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Abstract 

 

It is everyone’s responsibility to become aware of his impact to the environment. Buildings 

consume about 40% of the energy produced, contributing a lot to the greenhouse effect. The 

awareness of the significance of sustainable building practice, which involves bioclimatic 

design, energy retrofitting, energy management and integration of renewable energy and 

energy saving technologies in buildings should be greatly emphasized in order to avert 

dangerous climate change and to preserve planet the Earth.  

 

The last twenty years energy consumption of tertiary sector of Greece has an average 

growing trend of 6.7% per year.  This mainly happens from the increasing use of insufficient 

HVAC systems in order to achieve comfort. The goal is to reduce energy consumption by the 

implementation of environmentally friendly strategies in new buildings and to reverse the old 

ones.  Especially for the old building stock we have to define the problems and to propose 

energy saving measures. So the aim of this discourse is to propose strategies to improve the 

environmental performance of existing buildings. 

 

The outcome of this dissertation shows us that by the implementation of several heating & 

cooling strategies in addition to passive design, according to each building’s location, 

orientation etc can improve significantly the environmental performance of existing buildings 

and make them much less harmful to the environment.  
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Chapter 1- Introduction 

 

1.1 Greece, a Brief Background 

 

Greece is in Southern Europe, at the Balkan Peninsula. The country is surrounded by the 

Mediterranean Sea to the south, the Aegean Sea to the east and the Ionian Sea to the west. 

This gives the country a predominantly Mediterranean climate, but with the country’s unique 

geographic location, Greece has a remarkable range of micro-climates and local variations. 

 

Greece has three different types of climate. 

• The dry Mediterranean climate, which occurs in the Aegean Islands, that is almost 

always sunny and dry. Rain is often persistent in winter and can sometimes cause 

flooding. Snow falls are rare. 

• The second climate in Greece is the Alpine Mediterranean climate, which is 

characterized by tough winter with plentiful snowfalls. Summers are cool with 

recurrent thunderstorms, which are common on high mountains.  

• The last type of climate in Greece is the Continental Mediterranean one, which is 

wetter than the dry Mediterranean and has cooler winters. This type of weather is 

common in most of the west regions and the Ionian Islands. 

 

Energy is necessary for achieving thermal comfort in all seasons, lighting and use of devices. 

The energy consumption of Greek buildings has been evaluated several times and the results 

have been compared with corresponding consumption data from other European countries. 

 

As a conclusion, residential buildings in Greece are much more intensive than those buildings 

throughout the Mediterranean basin and also have higher energy consumption than many 

northern countries. 

 

Non residential buildings in Greece are about 5% of all buildings, representing 26% of the 

total area of the building stock.  

 

Of these buildings of tertiary sector, approximately 57% are office and commercial buildings, 

19% educational buildings, 16% hotels and approximately 8% are hospitals and clinics. 
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The energy consumption in Greek buildings is clearly increasing and the annual growth rate 

of energy consumption in building’s is about 1.8%.  

 

 

Table 1.1: Average energy consumption of different types of buildings in Greece  

 

We observe that office buildings have the highest rate regarding cooling, an average 

rate regarding heating while hospitals have a huge heating rate something that also happens 

regarding lighting and appliances consumption. From the table we also observe that mainly 

public use buildings are in need of change of their energy consumption. (Santamouris, Energy 

and building
 
) 

 

In office buildings the energy consumption varies according to the energy facilities (air 

conditioning or not), how we use them and their age.  

 

The typical air - conditioned   office   building consumes about 138 kWh/m²/year (total 

consumption) where:  

• Air conditioning accounts for approximately 35 KWh/m²/year  and  

• Heating around 85 KWh/m²/year.  

 

Average energy consumption of different types of buildings in Greece ( kWh/m²/year) 

Type of Building Cooling Heating Lighting Appliances 
SUM 

(kWh/m²/year) 

Office 24 95 20 48 187 

Commercial 18 74 19 41 152 

Schools (without 

A/C) 
2 66 16 8 92 

Hospitals 3 299 52 53 407 

Hotels 11 198 24 40 273 
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The average consumption of non - air-conditioned office buildings ranged around 75 

KWh/m²/year, of which 57 KWh/m²/year consumed for thermal reasons 

(http://www.ecofinder.gr/news, February 5, 2011). 

 

As we see, the    typical air - conditioned   office   building consumes about 60 kWh/m²/year 

more than a non - air-conditioned office building. 

 

Usually in buildings we must control the temperature, moisture content, circulation and purity 

of the air, in order to accomplish the desired effects for the occupants or for the products and 

equipment manufactured or store there. This includes: 

• Summer cooling 

• Winter heating 

• Ventilation 

• Dehumidification, or 

• Humidification 

 

The living and working standards have increased the energy consumptions of buildings.  

Every year, a lot of old office buildings are renovated and HVAC (Heating, Ventilating, and 

Air Conditioning) systems are installed. Inevitably, the energy consumption will almost 

double for these buildings. 

 

This study intends to answer the following questions: 

• How can we avoid it? 

• How can we improve the energy behaviour of these buildings? 

• How can we reduce their energy consumption? 

 

As a conclusion heating and mainly cooling is the largest energy consumption factor for 

all buildings in the country.  
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1.2 Statement of the problem 

 

Major ecological issues today such as climate change, global warming, green house gases, 

water supply depletion and overall environmental degradation has forced countries and many 

construction companies to revamp their building designs.  

 

In nowadays the deal is the integration of new and renewable energy technologies in new 

build and refurbished buildings. A new breed of buildings has been created in order to ensure 

that such standards are met. These buildings, known as Eco buildings are designed and 

constructed in a manner that they are able to sustain themselves without causing any harm to 

the environment. These structures, also known as green buildings or sustainable buildings use 

methods in the construction, maintenance, operation, renovation and even demolition that are 

environmentally acceptable, which means that the methods used do not cause any damage to 

the environment. 

 

In Europe the 40% of energy and 1/3 of the greenhouse gas emissions comes from buildings. 

(The European portal for energy efficiency in buildings, 2011, Buildup). According to the report by the 

European Union, the rise in income levels and household expenditure lean towards an overall 

rise in environmental impacts that are related to household energy consumption. Many 

families in Europe own more cars, second homes and more electronic goods. This means that 

more and more households are using more energy for running the household. This also means 

that more energy is consumed for home air-conditioning. In addition more CO2 emissions are 

produced. 

 

Particularly in Greece, energy consumption in buildings relies mostly in imported oil. Based 

on the research made from Minas Iatridis & Fotini Karamani the energy consumption has 

increased by 33% between 1990 and 2007. This happens because of the boost in oil (30,1%) 

and electricity consumption (48%). Gas was introduced in 1998 and increased its 

consumption by five times and appears to be the future trend. Additionally the use of 

renewable energy has increased (24,4%) the last 17 years. The oil energy consumption has 

been narrowed down by 1,8%. (Iatridis & Karamani, September 2009). 

 

  



IMPROVING THE ENVIROMENTAL PERFORMANCE OF AN EXISTING OFFICE BUILDING IN GREECE 

 

11 

 

                  

Figure 1.1: Final Energy Consumption by Fuel in Greece (1990-2007) 

 

                          

Figure 1.2: Share of Final Energy Consumption by Fuel in Greece (1990 vs.2007) 

 

 

Figure 1.3: Final Energy Consumption by Sector in Greece (1990-2007) 
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As we conclude from the charts above, the tertiary sector is growing rapidly in terms of 

energy consumption as has almost tripled since 1990, with an average growing trend of 6.7% 

per year. (Iatridis & Karamani, September 2009) 
 
This rapidly growing energy consumption of the tertiary sector, and the damage to the 

environment, challenges of research and analysis in order to attempt to decrease the 

problem. 
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1.3 Aims and Objectives 

 

The aim of this discourse is to propose strategies to improve the environmental performance 

of existing buildings in Greece. 

