective. The Building 
Code of Cesena, approved with Municipal Council Deed 

n. 252 of 22 December 2003 and updated to October 
2012, includes regulations for the building installations of 
renewable energy systems. In particular, specific 
instructions are introduced for buildings located in the 
historical city centre, in order to preserve their historical 
and artistic characteristics. 

3 CONCLUSIONS 

The Building Codes analysis, focused on the use of 
renewable energy systems in historical city centers, has 
involved municipalities of the North Eastern administrative 
towns and it has shown that almost every Building Codes 
had been modified in the last ten years.  

Their framework strictly depends on regional regulations 
and it can be characterized by either a requirement 
approach or a prescriptive approach. But, in both cases 
renewable energy systems installations can be 
distinguished depending on their installation on new 
construction building or on existing buildings.  

Specifically, particular attention is given to existing 
buildings, which present historical and architectural 
characteristics. In such cases, a common criterion has 
been adopted: the visual effect of renewable energy 
systems on buildings should be at most reduced. This is 
due to the need of preserve the typical formal and 
aesthetical characteristic of these buildings.  

However, not many instructions have been developed in 
order to install renewable energy systems on buildings 
with historical and architectural value; indeed the main 
aim of these Building Codes is the prevention of a lacking 
discernment use of renewable energy systems in these 
urban contexts. So, few rules have been developed in 
order to define their location within the administrative 
territory. 
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It is important to note that the use of renewable energy 
systems is generally referred to a single building, without 
considering the issue related to a non-dispersive urban 
area and the problems connected to the historical and 
architectural restrictions, which often prevent the use of 
such systems.  

These considerations lead to identify the issue related to 
the renewable energy systems installations for building 
located in historical city centers.  
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Municipality 
Building Code 
Adoption Year 

Articles Notes 

Trieste 2003 Art. 37 point i. 
Solar systems and heat pumps, located on 

building roofs 

Udine 2012 Art. 16 Building Code refers to Energy Plan (2009) 

Pordenone 2004 Art. 40-bis Volumetric bonuses as subsidies 

Gorizia 2000 - - 

Trento 2012 Art. 62 bis 
Mandatory use of renewable energy systems 

for thermal and electric energy generation 

Bolzano 
2006, updated 

to 2013 
Art. 19-ter 

Renewables have to provide: 25% of total 
energy demand, at least 50% of energy 

required for domestic hot water 

Belluno 
2000, updated 

to 2006 
- - 

Padova 2006 
Art. 70 

Art. 123 

Solar modules on roofs are considered as 
shading elements with the roof’s inclination 

Rovigo 
2002, updated 

to 2008 
Art. 45 

Mandatory energy production from renewables 
for new construction buildings, at least 1 kW 

for each dwelling 

Treviso 
200, updated to 

2010 
Art. 55 bis 

Mandatory use of renewables to provide 
thermal and electric energy 

Venezia 
2003, updated 

to 2009 
Art. 40, Art. 53 

Municipal Plan for Energy and Environment 
(updated to 2009) 

Verona 
1969, updated 

to 2008 
Art. 101 

Mandatory energy production from renewables 
for new construction buildings, at least 1 kW 

for each dwelling 

Vicenza 1935 - - 

Bologna 2009 

Art. 25 

Art. 26 

Art. 57 

Mixed use of energy from renewable energy 
systems installed on buildings and district 
renewable energy systems (Art.26; c.2); 

Sustainable Energy Action Plan (SEAP) 

Cesena 2012 Art. 20 bis 
Attachment D, art.3 regarding voluntary 

requirements 

Ferrara 2012 
Art. 68 

Art.  69 
- 

Forlì  
Art. 210 

Attachment n. 3, Art. 7 
- 

Modena 2012 
Art. 28.7 

Art. 15.1 
Sustainable Energy Action Plan (SEAP) 

Parma 2009 Art. 4.1.5 Energy Code, Attachment C1 art. 2.1.4 

Piacenza 2005 Art.144 - 

Ravenna 2008 Art. I 24 - 

Reggio Emilia 2011 
Art. 1.5.5 

Art. 4.1.6 
Mandatory requirements 

Rimini 1968, updated 
to 2009 

- - 

Table 2: Reference of Building Code laws regarding the building’s use of renewable energy sources. 
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Abstract 
Through an analysis of the phenomenon of the past - Grand Tour, and its comparison with the possible synonym of 
the present - cultural tourism, paper determines importance of Heritage significance, at which ICOMOS insists in 
Charter of Cultural Tourism, and the relation traveler - location, past-present. Realizing the importance of WHC and 
UNESCO WH brand for the site and its significance, based also on statements of Charter of Cultural Tourism, paper 
deals with the comparison of the historic center of Sarajevo with possible similar goods already inscribed on the 
World Heritage List and attempt to establish a new basis for the nomination documentation based on extended and 
multi-layered historical, cultural, ethnic, nontangible values of urban matrix and form, with the analysis of the existing 
authenticity values of historic centre and "less valuable" physical layers on the possible contact zones. 
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1 THE GREAT JOURNEY 
When Lord Arundel and the architect Inigo Jones, one of 
the most famous European travelers of the 17th Century, 
went to Italy with the aim of collecting antiques and 
studying of classical Roman architecture and art in 
general, following the trend of travel called "Grand Tour" 
as an essential part of the education of young English 
gentleman, they were not even suspected that the 
frameworks of cultural tourism a couple of centuries later 
will so expand. 
What are the links between cultural tourism and the Grand 
Tour? Is it exclusive educational character of traveling, 
visiting of sites with the prefix "cultural", whether 
passengers or destinations are essential? 
Links between these two phenomena exist, they are 
summarized in the concept of culture, but first it must be 
raised the question whether this are phenomena at all, 
and how are they being defined today? 
To be able to give an answer, we must first define both 
terms. 
What is the Grand Tour - who undertook such travel and 
what for? 
Werner Paravicini raises the question whether the Grand 
Tour could be defined as a journey that only being 
undertaken by a layer of society called aristocracy? 
However, there is a problem of wide notion of nobility, and 
so the very title and rank determines trip type, purpose 
and duration of it.[1] High nobility and dukes take a trip of 
completely different character from Gentry's, for example. 
Paravicini further contends that for the definition of the 
phenomena of the Grand Tour, key question is - whether 
the function of trip is always the same? Only in this case 
we can speak of an identified phenomenon. 
„Sodann ist zu fragen, ob die Funktion der Reise im 
allgemeinen und im besonderen diegleiche blieb: Nur 
wenn dies der Fall ist, kann man von einer 

grundsätzlichen Identität des Phänomens durch die 
Jahrhunderte hin sprechen.“[2] 
Travels of this kind of preferences began already in the 
late Middle Ages, but there were mainly of a pilgrimage 
character, and the first person who has taken the journey 
of secular characters considers Michel de Montaignes. 
Karl Heinz Spiess distinguishes pilgrimages, royal travel, 
commercial travel, solemn travels (especially a wedding), 
spa type travels, and finally the secular educational 
journey. 
The last type is interesting to us, and we can say that the 
Grand Tour is also defined by what it is not, and is not a 
travel of religious, diplomatic or commercial character, 
though of course, can contain these elements as a 
secondary objectives. [3] 

 
Figure 1: Painting of Goethe in Champagne. 

The essence of the Grand Tour, its function and what 
defines him is getting a reputation, which in the eyes of 
others confirms the belonging "to those who are the 
nobility." Idealized, nobility travels in order to gain honor 
and status, while the rulers travel to show status. [4] 
Society and the status, as well as the desire to achieve 
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that status through educational travel of large scale, 
determines the Grand Tour, as opposed to cultural 
tourism, where the place has primary significance, which 
will be discussed below. 
In contrast to this scientific analysis of the Grand Tour, it 
is interesting to see a contemporary, almost secular 
understanding of this type of travel. 
Recently, The New York Times described the Grand Tour 
in the following way: 
“Three hundred years ago, wealthy young Englishmen 
began taking a post-Oxbridge trek through France and 
Italy in search of art, culture and the roots of Western 
civilization. With nearly unlimited funds, aristocratic 
connections and months (or years) to roam, they 
commissioned paintings, perfected their language skills 
and mingled with the upper crust of the Continent.” [5] 
After this concise definition of the term, the author moves 
to a description of his journey inspired by Grand Tour: 
“In Calais, I slept in the artistic luxury of the Cercle de 
Malines bed-and-breakfast. In Malta, I plucked capers 
from the roadside, feasted on braised rabbit and dove into 
crystalline Mediterranean waters. I watched “Giselle” in 
Edinburgh, “The Tin Drum” in Gdansk, and the Gay Pride 
Parade in Amsterdam. I courted composers in Rome and 
flâneurs in Bucharest, and tracked down my ancestors in 
Lithuania. I even gambled the night away at the 007-
worthy Monte Carlo Casino in Monaco.” [6] 
His journey does not have a fixed or one function, it’s a 
combination of cultural-, eco- and gastronomic tourism. It 
is a journey for the sake of journey. There are no charted 
or required destinations. Sometimes the essence is in off 
destinations and undiscovered sites. 
In relation to such a secular understanding of the modern 
"grate journey", for the legalization of travel as the Grand 
Tour, the term "curiositas" - curiosity to see and 
experience something new, the possibility to say "I was 
there” [7], was not applicable. This element has always 
existed but was not recognized until the 18th century. 
Museums and high art are a vital, if not the most important 
part of his odyssey. Thus, while he stays in Paris, he 
recommends avoiding of hotels and hires "cute studio", 
but it is important that "the Louvre was just a 15-minute 
walk away”. [8] Further in article he asks - "Interested in 
art and architecture?" Such separation of standard and 
well known cultural concepts or "high art" from 
contemporary cultural experience is problematic and will 
be treated later in this paper. Passenger-layman does not 
understand that in the cultural tourism of today, the 
separation of art from a sense of local spirit, in which they 
are contained, and local traditions and customs, including 
even such things as a culinary delight is not possible. The 
place provides a complete experience. 
Although large-scale European travels of the past have a 
significant number of subtypes, such as travels 
undertaken for health, travels of artists with the specific 
purpose of studying a particular branch of art, training of 
language or specific skills such as fencing and handling 
weapons - basically function of Grand Tour was 
education, the last refinement in the upbringing of very 
young descendant of the English aristocracy, in order to 
gain honor and certificates belonging to aristocracy. That 
refinement is primarily reflected in visiting of the most 
famous works of art, architecture, sculpture and painting. 
Grand Tour hadn’t had one or mandatory route, but it had 
its must have destinations. Travel often took months, even 
years, and in most cases travelers moved through France, 
Holland, Holy Roman Kingdom, and ended in Italy as the 

primary goal. The richest were carrying with them all 
things necessary for the comfort of life on the road.  
All this would have been impossible, if there were not 
specific socio-political circumstances - while Europe was 
staggering under the burden of the recently completed 
30-year long war, England slowly became the greatest 
empire after the Roman Empire, creating an exceptionally 
large and rich layer of nobility. 
After the French Revolution, layer of society which 
undertook the Grand Tour disappeared. Travel became 
more affordable, and after binding of Europe by rail, 
tourism slowly took on the character of mass. 
In contrast, the modern "grate" traveler is looking for a 
unique and comprehensive travel. Works of high art are 
important, but not the only element, the site of visit 
provides an experience of cultural mix. In addition, he is 
looking for curiositas and wants to see the largest and 
most famous. 
Although journey lost exclusivity and its goal of gaining 
honor and status, the possibility of acquiring a unique 
experience, and the ability to say "I was there", has a 
similar connotation with the aim of Grand Tour. 

2 CULTURAL TOURISM 
Like the Grand Tour, the concept of cultural tourism is 
also very difficult to define. Parsing of the compound will 
not help, because there are hundreds of definitions of 
terms culture and tourism, of which some are almost 
contradictory.[9] 
ATLAS’s revision of Bonink definition[10] of cultural 
tourism identifies two basic approaches to the issue. 
The first approach is the "technical", and it’s based on the 
type of attraction that is visited by tourists and provides a 
very simple quantitative analysis of - "how and what". 
However, this definition ignores the motive for travel and 
therefore it is very restrictive. 
ATLAS attached a list of the typical attractions and sites 
that can attract tourists, composed by ECTARC: [11] 
• Archaeological sites and museums 
• Architecture (ruins, famous buildings, entire cities) 
• Art, sculpture, crafts, galleries, festivals, events 
• Music and dance (classical, folk, contemporary) 
• Drama (theater, film) 
• The language and literary studies, tours, events 
• Religious festivals, pilgrimages 
• Complete (folk or primitive) cultures and sub-cultures 
These lists provide a clear indication of the concept of 
cultural tourism only as "high culture". 
Another approach to defining cultural tourism is 
"contextual", which is more focused on the motives of the 
journey, but the fact how many tourists of cultural tourism 
there are. The focus is on the experience of passengers, 
the overall experience of the place, its history, traditions 
in past and present. 
1991 ATLAS carried out Cultural Tourism Research 
Project, which was aimed to establish a definition of 
cultural tourism. The result, too, was two definitions - 
technical, which was necessary for the measurement of 
all parameters of cultural tourism, and contextual, which 
has defined cultural tourism as activity. 
Conceptual definition: "The movement of persons to 
cultural attractions away from their normal place of 
residence, with the intention to gather new information 
and experiences to satisfy their cultural needs".    
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Technical definition: "All movements of persons to specific 
cultural attractions, such as heritage sites, artistic and 
cultural manifestations, arts and drama outside their 
normal place of residence". 
Also, the ATLAS supported GAETTE’s report to the 
European Commission, which proposed that "the element 
of learning," is a key feature of cultural tourism. [12] 
However, these definitions do not give us the answer to 
the question what are the "cultural attractions". 
Treatment of this issue by ICOMOS as an advisory body 
of the World Heritage Committee, is the most 
comprehensive and gives accurate answers to the 
problematic of this paper, although it doesn’t give a 
concrete definition of the concept of cultural tourism. 
International Cultural Tourism Charter, adopted 1999th in 
Mexico City, provides basic views on the principles that 
enable the dynamic relationship between tourism and the 
place or collection of the importance of heritage.  
Name of the Charter may give the impression that it treats 
only the aspect of heritage called cultural. However, text 
of Charter states that: „Heritage is a broad concept and 
includes the natural as well as the cultural environment. It 
encompasses landscapes, historic places, sites and built 
environments, as well as biodiversity, collections, past 
and continuing cultural practices, knowledge and living 
experiences.“ [13] 
In addition to the diversity of typologies and 
categories of heritage, a charter is not limited to the 
“greatest” heritage, or to heritage of particular 
"importance". Instead, it uses a broad concept of 
"Heritage Significance." 
„The Charter is designed as a document for use by a wide 
variety of conservation and tourism industry bodies to 
assist manage the relationships with both domestic and 
international tourism. Accordingly the language and the 
coverage is deliberately broad and inclusive, rather than 
specific to any one country or situation.“ [14] 
„The Charter can be applied to a broad range of places 
and situations. It deliberately avoids describing the 
specific heritage characteristics of a limited number of 
places but uses the broad concept of “Heritage 
Significance”. The individual heritage characteristics of the 
particular place or community should be identified as part 
of the application of the Charter to any given situation.“ 
[15] 
Certain aspects of the heritage have a different meaning 
and their value ranges from universal, through national to 
local values. However, the treatment of all levels and 
categories, both by tourists and the local community and 
experts, should be identical, emphasized the Charter. [16] 
The need for such management of the relationship 
between heritage, tourism and the international 
community was, of course, first recognized by the heritage 
of universal significance. 
Therefore Charter insists on balanced distribution, 
releasing the pressure on the most popular sites and 
encouraging visitors to visit lesser-known sites in the 
region and the local community. 
„Tourism promotion programmes should provide a wider 
distribution of benefits and relieve the pressures on more 
popular places by encouraging visitors to experience the 
wider cultural and natural heritage characteristics of the 
region or locality.“ [17] 
On the other hand, while very popular places are also 
those which are the best preserved and protected, less 
important sites, left to the concern of local community, are 

the most vulnerable, and directing tourists in these 
destinations, can be fatal. 
Charter provides guidelines and recommendations for the 
conservation and restoration, operating management 
plans, involving the owner in preparation of the promotion 
programs. 
From this treatment of concept of cultural tourism, we can 
clearly conclude the following: 
Cultural tourism is a broad term from the aspect of all the 
participants in this phenomenon - there are certain rules 
of behavior, and therefore: 
1. It does not have a specific target group and it is 

accessible for all members of the human population. 
2.  Cultural tourism is not forcing certain sites or 

preferring one above other. It recognizes the 
existence of degrees of "importance" of heritage - 
"Heritage Significance", but they are equally treated in 
the recommendations and guidelines. 