 

The objectives are: 

 

• Literature review in order to research on the available building envelope and heating 

& cooling strategies 

 

• Literature review in order to research on the history of Greek buildings, in terms of 

sustainability 

 

• Case studies in order to identify, classify and analyse the problem and the measures 

taken in order to improve old structures 

 

• Evaluate a specific Greek office building regarding its environmental performance  

 

• Based on the research from the literature review and the case studies, propose 

alterations and improvements to the specific building 

 

• Test the specific building with the new proposals/ alterations in order to evaluate the 

outcome 

  

Finally and most important, the main aim and objective of this paper is to make 

recommendations on how to transform old buildings into ones that incorporate 

sustainable energy use and architectural design so their environmental performance 

is significantly improved and the impact on the environment is the less feasible. 
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1.4 Methodology  

 

The methodology of this discourse will be the following:  

 

Research on the legislation, heating & cooling systems in Greece, through research on 

published work and developing the knowledge I received during the office adoption practice. 

Report for the building envelope, heating & cooling strategies and sustainable architectural 

design in Greece.  

 

Literature review in order to research on the history of post – war Greek buildings, in terms 

of sustainability, aiming to get useful information and classify old structures due to the type 

of construction, the construction period, the energy consumption, their environmental 

performance and the user’s satisfaction. 

 

Case studies report. Mention of representative old office buildings in Greece and the reports 

about their environmental performance. Case studies for new or environmentally refurbished 

buildings in order to analyze how the results of the literature review are operated.   

 

Specify the study. A case study typical Greek office building will be selected in order to 

record its construction elements, the heating – cooling systems and analyze its energy 

performance through ECOTECT software.  

 

Propose alterations and improvements to the specific building, based on literature review, 

ECOTECT analysis and the case studies examples.  

 

Test the behavior of the building after the implementation of the improvements in order to 

evaluate the outcome: The analysis of the new proposed building will examine if and how 

much the alterations/ proposals have improved its environmental performance.  

 

Recommendations on how to transform old buildings and reverse them in environmentally 

friendly and sustainable structures.   
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Finally the outcome of all the analysis (literature review, case studies, analysis of an existing 

building and analysis of the new proposed) will provide useful information on several 

techniques that can be applied in many buildings on the tertiary sector in Greece. 
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1.5 Outcome

 

The outcome of the essay will be as following: 

 

• Chapter 1- Introduction: Statement of the problem and this discourse’s plan of work 

 

• Chapter 2- Literature Review: Research on available heating & cooling strategies and 

passive design methods based on published work 

 

• Chapter 3- History & Theory: Research on the history of Greek buildings in terms of 

sustainability 

 

• Chapter 4- Case studies: Research on case studies regarding how several heating & 

cooling strategies and passive design methods are applied 

 

• Chapter 5- Thorough Analysis on a Specific Office Building: Thorough analysis on a 

chosen Greek office building regarding its current heating & cooling strategies and 

passive design methods and also its environmental performance 

 

• Chapter 6- Refurbishment of the Specific Office Building: Proposals on new heating 

& cooling strategies and passive design methods, implementation of them and 

analysis of the new proposed building 

 

• Chapter 7- Conclusion: Sum up of the outcomes of the analyses and evaluation of the 

outcomes  
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Chapter 2 – Literature Review  

 

2.1 Standards 

 

The Greek Government recently legislated important energy efficiency measures. The 

National Energy Efficiency Action Plan of Greece conforms to EC directives.  

 

The law named KENAK (LAW 5825/09-04-2010- Approval of Building’s Energy Efficiency 

Regulations) is the new nations code regulation for energy use and energy conservation.     

KENAK   establishes the minimum energy standards for new and renovated buildings, about 

energy audits and energy labelling of buildings according to EU Directive 2002/91/EC.  
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2.2 Cooling strategies in Greek Structures 

 

According to the report by the European Environment Agency entitled “Energy and 

Environment 2008”, buildings in Greece used 62.5% more energy than the most Greek 

households in 1990. In Greece, the energy required for heating during colder days used about 

22 kg of oil equivalent per m² for every household. The average of 15 European countries 

however only amounted to 14 kg in an average European climate.  

 

Most buildings in Greece are not properly insulated, which means that more energy is 

required in order to heat or cool them. Even worse, in most Greek buildings that were erected 

before 1979 we have lack of a proper thermal insulation because most of these buildings did 

not conformed yet to the Thermal Insulation Regulation for New Buildings, 1979 (Regulation 

4-7/1979 ‘Specifications Approval for Greek Buildings Insulation’). In addition to the lack of proper 

insulation and cooling systems, the heating systems consume more fuel as they get older.   

 

Furthermore, the living standards have increased the energy consumptions. In the past, air-

conditioning was considered as a luxury, but in recent years it has become something 

common and normal. Because of this, the annual energy consumption of buildings in Greece 

was approximate the 33% of the total energy consumption and accounts for 40% of the whole 

CO2 emissions in the country (Sigalas , 2010). 

 

Since the climate in Greece is moderately warm, almost all the buildings are equipped with 

cooling systems to keep the indoor air in moderate conditions. 

 

Mechanical cooling using fans, A/C units or central HVAC (Ventilating, and Air 

Conditioning) systems are the choice for the buildings.  Fans consume the least energy while 

air conditioners the most, producing more CO2 and contributing more to the greenhouse 

effect. As the summers are more and more hot, fans cannot be the first choice for cooling.    
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The following types of   HVAC (Heating, Ventilating, and Air Conditioning) systems are 

available and used in Greece: 

• ‘’Portable Split Units, useful for spaces up to 20m². They consist of indoor and 

outdoor separate components.                                 

                                                                                 

 

                                                                                                                             

Figure 2.1 

 

• Units Through Walls. Through walls units are placed on an external wall and are 

useful for spaces up to 80m².      

 

 Figure 2.2     

 

• Fixed Split Systems. Fixed split systems have the advantage that they can mounted 

also at the interior walls not necessarily in touch with the outdoor compressor. There 

are more than one indoor unit running off the outdoor compressor.             

                                                                                                             

 

Figure 2.3 
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• All air systems. For larger areas we use ducted units.  These systems allow 

different air conditioning in working or living areas.  They offer complete 

control over air quality but they need a lot of power for moving large 

quantities of air. A critical point for energy consumption is the insulation of 

the ducts in order to avoid thermal losses.  

                                                                                                               

   

Figure 2.4  

      

•  Heat pumps. This is in nowadays the HVAC systems choice for new or 

renovated buildings. They perform in both cooling and heating modes.  The 

most common systems in Greece are air to air or air to water heat exchangers.  

 

        

Figures 2.5, 2.6   

 

Air to ground (Figure 2.6) heat pumps named to be far more efficient.  In this method 

heat exchange pipes are run into the ground where the temperature is relatively stable 

all year round. These systems are highly efficient, expensive to install, but with very 

low functional costs. However is still less in use in Greece. 
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  Figure 2.7:  Conventional Water-Loop Heat Pump System 

 

 

 

                   Figure 2.8:  Ground-Source Heat Pump Types 
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2.3 Heating Strategies in Greek Structures 

 

A selection of technologies is available in order to heat a building. Apart from the heat 

pumps, which mentioned in the chapter 2.2, the most common heating systems are: 

 

• Radiative heaters. They are small electric heating appliances used for heating small 

spaces individually or in addition with an existing inadequate central heating system  

                             

Figure 2.9         

• Convection fan heaters. Small individual units which use a heating element to heat the 

air and circulate warmth around the room. They are appropriate for small spaces.      

                                                                                    

Figure 2.10 

An alternative is a central system of electric convection baseboard heaters. It is zone 

controlled and with high performance converting nearly 100% of the electricity into 

heat. The disadvantage is the electricity demand on peak hours. 
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                                                                                                                                 Figure 2.11

• Storage heater systems. These systems store thermal energy at night when base load 

electricity is available at lower cost, and releases heat during the day. For this purpose 

they use the heat capacity of enclosed components like bricks. These systems are 

proper for small to medium spaces.        

 

Figure 2.12 

       

• Radiant floor heating. Hydronic (liquid) systems are central heating systems. The 

water heats in a boiler and distributes to the building through plastic tubes embodied 

in the concrete slab. Space is heated by both radiation and natural convection. It is 

possible to be zone controlled. The disadvantage of this system is that when the 

heating load is intermittent, the system cannot response quickly.   

               

 

Figure 2.13     
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• Central hot water systems with radiators. By far the most common way to heat a 

space. Boilers heat water which is distributed with pump through pipes to baseboard 

radiators.  The older installations use cast-iron radiators, the most recent aluminium 

ones. Today we use convectors consisting of fin-tubes or fin coils to maximise the 

heat transfer by natural convection 

        

 

 

Figure 2.14
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2.4 Building Envelope in Greek Structures 

 

The building envelope is the physical separator between the interior and the exterior 

environment of a building. Building materials have a very important role in how structures 

response to the climate.  

 

The main construction material used in most Greek structures for post-war buildings is 

reinforced concrete with steel. Concrete is a robust, durable, and a zero-maintenance material. 

It is suitable for areas with the highest seismic loads and it is also in compliance with the 

Greek building code and seismic design code. In fact 95% of all Greek structures are made of 

load bearing concrete. The rest 5% of the structures is made of stone walls.  

 

Masonry building materials with high thermal mass are very important in order to retain the 

cold temperature of night during the day. The choice of advantageous resources such as brick 

and stone and these materials have the ability to boost the thermal mass of a building, which 

gives improved living conditions. These materials are also ideal for passive solar 

applications. 

 

But walls, structures, roofs and ground floors need proper insulation to obtain a sufficient 

thermal envelope.  

 

The renovation of old buildings demands the resolution of their insulation level, so the 

improvement on the envelope of the building is feasible and matches with the present values.   

                             

After a brief research I realised that the last 15 years, new constructions in Greece are very 

well insulated. 
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         Columns and beams insulation                                  External wall insulation 

       Figure 2.15                                                                    Figure 2.16 

                 

                     

        Figure 2.17                                                                          Figure 2.18:  Stone wall insulation 

 

 

                              

    Figure 2.19: Roof insulation                                               Figure 2.20: Floor insulation 
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2.5 Bioclimatic architecture in Greece  

 

The architectural approach for sustainable design, in other words bioclimatic architecture, 

refers in three tiers:  

 

1. The architectural design of the building itself, based on the local climate, the site 

characteristics, the conservation of heating during winter, the avoidance of heat in the 

summer and the daylight exploitation. This tier involves site design, landscape design, 

orientation, insulation, construction materials, color, exterior shading and form of the 

building.  

 

2. The use of natural energies through passive techniques for heating, cooling or day 

lighting. Examples of such passive systems are sunspaces or Trombe wall for heating, 

natural ventilation, night-flush or evaporative cooling, clerestories for day lighting. 

 

3. The use of energy efficient mechanical equipment for heating or cooling and the main 

goal: the use of renewable energy equipment to take advantage of the sun power. 

 

Unfortunately, in the recent past, minimal demands were placed on the buildings to affect 

their environment performance. As a response only a few architects or construction 

companies designed in terms of sustainability.  

 

A huge post – war building stock in Greece are intense energy consumers. They need 

urgently refurbishment. Only the last fifteen years the building envelope is satisfactory and 
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proper passive techniques have been developed. But still there are possibilities to improve the 

energy profile of these buildings in order to meet the European standards.  
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Chapter 3 – History & Theory  

 

Categorization of old structures of tertiary sector (office, hospitals etc) in Greece  

 

Old structures with 5-7 storeys appear to compose a considerable percentage of buildings 

with severe energy consumption. 

 

We can categorise all buildings of tertiary section in Greece, like all buildings in EU, 

into five categories:     

 

3.1 Post-war buildings built between 1945-1965 

 

      

Figures 3.1, 3.2: Typical building primary energy consumption  340 kWh/m²a 

 

In this category of buildings energy consumption is very high as a result of their massive 

facade of reinforced concrete structure. Since these building were built few decades ago, in 

most cases they have been partially or completely renovated. Nevertheless, they do not 

comply with today’s energy consumption requirements. What could be a problem in 

renovation of these buildings is the low quality and deteriorated materials existing in the 

building, making it difficult to determine parts that can still be used without improvements.  

 

The high energy consumption is dominated by their heating demand. Originally these 

buildings were not air conditioned (natural ventilation). Small window openings, deep floor 

plans and provision of natural day light that was not planned contribute to increasing the 

demand of electricity for artificial lighting.  

 

Overheating is a major risk due to high thermal mass inertia, small area of window 



IMPROVING THE ENVIROMENTAL PERFORMANCE OF AN EXISTING OFFICE BUILDING IN GREECE 

 

30 

 

openings and high g-value of glazing, no external sun shading on south or west façades, 

controls of heating do not exist and the capacity of climate installation is not often 

sufficient for the current use with more internal heat gains.  

 

The indoor comfort could be characterized as poor. Problems contributing to discomfort 

are: draught from cold façade and poor air tightness, internal condensation on window 

frames and thermal bridges, variation in temperature and inadequate provision of daylight. 

Noise can also be a problem in some cases because of poor air-tightness and high natural 

ventilation. However, humidity is not a major problem (and mould). 

 

User’s satisfaction with the building use is low since the indoor comfort is poor. 

However, a positive effect on the perceived comfort is the possibility to open windows in 

critical locations where outside temperature in summer is not exceeding comfortable levels.  

 

When developing concepts for renovation, it should be taken into concern that when new 

efficient systems have to be planned and installed, it is difficult to find adequate space for 

plants, pipes and ducking, since they were not planned in the original building. 
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3.2 Buildings erased between 1960-1980     

 

    

Figures 3.3, 3.4: Typical building primary energy consumption 420 Wh/m²a  

 

They are reinforced concrete structures with perforated façade. The energy consumption in 

this category of buildings is very high and dominated by the heating demand. These buildings 

have also been partially or completely renovated. However, they do not comply with up-to-

date energy consumption requirements.  

 

The indoor comfort could be characterized as poor, with draught from cold façade, poor 

draught prevention, not planned air infiltration, internal condensation on window frames or 

thermal bridges, cold surfaces of exterior walls and insufficient ventilation.  

 

There is major risk of overheating in Southern Europe. Most of these buildings are not air 

conditioned and risk of overheating is high due to high thermal mass inertia of materials. 

However, sun control strategies do not always (e.g. shading).  

 

User’s satisfaction is low as they have no or very little control over their environment in 

terms of room temperature, ventilation and lighting.  
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3.3 Buildings built between 1975-1990  

 

             

Figures 3.5, 3.6: Typical building primary energy consumption 410 kWh/m²a  

 

The structure is from reinforced concrete internal and external structures with precast 

concrete. The energy consumption in this category of buildings is very high. They are built 

with some thermal insulation on the building’s envelope and basic double glazed windows. 

During 1980s, although insulation level requirements became increasingly higher, they were 

not sufficient (compared to today’s requirements) in order to preserve a substantial energy 

saving. 

 

In addition, several problems exist such as thermal bridges, high infiltration and risk of 

condensation. The heat generation and distribution system is not very efficient and with high 

distribution losses (the commonly used system is the air conditioning one with hot and cold 

air distribution). Day lighting provision is not adequate. Consequently there is large demand 

of electricity for artificial lighting. Especially in Southern Europe, usually an electrical 

system is used for the heating and cooling demands of the rooms, contributing by this way to 

a very high electricity demand in these buildings.  

 

The indoor comfort could be characterized as poor. Thermal bridges combined with low 

efficiency air ventilation system, fixed or poorly open able windows, and occupancy density 

may cause stuffy and stale air or even mould problems. Variation in room temperature is also 

possible due to draught from cold façade and poor humidity control.  

 

Another contributing factor is the fact that on south and west facades’ glazing part there is not 

proper sun protection and the windows can poorly open.  
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In terms of user’s satisfaction with the building use, every-day building users have little 

control over room temperature, lighting levels and ventilation of rooms.  
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3.4 Buildings built between 1975-1995with curtain-wall facade   

 

            

Figures 3.7, 3.8:Typical building primary energy consumption 370 kWh/m²a    

 

In this type of buildings the energy consumption for space heating is still considerable. 