3. For the heritage - tangible and intangible, to meet the 
needs of visitors, it has to provide an experience of 
cultural identity and cultural heritage. 

The last item is the one which defines the concept of 
cultural tourism: now heritage and site of its 
existence, must meet certain characteristics, so that 
visitors in general could be characterized as tourists 
in the category of cultural tourism. 
Place, not the visitor, is essential in the formula of 
cultural tourism. 
Here, unlike the previous definitions, the learning 
process is not a key category. Visitor, regardless of its 
original intent, when visiting these places or events, is 
being exposed to a cultural experience. 
Charter also gives the characteristics that the site needs 
to have in order to have some level of cultural 
significance. 
Tourists can not alone determine, as in the era of the 
Grand Tour, which are sites of cultural significance. No 
matter how authentic and historically significant is the site 
that has been visited, if is it not recognized as heritage, it 
does not belong to the category of cultural tourism. 
In this sense, the second paragraph above becomes 
questionable, because the importance of heritage 
determines popularity of the place, and therefore prefers 
one site over another. Equality between the individual 
sites of cultural and natural heritage is lost. 
Giving a certain value to heritage is no different from the 
usual branding of products, and in this sense the most 
recognizable is the brand of UNESCO World Heritage. 
The universal values and other criteria that are needed to 
be fulfilled before legacy could be inscribed on WH List, 
gives to site the character of exclusivity, rarity and 
uniqueness. 
By branding heritage, it becomes worthwhile to visit. 
Brand gives a realistic and predictable value, what allows 
more accurate, and cost-effective management plans for 
heritage. This brand is what the site automatically 
includes on the world map of cultural tourism. 
UNESCO heritage is "quality" heritage. When you're at 
the site marked by UNESCO sign, it is as you drink the 
finest harvest of wines, the most exquisite coffee beans. 
The characteristics of this heritage are verified, tourists 
have no doubt that every stone is remarkable, that all the 
streets are of enormous historical significance, that his 
experience here and now is priceless. 
Unlike the Grand Tour, which is traveling of the privileged 
classes, in an era of cultural tourism, the very place is 
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exclusive and privileged due to its characteristics and due 
the brand which is assigned to it. 
In this way feature of "curiositas" is lost. World Heritage is 
Curiositas by itself. Individual, personal experience and 
the experience of rare and authentic, so far unseen, are 
not valid or certified by brand. 

 
Figure 2: World Heritage sign as a brand. 

While in the era of the Grand Tour, the personalities such 
as Lord Byron and Goethe, determined the value of the 
sites and visit to them, now a very place and its features 
certified by brand, attract tourists with magnetic force, 
marking them, sometimes even against their will, as a 
"cultural" tourists. 

3 WORLD HARITAGE – SARAJEVO AS A BRAND   
Cultural routes of Grand Tour, of course, bypassed the 
Balkan. Few travelers have visited Turkey, Asia Minor 
treasury of antiquity, but only as a destination along the 
roads after a stay in Greece, which has long been in the 
shadow of Roman antique.  
Always on historical margins, Bosnia, and so Sarajevo, 
tries to use their chance in the redefined values and 
needs of 21st century. Such an opportunity is cultural 
diversity as a focus of cultural tourism, which is not tied to 
the historical routes, isolated or exceptional masterpieces. 
Accumulation of, otherwise, disperse systems of cultural, 
ethnographic and religious features, with the common 
denominator of physical, geographical, political and social 
characteristics is what the historical center of Sarajevo 
can promote and include on the World Heritage List. 
Bosnian and Herzegovinian masterpieces of conventional 
and "high" art are rare and it can be said that they begin 
and end with two sites inscribed on World Heritage List: 
Mehmed-Paša Sokolović Bridge in Višegrad, which is the 
work of the Ottoman master Sinan, and the historic center 
of Mostar. 
However, the historic town of Mostar was placed on the 
list based on criteria VI, strongly emphasizing and relying 
on a highly symbolic value and importance of post-war 
reconstruction of the bridge for re-establishing peaceful 
coexistence of the local population. 
„With the “renaissance” of the Old Bridge and its 
surroundings, the symbolic power and meaning of the City 
of Mostar - as an exceptional and universal symbol of 
coexistence of communities from diverse cultural, ethnic 
and religious backgrounds - has been reinforced and 
strengthened, underlining the unlimited efforts of human 
solidarity for peace and powerful co-operation in the face 
of overwhelming catastrophes.“ [18]  
In the explanation text of the decision is also recognized 
the variety of architectural achievements, the unity of the 
natural and built, as well as the quality restoration and 
conservation endeavors. 

“Recognizes the exceptional multicultural architectural 
features of the Old Bridge Area of the Old City of Mostar 
and its satisfactory interrelationship with the landscape, 
as well as the high quality, the skill and the technical 
refinement of the restoration of the ancient constructions, 
in particular the Old Bridge”[19]  
Binding to the above, we can say that the historic center 
of Sarajevo is a potential candidate for the World Heritage 
List, succeeding to preserve authentic through the 
centuries, metamorphic transforming synthetic hybrids of 
art and culture in general in a local and "own”, but also 
owning artifacts that prove the existence of a unique 
archetype. 
Text of Tentative List from 1997th recognizes value of 
Sarajevo as an open, multicultural city - world city, - 
„Pluralistic society, culture, mundane opinion, religions, 
phenomena of site and will of people to preserve these 
phenomena during millenniums isn't known. There are no 
places which are so rich in diversity of culturological-
phenomenal character in simple natural environment, 
geography of landscape and power of genius loci.” [20] 
Recognising flaws of thir broad concept, it is necessary to 
detect the actual potential, trough reducing of frames in 
accordance with the criteria of inscribing on the WH List, 
and try to realistically consider "statements of authenticity 
and /or integrity," on which WHC insists. 
Analyzing existing physical fabric in terms of fulfilling the 
criteria for nomination documentation, we are noticing 
several facts: 
1. The largest and the key issue is the authenticity of the 

physical structure of the Ottoman period, which is 
largely disrupted or completely lost, mostly in the 
period between the Second World War to the present. 
Therefore, two separate subproblems arise: 
a) The problem of clearly defined borders of the 
historic core and buffer zones within the nomination 
file. Possibly preserved and authentic parts of the 
cores are cut off with large coverage of degraded 
structure. 
b) The problem of loss of coherence between 
functional zones of čaršija and residence of the 
Ottoman architectural and urban layer, which is 
located on surrounding slopes. 
Although the urban matrix is mostly preserved, 
degradation is extremely high and the authenticity of 
this matrix, without existing physical structure, in any 
case would not be sufficient to represent the 
characteristic appearance of separation of business 
and residential area within the nomination file. 
On the other hand, individual observation of čaršija, 
outside traditional functional concept, extremely 
devalues Ottoman layer. 
Aggravating fact is visibility of degraded structure from 
almost all points in which the čaršija is located, 
because the dwellings occupies surrounding hillsides. 

2.   The business part of the Ottoman layer – čaršija  
had preserved authenticity to a greater extent. At best 
state are religious and public buildings, while the 
individual business areas - shops (including a ring 
around Brusa bezistan), lost authenticity trough 
inadequate reconstruction. However, it is possible to 
make re-reconstruction, with emphasizing of  essential 
elements of authentic, not only insisting on formal. 

3. Austro-Hungarian structures have preserved 
authenticity in grate extend. Although, the parts that 
intrude into the Ottoman part of town, and the 
expanded main road, somewhat disrupt its integrity, 
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the very interwining of this layers is additional positive 
value. 

4. Also in functional term, Ottoman layer of the historic 
center is a bigger problem than the Austro-Hungarian 
layer. Trough detailed program of usage and 
collaboration of services for protection of heritage, 
restoration and conservation experts with the local 
community and building owners, it is possible to 
restructure this layer, while respecting the needs of 
the modern usage, traffic, tourism and the further 
development of the entire city. 

 
Nomination file may be based on criteria VI, in conjunction 
with criteria III or V. [21] 
Analysis from above make us to conclude that it is 
pointless to insist on one or a separate layer. It is 
necessary to establish a new basis for the nomination 
documentation based on extended and multi-layered 
historical, cultural, ethnic, and intangible values of matrix 
and forms and on analysis of the value of the authenticity 
of "less valuable" physical layers within the historic center 
and the possible contact zones. 
In this sense, it is preferred to make the comparison with 
the heritage inscribed on the World Heritage List, which 
has similarities, in any segment, with the historic center of 
Sarajevo. 
One example is the Historic City of Meknes, which was 
added to the list based on criteria IV. 
Significant is comparation with "harmonious combined 
Islamic and European conceptual and urban elements.” 
“Meknès is distinctive by the monumental and voluminous 
aspect of its ramparts reaching 15 metres in height.  It is 
considered as an exemplary testimony of the fortified 
towns of the Maghreb. It is a property representing a 
remarkably complete urban and architectural structure of 
a North African capital of the 17th century, harmoniously 
combining Islamic and European conceptual and planning 
elements. Endowed with a princely urbanism, the Historic 
City of Meknes also illustrates the specificities of earthen 
architecture (cobwork) of sub-Saharan towns of the 
Maghreb.” [22] 
Although formally very different, culturally-specific 
elements of historic center of Sarajevo are possible to 
compare with the historical centers of Berat and 
Gjirocastra: 
“Berat and Gjirokastra bear outstanding testimony to the 
diversity of urban societies in the Balkans, and to 
longstanding ways of life which have today almost 
vanished. 
Together, the two towns of Gjirokastra and Berat bear 
outstanding testimony to various types of monument and 
vernacular urban housing during the Classical Ottoman 
period, in continuity with the various Medieval cultures 
which preceded it, and in a state of peaceful coexistence 
with a large Christian minority, particularly at Berat. 
The overall integrity of the two towns is satisfactory, 
although this was adversely affected by illegal 
constructions in the late 1990s. Authenticity is also 
satisfactory, but preservation management must be 
stepped up and carefully enforced, in accordance with the 
highest international standards.” [23]  
It points to the diversity of urban society in the Balkans, 
citing historical layers and peaceful coexistence with large 
Christian minority. Authenticity is somewhat compromised 
with illegal construction dated in the late 90s. 
Also is possible a comparison with the historical center of 
Sighisoara, Romania, which is among others, inscribed on 
the WHL based on criteria V: 

“Sighisoara is an outstanding example of a small fortified 
city in the border region between the Latin-oriented 
culture of central Europe and the Byzantine-Orthodox 
culture of south-eastern Europe. The apparently 
unstoppable process of emigration by the Saxons, the 
social stratum which had formed and upheld the cultural 
traditions of the region, threatens the survival of their 
architectural heritage as well.” [24] 
In addition to the above examples, we will also mention 
the following sites on the World Heritage List, which in 
certain segments can be compared with the historic 
center of Sarajevo: Historic Centres of Stralsund and 
Wismar, Historic Area of Willemstad, Inner City and 
Harbour, Curaçao, Bryggen, Old City of Zamość. 

4 INSTEAD OF A CONCLUSION OR - AIM OF THE 
JOURNEY IS RETURNING HOME, AND 
EXPERIENCE IS THE BEST SOUVENIR 

In an attempt to define something what we call cultural 
tourism, we went on a journey into the past, to the 
passenger of Grand Tour - initial a young man from 
privileged class from England of 17th century, who 
wanted to show, demonstrate or acquire a certain status. 
While in the period from the second half of the 18th 
century until the late 70s and early 80s occurs a certain 
termination of this phenomenon, cultural tourism in recent 
decades becomes a deserved successor of Grand Tour, 
with one difference - the site that represents a wide range 
of heritage, is one that has a status and characteristics of 
exclusivity. For the first time since the Grand Tour, it is a 
place, which bears cultural values over to the visitor, who 
was the primary important in relation place-visitors in the 
past. 
Brand UNESCO WH, almost unchallenged, provides the 
highest level of value of cultural, natural and intangible 
heritage. WH sites are the most exclusive destinations of 
cultural tourism. 
Sarajevo has always been outside the main tourist routes. 
Its opportunity arises just at the moment when the level of 
"Heritage Significance" characterized it as a place of 
universal cultural experiences. UNESCO brand can 
further qualify it as one of the must-have sites and in 
addition, protect its values from further degradation. 
Recognizing the disadvantages of the proposed 
nomination of Sarajevo as a open city on Tentative 
UNESCO WH list, and establishing links between 
Sarajevo and heritage already inscribed on the World 
Heritage List, we could found cultural synonyms in 
specific elements, certain features of multiple layers of 
historical and cultural coexistence, multicultural traditions, 
where the form is important, but not the key element to 
determine the overall value. 
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Recent researchs supports the idea that visual communi-

cation can be more powerful than verbal communication, 

suggesting in many instances that people learn and retain 

information that is presented to them visually much better 

than that which is only provided verbally. Researches re-

veal that the content of what we watch, the way in which 

is presented, and the way we watch it ultimately changes 

the way we live and think [3].   

But there is evidence to suggest that people not only 

communicate visually more than ever, they also com-

municate better when they communicate visually. The 

psychologist Jerome Bruner of New York University has 

described studies that show that people only remember 

10% of what they hear and 20% of what they read, but 

about 80 % of what they see and do [4]. 

Western civilization has become more dependent than 

ever on visual culture, visual artifacts, and visual commu-

nication as a mode of discourse and a means of develop-

ing a social and cultural identity [5].

2.1   Visual Communication - power to educate, inform 
and persuade

9LVXDO�FRPPXQLFDWLRQ�LV�D�PXOWLGLVFLSOLQDU\�¿HOG�WKDW�KDV�
a strong substance to transform the messages in an eff-

ective manner. At its core, visual communications effec-

tively uses images to persuade, entertain, inform and 

enlighten an observing audience of products, ideas and 

messages. Paul Messaris’s studies of visual persuasion 

show that the cognitive elaboration achieved by visual ar-

gumentation of an advertisement leads to a greater per-

suasiveness of visual propositions [6]. Graphic design-

ers, advertising designers, art directors and visual artists 

all utilize various forms of visual media to communicate 

their ideas to their desired audiences. 

Visual communication is prominent in advertising through 

various visual media, including posters and jumbo post-

ers/billboards, websites, television and print publishing. 

Visual Communication dominates every area of our lives 

so we must become more sensitive to how images shape 

1   INTRODUCTION

Visual communication is communication through visual 

aid and is described as the conveyance of ideas and in-

formation in forms that can be read or looked upon. Visual 

communication explores the idea that a visual message 

and accompanying text has a greater power to inform, 

educate, or persuade a person or audience [1]. The pa-

per focuses on the effectiveness of visual communication 

and the need for the visual media as an essential tool to 

solve the environmental crisis today. It explores how one 

of the most prominent media of Visual Communication, 

poster, can be used to inform, warn and educate audi-

ence about ecological problems. The research is aimed 

questioning is power of poster as media of visual com-

munication appreciated and used frequently enough for 

WKH�EHQH¿W�RI�PDQNLQG�SURPRWLQJ�HQYLURQPHQWDO� LVVXHV��
It analyses the visual representations of environmental 

issues in the form of posters and the impact created by 

these visuals on raising awareness of public about envi-

ronmental issues. 