However, the energy demand for cooling is prevailing. Thermal bridges exist and air 

infiltration also exists due to imperfect joinery between horizontal and vertical window 

frames and imperfect sealing.  

 

Large glazed areas on façades (especially when south and west facing facades are not 

correctly sun protected), non open able windows with no external shading and high internal 

gains are common and can also contribute to the cooling demand. Suspended ceilings are 

reducing the thermal mass inertia in the interior to medium or light.  

 

Typically, category 4 buildings have curtain-wall façade with large glazing areas. Also, the 

use of reflective or colored glazing reduces the daylight and increases use of artificial 

lighting, consequently increasing the use of electricity. Common spaces (corridors, meeting 

rooms, etc.) are often dark (with no access to windows) and therefore a large demand of 

electricity for artificial lighting and also for public transportation (lifts) is required.  

 

Usually air based heating / cooling is used which implies low efficiency heat distribution 

compared to water based. However, one advantage for renovations is that it is easy to change 

completely the facade and install new components. Similarly, because the HVAC system is 

planned in the original building, it is possible to change or replace it during building 

renovation.  
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In terms of user’s satisfaction, the indoor comfort is generally not good. Heating and 

cooling are typically supplied from air handling units that might generate noise and thermal 

discomfort in office rooms when air distribution is not properly balanced. In addition, low 

ventilation efficiency (usually without displacement ventilation), high flow rate ventilation, 

poor humidity control and draught from cold façades can cause discomfort for building users, 

even a sick building syndrome. To avoid glare problem, users must close the shading device 

that are usually not automatically controlled. For this reason they often have to work without 

views to outside and they have to switch on the artificial light.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IMPROVING THE ENVIROMENTAL PERFORMANCE OF AN EXISTING OFFICE BUILDING IN GREECE 

 

36 

 

3.5 Tall buildings  with curtain-wall facade, air-conditioned, built 1980-2005   

           

Figures 3.9, 3.10: Typical building primary energy consumption 340 kWh/m²a   

 

Their frame is from reinforced concrete or composite with steel. In these structures more 

consideration has being taken regarding the thermal insulation of the building’s envelope. 

Strategies to reduce risk of overheating in offices, energy conservation and efficiency of 

lighting, heating and ventilation systems have been taken into account leading to energy and 

emission savings, good indoor comfort and user satisfaction.  

 

We face the least reported problems and an increasing user’s satisfaction.  
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Chapter 4- Case Studies in Greece 

 

4.1. Old office buildings 

 

The following buildings are in Category 4 (Seventh Framework Programme 2007-2013, Contract No. 

212206, Resource- and Cost-effective integration of renewables in existing high-rise buildings, D2.1.2 Report 

on identification of representative buildings per building category, September 2009):   

 

4.1.1. Athens Tower, Athens, Greece 

 

                     

Figures 4.1, 4.2: Athens Tower 

 

The Athens tower has 25 floors and was built in 1970, with its orientation towards North-East 

/ South-West. The total conditioned floor area is 21,269m² used by approx. 1,000 occupants. 

The external walls are made out of concrete with some insulation and single and double 

glazed windows with shading films. Glazing takes around 60% of the façade area. U-value 

for single glazed windows is 5.8W/m²K for and 2.8W/m²K for double glazed windows. The 

internal thermal mass is with low thermal capacity.  

 

Heating is provided by district heating system based on consuming oil in boilers controlled 

by a BMS. The ventilation and cooling is mechanical with no heat recovery and is controlled 

at a ventilation unit and at ventilation inlets/outlets. There are internal adjustable blinds. 

Cooling is provided with the air distribution system. Lighting is used during office hours and 

lights are not energy efficient.   
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The energy used in the building for space heating is in total 1,084.719kWh/a or 51kWh/m² 

per year. The use of electricity is 2,233.245kWh/a or 105 kWh/m² per year.  

 

Users have identified following indoor quality aspects. Room temperature in summer is hot 

and in winter is cold. The supply of air in rooms is insufficient. Windows are fixed and all 

ventilation and cooling is provided by the mechanical system. Users can adjust the window 

blinds, while there is no personal local control of room’s temperature or ventilation. 
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4.1.2. Atrina, Athens, Greece 

 

Figure 4.3: Atrina 

 

This building has 18 floors and gross floor area 15,000m² built in 1980. The facades are all 

glazed consisting of double glazed, tinted and reflective glass with U-value 3,0W/m²K. The 

building’s orientation is predominantly North/South with medium internal thermal mass 

capacity.  

 

Space heating is succeeded through a heating system and ventilation is mechanical without 

heat recovery. Cooling comes through an air distribution system. The tinted reflective glass is 

a sun protection glazing and there are internal blinds. Space heating in rooms is succeeded 

through radiators with room thermostats. Ventilation is controlled at a ventilation unit and at 

ventilation inlets/outlets. Lighting is non energy efficient and is used during office hours. 

 

The user’s aspect to indoor comfort of their work environment shows hot room temperature 

in summer and cold in winter, insufficient supply of fresh air in rooms, windows are fixed, no 

personal control of shading device, no personal access to control of room temperature and 

ventilation. 
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4.1.3 A representative Office Building 

 

 

Figure 4.4 

 

A huge number of old office buildings, like this one in Athens, need urgently refurbishment 

with new environmental design and systems. 
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4.2 New buildings – Refurbishments  

 

The last ten years architects have adopted certain methods in bioclimatic and sustainable 

architecture.   

 

Already a lot of new buildings are designed and constructed in such way in order to cover 

most of their energy demands regarding their cooling and heating with renewable sources. 

 

4.2.1 A dwelling (New Building) 

 

The load bearing structure is made of steel reinforced concrete with insulation. This complies 

with the highest levels of a seismic design and Greek building code. The dwelling is 

positioned with south orientation to take advantages of Greece’s weather conditions. Solar 

heating panels are placed on the roof for heating and the household’s hot water needs. 

External sliding panels are used in order to form a second skin to allow summer shading and 

promote cross ventilation strategies for natural cooling. Blinds are made of recycled wood 

with extreme durability in weather conditions for exterior use. Cross ventilation and roof fans 

are enough for cooling purposes. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 
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4.2.2 An office building (New Building) 

 

One of the most famous architects in Greece A.N. Tombazis and his Associates designed an 

Office Building at Polydroso, Athens, Greece, in 1994 – 1995.   

 

‘’This is the one of three office buildings, which is designed as one complex around a 

common courtyard. The architect’s office provides approximately 1,000m² for 50-60 persons. 

 

 One of the main issues was saving energy and enhancing comfort and architectural quality. 

The architects wanted to show that with an appropriate bioclimatic design it is possible even 

in a warm climate to create an office building with minimum cooling requirements. 

 

The interior of the building, except for the basement is one open space developed in three 

split level decks. The basic structure of the building is a concrete frame.  

 

All the mechanical installations in the building are easy and friendly in operation. Special 

attention has been paid to a combination of natural ventilation and passive cooling with 

mechanical ventilation. A central unit controls the system. The following measures are taken: 

 

• Natural cooling is achieved by evaporative cooling due to the presence of vegetation 

and water pond, by solar protection of the building shell and by cross ventilation. 

 

• Ventilation and cooling is achieved by cross-ventilation when appropriate and by 

automatically controlled ceiling fans, which extend the comfort range from 25°C to 

29°C. When temperature exceeds 29°C a zoned all-air heat pump back-up air-

conditioning system turns on. 

 

 

• Cooling is further enhanced by radiation by the mechanical night ventilation provided 

by two extraction fans on the roof, which by way of the lower night time exterior 

temperatures provides a temperature drop of about 3°C the next day.’’ (W/E Consultants 

Sustainable Building, April 2001). 
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Figure 4.6 
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4.2.3 A Hospital (Refurbishment) 

 

On the General Hospital of Sitia in Greece was conducted a project due to malfunctions in the 

building’s air-conditioning system.  

 

This is an excellent example of an environmental project in one of the hottest areas in Greece 

in Crete. The study revealed that knowledge of the building materials is important in order to 

calculate the thermal behaviour of the building.  