2   VISUAL COMMUNICATION

Visual communication is all around us, from electronic me-

dia like Web pages and television screens to road signs 

and retail displays. We live in a visually intensive world in 

which we are constantly bombarded by visual stimuli com-

ing from every type of media (TV and movie screens, mo-

bile devices, computers, bill postings, shop windows...). 

It is more and more clear how important and growing the 

role of visual communication in modern society is.

We are becoming visually mediated society. For many, 

understanding of the world is being accomplished, not 

through words, but by reading images [2]. Our efforts are 

concentrated on understanding the images even more 

than on reading the words. Consequently, often even un-

consciously, we become increasingly used to interpret-

ing the reality that surrounds us through the aid of visual 

elements such as icons, distinctive signs, info-graphical 

representations etc. 
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products go from the process of their making, and sale, 

then consumed and thrown away to waste. This system is 

contradictory to the natural or ecological system, where 

it is cyclical – where in nature there is no waste. “One 

species waste is another species food” as Fritjof Capra 

VD\V�LQ�KLV�ERRN��7KH�+LGGHQ�&RQQHFWLRQV�>��@��%XW�PXFK�
of our waste truly has no more use, non-biodegradable, 

non-renewable, and cannot disintegrate, let alone be an-

other species food, and so they can only go to the quickly 

JURZLQJ�ODQG¿OOV��,I�WKLV�XQKHDOWK\�FRQGLWLRQ�LV�SURORQJHG�
and accelerated, it cannot keep this world sustainable 

because it is not how nature works. 

Visual communication design is not free from the issue 

of waste problem, environmental degradation, and other 

HWKLFDO�LVVXHV��8QGHUVWDQGLQJ�WKH�VLJQL¿FDQFH�RI�HFRORJL-
cal awareness means understanding that besides being 

commercial, visual communication designers also have 

other important role and responsibilities towards our en-

vironment and society. 

Visual communication designers should actively gain 

knowledge of the real world condition and grow con-

sciousness or responsiveness towards the problems that 

occur in our environment, and in the process constantly 

try to implement what they can do best – which is com-

municate visually – to be a part of the solution rather than 

the problem [14]. 

1DWXUDO� UHVRXUFHV� DUH� GLPLQLVKLQJ�� ODQG¿OOV� DUH� SLOLQJ�
up, pollution is increasing, and the global climate shows 

VLJQL¿FDQW� FKDQJHV��2QO\� UHFHQWO\� RLO� SULFHV� KDYH� EHHQ�
raised double, pressing the need for conservancy, low 

use of energy, and even alternative resources. The facts 

are there and there shouldn’t be any reason not to be 

concerned about the world we live in, especially if we 

believe designers to be problem solvers.

/HW¶V� ¿UVW� GH¿QH� HFR�GHVLJQ�� ³(FR´� LQ� ³HFRORJ\´� FRPHV�
from the Greek word “oikos” which means home; a home 

where all men and women, animals, plants, water, air, 

DQG� WKH� VXQ� OLYH�� (FRORJLFDO� DZDUHQHVV� WULHV� WR� H[DP-

ine the reality of the world in an integrated and holistic 

way. Fritjof Capra, describes eco-design as “the process 

which our human purposes are carefully meshed into the 

rest of the world” [15]. 

Architecture, civil engineering, industrial and product 

design are at the forefront of eco-design, because of 

their direct connection towards materials and produc-

tion. Implementing ecological awareness in visual 

communication design is the way designers can take 

part in and dedicate their skills for offering better so-

lutions for the environment because education for 

awareness and action is crucial to this growing global 

problem.

What designers could do to make a difference is to opt 

and push for the availability of ‘green’ processes and ma-

terials, to think of how materials could be reduced without 

VDFUL¿FLQJ�WKH�LPSDFW�RI�WKH�YLVXDO�RU�WKH�PHVVDJH�RI�GH-

VLJQ��6R�DV�-RVHSK�'XII\�LQ�KLV�ERRN�(FR�'HVLJQ��(QYL-
URQPHQWDO\�6RXQG�3DFNDJLQJ�DQG�'HVLJQ�VWDWHG��³7KHUH�
is really no excuse today for not combining design inno-

vation with concern for the environment. Although there 

the fabric of our lives as unhealthy and unrealistic adver-

tising images become more and more implicated in seri-

ous social ills. As the enormous impact of images on the 

quality of individual lives becomes clearer, the necessity 

to educate people to the implications of an image-driven 

society becomes more critical [7]. 

There is opposite side of the issues of visual communica-

tion, which serves mainly to commerce. That other side 

is about the after effects of what visual communicators, 

designers create. Visual Communication Design is not 

about the materialization of cool graphics, making clients 

happy, winning ad awards, or making lots of money with 

big companies. It is, or it should be, primarily about ethi-

cal awareness and responsibility towards the world we 

live in and how our actions and creations can have long-

term consequences towards them [8]. 

1HYLOH�%URG\��RQH�RI�WKH�PRVW�LQÀXHQWLDO�JUDSKLF�GHVLJQ-

HUV�RI���WK�FHQW\U\��VDLG��³$Q�HOHFWULFLDQ�LVQ¶W�DQ�RSLQLRQ�
former, but a graphic designer is. My argument is that 

all graphic designers hold high levels of responsibility in 

society. We take invisible ideas and make them tangible” 

[9].

2.2   Visual Communication and ecological awareness 

According to Quentin Newark, author of “What is Graphic 

'HVLJQ�´�WKHUH�DUH�WZR�EDVLF�DFWLYLWLHV�RI�D�GHVLJQHU��)LUVW��
‘Making Sense,’ that is thinking simply and clearly in ide-

DV�DQG�YLVXDOV��6HFRQG�� ³&UHDWLQJ�'LIIHUHQFH�´�ZKLFK� LV�
having the enthusiasm to not only creating original and 

innovative works, but also having broader responsibility 

than commercial business towards social and environ-

mental issues [10]. 

As Victor Papanek pointed in his book The Green Imper-

DWLYH��$OO�GHVLJQ�LV�JRDO�GLUHFWHG�SOD\��2QO\�RXU�TXHVWLRQV�
FKDQJH��:H�QR� ORQJHU�DVN�� µ+RZ�GRHV� LW� ORRN"¶�RU� µ+RZ�
GRHV�LW�ZRUN"¶�:H�DUH�PRUH�LQWHUHVWHG�QRZ�LQ�WKH�DQVZHU�
WR�� ³+RZ� GRHV� LW� UHODWH"´� >��@�� 7KXV�� WKHUH� LV� RQH�PRUH�
issue designers have to put into consideration or bring 

IRUWK�LQWR�WKHLU�GHVLJQ�ZRUN��ZKLFK�LV�³+RZ�GRHV�LW�UHODWH"´�
RU�VSHFL¿FDOO\�KRZ�GRHV�WKH�GHVLJQ�ZRUN�KDYH�D�PRUDO�RU�
ethical responsibility towards the world’s environmental, 

HFRORJLFDO�� DQG� VRFLDO� LVVXHV��(VVHQWLDOO\� LW� LV� DERXW� DQ�
ecological awareness as another principle of design that 

should be considered and implemented in visual commu-

nication design.

Visual communication designers are responsible for the 

design of almost everything that we see in the supermar-

ket, the packaging of our foods, the displays in the malls, 

the newspaper we read everyday, the ads and billboards 

in the streets, the brochures we pick up and throw away 

etc. But are they also responsible for how those things 

are made, what materials are used to make them, how 

are they consumed, how long is their lifespan, how are 

WKH\�GLVSRVHG�RI�DIWHU�XVH"

According to the World Wildlife Fund, if everyone in the 

world consumed as much as the average Westerner we 

ZRXOG�QHHG�DW� OHDVW�DQRWKHU� WZR�(DUWKV�WR�FRSH�ZLWK�DOO�
the waste” [12]. The system of capitalism is linear, where 
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This is the fate of posters but the same fate it strength 

and powerful simplicity. 

Posters can work in the middle of the large number of 

FRQÀLFWLQJ�LQIRUPDWLRQ�DQG�YLVXDO�µ¶QRLVH¶¶�DQG�FDQ�WUDQV-

mit messages to uneducated audience. So today, when 

the media are fragmenting and looking for smaller and 

smaller audience, the poster remains the only medium 

that potentially anyone can see. 

There is an indisputable aesthetic value of posters too, 

their power to reach out to the viewer and their ability to 

express facts, feelings and ideas.

/XED�/XNRYD��RQH�RI�WKH�PRVW�LQÀXHQWLDO�SRVWHU�GHVLJQHU�
VWDWHG��³,�WKLQN�SRVWHU�LV�DQ�DUWZRUN�WKDW�H[SUHVVHV�VRPH-

thing that many people feel but they just can’t say it with 

an image. Almost the same as a good song. It is art that 

has a message and speaks to everybody, transcending 

language, culture and politics” [17]. 

3.2   Social role of poster 

We live in a world of liberal-capitalist economy and the 

design on a global scale is increasingly equated and sub-

sumed under the terms of marketing and advertising, and 

his other social and cultural roles are often neglected. Yet 

tying designing posters/billboards with the market and its 

needs, is a rough reduction of the role of design in gen-

eral. It is commonly understood and used only as ‘styling’ 

PDUNHWLQJ�WRRO��LJQRULQJ�WKH�IDFW�WKDW�LW�FDQ�SOD\�D�VLJQL¿-

cant role in improving the living and working conditions of 

people, serving their real needs, raising concern for the 

environment etc.

Posters, therefore are not only advertising/propaganda 

tool, but may have a wider social function and have their 

cultural, sociological value outside the narrow formal cri-

teria.

The poster is the most eloquent textual-visual media 

FKDQQHO�� ,WV�DXWKHQWLF� LPDJH�VLPXOWDQHRXVO\�UHÀHFWV� WKH�
health or lameness of democracy and poster highlights 

the explicit power and social engagement. Thus, in re-

cent decades worldwide posters and billboards have be-

come platforms for questioning, moralizing or arguing in 

public space. 

Today social posters are the thermometer of the society 

and become an strong measurement of what happens 

and moves people. They become the historic registration 

and in the future, young generation will be able to inter-

pret a time period in our history [18]. 

As Miltom Glaser, an living icon of poster design of 20th 

FHQWXU\�VWDWHG��³'HVLJQHUV�KDYH�EHFRPH�LQFUHDVLQJO\�LQ-

terested in thinking of design as a tool for philosophical 

and social inquiry – to some extent replicating the role 

that painting traditionally assumed. At the moment such 

issues as “what is real”, “what is beautiful”, or “what is 

socially responsible” can engage a designer’s interest as 

well as the more traditional concern for effective commu-

nication about a product” [19]. 

is still plenty of room for improvement in print production 

techniques and in the manufacturing of materials we use, 

the choices that allow designers to ‘do the right thing’ are 

there” [16].

Designers could choose to work with ‘green’ companies; 

companies that have eco-labeled products, companies 

that have Corporate Social Responsibility (CSR) pro-

grams or companies that have environmental manage-

ment systems (such as ISO 14001). Another way for 

GHVLJQHUV� WR� KDYH� LPSDFW� LV� WR� EH� RI� LQÀXHQFH� WR� WKHLU�
clients because when a company’s concern with the en-

vironment is exposed correctly, it would actually enhance 

its public image and the company would further help cre-

ate environmental awareness for communities and the 

general public. 

But what visual communication designers could do best 

is to get involved in getting the message of ecologi-

cal sustainability to the general public through Public 

Service Announcements, to educate communities and 

persuade people to purchase ‘greener’ products, to 

consume responsibly, to conserve, reduce, reuse, and 

recycle. 

3   POSTER

3.1  Poster as medium of visual communication 

One of the most popular media of visual communication, 

even today, in the age of Internet and despite the fact that 

there are many new and effective media for transmitting 

messages, is poster. Poster is a medium of visual com-

munication where the immediate impact of message on 

observers is the most prominent. 

Billboard or jumbo-poster is one of the most common for-

mats of outdoor advertising. Billboards are usually placed 

next to roads, and, generally, in areas with high frequen-

cy of movement of people. Advertising industry use the 

fact that people spend a lot of time outdoors, on roads 

- traveling to work, school, in the acquisition. 

The basic characteristics of outdoor advertising is that 

propaganda message can reach even those who do not 

watch TV, do not listen to the radio, do not read newspa-

pers or specialized magazines etc. Perceiveing informa-

tion comes spontaneously, many times even not volonta-

relly. Spontaneous observation of advertising message is 

a great advantage of outdoor advertising. This medium 

does not require possession of technology, nor the intent 

of media consumption.

Another advantage of the media is democracy. Content 

FDQ�WDUJHW�D�VSHFL¿F�DXGLHQFH��EXW�WKH�PHGLD�LWVHOI�LV�XQL-
versal. There is no discrimination related to age, race, 

gender, profession or social status. 

Although it can contain layers of meaning, primary ef-

fect of posters must be direct and immediate. The poster 

as media of visual communication is mainly observed in 

passing, and the time that is available for viewing it is 

short. It is necessary to quickly establish direct contact 

between the poster and its content, on the one hand, and 

the observer on the other side, in order to make the 

observer feel the need to act in the spirit of the message. 
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PDQ�DQG�-RKQ�/HZLV�IURP�0F&DQQ�(ULFVRQ�DG�DJHQF\�LQ�
London made billboards out of litmus paper which turned 

from blue to red in a rain shower for environmental char-

LW\�)ULHQGV�RI� WKH�(DUWK� LQ����������3RVWHUV�RI� WKDW�NLQG�
are “Acid rain” poster made in Japan in 1989 by Takayuhi 

Itoh and Chikako Ogawa and  “Memento”, anti-pollution 

poster by Jozef Doka, Czechoslovakia in 1989.

(QYLURQPHQWDO�GLVDVWHUV�LQVSLUHG�IRUP�RI�GHVSDLU�DQG�SUR-

test from designers around the world including “Changing 

the face of America” designed by Vern Culp of Alaska 

Visual, inspired by oil spill off the Alaskan coast, or “Save 

San Francisco Bay”, poster by Doug Akagi and Kimberly 

Powell. “Chernobyl 1986” poster was made by Dan Re-

isinger in Israel, “It is better to live nuclear free” poster 

by Stefano Rovai from Italy in 1987 and poster picturing 

mankind as a greedy pig destroying the world by Bokser 

in USSR ,1989.

,Q�����V�JUDSKLF�GHVLJQHUV�RFFXSLHG�WKH�SRVLWLRQ�RI�LQÀX-

ence on clients and consumers, and consequently were 

targeted by paper manufacturers, or took upon them-

selves the role of catalyst for change. The “greening” of 

the design world has yielded many innovative projects 

such as Chiat Day’s adventurous concept of “recycled 

DGYHUWLVLQJ´�IRU�(FRYHU��D�*UHHQ�GHWHUJHQW�PDQXIDFWXUHU��
In order to get across the environmental message without 

creating more pollution in doing so, they devised a mas-

sive “street art project” and asked 52 artists to create col-

laged billboard posters, made from cutting and tearing up 

redundant advertising posters. Billboards made that way 

were then displayed all over the London. 

Some companies have taken on the heavier mission of 

environmental education, as well as marketing environ-

mentally responsible products as UK Body Shop compa-

ny has run over 20 issue-led campaigns over the years, 

like “Stop the Burning of Brazilian Rainforests” designed 

E\�-RKQ�&URVODQG�RU�³5HXVH�5H¿OO�5HF\FOH´�FDPSDLJQ�WR�
reduce post-consumer waste designed by Richard Brow-

ing in 1990.

Designers started to push harder for the availability of 

‘green’ processes and materials and to think of how ma-

WHULDOV�FRXOG�EH�UHGXFHG�ZLWKRXW�VDFUL¿FLQJ�WKH�LPSDFW�RI�
WKH�PHVVDJHV��6XFK�H[DPSOH�LV�SRVWHU�³-D]]�KRW�DV�+HOO´�
printed with minimal use of colour/ink on recycled paper 

using water-based silk screen techniques from Penn 

6WDWH�-D]]�&OXE��GHVLJQHG�E\�6RPPHVH�'HVLJQ��(FR�'H-

sign, Rockport, 1995.

Internationalism and global solidarity on environmental 

issues has became new and exciting theme for design-

HUV�DV�VKRZQ�RQ�H[DPSOHV�VXFK�LV�SRVWHU�³7KH�(DUWK� LV�
our Mother” created by Chaz Maviyane-Davies, the only 

African representative to the World Wide Visual Celebra-

WLRQ�SDUDOOHO�WR�5LR�(DUWK�6XPPLW�LQ�������WKDW�HPERGLHV�
internationalism in its very creation, or posters created by 

Swiss designer Cornel Windin for the “Visualize the Fu-

ture” exhibition tagged by Parco company in Japan later 

that year. 

'XULQJ�¿UVW�GHFDGH�RI���VW�FHQWXU\�� IURP�WKH�/LYH�(DUWK�
event, Al Gore and global warming, to major corporations 

claiming they are “Green,” environmental ad campaigns 

3.3  Poster on the forefront of the battle for greener 
world

The disruption of eco-systems and exhaustion of natural 

resources are not new issues, even for the design world, 

the rumblings and warnings have been fairly constant 

over the past few decades. The forerunners of today’s 

environmental posters were part of dropout hippie culture 

of the 1960s. This consciousness continued to develop 

into the 1970s, early days of the “earth movement” when 

the foundations for many present-day attitudes were laid.

7KH�¿UVW�(DUWK�'D\�ZDV�KHOG�LQ������WR�IRFXV�SXEOLF�DW-
tention on environmental concern, and consolidate a new 

and fast-growing movement. Robert Rauschenberg’s 

poster for the event was poster classic; and the aggres-

sively staring eagle became a symbolic guardian of the 

(DUWK� PRYHPHQW� ±� DQG� D� V\PERO� RI� VXUYLYDO�� 2OLYHWWL�
sponsored the “Save Our Planet” series of six anti-pollu-

tion posters by well-known creative artists in 1971 repre-

senting an early example of progressive corporate vision. 

But visual handling of environmental issues during 1970s 

in general suffered from not being taken very seriously. 

Although Rauschenberg’s eagle had cast a rather sinis-

ter, watchful eye over the decade, the imagery was gen-

erally not hard-hitting enough to impose a dramatic shift 

in attitude. 

The1980s was decade when “Greening” really became 

D�YLDEOH�IRUFH��LQ�SROLWLFV��SUHVVXUH�JURXSV��EXVLQHVV�DQG�
consumerism, education and daily habits. The effect of 

this change in attitude, in what ad agencies now refer to 

as “the great Green boom” of the mid-1980s, revolution-

ized the way in which artists and designers viewed and 

handled environmental subjects [20].

The graphic campaigns associated with Greenpeace 

took on this confrontational stance. Their famous off-

shoot Lynxs, the anti-fur trade campaigners, teamed up 

with Yellowhammer ad agency in London to produce the 

“40 dumb animals” campaign in 1985. The campaign was 

landmark in modern graphic design history, and helped 

create widespread stigma against fur nearly ruining the 

British fashion-fur industry. 

Within a few years life-threatening crises such as the 

greenhouse effect and global warming also loomed into 

view, along with Chernobyl nuclear disaster in 1986 and 

WKH�([[RQ�9DOGH]�RLO�VSLOO�LQ�������:LWK�JURZLQJ�UHSRUWV�RI�
pollution and irreparable damage to forests and wildlife, 

ecology suddenly became a battle for the survival of hu-

mankind and the planet [21]. 

Accompanying this shift in attitude came a crucial change 

LQ� YLVXDO� VWUDWHJ\�� (QYLURQPHQWDO� FDPSDLJQV� VWRSSHG�
concentration on the pleasanter aspects of conserva-

tion and started focusing on the destruction. They began 

“talking tough” and seeking help from ad agencies to get 

their message across. By this time, advertising agencies 

had also realized, with the Lynxs campaign setting an ex-

ample that much kudos was to be gained in hard-hitting 

environmental campaigns. 

Pollution became a more urgent and popular topic, pro-

ducing clever twists in approach. Designers Roger Aker-
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4   CONCLUSION

Visual communication design is not free from the issue 

of waste problem, environmental degradation, and other 

HWKLFDO�LVVXHV��8QGHUVWDQGLQJ�WKH�VLJQL¿FDQFH�RI�HFRORJL-
cal awareness means understanding that besides being 

commercial, visual communication designers also have 

other important role and responsibilities towards envi-

ronment and society. Design is a powerful tool that can 

help shape our future. Designer’s awareness that their 

choices and decisions matter can in turn utilizes design’s 

powerful impact to create positive change.

In the 21st century there are even more opportunities for 

designers to explore the global potential for environmen-

tal comments, through information and computer technol-

ogies, allowing them to link into a network of concerned 

creative people. Designers are now in touch with the 

world, and have technology and the means to confront 

WKH� ELJ� LVVXHV� DQG� LQ� FRPLQJ� \HDUV�� ZLOO� QR� GRXEW� ¿QG�
even more imaginative and creative ways to deal with 

them.

Poster, as one of the most popular media of Visual Com-

munication, have power to communicate transgressing 

the political and cultural boundaries and is a power-

ful means of provoking emotions and gathering people 

around their interests. 

Power of poster as media of visual communication in 

%RVQLD� DQG� +HU]HJRYLQD�� KRZHYHU�� LV� QRW� DSSUHFLDWHG�
well enough and must be used more frequently, with the 

support of creative industries, companies and institu-

tions, to create strong impact on raising awareness of 

public about environmental problems. 
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tion, State University of New York Press, Albany.
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Desain Graphis Indonesia. 

[9]   Brody, N., Quotes on design, www. quotesondesign.

com

VHHP�WR�EH�HYHU\ZKHUH��(YHQ�FRPSDQLHV�ZKR�DUH�QRW�LQ�
business to make a better, cleaner world are advertising 

for the “green” effort. The example is series of billboards 

and print ads from a clothing line called Diesel. It high-

lights their new Spring 07 collection, while also focusing 

on the devastating effects and climate change that glob-

al warming can cause to planet earth. Great examples 

are posters of The World Wide Fund for Nature (WWF) 

campaigns. They are all creative and well executed; their 

messages passed to the public, and are helping the pub-

lic awareness of the importance of protecting the nature 

to be arisen.

3.4   Environmental poster in Bosnia and Herzegovina

,Q�%RVQLD� DQG�+HU]HJRYLQD�� ¿UVW� HQYLURQPHQWDO� SRVWHUV�
ZHUH� GHVLJQHG� E\� 0ODGHQ� .ROREDULü� GXULQJ� ����V�� +H�
PDGH�¿UVW�H[KLELWLRQ�RQ�HFRORJLFDO�SRVWHUV�LQ�6DUDMHYR�LQ�
1974 called “Protection of human environment” and his 

QH[W�RQH����\HDUV�ODWHU�FDOOHG�³<RXU�2XU�(QYLURQPHQW´��

ýHGRPLU� .RVWRYLü� GHVLJQHG� SRVWHUV� FRQFHUQLQJ� HFR-

ORJLFDO� SUREOHPV� LQ� ����V�� OLNH� SRVWHU� ³(QYLURQPHQW´� LQ�
1986, and he continued to design such posters in last two 

decades when he moved to America. Posters “Traces of 

0HQ´��³1HFHVVLWLHV´��³7KH�IRUHVW´�DQG�³+�202´�ZHUH�H[-

ibited at poster festivals worldwide. 

Another Bosnian designer living in London, that put ef-

forts to promote environmental issues creating posters, 

LV� 6DãD� 9LGDNRYLü�� ³+RSH´� IRU�::)�� ³)RUHVWV� IRU� /LIH´��
³6DYH�:DWHU´��³+DLWL´�DUH�SRVWHUV�WKDW�JDLQHG�LQWHUQDWLRQ-

DO�UHFRJQLWLRQ��+H�PDGH�H[KLELWLRQ�RI�HFRORJLFDO�SRVWHUV�
during Green Design Festival in Sarajevo in 2010 called 

³(DUWK�+HDUW´�

6RPH�RI�GHVLJQHUV�LQ�%RVQLD�DQG�+HU]HJRYLQD�WKDW�PDGH�
posters on environmental issues during last decade are 

$PUD� =XO¿NDUSDãLü�� $VLP� ĈHOLORYLü�� $QXU	$MQD�� ,VPHW�
%HUELü��'DOLGD�.DULü�+DGåLDKPHWRYLü�DQG�$OPD�+UDVQLFD��
They made posters promoting recycling and sustainabil-

ity, warning about pollution and greenhouse effect etc. 

'DOLGD�.DULü�+DGåLDKPHWRYLü�KDG�H[KLELWLRQ�RI�WKH�SRVW-
HUV� FDOOHG� ³(DUW+XUWK´DW�*UHHQ�'HVLJQ� )HVWLYDO� ����� LQ�
6DUDMHYR�DQG�³*OREDO�:DUPLQJ´� LQ�������$OPD�+UDVQLFD�
made series of posters called “Clean Up” in 2006 warning 

about high level of polution in the country.

But designers that are aware of power of poster media 

DQG�DUH�UHDG\�WR�XVH�LW�IRU�WKH�EHQH¿W�RI�VRFLHW\�DQG�HQ-

vironment need more support of advertising agencies, 

government and non-government organizations or com-

panies that could help them to bring their messages to 

wider audience and make stronger impact on the society. 

Campaigns like “Death Nature”, designed by Ideologija 

ad agency, that is light example how witty visuals can 

bring waste problems in focus of public attention, are still 

UDUH�LQ�%RVQLD�DQG�+HU]HJRYLQD��DOWKRXJK�WKHUH�DUH�PRUH�
and more ad agencies and commercial companies in 

western countries that are launching environmental cam-

paigns as they are becoming aware that it could enhance 

its public image as well as to help create environmental 

awareness for communities and the general public. 
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Abstract 

Solar Tree is a metal structure that looks like a real tree with branches at the top of which are solar panels. 
These solar panel collect solar energy and transfer it to electricity which can be used for batteries charging 
of mobile phones, tablets and portable computers. Also, collected electricity can be used as a power for info 
panels and lighting. This paper presents results from possibility study of implementation of Solar Tree project 
in urban part of City of Sarajevo. The paper is focused on the design, technology and economy part of above 
mentioned study. Except results of technology and economy parameters, three different design solutions of 
„Solar Trees“ adjusted for urban environment will be presented. Using 3D CAD modelling software different 
approaches where designed by means of getting photorealistic pictures (rendering) of those solutions in 
chosen urban locations. 
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1 INTRODUCTION 

Climate changes are one the greatest challenges mankind 
is facing with. Based on registered data and relevant 
indicators it is estimated that climate changes will have a 
serious impact on the economy development of every 
country in the world. Reason for that is a very high 
possibility that climate changes will cause damages in 
different ways to world's economy in general. One of the 
answers to these climate changes is to increase 
development and usage of renewable energy sources [1]. 

Renewable energy is energy produced from natural 
sources like sunlight, wind, rain, waves and geothermal 
energy which are renewable (power naturally). In most of 
the cases renewable energy comes from sun energy, 
wind power, hydropower, biomass, biofuel etc. Sun to 
earth emits around 5.25 kWh/m2 per day.  

After centuries of using fossil fuels global energy situation 
is changing, renewable energy takes more and more 
place every day. 

In 2006 renewable energy sources takes 18% of global 
energy production, 13% of that is traditional biomass 
(burning the wood) and 3% is hydropower. New 
technologies like geothermal, wind and sun energy takes 
only 0.8% of global energy production. They have big 
potential, but it is not used properly [2]. 

1.1. Renewable energy sources  

Most of the renewable energy sources get the energy 
from the sun. Earth atmosphere system is balanced, heat 
radiation from the earth to the space is equal to the sun 
radiation, because of this we have naturally produced 
energy on the surface of the earth, this energy is usually 
called the Earth clime. Hydrosphere (water) absorbs one 
part of the incoming radiation. Most radiation is absorbed 
at low latitudes around the equator, but this energy is 
dissipated in the form of winds and ocean currents around 
the globe. It can be said that winds and ocean currents 
transform heat energy to mechanical energy in form of 
waves movement. Solar energy is also responsible for the 
distribution of rainfall and for the cultivation of plants used 
for biofuel production around the globe.  

Definition of renewable energy by International Agency 
for Energy is: “Renewable energy is energy which is 
obtained from natural processes which are constantly 
naturally restored. In different forms it is obtained directly 
from the sun or from the heat created deep in the earth. 
That includes electricity and heat obtained from the 
sources like sunlight, wind, oceans, hydropower, 
biomass, geothermal energy and biofuel; it also includes 
hydrogen obtained from renewable sources.   

Every of this sources have specific characteristics which 
affects method of exploitation and usage. 

1.2. Production of electricity using photovoltaic solar 
cells 

Term “solar energy” means energy produced from the 
sunlight. Solar energy can be applied in many different 
ways: production of electricity using photovoltaic solar 
cells, hydrogen production using photoelectrochemical 
cells, production of electricity using concentrated solar 
power, production of electricity by heating air which 
rotates turbines in solar tower, heating buildings directly 
through the construction of passive solar buildings, 
heating food products using solar oven, heating water or 
air for domestic hot water and space heating using solar 
thermal panels, heating and cooling air using solar 
chimney, generation of electricity in geosynchronous orbit 
using solar satellites, etc. [3]. 

Solar energy can be converted to electricity by using 
photovoltaic solar cells (FN) and others different 
experimental techniques. Photovoltaic solar cells are 
mainly used to power small and middle size application, 
from calculators which is powered up with one cell, to the 
house which is powered up with panel. Solar energy is 
variable source of energy, because of that It need 
alternate source which will take grid load when sunlight is 
limited. For example, batteries can be used as local 
energy backup (small house). It is obvious that only one 
renewable energy source can't achieve stability of big 
grid, because of that there is a lot of research these days 
about combinations of multiple renewable energy 
sources. 
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2 RENEWABLE ENERGY SOURCES IN URBAN 
ENVIRONMENT 

Urban environments are very specific when it comes to 
energy supply. The problem is becoming even more 
complex when it comes to specific urban locations where 
the flow of people is becoming more intense. One way of 
solving such energy problems is by the use of renewable 
energy sources. Solar and Wind energy in general, offers 
feasible design solutions for the case of above mentioned 
urban environment.  

Solar Tree is a metal structure that looks like a real tree 
with branches at the top of which are solar panels. This 
solar panel collect solar energy and transfer it to electricity 
which can be used for batteries charging of mobile 
phones, tablets and portable computers. Also, collected 
electricity can be used as a power for info panels and 
lighting. The goals of Solar Tree project are:  Uplifting the 
public opinion of citizens for renewable and sustainable 
resources of energy, enable free access of energy for 
charging of mobile and portable lap top devices, when 
placed at locations were free wireless internet is available 
they can additionally contribute to better representing for 
tourists and citizens, several interactive info panels should 
provide information about important city locations, phone 
numbers, institutions and addresses which could be 
accessed by everyone, also the goal is to promote Faculty 
of Mechanical Engineering and technical science in 
general, regarding to the fact that young people are not so 
interested in studying of technical science.  

Except above mentioned goals it is important to include 
undergraduate students in project realizations and on that 
way enable them practical work experience. 