 

Several factors were determined such as:  

• The rate of wall’s radiation absorption, which was coloured brown.  

• Ventilation per individual of the structure with accordance to the Technical Directive 

of the Technical Chamber of Greece. 

• Air ventilation according to the orientation. 

• Interior heat sources such as the lights, which may also provide internal heat.  

• The interior conditions regarding humidity and temperature according to the figures 

provided from the Technical Chamber of Greece.  

 

The proposed cooling system was a solar air conditioning system, which ‘’offers the highest 

environmental benefits with an investment cost of 173,992€ with a payback time of 11.5 

years.’’ (Tsoutsos etal, 2009). 

 

The installation of the solar air conditioning system is very advantageous in comparison with the 

regular AC system. The technology is environmentally-friendly and is a major contributor to the 

significant decrease of CO2 emissions that causes green house effect. 

 

      

Figures 4.7, 4.8: The solar collectors on the roof covers surface of 500 m² 
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4.2.4 Α Commercial Building (refurbishment) 

 

Commercial buildings in Greece are also getting a revamp in their cooling systems. An office 

building in Thessaloniki was refurbished. The proposed cooling systems suggested an 

overhaul in the design of the buildings. According to calculations, the most effective energy 

efficiency measure is through the replacement of the external windows with double glazed 

ones.  

 

The decrease of the cooling demands during the summer is achieved in the examined 

building, mainly -in order of importance- by   

• Movable shading (venetian blinds)  

• Hybrid night cooling and  

• By high efficient air-conditioning system   

 

The old duct air conditioning system with the low efficiency was replaced by a highly 

efficient VRV air conditioning system. The cooling demand decreased by 37%.   Heating 

demand was also further reduced through the placement of thermostats in the inner spaces 

(Koinakis & Sakelari, 2008). 

                

Figure 4.9 
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Chapter 5: Thorough Analysis on a Specific Office Building in Corfu 

 

5.1 Introduction 

 

The office is located in the heart of the center of Corfu Town, in Corfu Island, Prefecture of 

Ionian Islands, Greece.  Coordinates;    Ν 39 37’ 16,71’, Ε 19 55’ 13,27’’  

 Orientation; Northwest (330 degrees)  

 

It is the Headquarter of Prefecture of Ionian Islands. 

 

         

 

Figures 5.1, 5.2: North Façade- Main Entrance of the building,    East-north facade 

 

  

 

Figures 5.3, 5.4: Facades of the building 
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The structure is a representative sample of a 1970’s office building. Under no renovation, 

with insufficient thermal envelope the basic cooling is with A/C wall units. 

 

    

 

Figures 5.5, 5.6: Facades of the building 

 

       

 

Figures 5.7, 5.8: The atrium of the building 
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5.2 Building’s questionnaire  

 

Building:    Headquarter of Prefecture of Ionian Islands 

Location:   Corfu Town, Greece. Coordinates; Ν 39 37’ 16,71’, Ε 19 55’ 13,27’’  

Construction period: 1968-1970  

Type of building: Office building  

Orientation: Northwest (330 degrees) 

 

The building owner is:   

State:  Prefecture of Ionian Islands, Greece 

 

Controls: Occupant is allowed to change controls of building systems: 

� Lighting    

� Cooling  

� Heating  

� Ventilation  

 

Building area/volume  

Number of Floors (excluding basement): 5 above ground, 1 underground  

Total Heated Floor Area [m2]: 7179.960 m² 

Total Heated Air Volume [m3]:21.539.880m³ 

Total Air-conditioned Floor Area [m2]:7179.960m² 

Total Air-conditioned Air Volume [m3]: 21.539.880m³ 

Total Underground Storage Area and plant Area [m2]: 1292.660m² 
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Building Function (All primary spaces and their function):  

 

Space  

(above ground)  

Number 

of rooms 

Floor Area [m2] 

(Gross floor area)  

% of Building 

Floor Area  

Lobby  7 140 

 

1.95% 

Offices / conference incl. corridor  133 5436.960 

 

76.05% 

Cafeteria 2 36 

 

0.50% 

Technical, Storage, other  5 1540 

 

21.5% 

Table 5.1 

 

Number of occupants: 150  

 

Occupancy schedule:   8.00-15.00 daily (weekdays)  

 

Building renovations:  No  

 

Building Description (Envelope, Interior, Surroundings)  

Architectural design brief description:  

The footprint of the building is rectangular with a central atrium. 

The building has one basement used as storage and plant area.  

Above is the ground floor divided into three parts:  

� A central lobby leading to the other floors through escalators and an elevator,    

� Two office spaces, with their own entrance, right and left of the façade. 

Levels 1-4, are office space, with a small café for the staff on the 3
rd

 floor. 

 

Density of nearby construction  

The structure is in direct contact with the neighboring building on the south, faces a street on 

the west, an open space (square) on the north and a street next to a stadium on the east.   

In conclusion, half of the space is an open area.   
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Nearby buildings are generally: About same height  

 

Surrounding objects (trees, buildings etc) shade during daylight hours: depending on 

time of day and season, more than one-quarter of the building.   

 

Construction of opaque elements  

Facade, floor, roof, ground 

floor  

Material (excluding 

openings)  

Thickness (mm)  

inside  

Internal walls  Brick wall + rendering  100[mm]  

Floors , roof Reinforced Concrete  150/160[mm]  

outside  

Façade  

 

Concrete / Marble  200[mm] concrete + 30 

[mm]marble cladding   

Table 5.2 

 

Façade System: 

Single glazing windows covering an area of 640 m² (30.5% of façades)  

Concrete insulated with white-grey marble front panel.  

Total façade area: 2100 m²  

Internal moisture problems to the façade’s construction due to absence of thermal insulation.  

 

Floor  

Problems to the basement due to internal moisture caused by poor air penetration. 

 

Roof description  

Flat Roof Area: 1292.660 m²  

The exterior roof color is the grey of reinforced concrete that is covered with a layer of tar to 

obtain water-proof. There are some problems due to water penetration, internal moisture and 

absence of thermal insulation.  
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The basement 

Floor area:  1292.660 m² 

Ceiling height (slab to slab): 3250 mm 

Function of the basement:  storage, technical rooms  

 

Typical Floor Plan (above ground floor)  

Total Floor Area:  1148.66 m² 

Air Conditioned Area: 3446 m³ 

 Heated Area: 1148.66 m² 

Height [m]: 3500 mm (slab to slab), 3250 mm (in between slabs)  

Occupants: 40  

 

Windows 

Single Glazed open able sliding windows with aluminum frame (not insulated).   

 

Heating System  

Type of System Daily Hours of Operation 

(except weekend) 

Months of Operation 

Central heating  with fossil fuel, boiler and 

radiators 

 

6 

 

6 

Table 5.3 

 

Condition of heating system  

Is the boiler insulated?  No   

Is the heat distribution system insulated?  No   

Is temperature control available? Yes  

Specify set temperature (C): 22[°C]  

Set temperature is set by:   Building manager  

 

System Maintenance: Before heating season  

 

Does the building have any passive solar heating systems?   No  
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Does the building have any passive solar heating systems?  

  

Passive 

System 

No of Units Location Characteristic 

Dimensions 

Atrium 

(open roof) 

1 In the centre of the building from the first 

floor to the top. 

1200x12000 mm 

Table 5.4 

 

Cooling System  

Type of System Units Power [kW/unit] Daily Hours of 

Operation 

Months of Operation 

A/C Wall Units 104 9 7 (8.00-15.00) 5 (June-September) 

Table 5.5 

 

Is temperature control available? Yes 

   

Specify set temperature (°C): 24°C  

 

Set temperature is set by: Space occupants   

 

System Maintenance: Before cooling season  

 

Does the building have any passive cooling systems?  No 

 

Ventilation System   

Natural cooling with sliding open able windows. 

 

Lighting System 

Screw-in or compact Fluorescent lights. Lighting control from space occupants  
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Building’s Energy Management 

 

Is the thermal and electrical energy consumption, indoor air conditions, of the building 

recorded?    No   

 

Which sector needs improvement aiming at energy conservation?  