Figure 1 shows some of the Solar tree examples in the 
world [7]. 

Figure 1: Solar tree in Gleisdorf (Austria) and Wales 
(Great Britain) 

3 SOLAR PANEL CALCULATION  

3.1 Calculation of PV system 

PVsyst V6.07 software was used for calculation and 
selection of elements for photovoltaic system. Using this 
software it is posible to simulate photovoltaic system 
using input data for its location [4]. Calculation in this 
paper was done for Solar tree which will power up 4 
fluorescent lamp with power of 18W and 5 devices such 
as mobile phones and portable computers, with total 
power of 250 W, 8 hours per day in average. From Figure 
2 it can be seen that, for this system, daily needs for 
electricity are 2576 Wh/day, or 77,3 kWh/month. 
Regarding to this demands it is necessery to design 
photovoltaic system [5,6]. 

 

Figure 2: Input data for daly system consumptions 

First step is to choose location for installation of 
photovoltaic system. Second step is to input data for 
nominal power [kWp], orientation, angle and azimuth, 
after that it is necessary to choose type of a module, 
technology of its production, type of assembly and type of 
ventilation system. 

Figure 3: Adjusting of PV system parameters 

Regarding to above parameters and imput data software 
PVsyst give results in form of system output (diagram 
(Fig.4) and table(Fig.5). 

Figure 4: Diagram of Solar tree electricity production by 
month 

From figure 4 it can be seen that photovoltaic system 
need to have electricity production of 1943 kWh/year, and 
to achieve that solar module must have surface of 12m². 
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Figure 5: Table of Solar tree electricity production by 
month 

For realization of above results BP 3150S photovoltaic 
modules are selected, 10 pieces with power of 150W. 
Manufacturer of this modules is BP Solar, SAD (Figure 6). 

 

Figure 6: Photovoltaic module BP 3150S 

Module  BP  3150S is made of polycrystalline Si cells with 
anti-reflective coating, it have relatively high degree of 
efficiency (11.9%) and long life period with warranty on 
power for 25 years. Input-output characteristics of PV 
module type: BP 3150S is given on figure 7.  

Figure 7:  Input-output characteristics of PV module type: 
BP 3150S 

 

4 POSSIBLE DESIGN SOLUTIONS 

4.1 General design approach 

Possible design solutions do vary according to many 
different factors. There are several of them. Authors tried 
to adjust their potential design solution with regards to 
some of them, which they believed to be the most 
influencing. Furthermore, with the beneath listed criteria 
authors tried to establish a general design solution 
algorithm based on the available project and design 
documentations for some solar trees. 

 

 Location regarding light conditions. One of the most 
important factors is the potential location where the 
tree should be placed. Urban environment is very 
specific regarding the surrounding objects which 
substantially influence light conditions around the 
tree. The potential location should be chosen 
carefully to enable optimum light conditions during 
the day. 

 Location regarding the final purpose. The majority of 
solar trees in urban environment are dedicated for 
two potential assignments: Street lighting or 
powering different consumers e.g. battery chargers 
for different types of mobile device, LCD monitors 
etc. According to the chosen aim of the tree, the 
final design is influenced especially in the ground 
attaching area. 

 Available type and design of solar panels. According 
to the fact that the panels are the most important 
part in a solar tree construction it is therefore a 
crucial part which influences the final look of the 
design. Mass, shape, number and the arrangement 
of the panels finally influence the rigidity, centre of 
gravity and other calculation outputs of the tree 
which lead to the final look of the design. 

 Aesthetic requirements. If the design of the tree and 
its look should be preferred in regard to the purpose 
then this will eventually lead to more complexity 
throughout the whole design process. This 
parameter is closely related with the previously 
mentioned. This criterion is very difficult to 
generalize but requires detailed investigation of 
individual tree projects. 

 Financial costs. Even though it is mentioned as the 
last one, it is probably the most influencing criteria in 
every project. The complexity combined with the 
variety of previously mentioned parameters sets this 
criterion as a final justifier for every possible solar 
tree design solution. 

4.2 Solar tree proposal for powering consumers 

According to the previously mentioned parameters 
authors suggest the following solar tree design concept. 
The idea includes two main consumers: charging devices 
and LCD monitors. In addition to that, an accumulation 
device should be stored at the pedestal region where the 
flange attaches the construction to the ground. To enable 
a place to rest for passers, an extra seat in circular shape 
is added around the main trunk. At the same time this 
seat should cover the accumulation device making the 
whole design more attractive. Simultaneously it should 
isolate the accumulation device from climate impacts 
such as rain or snow. 

To simplify the design approach, calculation, 
maintenance and make the whole design at the same 
time look aesthetically acceptable authors suggest a 
totally symmetric design with three axes of symmetry. 
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The main body is a simple hollow tube closed at one end 
to enable the attachment of the upper, smaller rod which 
should carry the upper panel. This panel is placed high 
above the other panels at a vertical angle. The angle 
provides a constant area for the sunlight regardless of the 
sun trajectory during the day. The height at where it is 
placed enables a greater panel area which will not cover 
the lower placed panels.  

 

Figure 8: Authors design proposal in accordance to 
previously mentioned criterias 

If needed, additional limbs can be added to increase to 
total amount of panel surface which powers the end 
users. Every extra add on the design should be in 
accordance with the previously mentioned symmetry 
feature in order to ensure structural integrity of the whole 
design.  

Furthermore the symmetry design approach should 
ensure the absence of critical stress locations on several 
places at the construction. The most critical places to look 
for are, were the limbs connect to the main body – trunk. 
Limbs shouldn’t be too long because of a possibly high 
bending moment. By applying the symmetry approach this 
problem has to be concerned just at one place which later 
on is just copied via a pattern to the other sides. 

4.3 Solar tree proposal for Street lightning  

This design approach is far simpler than the previous one. 
In general, solar tree designs for lightning purposes do not 
have to power such huge consumers in comparison with 
light bulbs. This simplification also applies to the design 
concept. No extra ads are needed in the case of a street 
lightning dedicated solar tree. The basic three 
components regarding the design are: The pillar – trunk, 
solar panels and light bulbs. Urban environment causes 
the base to be out of a serious construction material like 
concrete. The previously simplification enables the design 
to be more aesthetically orientated so that it can fit more 
into a certain urban architecture where the tree is placed. 

 

 

Figure 9: Authors design proposal for lightning purposes 

 

Even though the concept looks pretty unusual, with lots of 
rare elements it has to be said that branches are standard 
elements set up just at a different pattern which start at 
different angles of array. Light bulbs are attached to solar 
panels from the bottom side so they cover a area 
according to solar panel calculations. 
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Abstract 
Early 20th-century Dutch Social Housing had specific social and environmental aims: providing economically 
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1 INTRODUCTION 
Within a diachronic understanding of history, the course of 
the Twentieth Century presents the complexity of issues 
addressed in the, seemingly simply articulated, ideal of 
the ‘Triple bottom line’ (3BL) of Sustainability. The 3BL 
refers to the three spheres of sustainability that need to be 
balanced to achieve a holistic sustainable position. First 
applied in the realms of corporate governance and 
development, the idea has found ready acceptance in the 
global debate on sustainable development, having been 
entered into the Resolution adopted by the General 
Assembly at the Unesco World Assembly, New York, 
where: 
“We reaffirm that development is a central goal in itself 
and that sustainable development in its economic, social 
and environmental aspects constitutes a key element of 
the overarching framework of United Nations activities.” 
[1]  
By the time of the affirmation of the 3BL concept by 
Unesco it had already permeated the disciplines 
surrounding sustainable development of the physical 
environment, notably the field of architecture. The 
sustainability of the profession’s creative output on social, 
environmental and economic levels is now debated 
heavily debated and predicted through modelling and 
grading tools.  
This relatively new concept does not resonate easily with 
the age old architectural Vitruvian architectural principles 
presented in the first century BCE as being Firmitas, 
Utilitas and Venustas. These relate to the physical 
qualities of a building and their confluent visual effect. The 
Vitruvian Triad can be construed as an architectural Triple 
Bottom Line and has underpinned Western Architecture 
since their re-emergence into general architectural 
thinking through Leon Battista’s Alberti’s Ten Books on 
Architecture (De Re Aedificatoria) (1452). However at the 
onset of the Twentieth Century a major shift took place in 
Western architectural thinking with the introduction of the 
social agenda; an introduction which added an additional 

complexity to architecture. Richard Curtis goes so far as 
to state: “what distinguished the twentieth century [in 
architecture] from any other was the pre-eminence of 
planning and the dedication to a social programme” [2]  
The Twentieth Century, an era of unprecedented 
consumption of resources, has also taught in hindsight 
that resources are valuable and need careful curating. 
The responsive task of the twenty-first century is to learn 
to manage these limited resources effectively. This 
resonates most obviously with issues around 
environmental sustainability. Though less evident, 
economic and social sustainability, relying as they do on 
human capital and economic capital are closely tied to 
resource efficiency.  
Consequently it can be stated that the main emergent 
themes of the early twenty-first century are, firstly, the 
drive towards a carbon-neutral future to ensure the 
longevity of our species and the status quo of life on this 
planet (environmental sustainability) in conjunction with, 
secondly, the potential benefits of the application of 
technology to human endeavour and life (social and 
economic sustainability). These two themes are 
omnipresent in the debate around the construction of new 
structures. This debate has also infiltrated discussions on 
adaptation of the extant building stock to limit energy use 
and waste taking place in this sector, thereby addressing 
natural resources. Both the practice of retrofitting of 
buildings and the action of demolition and replacement 
are as old as the tradition of creating shelter itself, but 
have seldom previously been the topic of architectural 
discussion or investigation as part of the design process. 
The emergence of the Triple Bottom Line of Sustainability 
towards the end of the Twentieth century is a 
consequence of its historical environment which, in this 
essay, will be mapped out at the hand of a single case: 
the Justus van Effen public housing complex in the city of 
Rotterdam, The Netherlands (Figure 1). In this complex 
the search for 3BL balance has been magnified by one 
specific, its recognised cultural architectural significance 
or value, ratified by its provisional listing in 1982 and its 
eventual inscription as State Monument (Rijksmonument) 
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in 1985 [3] giving it the status as heritage resource of 
national importance in The Netherlands. Subsequently 
this essay will attempt to locate cultural residue as a 
resource that, like all others, is limited and needs to be 
included in discussions about sustainability. 
 

 
Figure 1. The Justus van Effen Complex shortly after 
completion (Netherlands Architecture Institute (NIA) 
Archive) 

2 CASE STUDY  
2.1 The Justus van Effen Complex, Spangen, 

Rotterdam 
Starting in 2000 the then managing association of the 
Justus van Effen complex, Woonstad Rotterdam, 
launched the offensive to address the worsening condition 
of this heritage building by calling for proposals from 
architects regarding its renovation. This competition was 
won by Molenaar van Winden architects in collaboration 
with Hebly Theunissen architects on a cultural platform 
named 100%Mo-NU-ment (the Dutch ‘NU’ translating to 
the word ‘Now’ in English, the whole meaning both 100% 
Monument and 100% Now). In their proposal, the 
architectural and heritage value of the complex was 
presented as design generator and would, it was hoped, 
lead the way to the complex’s return from purgatory while 
at the same time harbouring ambitions that the complex 
could be brought to a near-zero energy state. This 
combination of heritage and environmental qualities 
contained in the 100%Mo-Nu-ment idea make it unique 
and therefor marketable.  
The heritage value of the complex had been confirmed in 
1985 already by the listing of the structure on National 
level and a simple restorative approach would serve to 
exploit these qualities to the benefit of the project. While 
the European Union does prescribe performance criteria 
for new buildings and renovations of older built fabric; 
buildings with legally acknowledged heritage value are 
exempt from these.  

In order to understand the complexities of triple-bottom-
lining the complex – the aim of the renovation – an 
understanding of the building over time will be presented 
next from a 3BL perspective.  
 

2.2 Historical context 
For a third of its near-hundred-year existence the Justus 
van Effen housing complex has been topic of discussion 
regarding its adaptation in order to retain or bolster it as a 
useful building. Built in the period 1921-22 the design for 
this complex had at its base a strong social agenda, an 
agenda which evolved in response to preceding decades 
of a lack of housing, driven by a late and rapid Dutch 
industrialization as well as speculative low-quality housing 
all of which lead to near-squatter conditions in all Dutch 
cities at the end of the nineteenth century.  

With a national housing shortage at play, cost-per-unit 
was of importance in the planning of all social housing at 
the time. Thus the subsidized units making up the Justus 
van Effen Complex had to be an improvement on the 
Rotterdam ‘alcove’ dwellings at a reduced cost [4]. 
In the design of the Justus van Effen social housing 
complex, within a specific economic environment that 
included state subsidy, the architect, Michiel Brinkman 
(*1874 – †1925) can retrospectively be credited with a 
purposeful social sustainability perspective. 
 
2.3 The Justus experiment: a social sustainability  
The design for the Justus van Effen Complex was itself 
revolutionary in a time of social revolution. The effects of 
industrialization and the subsequent urbanization of the 
population had lead to a situation where the provision of 
affordable quality housing had become an issue of 
national importance. This need had already been 
identified in the Netherlands at a relatively early stage by 
the early promulgation of the Woningwet (Housing Act) of 
1901, which set norms for minimum requirements in 
housing and mandated local authorities to aid in housing 
provision.  
In 1917 architect Michiel Brinkman was commissioned to 
design housing over two blocks in the newly proclaimed 
Rotterdam suburb Spangen, a master-planned high 
density neighbourhood aimed at lower middle income 
households. His brief in essence required 
experimentation that would address the defects of the 
then common four storey ‘hoogbouw’ or high-rise [5]. 
Based in a strong architectural argument in favour of a 
social agenda, he decided to merge the two city blocks, 
creating semi-public internal courtyards linked by an 
internalized public street. Brinkman invented a typology 
with an upper level street running the entire inner 
circumference of the complex. Each unit was planned 
over two floors. This allowed for access either from the 
ground or the aerial street. The floor plate was narrow 
enough to allow for good daylighting and cross ventilation 
(Figure 2).  
 

69



GDC 2013 Conference 

 
Figure 2. 3rd Floor plan of The Justus van Effen Complex 
shortly after completion (NIA Archive) 
 
The social housing units were provided with unheard of 
luxuries for their time such as central heating that, in this 
case, was provided by a central boiler located at the 
social heart of the complex, the bathhouse. 

With regards comfort, each unit had a garbage chute from 
the kitchen, and an internal layout that allowed for 
comfortable transition from the public (balcony/street) to 
private realms. Like the internalized aerial street, the 
bathhouse was meant to foster social cohesion.  
At the time this unorthodox experimental arrangement 
was met with opposition from the planning commission 
within the municipality. Their fears were social in nature, 
especially with regards the designed collectivism enforced 
through the centralization of services such as the 
bathhouse. Members of the planning commission also 
feared that the high density, concentrated along the 
elevated ‘street’ would also lead to more than the average 
number of neighbourhood fracas [6]. 
Despite all fears, the complex proved to be immediately 
successful and was soon lauded as a shining example of 
the promise held by the revolutionary new architecture. 
The main policy points addressing the social aspects of 
housing provision at the time was based in a rigid 
economic system, that issues of economy would not lead 
to the failure of the project. At the time environmental 
issues regarding long-term sustainability had not entered 
the housing agenda. The centralizing of heating and 
bathing would be preferable from a cost and resource 
perspective to a decentralized system but was not argued 
for from the point of environmental sustainability. The 
architect’s sensitivity to daylighting and cross ventilation 
and the removal of dirty technologies, such as coal boilers 
and stoves from the interior of the units were decided on 
from a social/hygiene perspective. Although the 
development was of a low-cost nature, its longer-term 
economic sustainability was entirely dependent on the 
effective subsidy system put in place by the Housing Law 
of 1901 and sustained by a society with a strong socialist 
bias.  
 
2.4 Middle age for Justus van Effen 
Originally the neighbourhood of Spangen housed lower to 
middle income families. Educated customs and railways 
officials and policemen workers were typical breadwinners 
[7]. With such a high level of comfort for its time, and an 
economic base founded in a welfare state system it is no 

wonder that the Justus van Effen complex was a well 
loved by the culturally homogenous working-class 
inhabitants of the time. [8]  
At the end of the 1950’s households in the Netherlands 
started to make the transition to consumer culture with 
the associated increase in comfort demands and need for 
space for consumer goods such as washing machines, 
fridges etc. [9] Time was catching up to the Justus 
complex in other ways as well, central heating, started to 
becoming commonplace and internal private ablutions 
were now standard in newly constructed housing. The 
social sustainability, very base of the experiment, was on 
the ebb. The delicate balance of social and economic 
usefulness could, for the time being, be maintained 
through on-demand, re-active tweaking such the 
enclosing of balconies to free up space for showers [10]. 
Justus remained affordable and therefor occupied, but it 
lost its desirability with newer, more comfortable and 
fashionable housing stock entering the market. 
By the 1970’s however the social situation in the poorer 
neighbourhoods in the Netherlands had taken a turn for 
the worst. Spangen was one of socially most problematic 
areas in the country. It is obvious that the small housing 
units of the Justus van Effen complex had become out-
dated and the building was therefor becoming choice, by 
necessity, for the down-at-luck or marginalized sectors of 
society [11]. The experiment had reached its natural 
conclusion and lost its social sustainability. Equilibrium 
had gone, and was it not for the socialist subsidy support 
the economic feasibility of the project would have long 
been exhausted.  
Spangen presented a particularly grim spectacle, being 
one of the poorest neighbourhoods in the Netherlands, a 
hotspot of illegality with many abandoned housing units 
presenting their boarded up windows to the abandoned 
streets. It was a resort for drug dealers and users, 
particularly famous, it seems amongst French drug 
tourists [12].  

 
2.5 Urban regeneration, Rotterdam fashion 
By this time the whole of the urban Netherlands was 
engaged in urban regeneration programs. Large 
municipalities and the, then, Netherlands Department for 
Conservation (Rijksdienst voor de Monumentenzorg) all 
developed approaches to urban renewal, that of 
Rotterdam being known simply as the Rotterdamse 
aanpak or ‘Rotterdam approach.’ Bouwen voor de buurt, 
‘Build for the neighbourhood’ was the slogan and 
exemplified a bottoms-up approach where decision-
making was the result of extensive public consultation 
seeking social sustainability [13]. This approach was 
inevitable in Rotterdam, a harbour city with a highly 
socialist radically politicized population which closely 
scrutinized all official movements and countered with 
mostly passive, but at some times also active, civil 
protest.  
At this point the economic sustainability of the social 
subsidy system was put under immense strain. The cost 
of renovation could not be supported by the national 
taxation system that was already supporting the housing 
subsidy system. Rental increases were on the cards to 
pay for the renovations.  
Lower income earning society revolted. Technological 
advances in housing comfort, commodification of society 
towards consumerism, segregation due to a large 
immigrant population, increase in wealth of the middle 
and lower middle class and a lack of vigilant pro-active 
upkeep of the housing stock, all lead to widespread 
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dissatisfaction. Faced with an aged housing stock, the 
economic and societal sustainability of the subsidy 
programme was on the verge of collapse. Economically 
the sustainability of the Dutch housing system was flawed 
in one major regard: it hadn't foreseen the aging of the 
housing stock and didn't programme for large-scale 
upgrades to already built stock.  
 
2.6 Architectural band-aid for social ills 
One of the most obvious obstacles to be overcome in the 
upgrade of the Justus van Effen Complex was that of unit 
size. The narrow floor-plate, praised at construction for 
allowing good cross ventilation and daylighting into the 
housing units was too narrow to accommodate two 
adequately sized rooms.  
The architect appointed to the project, the office of Leo de 
Jonge Architects, reported that they were faced with 
another problem. At the core of the original design lay a 
concept: the communality of the complex. A design, which 
presented a communal way of life, had to be transformed 
to a living environment where late twentieth century 
individuality was accommodated. The fears of the original 
critics of Brinkman’s design proposal had come to pass. 
The forced collectivism central bathhouse was ousted and 
space had to be found to allow for in-home ablution and 
all the paraphernalia required in the contemporary 
kitchen.  
The renovation project sought the advice of two residents’ 
organizations in the search for a social sustainability [14]. 
Against the advice of the architects these residents 
insisted on enlarging the existing units (ibid), eventually 
reducing the number of units from 264 to 164, a 37% 
reduction in number of dwellings.   
By this point a new dynamic had entered the debate. 
Starting in the early 1960‘s the cultural and architectural 
value of the Brinkman’s design had become to be 
appreciated, leading to its eventual listing as a municipal 
monument in 1973. It was inscribed on the tentative list of 
the Rijskmonumenten (National Monuments) register at 
the same time as its renovation was being planned and 
was officially declared a National Monument in 1985. 

 It comes as no wonder then that the architect objected to 
a re-design of the interior layout of the units arguing that 
the logic relating the internal spaces to the openings in 
walls would be lost [15]. In a reactive socialist 
environment the expressed needs of the inhabitants 
carried the day and the interior layout and finishes of the 
apartments in the Justus van Effen complex was 
sacrificed in order, it seemed, to regain the social 
sustainability of the building. The cultural value was 
negated.  
Economy of course played a role in the decision-making. 
No untoward increase in rental or other costs was to be 
enacted thereby attempting to retain the socio-economical 
sustainability of the rental housing units through national 
subsidy. 
Many radical design decisions were made during the 
1984-5 renovation based on the then notions of what was 
required to reach this social and economic sustainability 
of the complex. Internal wall insulation was added. Apart 
from the internal alterations all doors and windows were 
replaced with new PVC to conform to then current comfort 
and energy use norms.  
Yet appearance played a major role in the remodelling: 
facades were cleaned, unsightly face brick replaced and 
the whole treated against moisture ingress and structural 
issues were addressed. Throughout, decision-making was 
through compromise and consensus: a three-way tug of 

war between architect, community and official 
monuments department advisors.  
 ‘Social sustainability’ was in effect the focus of the first 
renovation and this vetoed the cultural-historical value of 
the complex. Job creation and addressing social ills, 
unemployment and drug abuse, were also main 
arguments.  
The interiors of the dwellings were not deemed to form 
part of the monumental character of the complex. 
Monuments services were only engaged in the facades. 
When it comes to the installation of new technologies this 
was done to include comfort and decrease living 
expenses, not for environmental reasons. 
Shortly after the remodelling residents started to agitate 
that the appearance of the complex was still not 
acceptable. The treated brickwork was too patchy and 
dull and did not conform to their expectations of what a 
newly renovated building should look like. It was, shortly 
put, socially unacceptable. Once again a three-way tug-
of-war ensued with an initial consensus decision taken to 
paint all exterior walls of the complex. Short-term 
economic arguments lead only the inner facades of the 
complex being painted, this being the ‘real’ facade from 
the perspective of the inhabitants.  
 

 
Figure 3. Undated and unsourced photograph form a 
newspaper clipping of the Justus van Effen Complex in 
the late 1980’s with painted inward facing exterior walls. 
(NIA archive: Spangen file.) 
 
2.7 Interregnum 
Initially inhabitants were happy with the results of the 
renovation, it had after all been steered to their wishes. 
However social integration had became a problem and 
soon lead to long time residents moving out. By the 
1990’s Spangen had become one of the first national no-
go areas of the Netherlands as criminality reached 
epidemic proportions. The internalized nature of the 
Justus van Effen complex made it especially vulnerable to 
criminality, and in time the open street was closed off and 
stairwells were blocked up in an attempt to lock out 
criminality. The complex had lost its social capital, 
thereby destroying any economic capital, turning asset in 
to liability.  
 
2.8 Round 2: Triple bottom line?  
After the 2000 call for proposals it was only in 2005 that 
full-scale planning for the renovation project commenced. 
The 100%Mo-NU-ment approach employed was different 
from that of the 1980’s in that the cultural value of the 
project was brought into focus. Community organizations 
had a lesser role, the owner of the building and the 
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property itself having been privatized by this time. A 
restorative approach lead to the reversal of many earlier 
alterations and in re-planning the interiors the original 
layouts were studied in an attempt to restore the original 
spatial relationships. A large number of the units in the 
complex were redeveloped for sale, not rental, reflecting 
the transition of the owner body from Association to for-
profit Corporation. This sale of units aimed at creating an 
economic viability for the project as well as bringing 
higher-income earners to the area. These higher-income 
earners could be enticed to invest by two unique 
marketable attributes of the complex, its recognised 
heritage value and a new addition to the character of the 
complex, a planned 100% energy neutrality. Geo-thermal 
heat pumps, photovoltaic panels, high-level insulation and 
steered mechanical ventilation would reduce and balance 
the energy loads. The “100%Mo-NU-ment” strategy relied 
on heritage value as well emotive values ascribed to 
environmental sustainability to bring about an influx of 
new cultural and economic capital and lead to economic 
and social revival. 
The issue of energy neutrality could potentially be in 
conflict with the heritage values contained in the fabric of 
the building. However the far-reaching alterations of the 
1980’s had in effect replaced all but the skin of the 
building. It was therefor be relatively easy to incorporate 
new systems into the building and provide high-level 
insulation. All doors and windows were replaced, but in a 
manner conforming to the appearance of the original 
design. The painted exterior was restored to its clean face 
brick finish and the bathhouse re-conceptualized, for the 
second time, as a social connection space. While at the 
time of writing the new function had not been decided on 
yet it is expected that a commercial exploitation awaits 
this structure. This is a far cry from its original intention 
and in line with the commercialization of the larger 
housing complex, itself a reflection on the changed nature 
of Dutch society. In the 1980’s cultural integration was a 
hot topic and the bathhouse was enlisted in an attempt to 
address this problem. In the current era of economic 
shrinkage it is to have commercial application but will also 
serve the environmental agenda by housing a central 
heating plant, which sources heat from the geo-thermal 
heat pump system and solar heat planned for collection 
installation onto the roof. 

 
Figure 4. Typical new window and internal wall insulation 
at the Justus van Effen complex (W/E Advisors, www.w-
e.nl). 
 
Due to the current economic downturn the installation of 

photovoltaic cells on the roof of the complex being 
cancelled, meaning the energy neutral aspirations will not 
be reached in the immediate future, but provisions have 
been made for future installation. The economic viability 
of the project has been severely affected by the downturn 
in the property market in The Netherlands, leading the 
owner to make more units available for rental than 
planned as the expected young-professional buyers 
hoped for in the economic planning of the renovation 
have not materialized.  
This however relates to the short-term economic viability 
of the project not the longer-term sustainability that 
should be measured in its wider urban context. If anything 
is to be learnt from the near-century of existence of the 
Justus van Effen complex it is that all building is 
experimental and needs constant curating, which includes 
modulating, to ensure currency. The Justus van Effen 
complex is thus not an expired experiment but rather an 
extended experiment. The longer the experiment can be 
induced to have positive societal results the more 
valuable the buildings become through accrued 
association, adding to their social capital.  
The history of the Justus van Effen complex is one 
attempting to keep the balance, initially through belated 
effort but more recently in a visionary perspective akin to 
that of its origins. While it cannot yet be confirmed that 
the latest attempt will achieve triple bottom line balance it 
is the closest the building will have come to date, until the 
next revision.  

3 CULTURE, HERITAGE VALUE AND 
SUSTAINABILITY 

A 2006 report by Keith Nurse for the Commonwealth 
Secretariat presents the idea of culture as fourth pillar of 
sustainability. He posits: "there is increasing awareness 
that the protection and promotion of cultural diversity is 
vital to universal human rights, fundamental freedoms 
along with securing ecological and genetic diversity.” [16] 
He sees culture as not only the residue of artistic 
endeavour, but as the ‘whole social order” [17]. This is a 
logical, albeit relatively unexplored avenue of thinking 
resulting from the definition of sustainability posited by the 
Brundlandt Commission: “sustainable development is 
development that meets the needs of the present without 
compromising the ability of future generations to meet 
their own needs” [18]. Our needs are not only physical. 
Retention of identity and association is also important. 
Heritage, as the cultural residue of previous generations 
is also “a legacy, a storehouse of knowledge, and the 
identity of a place, and a people” [19]. In dealing with this 
resource it is important that we upcycle and not 
downcycle the value it contains, capitalising on its 
inherent qualities and the meaning it gives. In the case of 
the Justus van Effen complex renovation the “100%-Mo-
NU-ment” renovation takes exactly this approach.  
In the original call for proposals issued to architects a 
conceptual proposal was included as guidance. This 
focussed on accessibility, contemporary aesthetic and 
energy systems. The cultural significance was not 
brought into the discussion as a potential role-player in 
the renovation. The “100%-Mo-NU-Ment’ proposal, 
however, placed cultural significance or heritage value 
central to the approach, leading to a balanced 
perspective, reflecting the position Nurse proposes for 
culture as a fourth pillar of sustainability (Figure 5). In the 
first renovation the original inherent logic of the complex 
was diluted because the value of the cultural residue 
(which in turn can be seen as waste with potential 
recyclability) was underestimated and downcycled.  
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Figure 5. Nurse’s positioning as culture as fourth pillar of 
sustainability (Nurse: 40) 

4 CULTURE AS FOURTH PILLAR OR PURPOSE OF 
THE SUSTAINABILITY ENDEAVOUR? 

Cultural sustainability is implicit to the sustainability 
debate, but needs to be made explicit. At the core of the 
drive towards greening our lives lies the premise that if we 
do not do so we, as species, will not be able to continue 
inhabiting the planet in the way we currently do through 
cultural endeavour. This, rather than the emphatic 
concern for the survival of our fellow creatures, is the 
main driver for sustainability. 
The sustainability paradigm is in an attempt to ensure 
both physical and cultural survival and is in itself a cultural 
endeavour. We need to now take on retention of culture, 
and valuable cultural residue as a basis for sustainability. 
Culture is therefor more than the fourth pillar of 
sustainability: it’s the reason for the sustainability 
paradigm. In this the valorisation of built heritage must be 
understood as an attempt to protect a limited resource. 
This resource should then be employed for our 
development in a sustainable manner, which can include 
its modulation.  
The first renovation event of the Justus van Effen complex 
has shown that if only one aspect of culture is focussed 
on in sustainable thinking we create potential pitfalls. It 
also downcycled the heritage reside, not adding, but 
detracting. In the upcycling of the Justus van Effen 
complex, based in its most poignant value: its unique 
cultural value, has added value, future proofing the 
complex and, it is hoped, breaking the renovation cycle 
that the first 1980’s renovation project inevitably and 
unwittingly brought about.  
Should we not be seeking the economic, social and 
environmental sustainability of our monuments, those 
buildings we treasure, if we are to retain them instead of 
excluding them from the debate on sustainability? 
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Abstract 
After the questionable and controversial concept of sustainability, contemporary cities have directed their 
future towards a „green‟ vision, based upon energy transition and zero carbon emission. Considering a wide 
range of „green‟ trends, the natural core of Belgrade will be used as a polygon for a hypothetical 
implementation of biophilic ideas. Recognized as an important but inadequately used competitive 
advantage, the area consisting of several river isles, riverbanks, forests and forelands will be analyzed and 
positioned in a framework of general climate adaptability and resilience, green design and environmental 
awareness. Opening a number of new development perspectives, the green core of Belgrade will be 
evaluated and tested, providing a redefined vision of its future development, in accordance with (inter)active 
protection and a promotion of advanced ecological perception.  
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1 INTRODUCTION 

Facing the new millennium, Serbian society was exposed 
to numerous turbulences reflected on social, political, 
economic and spatial level [1]. Challenged by the new 
rules of globalization, the outdated planning practice has 
become unsustainable and inefficient, while the increasing 
problem of climate changes has additionally increased the 
existing condition of cities.  