Building insulation / Heating system  / Cooling system / Installation of hot water  / 

Lighting / Building Management System  

 

Environmental Performance  

 

Is there any provision concerning the following environmental aspects?  

- Storm water management    No   

- Wastewater management    No  

-Storage and Collection of Recyclables Yes. Collection of paper, glass, plastics and 

appliances.  

-Indoor Chemical and Pollution Source Control   No  
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Climatology  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.9 

 

Corfu is located in the Mediterranean Basin so the type of climate is a Mediterranean one, 

characterized by warm to hot summers and mild to cool, wet winters. Corfu is in the same 

climatology zone with Athens. 

The meteorological data of the area have been collected by the Meteorological Station of 

Corfu.  

•  Wind The dominant wind in the region is the Southeast, the South and the Northeast 

with a frequency of 13%, 10% and 8% respectively. The lull appears annually with 

43%.  

•  Temperature and cloud cover The warmest month is July (average 26.4 ° C) while 

the coldest is January (average 9.7 ° C). The average annual temperature range is 

17,47 ° C.    

 

 

 

 

 

 

 

Greece 
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5.3 Analysis of the Building with Ecotect Software 

 

With the use of Ecotect Software I analyze the building. 

 

5.3.1 The Building and the Surrounding Area 

 

                 

 

Figure 5.10: East Facade 

 

 

 

Figure 5.11: North Façade 
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Figure 5.12: West Façade 

 

 

 

 

Figure 5.13: South Façade 
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5.3.2 Annual Sun Path 

                                 

 

Figure 5.14: Sun Path 22nd of June 10.00 am 

 

                                

 

Figure 5.15: Sun Path 22nd of June 15.00 am 
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Figure 5.16: Sun Path 22nd of December 10.00 am 

 

 

 

Figure 5.17: Sun Path 22nd of December 15.00 am 
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5.3.3 Daylight Analysis 

 

Daylight Analysis for each floor of the building was done in order to evaluate whether the 

existing openings and windows are efficient or not. As you can see from the figures below, 

the analysis results to an insufficient average daylight factor for the building.   

 

 

 

Figures 5.18, 5.19: Basement Daylight Analysis 

 

 

  

 

Figures 5.20, 5.21: Ground Floor Daylight Analysis 
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Figures 5.22, 5.23: First Floor Daylight Analysis 

 

       

 

Figures 5.24, 5.25: Second Floor Daylight Analysis 

 

 

Figures 5.26, 5.27: Third Floor Daylight Analysis 
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Figures 5.28, 5.29: Fourth Floor Daylight Analysis 
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5.3.4 Monthly Heating & Cooling Loads Analysis  

 

Following is the presentation of the Heating & Cooling Loads Analysis as produced from 

Ecotect Software in full air-conditioning mode with an efficiency of 80%.  

 

Based on Building’s Energy Performance categorization the building is currently under 

category D.  

 

The proposed building should be as a minimum under the category B (Reference Building) 

(Gaglia, July 3, 2009
 
). 

Category 

Total energy consumption 

[kWh/m²]. 

A+ <60 

A 60-80 

B+ 80-115 

B 115-145 

C 145-165 

D 165-185 

E 185-225 

F 225-265 

G 265< 

Table 5.6 

 

Figure 5.30: Monthly Heating & Cooling Loads Analysis 
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MONTHLY HEATING/COOLING LOADS 

 

All Visible Thermal Zones 

Comfort: Adaptive - Average (± 1.75) 

 

Max Heating:  2631208 W at 09:00 on 23rd February 

Max Cooling:  2440793 W at 13:00 on 1st August 

 

                   HEATING       COOLING              TOTAL  

MONTH                    (Wh)                (Wh)                    (Wh)  

------------ ----------------   -----------------       ----------------  

Jan             151264608                      0          151264608  

Feb           156766784                      0          156766784  

Mar           103286112                      0          103286112  

Apr             10007054        10696269            20703324  

May                                  0        72549408            72549408  

Jun                           0      135176560          135176560  

Jul                           0      181597744          181597744  

Aug                           0      208484848          208484848  

Sep                           0     105986200          105986200  

Oct            26537868       21018212            47556080  

Nov            19789564           119197            19908762  

Dec            69780152                     0            69780152  

------------ ---------------- ------------------     -------------------  

TOTAL         537432128     735628416        1273060608  

------------ --------------- ------------------     -------------------  

PER M²               74852           102456                177307  

 

Floor Area:            7179.960 m²              

 

The annual total consumption of the building per sq. m is 177.30   kWh of which the 74.85 

kWh are for the heating demands and the 102.45 kWh are for the cooling demands.  

 

The energy labelling is D. 
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5.3.5 CO2 Footprint Analysis 

 

The CO2 footprint of the building as currently exists is presented by the formula ‘CO2 

emissions = total energy consumption x CO2 equivalent emissions’. 

 

According to the previous analysis the annual total consumption of the building is 

1,273,060.608 kWh of which the 537,432.128 kWh are for the heating demands of the 

building and the 735,628.416 kWh are for the cooling demands.  

 

Having in mind that for the heating purposes of the buildings is used oil and for the cooling 

demands electricity and also having in mind the equivalent emissions for CO2, which are 

presented in the following table, the annual CO2 emissions of the building are: 

 

Fuel CO2 Equivalent Emission (kg/kWh) Annual CO2 Emission 

(kg) 

Electricity 0.989 727,536.5 

Oil 0.264 141,882 

 

Table 5.7 (20701-1 Directive of Technical Chamber of Greece) 

 

So the annual CO2 footprint of the building as currently exists is 869,418.5 kg.  

 

The rates for electricity shown in the table are higher than the UK rates due to the use of 

Greek lignite for electricity production. 
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Chapter 6: Refurbishment of the Specific Building in Corfu 

 

6.1 Demolition or Refurbishment 

 

The question that arises is: Demolition or Refurbishment? 

 

Refurbishment is the choice, considering of the total cost of demolition and reconstruction of 

the existing building in addition with the rentals for an appropriate office building for at least 

two years. 

 

Targets of refurbishment:  

 

1. Reduce the energy consumption. 

2. Reduce the CO2 footprint of the building to the environment. 

3. Healthier internal and external conditions. 
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6.2 Envelope improvements  

 

Walls: Exterior walls should be insulated to achieve a maximum U-value of 0.50W/m2K or 

better (5825/09-04-2010 ‘Approval of Building’s Energy Efficiency Regulations’ KENAK).  

After demolition of the marbles on the façade, we proceed to external wall insulation. The 

external insulation is preferable for this structure of concrete, to avoid periodic rendering and 

remedial actions to combat rain penetration at concrete. Also, reduces thermal bridging, 

transfers the dew-point to the outside of the structural element and optimizes the thermal 

mass.  

 

For the entire building envelope I’ll use DOW products, 100% HCFC-free, specified by EN 

13164.  

 

The chosen insulation for exterior walls is WALLMATE CW-SL-A 60 mm with thermal 

conductivity 0.035 W/mK. Also, we fit the same type of insulation to the walls at the 

basement on the internal part of the building. 

 

Roof: The flat roof should be insulated to achieve a maximum U-value of 0.45W/m²K or 

better.   The insulation will be placed above the roof deck. For this purpose we fix a damp 

proof membrane above the existed flat surface of the roof, with marbles, rigid insulation type 

ROOFMATE SL-A 60 mm with thermal conductivity 0.035 W/m²K and finally a ballast 

layer to hold down insulation. The existing roof structure is considered to be able to support 

the extra weight, particularly the one of the ballast layer and other lightweight constructions 

like PV installation. 