Belgrade, as the most important urban node of Serbia, 
has also had to adjust to a new global context and to 
(re)discover its ecological potential(s), which could 
become its new competitive advantage. Emphasising the 
role of ecological awareness and following the concept of 
biophilia [2], the nature will be used as a generator of 
ideas which might be implemented in the case of the 
Belgrade‟s natural core. 

In general, biophilia underlines the intrinsic relation 
between people and other living organisms, focusing a 
design process to the elements of environment, natural 
forms, processes, light and space, as well as to the 
relations based on characteristics of places and an 
improved interaction between society and nature [3]. 
Considering the complexity of the idea, as well as its 
multiscale applicability, the concept of biophilic cities has 
become highly appreciated among scholars and 
professionals. Consequently, it could be identified in a 
number of projects and initiatives related to urban design, 
but also included into the logic of infrastructural systems, 
organisation of activities, transfer of knowledge, 
modification of life style(s), management and institutional 
matters [4]. 

Bearing in mind the main elements of this approach, the 
natural core of Belgrade will be used as a case study and 
an experimental polygon for a hypothetical evaluation, 
application and possible dissemination of the biophilic 
concept. Consisting of the area between the planned 
bridge Zemun-Borca and the existing bridge on Danube 
(connecting Belgrade and Pancevo), as well as the area 
on Sava (between the confluence and Ada Ciganlija) this 

natural surrounding represents a very important element 
of the Belgrade‟s urban identity incorporating rivers, 
several river isles, riverbanks, forests and forelands into a 
unique „green‟ entity. Although some of its segments have 
been already urbanized, the major part is still well 
preserved. The natural form has been „upgraded‟ only by 
a small number of spontaneously created structures, 
which respect the natural rhythm of ecosystems. 

The paper will focus on three interesting segments of the 
natural core – urbanized Ada Ciganlija, protected Ada 
Medjica and inactive Ada Caplja, analyzing the specific 
elements of their use and spatial character. Furthermore, 
the biophilic approach will be examined as a possible 
method/concept, which could increase their 
competitiveness, activate the existing potential, improve 
the current condition, but also support the transmission of 
positive experiences. 

2 CLIMATE CHANGES VS. URBAN SPACE 

Nowadays, the problem of climate changes has been 
considered both as a challenge and as a threat, 
especially in urban environment. Cities, representing the 
main nodes of contemporary activities and processes, 
have had to search for new solutions, trying to define a 
suitable integral approach which would serve as a magic 
wand for increasing problems. Formal and informal 
initiatives, elaborated strategies, innovative visions and 
projects have been targeting different spheres of the 
society [5], but the effects of these attempts seem to be 
insufficient. Therefore, numerous authors (such as 
Burgess and Nye [6]; Skea and Nishioka [7]; Giddens [8]; 
Crate and Nutall [9]) emphasize the importance of public 
sphere, which has to be well informed of the 
consequences of climate changes, taking the 
responsibility for the current condition. As a result, it is 
necessary to adjust our modes of behaviour to new 
ecological demands, supporting the change by modified 
economic, governmental and administrative mechanisms. 
However, there is still an open question related to the 
procedures and tools which would lead to the preferred 
result. In general, they should not be rigidly imposed and 
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the application of the latest technologies should be in 
accordance with contextual specificities. Therefore, one of 
possible solutions could be found in an interactive 
approach to the environment and local climate, 
synchronizing the contemporary human needs with the 
surrounding. 

The outdated and frequently misunderstood concept of 
sustainability has been modified by new catchy phrases, 
describing the future of cities as green, resilient, carbon-
free - able to follow energy transition in the most efficient 
way. Consequently, the planning process has been 
oriented towards new imperatives and objectives. For 
example, some authors – like Lian [10], Mutdoğan and 
Wong [11], Thomas and Ritchie, Barnett and Browning 
[12], consider the importance of different scales, criteria, 
aims and actions which are supposed to lead toward „low 
carbon‟ cities. They also define recommendations for all 
spatial levels, physical and functional structure, urban 
systems, socio-economic and cultural context. 

Additionally, the natural environment and its 
characteristics are reconsidered in relation to climate 
changes. The ultimate aim is to provide a higher level of 
adaptability, energy efficiency and CO2 reduction, 
mitigating the effects of GHG emission.  

Nowadays, it is possible to distinguish two trends. The 
first one stimulates application of traditional principles 
from the climate-adapted architecture responding to local 
climate via active, passive or combined climate control 
[13], [14]. The second one is based on the concepts of 
biophilia and biomimicry, deriving its logic from natural 
systems and using a higher level of generalization and 
universal applicability. It is possible to combine/merge 
these to trends as a guarantee of/for the environmental 
success, but it is also essential to take into consideration 
all aspects of a development – from ecological and social, 
to technological and economic. 

3 REACTIVATING THE NATURAL CORE OF 
BELGRADE: CONDITION AND POSSIBILITIES 

Recognized as a unique feature of Belgrade, the natural 
core provides an excellent testing ground for application 
of recent trends based on natural mechanisms. 
Furthermore, the ideas of biophilia and biomimicry, as well 
as the concept of general climate adaptability, open new 
perspectives of utilisation, (inter)active protection and 
promotion of ecological awareness. 

The Belgrade natural core, consisting of river isles, 
coastal parks, forelands, lakes, ponds and wetlands along 
the rivers Danube and Sava, occupies the central position 
of the city. It also represents a specific unifying element of 
the historical cores of Zemun and Belgrade, New 
Belgrade and settlements Krnjaca and Kotez. Due to its 
uniqueness, this area was distinguished and defined by 
the Master plan of Belgrade 2021 [15]. According to the 
plan, the natural core is characterized by two river flows 
and several river isles – Big and Small War Islands 
(Veliko i Malo ratno ostrvo), Ada Huja, Ada Ciganlija, Ada 
Caplja and Ada Medjica (Figure 1). 

Big and Small War Islands are currently under the 
UNESCO process of precedent protection as a landscape 
of outstanding features. The Master plan 2021 underlines 
the importance of various measures focused on the 
renewal of existing ponds and wetlands, protection of 
riparian vegetation, reconstruction of the Lido beach and 
recreational facilities in a natural environment. The criteria 
of the sustainable development should be applied, as well 
as the conditions imposed by international agreements of 
river transportation. 

 

Figure 1: The Belgrade natural core in the Master Plan of 
Belgrade 2021. 

 

Simultaneously, Ada Huja has a very ambivalent and 
challenging character - a part of this area is occupied by 
industrial facilities and debris, while the other part is 
covered by indigenous vegetation and labeled as an area 
important for the protection of environmental quality 
(Institut for Nature Conservation of Serbia). Master plan 
2021 also describes this area as an integral part of the 
Belgrade port, while its eastern part should remain an 
industrial zone with smaller capacity. The area between 
these two segments should be used for services, while 
the existing vegetation is protected. Still, it is evident that 
the complexity of the site, as well as its attractive urban 
position, certainly raises numerous questions and 
possible challenges for its environmentally friendly 
development.  

Although these isles also have a potential for the 
application of biophilia, the highest level of applicability 
could be achieved in Ada Ciganlija, Ada Medjica and Ada 
Caplja, due to their unique (and diverse) environmental 
qualities which are currently exposed to opposing 
influences. 

3.1 Ada Ciganlija 

Ciganlija Isle (Ada Ciganlija) is recreational area of the 
city, situated on the southern bank of the Sava River, 4 
km away from the confluence. The Master Plan 2021 
emphasizes the role of existing facilities, defining a partial 
extension of activities, as well as the improvement of 
attractiveness during the winter period. Although Ada 
Ciganlija is registered by the Institute for Nature 
Conservation of Serbia as an area with natural values 
significant for preserving the environmental quality, it still 
has to solve problems related to wastewater. 

Throughout the history of Belgrade‟s urban 
transformations, Ada Ciganlija has preserved its natural 
resources, which nowadays create a dynamic ecosystem 
and a unique oasis in the city center. Although some 
areas have the character of “untouched nature” covered 
with vegetation, there are more than 50 sports fields 
which define Ada Ciganlija as the largest sports center of 
Belgrade and the only planned and urbanized river isle on 
the territory. 

With damming of the right Sava armband in 1967, Ada 
Ciganlija became a peninsula, surrounded by an 
embankment and bordered with Sava River and Sava 
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Lake. Today, along with the lake and the Makiš fields, Ada 
Ciganlija covers an area of 700 hectares and has three 
interconnected functional zones – the urban zone, the 
zone of the lake and the natural zone. 

Sava Lake is 4.2 km long and 200 m wide, with the largest 
urban/city beach (7.5 km). It is fully equipped with 
infrastructure, sports zone, greenery, pedestrian and 
cycling routes and commercial areas positioned around 
the water (urban zone). It is connected with the river Sava 
via a permeable dam on the upper embankment and the 
sump and purified enclosed lake included in the system of 
Belgrade‟s water supply sources. The use of motor boats 
on the Lake is strictly prohibited, as well as a pet 
allowance. 

Sava Lake is the reservoir of drinking water and is a part 
of the strictly protected zone of a water supply system, 
which has a strategic importance for Belgrade. Due to this 
reason, any extensive investments and construction 
works are prohibited. 

The natural zone represents the largest part of the 
peninsula and it has its own microclimate – untypical for 
the urban core. 

The accessibility on the local level is satisfactory for all 
groups of users, but on the city level it is not efficient 
enough and it is not synchronized with the general 
attractiveness of the area and its activities. It is possible to 
reach this zone by car (which is not the environmentally 
friendly option), by public transportation, by bicycle (using 
the cycling route along the right bank of Sava) or by boat 
(from New Belgrade). 

The attractiveness of the space has increased the level of 
consumerism, which might be a serious threat to 
environmental condition – considering the low level of 
ecological awareness. 

Considering the importance and the character of the 
space, as well as its detected problems, the future 
development of Ada Ciganlija is based on several 
priorities – public interest, improvement of infrastructure 
and opening of new planning possibilities which would 
direct the anticipated extension of sports and commercial 
facilities. 

The identified condition, positioned in a concept of 
biophilic design, could be improved on several levels [16]. 
On the level of architectural units/buildings it could be 
applied in the form of green roofs and walls. Meanwhile, 
the surrounding (natural and urbanized) would emphasise 
the use of local vegetation, improvement and protection of 
urban forests and a promotion of the eco-park. 

The community action would be focused on activities 
which disseminate ecological ideas and stimulate further 
networking, raising the environmental awareness to a 
higher level. Finally, from the regional perspective – it is 
necessary to create and promote an improved eco-image 
of the Belgrade (and its natural core), as well as to 
support the inclusion of the city into the networks of 
similar natural systems. 

3.2 Ada Medjica 

Medjica Isle (Ada Medjica) also represents a recreational 
area of the city and its existing activities are planned for 
preservation. It is described as an area with natural values 
significant for the preservation of environmental quality 
(Institute for Nature Conservation of Serbia). 

The isle (1 km long and 200 meters wide) is positioned on 
the river Sava, on the north side of the central part of Ada 
Ciganlija. It is mainly covered by forest and it is not 
populated. However, there are many informal 
houses/cabins/floating structures which are used mostly 

during summer. The isle has not been officially planed, 
nor urbanized, and it is accessible only by small boats, as 
a mode of public transportation. The main activities 
include swimming, walking and relaxation, as the area is 
nearly intact and without touristic and commercial 
facilities. However, the natural surroundings of the isle 
could be described as cultivated and well maintained, 
while users of this space follow the environmentally 
friendly logic, preserving the surrounding and supporting 
the activates which do not have a negative impact.  

The lack of infrastructural systems and low level of 
accessibility have caused an interesting behavior - 
directing the visitors/residents to the use of natural 
resources. The life style of users is also environmentally 
friendly and energy-efficient but the treatment of drinking 
water and wastewater represents a real problem. 
Additionally, there is a low level of sustainability 
considering the overall functional integration on the city 
level. 

However, the spatial specificities of this area create a 
perfect framework for the application and promotion of 
biophilic principles. Therefore, it is not surprising that the 
future of the isle is anticipated as „green‟, without radical 
changes. The Master plan, underlines a role of daily 
activities, as a special kind of recreation in a natural 
environment. The indicators of biophila related to 
activities and attitudes of users [4] are detected and 
highly rated, but the problems of institutions and 
governance have remained unsolved. The necessary 
action plan or a strategy of preservation/improvement of 
local biodiversity still do not exist, and there is a 
noticeable lack of funding oriented toward the protection 
and promotion of natural systems of Ada Medjica. 
Additionally, there is still no imitative focused on various 
biophilic elements and pilot projects, which might be 
supported by the city government. 

3.3 Ada Caplja 

Ada Čaplja represents a foreland on the left riverbank of 
Danube, with significant environmental and recreational 
potentials. It consists of forests, wetlands, fens, canals 
and informal beaches covering the area of 900 hectares. 
According to the Master Plan of Belgrade 2021 it should 
become a new river isle, surrounded by a new canal and 
a beach area.  

The plan underlines the necessity to protect local 
vegetation, existing marsh and wetland ecosystems, with 
a minimum ratio of 60:40% of the forest area. The isle is 
relatively new and is permeated by a regulated network of 
river channels and lakes, natural pools of protected river 
and wetland systems. The space should keep its current 
natural level, with anticipated flooding. The limited 
number of tourist spots and outdoor sports facilities will 
be protected from flooding, while newly planned touristic, 
sports and recreational activities should be available 
during all seasons. 

The plan also emphasizes the exclusive position of the 
isle (close proximity to Belgrade, Zemun and Veliko ratno 
ostrvo), which is the determining factor for the rigid 
construction conditions regarding the capacity and shape 
of buildings. 

Based on a research of environmental and low carbon 
potentials of Ada Ciganlija and Ada Medjica, a list of 
planning guidelines was defined – targeting the problems 
of connectivity, accessibility, infrastructure and spaces. 
Respecting the biophilic principles and the logic of bio-
systems, it is necessary to functionally connect Ada 
Caplja with the surrounding (settlements and local 
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centers) but also with the urban and natural zones on the 
opposite side of the river. 

Furthermore, it is important to increase and improve 
accessibility of the isle, using different means of 
transportation and introducing a limited and eco-friendly 
traffic on the site (bicycles, hybrid-vehicles). Following the 
imperative of the close-loop utilisation of resources i.e. 
zero-emission and zero-waste concept, all activities that 
might represent potential generators of pollution should be 
excluded.  

Simultaneously, the use of natural resources should be 
increased to a higher level (technical water, bio-fuel, 
thermal springs, river flow, wood debris etc.) creating a 
foundation for construction and development of 
infrastructure and new buildings. However, a challenge 
related to wastewater is evident, although solutions could 
be found in several biomimicry concepts which 
simultaneously might become new elements of spatial 
attractiveness [17]. For example, the technology of Living 
Machine®, which uses complex ecosystems of plants and 
microorganisms for purification of wastewater, might be a 
possible method which would guarantee a safe and 
sustainable treatment of water. 

The space of the isle should respect natural surrounding 
and all new buildings should be adjusted to the traditional 
forms of residential (and other) buildings which 
characterize the environment of the rivers in Belgrade. 
The materials should be natural or recycled, while the 
form and orientation should accept the rules of 
adaptability and natural mechanisms. 

The new isle Caplja should be promoted as a model of 
active biophilia oriented towards the ecologically aware 
users, willing to support a reinforcement of social 
cohesion. As a contribution to this anticipated model, it is 
interesting to mention a recent research which revealed 
the data confirming the arrival of a new, „green‟ attitude – 
around 70% of involved respondents/users voted for 
natural, recreational zones instead of commercialized and 
urbanized areas. 

4 CONCLUSION 

Considering the present and planned activities, levels of 
urbanization and natural protection, it is obvious that the 
green/natural core of Belgrade represents a great 
potential for the implementation of the concept of 
biophilia. The analyzed areas/river isles contain most of 
the qualities and indicators of a biophilic city [4], 
especially those related to the basic conditions and 
infrastructure, activities, attitudes and knowledge. 
Unfortunately, institutional and governmental problems 
have to be solved in order to facilitate the implementation 
of the concept. 

It is evident that the described river isles have easily 
accessible zones, which could be used as key-elements 
of an integrated ecological network, with a high level of 
biodiversity. They all provide rich experiences – from 
natural sounds, scents and textures, to seasonal colours 
and authentic shapes which characterize the surrounding. 
Although unevenly used and activated, the selected areas 
enable intensive symbiosis of citizens and nature, 
creating a new ecological awareness. Consequently, 
within the appropriate social context, the green core of 
Belgrade could generate knowledge which – in a long run 
– protects natural resources, stimulates further 
networking and merging, but also transmits biophilic ideas 
to built environment of the city. 

The process also initiates and stimulates ecological 
regeneration and reanimation of different urban segments 
creating and using new ideas based on mechanisms of 
natural systems and their elements. Following this logic, 
cities could become more efficient and better adjusted to 
local climate, avoiding the economically and ecologically 
unsustainable solutions. 

However, the application of biophilic elements and 
strategies in a design and planning is still in an 
experimental realm [16], and it is necessary to underline 
its importance on all spatial levels. As a result, an 
improved and highly competitive urban identity might be 
created, synchronizing the current condition, the planned 
visions of development, the latest eco-trends and global 
expectations. 

Obviously, rediscovering the natural potentials and 
traditional ways of life (and building) gradually becomes 
an attractive and preferred option for the future. 
Combined with advanced technologies and contemporary 
lifestyles, some new development prospects are defined 
– offering flexible possibilities for all participants in the 
process.  

The example of the Belgrade‟s natural core, as a unique 
comparative advantage of the Serbian capital, 
demonstrates a set of potentials for further activation of 
this area. Used in accordance with the latest 
environmental trends these advantages could directly and 
indirectly protect and preserve the „green character‟ of 
analyzed areas, while recommended formal and informal 
initiatives should provide a necessary setting for the 
implementation. 
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Ada Ciganlija, Ada Medjica and Ada Caplja, as three 
autonomous generative centres of urban and natural 
vitality, obviously contain a multileveled sustainability and 
recognizable character which should be improved and 
maintained. The identified problems are mostly related to 
infrastructure and accessibility, but in an ambivalent way – 
better accessibility and infrastructural capacity of Ada 
Ciganlija actually represent a threat to the environment 
and its preservation, while the lack of infrastructure in 
other two isles influences a problem in preservation of 
natural resources. However, it could also represent a 
challenge and a trigger for creativity and ecological 
awareness of users. 

The case of Belgrade, in spite of its promising natural 
conditions, has to be verified in practice, testifying about 
significant changes in our ecological perception. 
Hopefully, the possible interventions will be more than a 
globally proclaimed eco-make up, tracing the ecologically 
oriented future as the only acceptable direction of our 
civilisation loop. 
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Abstract 
The study is based on two aspects: protection and valorisation of this open municipal space, and 2. radical 
solution for the railway line. Both ensure the aims of the study, i.e. connecting the three squares into a 
multipart municipal section of highest urbanity, as the prime mover of urban renovation and linking two 
currently separated suburbs. As a new urban axis and equivalent counterpart to green prospects in the 
central part of Down Town, this new axis comprises two foci identified long ago. The design is focused on 
urbanogenic potentials of municipal open spaces. This, however, includes any development sustaining and 
enhancing them with adequate facilities and forms. 
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The study emphasises two issues: 1. a protection and 
valorisation of an open public space, and 2. a radical 
solution for a railway. They both justify the study 
objectives, namely merging three squares into a multipart 
public stretch with the highest level of urbanity, as a prime 
mover of urban revitalization and interconnecting of two 
presently separated peripheries. 
A well designed public space has always been a 
generator of urbanization and quality. This is evidenced 
by the genesis of the Down Town, founded on a strategy 
of a systematic and phased development of public 
spaces: squares (Jelačić, Ilički/Britanski, Preradović, 
Svačić), parks (Tuškanac, Cmrok, Zelengaj) and 
particularly a sequence of park squares around narrower 
city centre (Lenuci's Green Horse-shoe). 
A designed public space, which as a rule accommodates 
buildings and facilities having a social, cultural, 
educational, sports and entertainment purpose, 
encourages the highest quality and highly representative 
construction. 
This is a role intended for a wide stretch between Ilica and 
Baštijanova streets in the Trešnjevka district - to become 
a new urban axis and a counterpart to the green 
prospects in the central area of the Down Town. The 
counterpart here understands the highest level of design, 
amenities and furniture, namely urbanity and individuality. 
Such historical axes: an eastern (with N.Š.Zrinski, 
J.J.Strossmayer, King Tomislav squares) and western 
(Maršal Tito, I.A.V.Mažuranić and M.Marulić squares) 
define the Zagreb core, and similar prospects: the central 
green axis as an extension of Zrinjevac running along 
Avenue V. Holjevca to the Sava River, and the Univesity 
Alley as an extension of the Marulić Square both define a 
new centre in the Trnje district currently undergoing a 
transformation. 
The new axis focused on two topics defined long ago, 
namely two secundary centres located in the western part 
of the Down Town and Trešnjevka district. 

The urban planning during the seventies and eighties of 
the last century intends for them to play a role in 
vitalization of suburban areas and earmarks them for 
mixed-purpose mega centres. Unlike these concepts, our 
project focuses on urbanogenic potential of open public 
spaces, rather than on construction of structures. Such 
approach, however, does not exclude construction which 
supports and enriches them with adequate amenities and 
forms. 
The new axis will function as an arterial ensuring 
reurbanization of either neglected or unfinished urban 
areas and, most importantly, integrate two historically 
separated and eternally poorly connected city areas. A 
condition to achieve this goal  is to remove an obstacle - 
the railway. The best solution, as proposed, is to move 
the railway under the ground, into a wide corridor. This 
solution may certainly not be applied only in the study 
catchment, but needs to be integral and encompass the 
greater centre defined by a stretch between the 
Zagrebačka Cesta Street in the west and Donje Svetice 
district in the east - namely, a stretch from Černomerac to 
Borongaj. 

 
 Figure 1: Zagreb map with the railway system scheme 
 
Such an integrated and ultimate solution would resolve 
the problem of the railway, which has been the greatest 
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Zagreb's spatial development burden. The four most 
important among a number of advantages include: 

1. The railway system is completely separated 
from the road system, which enables safer, faster, shortly 
- higher quality traffic. Separation of traffic systems is a 
general topic when resolving the traffic issues, and it has 
been done in most large cities since the end of the 19th 
and beginning of the 20th century. In Zagreb, these 
systems are presently a barrier and interference to each 
other. 

2. Removal of rails and all equipment  necessary 
for rail transport will clear large surfaces and enable 
physical connecting of the areas to the north and south of 
the rail, establishing a new and integrated traffic system 
(road, tram, etc.) and, ultimately, facilitate design and 
planning of space on a scale that, in the urbanistically and 
architecturally defined city centre, has so far been 
unrealistic. 

3. The cleared surfaces will satisfy a number of 
needs which presently cannot be accommodated, such as 
parking, and the area could be used for underground 
garages of different categories or the above ground 
parking lots. 

4. Industrial and military compounds, inherently 
bonded with rails - today partly not used and partly still in 
use or ready for moving - are understood as heritage and 
features of identify of an industrial zone marked by the 
rail. These structures are proposed for regeneration and 
rehabilitation for new public purposes. There is an 
abundance of examples and models from developed 
industrial countries which have moved some functions of 
overstressed historical centres into old industrial zones 
and developed them into areas of new post - industrial 
urbanity (Ruhrgebiet, Docklands in London, Kop van Zuid 
in Rotterdam, Hafen-City in Hamburg...). 

 
Figure 2:     Site plan - existing situation 
 
Individual units are defined and detailed within the study 
primary catchment. It is proposed that an area once 
occupied by military barracks, today F.Tuđman Square, 
be designed as a park resting on a preserved orthogonal 
matrix of the former military compound, with preserved 
alleys and all existing trees, water parterres along the 
entire western edge as a counterpart to a number of 
protected military barracks on the eastern edge, a special 
park attraction, and with two buildings on the northern and 
southern edge in a dominant longitudinal axis. The 
purpose of the former has already been determined, and 
of latter is still uncertain. To increase an overall quality, it 
is planned to remove derelict buildings, namely to replace 
them with the new ones. At the western edge of the park, 
for example, a new building serving the district needs or 
some sort of a cultural centre, is to replace an inadequate 

building of the former Černomerac Municipality which is 
presently situated at the western egde. 
It would also be necessary to remove an unfinished and 
substandard housing block at the south-eastern corner. 
Although the project focuses on clearing and freeing of 
the cleared space potential, carefully arranged locations 
will increase the development rate and enable building of 
the non-existant central amenities. And finally, this park 
square could also accommodate a monument of the 
person the square is dedicated to, either in the park 
centre or outside the park at the V.Maček Square. 
A main building of the former military barracks could be 
assigned a memorial or museum function. A smaller 
square with a building of the Southern/Western Railway 
Station is preserved as a heritage and memory, cleared 
from low quality structures, mainly warehouses, storages 
and obsolete facilities, which makes it stand out in a 
solitary position amidst the green public surfaces. It 
retains the traffic function, and gets new underground 
storeys with a terminal accommodating an extended 
corridor for rolling stock, and a large public garage. 
The novelty are large green surfaces replacing the rails 
and railway facilities. Elongation of the road routes in the 
north-south directionshapes these surfaces as plots of 
different uses, from sports and recreation to culture, and 
one or more of them could accommodate an open 
museum, for example a part of Croatian Railway Museum 
with historical locomotives as a special attraction situated 
in an ambient they originally belong to. This belt stretches 
along the entire rail width, while lengthwise it runs to the 
Selska Cesta Street only, with prospective extension to 
Černomerac and beyond. The route curvature gives this 
new axis incorporated in the city scenery a dynamic 
character and reveals unexpected vistas. 

 
Figure 3:  Site plan - vision and concept 
 
Its east-west direction underlines the longitudinal identity 
of the city, while preserving the memory of the railway 
and the industrialization era. 
Development and design of this belt is a master challenge 
to creativity, and invites architects and artists to act, as 
has happened in number of new parks created in the 
European industrial neighbourhoods, for example in the 
famous Emscherpark. The barrier is replaced by a bond 
compacting the city. 
A three part prospect in the Trešnjevka district reaffirms 
the longitudinal north-south axis. This area has 
traditionally been dominated by different sport facilities, 
aranged in sensible entirety, on either indoor or outdoor  
grounds. The whole area today consist of fragments, 
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existing in an almost clumsy functional and designed 
relation, and it is planned for considerable reconstruction. 
In other words, replacement of the derelict buildings and 
structures with the new, more flexible, multipurpose, more 
modern and beautiful ones. The New Sports Hall is an 
example. It will get a new structure under the vast roof, to 
integrate individual units and activities. The entire stretch 
is concieved as a large sports park with swimming pools, 
tennis courts, bowling courts, skating rings, 
conservatoires, cycling trails, pavilions, meeting points, 
gardens parties... In addition to the planning task, it offers 
the best opportunity for innovative and imaginative 
architecture requested by its contents. Multipart green 
belts adjoin this sport axis outside the primary catchment, 
on both, west and east, creating an irregular cross form. 
An abandoned Samobor railway is becoming a green belt 
which brings nature and freshness into this built tissue. A 
comparatively narrow triangular block to the north of the 
rail, where the former tobacco company is planned to be 
converted into a Croatian Historical Museum, joins the 
park system with somewhat rearranged organization 
where possible. 

 
Figure 4:   Aerial view - north / south axis 
 
The design and composition have maximum respect for 
the urbanistic patterns: the western part of the Down 
Town is a rather strict matrix, less strict in Trešnjevka, 
while undefined items were brought in order by respecting 
sometimes an almost hidden idea. The essential premises 
are: respect for the existing state, identification and 
rehabilitation of values, research and freeing of potentials, 
homogenization of entirety. As already underlined, the 
identity and urbanity are entrusted to the system of public 
spaces which, like a blood stream, guarantees vitality, 
reconstruction and development. 

 
Figure 5:     Aerial view - west /east axis 
 
The entire public space system encompasses a series of 
places marked for construction of buildings for diferent 
purposes - public, commercial, residential, etc. 

The railway station function was studied, and location of 
platforms and all modern facilities to be situated on 
several underground levels, including the public parking 
lots, proposed. The public parking lots are planned to be 
integrated in public space system between Ilica Street 
and the Trešnjevka district centre. 
The study primarily presents a vision and a concept, 
determines details which are numerous, points to 
possibilities and options, plays with alternatives, but does 
not go into details. These will be covered by separate 
studies, detailed urban planning and architectural 
competitions, etc. - which means that the Zagreb and 
Croatia architectural elite will be envolved in the process. 
It has a character of not only urban planning by of a 
markedly architectural study as well, because in the third 
dimension it is spatially checked and reveals all what is 
possible and probable. This study is completely suitable 
for phased implementation. 
Considering the strategic aspect, the study could be 
referred to as pars pro toto - an integral approach derived 
from a single point, location or problem. Both conceptual 
standpoints of the study: a dominant role of an open 
public space and the new solution for the railway traffic 
have been analyzed in their entire catchment, from 
Černomerac to Borongaj. 
Same as in the study primary catchment, this created 
unexpected spatial options and development 
perspectives. Removal of the railway will enable full 
connection between the historical centre in the Down 
Town and the new centre in Trnje, so the city that has so 
far been lacking the correlation will integrate into a 
homogenous organism functioning as a complex entirety. 
For example, it will be easy to finish the University Alley, 
which is particularly interesting for the University, and the 
Central Green Axis, the part of which has already been 
created in Trnje and which is planned to run to New 
Zagreb. The solution proposed for the railway meets the 
basic requirement for integration and urbanization of a 
large Janko Gredelj industrial site, which might become a 
sort of a bypass  between the Down Town and Trnje. The 
industrial areas lined up along the railway from the west 
to the east, and a fragmented industrial zone in the east 
in particular, will also be awarded an integrating role: they 
are to become the places where urban memory and 
heritage meet innovation and creation. In other words, 
they are becoming the focal points of new urbanity. This 
will make integrating of the historical centre in the Down 
Town and new and mostly incomplete centre in Trnje into 
a homogenous organism a reality, both functionally and 
considering  its design. 
This presentation, which describes the approach, the 
principles and perspectives speaks neither of technical 
and technological nor of economic and organizational 
aspects. They will be covered by separate sections of the 
study. These are the highlights only of the most important 
aspects. This primarily refers to the need that the City of 
Zagreb, after a century and a half since introduction of the 
railway, finally takes a decisive standing and cuts the 
railway node, particularly its transurban route. All the 
important decisions made so far, including the ones that 
had been fatal for the development of the city, were the 
decisions of, firstly, the Hungarian Royal Railways, and 
then of the former Yugoslav Railways and now the 
Croatian Railways. The strategic development plans for 
the City and the railway have to achieve harmony rather 
then confrontation. The previous analyses have proven it 
possible presuming there is a strong political will to act. 
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Figure 6:  Sections 
 

 
Figure 7 :  Urban renovation  -  existing condition 2010. / concept - vision east / west axis 
 

 
Figure 8:  F. Tuđman Square  -  aerial view  -  north / south axis 
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