 

Floor:  Ground floor should be insulated to achieve a maximum U-value of 0.90W/m²K or 

better. The floor is being retained and we simply install insulation and a new deck on top. For 

this purpose we fix a damp proof membrane above the existed flat surface with marbles, rigid 

insulation   FLOORMATE 200-A 60 mm with thermal conductivity 0.035 W/m²K and finally 

flooring with tiles.  As the insulation is placed above the slab, the room will warm up more 

quickly when the heating is switched on. We can’t avoid excessive step heights at doors, but 

is cheaper to adjust some doors than to demolish the floor. 
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Windows/Doors: The old single glazed windows/doors will be replaced. Replacement 

windows/ doors are from the Greek company “ETEM Building System products”, certified 

from high status organizations (IQnet & ELOT, IFT and QUALICOAT etc). The chosen 

windows are from E-38 EASY series, pivoted, from insulated aluminium frame, with two 

glass layers, air gap 30 mm, low emissivity coatings, silicone rubber and U-value 2.4 W/m²K.  

 

In the following table are presented the current U-Values and the proposed ones for the 

building for its structural elements. 

 

Structural Element Current U-Value 

(W/m²K) 

Acceptable U-Value 

by Greek law 

(W/m²K)
1
  

New U-Value (W/m²K) 

Wall 1.98 0.50 0.42 

Floor 4.16 0.90 0.52 

Roof 2.37 0.45 0.39 

Window 5.44 2.70 2.40 

Door 5.44 2.70 2.40 

 

Table 6.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1
 5825/09-04-2010 ‘Approval of Building’s Energy Efficiency Regulations’ KENAK 



IMPROVING THE ENVIROMENTAL PERFORMANCE OF AN EXISTING OFFICE BUILDING IN GREECE 

 

68 

 

6.3 Design Improvements 

 

• Shading. In order to reduce cooling requirements especially in the summer months, 

and reduce glaring, we can fit exterior sun louvers. Additionally technology gives the 

ability to use a solar shading system in order to have energy gains. 

 

There is no need for such a system at the northern (the main façade of the building) 

nor at the south façade where the building connects with the nearby building. 

However shading will be installed on the east façade mainly for the hours 8.00 am- 

12.00 pm and on the west façade mainly for the hours 12.00 pm-15.00 pm based on 

the shadow analysis that was done in the chapter 4.3.2. 

 

                         

 

Figures 6.1, 6.2: Installation of louvers in the east facade 

 

       

 

Figures 6.3, 6.4: Installation of louvers in the west facade 
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• The Surface Area. We can reduce the surface area to volume ratio in order to reduce 

heat loss. As the structure is rectangular without sprawling multi-winged sections, we 

can achieve it by transforming the centralized square atrium to a semi-internal space. 

For this purpose, we add a steel structure with transparent polycarbonate and thermal 

chimney.  

 

• Indoor spaces. Every floor of the building consists of a corridor around the atrium and 

individual offices closed around with brick wall. In order to obtain better ventilation 

and air circulation we have to demolish the interior walls and to fix new low height 

movable partitions, developing an open space. Of course, we preserve some closed 

spaces for meetings or for executives. 

 

     

 

Figures 6.5, 6.6: Examples of office areas with low height movable partitions as proposed for the 

refurbishment of the building. 
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6.4 New Monthly Heating & Cooling Loads Analysis 

 

After the envelope improvements a new Monthly Heating & Cooling loads Analysis 

produced from Ecotect Software for the building with a mixed mode ventilation system . 

  

The annual energy consumption of the proposed building in comparison to the current one is 

improved by 1,273,060 KWh – 823,725 = 449,335 kWh. Based on Building’s Energy 

Performance categorization the proposed building is under category B+. 

 

 The energy labelling should be as a minimum under the category B, so as a conclusion the 

new building satisfies the requirements. 

 

Category Total energy consumption [kWh/m2]. 

A+ <60 

A 60-80 

B+ 80-115 

B 115-145 

C 145-165 

D 165-185 

E 185-225 

F 225-265 

G 265< 

Table 6.2 

 

Figure 6.7: New Monthly Heating & Cooling Loads Analysis 
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MONTHLY HEATING/COOLING LOADS 

 

All Visible Thermal Zones 

Comfort: Adaptive - Average (± 1.75) 

 

Max Heating:  1918244 W at 09:00 on 20th February 

Max Cooling:  1653564 W at 12:00 on 1st August 

 

                           HEATING       COOLING             TOTAL 

MONTH                   (Wh)                   (Wh)                   (Wh)  

------------ ---------------          ----------------        ---------------  

Jan             104026184                         0         104026184  

Feb           107603920                         0         107603920  

Mar             71927976                         0           71927976  

Apr               8818111             2552568           11370680  

May                           0           30399432           30399432  

Jun                           0           87755304           87755304  

Jul                           0             121272288         121272288  

Aug                          0              140873072         140873072  

Sep                          0                59818000           59818000  

Oct             19067828             5835126           24902954  

Nov             14914961                         0           14914961  

Dec             48860056                         0           48860056  

------------ ---------------     -----------------        ---------------  

TOTAL         375219072            448505792         823724864  

------------ ---------------      ----------------        ---------------  

PER M²                52259               62466              114726 

 

Floor Area:            7179.960 m²              

 

The new annual total consumption of the building per sq. m is 114.73   kWh of which the 

52.26 kWh are for the heating demands and the 62.47 kWh are for the cooling demands.  

The energy labelling is slightly B+, with a proper energy labelling and 35.30 % energy 

savings. 
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6.5 Further Envelope Improvement 

 

Considering that the new building’s energy labelling is B+ which is acceptable for Greek law, 

but further improvements are desirable, as many countries in Europe aim in much more 

reduction in energy consumption, I analysed the building with better insulated elements:  

 

Structural Element 1
st
 analysis insulation ( mm) 2

nd
  analysis insulation ( mm) 

Wall 60 100 

Floor 60 80 

Roof 60 80 

Window Double glazed Triple glazed  

Door Double glazed Triple glazed 

 

Table 6.3 

 

New U-Values are:  

Structural Element Current U-Value 

(W/m²K) 

1
st
 analysis  U-Value 

(W/m²K) 

2
nd 

analysis  U-Value 

(W/m²K) 

Wall 1.98 0.42 0.29 

Floor 4.16 0.52 0.36 

Roof 2.37 0.39 0.37 

Window 5.44 2.40 1.80 

Door 5.44 2.40 1.80 

 

Table 6.4 

 

After new analysis with Ecotect, the new annual total consumption of the building per sq. m 

is 97.4   kWh of which the 41.80 kWh are for the heating demands and the 55. 60 kWh are 

for the cooling demands.  

 

The energy labelling is still B+, but we have further reduction 10% (total 45% energy savings 

for the building in purpose). 
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6.6 Implementation of PV panels 

 

In order to improve more the environmental performance of the existing building, PV panels 

will be installed on its roof. The existing roof covers an area of 1148,66m² and the PV panels 

should cover an area of maximum 60% of it, in order to allow for circulation and 

maintenance works on the roof. That means that the PV panels should cover as maximum an 

area of 690m².  

 

The standard PV panel is 1000mm x 1500mm, covering an area of 1,5m² each. That means 

that in an area of 690m² can fit up to 460 PV panels. The proposal has to do with 359 PV 

panels covering an area of 538.5m² to allow plenty of space for circulation and maintenance 

works on the roof.  

 

  

 

Figures 6.8, 6.9: Installation of PV panels on the roof of the building 

 

The PV panels are made out of polycrystalline and will be placed facing south in an angle of 

29° from the roof’s surface which is the best angle for the geographical location of the 

building (Ν 39 37’ 16,71’, Ε 19 55’ 13,27’’) based on Directive 20701-1 from the Technical 

Chamber of Greece (TCG) . Additionally, based on Directive 20701-3 TCG the annual solar 

energy for Corfu is 1659 kWh/m². The average output of every 1m² of PV panel is 10%.  So 

the energy gain is 1659 kWh/m² x 10% = 165.9 kWh/m². 

 

The total energy gain is 165.9 kWh/m  x 538.5m² = 89,340 kWh. 
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As a result, the annual energy consumption of the building will be 699,328 KWh – 89,340 

kWh = 609,988 kWh. So using PV panels we reduced the energy consumption more by 

approximately 12.7 %.  

  

After the implementation of PV panels the energy labelling is slightly B+ to A.  
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6.7 New Energy Consumption Figures and CO2 Footprint Analysis 

 

As a conclusion after all above calculations and the choice of mixed mode system for heating 

and cooling demands, the new annual total consumption of the building will be 699,328 kWh 

after the improved insulation and 609,988 after the PV power supply.  

 

The new annual CO2 emissions are: 

 

Fuel CO2 Equivalent Emission 

(kg/kWh) 

Annual CO2 Emission (kg) 

Electricity 0.989 603,278 

 

Table 6.5 (20701-1 Directive of Technical Chamber of Greece) 

 

So the annual CO2 footprint of the proposed building will be 603,278kg and in comparison 

with the current CO2 footprint of 869,418.5 kg, we have a reduction of 31 %.  
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6.8 Heating & Cooling Improvements 

 

Heating  

 

As the old central heating system with fossil fuel and radiators has high consumption and 

oil’s price increases I prefer to demolish the installation and to replace it with an air to water 

heat pump.  Heat pumps are more appropriate for climates where summer cooling is required 

like Greece and where winters are not so cold. 

 

Using the same plant area in the basement we place the boiler, pumps and pipes, on the roof 

the compressor. Heating and cooling is achieved through fan-coil units in each space. 

 

Additionally, shaping the atrium with a steel frame and transparent glass we transform it in a 

semi-interior space, with more heat gains during winter. 

 

Cooling   

 

Heat pump is also used for cooling in a mixed mode with natural ventilation, in order to 

reduce energy consumption. In Corfu, prevailing summer breezes are southeast (13 %), south 

(10 %) and northeast (8%). As the south façade is in touch with another building, we have to 

consider of southeast and northeast breezes.  

 

The office building will be natural ventilated though the manually opening windows that 

provide cross-ventilation during summer. We place casement windows, horizontally pivoted, 

to direct cold air to the ceiling and enhance air circulation. When finally hot air comes to the 

ceiling, naturally goes up via the atrium and exhausts through a thermal chimney which is 

centrally located above atrium.  

 

The addition of ceiling fans gives further reduction to the heat pump A/C use, increasing the 

sense of comfort.  

 

Night ventilation should be done only through the atrium, without any mechanical 

ventilation, as Corfu’s high humidity can postpone night-time cooling. Also when humidity is 

brought in the interior by ventilation, effects to the comfort and reduces the cooling 
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effectiveness of daytime mechanical cooling (latent cooling load). This can be done using a 

computer controlled system to open the windows at the atrium. 

 

Inside the atrium we place a steel construction and create internal green storeys about 2m 

width along with the atrium’s walls. The sliding windows and a door per floor give access to 

the interior garden.  

 

Interior green helps to save energy during the summer. Through the process known as 

transpiration, plants cool their surrounding environment slightly. An interior green area can 

reduce the temperature of a room by anywhere from 3°C to 7°C. Some studies have shown 

that interior green areas can cut electricity bills by up to 20%. Plantation improves air quality 

indoors reacting as an air filter for dust, toxins and chemicals.  Additionally adds the beauty 

of nature to the cold and severe-looking building and improves occupant’s satisfaction. 

 

 

 

Figure 6.10: Air flow through the building, showing also the refurbished internal walls, the steel 

construction in the atrium that creates a green space and the fans along the axis of the atrium and 

the chimney on the roof that support the ventilation system. 
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6.9 Further improvements research 

 

Is there the possibility to use existing architectural experience to obtain even better energy 

saving? 

 

What about passive solar heating? 

 

The basic principle to gain energy from the sun is the south facing orientation of the building. 

As the south façade of our building is covered from the neighbour building we cannot use 

design solutions like Trombe wall or external sunspaces. 

 

What about green facades? 

 

As we need the daylight for lighting, and we have already fix exterior sun louvers at the 

northeast and west façade which reduce the daylight factor, we can place a green façade at 

the vertical surfaces at the north, where there are no openings.  

 

We can place two external frames 6 meters wide and 17,50 meters high.  The plants will 

naturally absorb radiation and cool the surroundings. Studies have shown that a green façade 

reduces up to 10°C the temperature of the exposed surface. Even if the orientation is north 

and we expect less cooling gains, there are still some benefits and improvement on the 

environmental quality.  
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Figure 6.11: An example of a green facade 

 

What about artificial lighting and appliances? 

 

We can improve the existing fluorescent lambs replacing them with new ones with electronic 

ballast. Electronic ballast minimizes the amount of electricity consumption. 

 

Also all the new procurements must be “green” and the appliances energy class A or A+.  

 

What about the square in front of the building? 

 

In order to improve the microclimate of the area is a good idea to create a small urban garden 

with ponds.  
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Chapter 7: Conclusion 

 

This dissertation has studied the capability of reducing the energy consumption of an old 

office building in Corfu Island in Greece.  Greece, like other countries with warm climate in 

Southern Europe, has a large stock of old buildings of the tertiary sector which need urgently 

reduction of their energy consumption. The reduction of energy consumption is not only a 

commitment against the law but a necessity in order to preserve planet Earth. High energy 

consumption causes the increase of carbon dioxide (CO2) which is produced from burning 

the fossil fuels coal, oil and natural gas, and increases global warming. 

 

Under the condition that the screened old structures have sufficient and safe frames, and after 

consideration of economic issues, the most affordable and sustainable solution is the 

refurbishment. An architect has to reduce and to regenerate in order to approach a sustainable 

architectural solution.  

 

After recording of the current situation and categorization of the old structures, an old 

governmental office building in Corfu was chosen as a representative case study. Extensive 

analysis with ECOTECT software resulted to choose the appropriate insulation materials and 

structural elements to achieve a reduction of 45% in energy consumption. This resulted also 

due to the choice of new HVAC system.  

 

Further measured energy improvement arises after evaluating the installation of photovoltaic 

panels (PV) on the roof (12.7% more reduction).   
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After consideration of the characteristics of the building, the appropriate design 

improvements were suggested in order to enhance natural ventilation and shading in order to 

achieve more efficient cooling.   

 

Finally, the proposal to use ‘green’ and low cost design improvements like green façade, 

hanging garden in the atrium, transformation of the nearby urban square in a garden with 

ponds, incorporates healthier environment, microclimate improvement and for sure new 

energy gains. 

 

Nevertheless, although there are a lot of tools and methods to calculate the improvements to 

building envelope through well insulated materials, we cannot precisely estimate the gains 

from architectural improvements.  

 

After the refurbishment, the whole new construction as a case study, may bring new 

refurbish standards in Greece, providing the necessary data about overall energy gains.  
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Appendix- Ecotect Terms of Reference 

 

Based on Autodesk Ecotect Analysis 2010 version help file. 

 

The analyses produced by Ecotect Software are the following: 

• Annual Sun Path Analysis 

• Daylight Analysis 

• Monthly Heating & Cooling Loads Analysis 

 

Annual Sun Path Analysis: Through this analysis we observe the annual sun path and its 

consequences, meaning the shadows produced and their movement throughout the day and 

also throughout the year. Based on these observations we can gain important information 

regarding several aspects such as daylight, temperature etc. 

 

Daylight Analysis: Through this analysis we get information about the daylight factor of 

each space of the tested building etc. We gain valuable information regarding the temperature 

of every space, the artificial lighting that it needs etc.  

 

Daylight Factor (DF): The ratio of daylight illumination at a given point on a given plane, 

from an obstructed sky of assumed or known illuminance distribution, to the light received on 

a horizontal plane from an unobstructed hemisphere of this sky, expressed as a percentage. 

Direct sunlight is excluded for both values of illumination. The daylight factor is the sum of 

the sky component, the external reflected component, and the internal reflected component. 

The interior plane is usually a horizontal work plane. If the sky condition is the CIE standard 

overcast condition, then the DF will remain constant regardless of absolute exterior 

illuminance.
2 

 

 Monthly Heating & Cooling Loads Analysis: Monthly space load graphs display total 

heating and cooling loads for each zone. Heating loads are displayed in red and project above 

the centre line of the graph whereas cooling loads are blue and project below. The vertical 

scale is in Wh (Watt-hours). 

 

                                                           
2
 http://ecowood.greenplank.eu/definition-of-daylight-factor-df_128_term.html 


