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Abstract 
At a time when the áreas of sustainability and energy efficiency have been gaining 

ground, as result of several factos (such as financial crises), there is a manifested need to 

reduce dependence on fóssil natural resources and demand for 

economic/environmental/social sustainable solutions to correct these problems. European 

Union is concerned about creating measures to achieve this aim, paying special attention to 

the construction sector which occupies 40% of European energy consumption. This project, 

created under the Master in Architecture, aims to study the current status of the setting of 

nZEB (nearly zero energy buildings) and their techniques and technologies that lead to 

energy balance, trying to link the ambition to raise the profile of the rediscovery of a new raw 

material, cork, which combines “culture, sustainability and technical performance”, 

demystifying designers and developers’ idea that sustainable construction increases costs 

back to work. For the presente study, a model with cork as the core material will be designed 

and its performance analysis will be conducted using Ecotect Analysis software from 

Autodesk. 

	  
1 Introduction 

Currently we are facing the cessation of uncertainties that persisted on the problem of 

environmental impact. Climate change, rising sea level, the decrease in food production, 

changes in ecosystems, water scarcity and the emergence of epidemics, are some of the 

factors that demonstrate the urgent need to reverse or halt the progress of environmental 

deterioration. However, this slow and gradual process concerns the entire world population 

and requires not only changes in individual life style patterns, but also a restructuring in 

society, where the first step is acceptance of this need. 

 

2 Nearly zero Energy buildings 
Given the consequences of the current unsustainable development model, the 

European Union calls for a drastic paradigm shift on the reduction of energy consumption. 

According to the Kyoto Protocol to reduce greenhouse gases (GHG), the aim is to 

reduce to 5% the levels achieved in 1990 within the period from 2008 to 2012 (UN 1998) and 



ultimately achieving by 2020 the "US climate and energy package" (US 2009) and by 2050 

the "Roadmap for moving to a competitive low carbon economy in 2050” (2011a EC). 

According to the European Union climate and energy policy adopted by the European 

Council in 2007, by 2020 the following goals should be reached: 

• A reduction of at least 20% in emissions of greenhouse gas effect 

compared to 1990 levels; 

• An increase to 20% of the share of renewable energies in energy 

consumption (currently 8.5%) (EU 2009); 

• A 20% improvement in energy efficiency. 

And with a greater commitment by 2050, greenhouse gas emissions should be 

reduced to 80-95% below 1990 levels. (Jurídica 2014) 

Given that buildings account for about 40% of total energy consumption and 36% of 

CO2 emissions in Europe (Comissão Europeia 2013), it is important to take measures, such 

as, reducing energy consumption and the use of renewable sources in the construction 

sector, to reduce energy dependency and greenhouse gas emissions. 

Aware of this commitment, the EU reformulated Directive 2002/91/EC of the 

European Parliament and of the Council of 16th December 2002 (EPBD) on the energy 

performance of buildings approved on 19th May 2010, from which emerged the concept of 

NZEB (nearly zero energy building): a building with near-zero energy needs high energy 

performance. This reformulation challenged the Member States to establish a more concrete 

definition that included a number of minimum requirements that met the targets set by the 

Directive. However, nowadays the definition of this concept is still the subject of international 

discussion. (Dall’O' et al. 2013) (Torgal 2013) 

Portugal is currently adjusting the revising process of the Thermal Regulation (RT). 

However, it is questionable whether this adjustment will meet the objectives set by NZEB and 

the new directive. 

2.1 Directive 2010/31/EU  
Directive 2010/31/EU of the European Parliament and of the Council of 19th May 

2010, aims to recast Directive 2002/91/EC of 16th December, in order to clarify and simplify 

certain provisions extending their scope of action to energy efficiency and the consequent 

reduction of operating costs of buildings. ((CIRCE) et al. 2011) 

This directive is the result of the EU commitment to the Kyoto Protocol, which aims to 

achieve by 2020 a reduction of greenhouse gases in the order of 20% (30% if international 

agreement is reached) compared to 1990, keeping the increase of the global temperature 

below 2°C and preventing the energy dependence to reache 70%. Thus, the European Union 

sets the goal of progressively favoring the use of energy from renewable sources instead of, 

fossil fuels, honoring its fight against global warming. (Parlamento Europeu e do Conselho 

2010) 

The reformulation also highlights the importance of the implementation cost, besides 

their energy performance. Aware that an extensive implementation is needed for a significant 

reduction in greenhouse gases, which is only possible if the prices are competitive, the 



reformulation defends that the minimum energy performance requirements for buildings 

should be defined, in order to, achieve optimal profitability levels. 

The ideal cost is reached when the energy performance of the building amortizes its 

economic life cycle, taking into account the costs related to energy investment, maintenance 

,operation and disposal, when applicable. 

The NZEB buildings are characterized by their high-energy performance, where the 

source of the utilized energy should be mainly from renewable sources, including energy 

produced on-site or nearby. However, we must take into account the difference between 

"nearly" or "net" zero energy building, where net zero energy building, also known as zero 

energy building, refers to "buildings with a null balance in energy consumption." On the other 

hand, in nearly zero energy buildings the balance is almost zero but production does not need 

to cover all energy consumed. (Ascenso 2012) 

However, the member states are the ones responsible for developing policies and 

setting goals to stimulate the increase of NZEB buildings and the transformation of existing 

ones. In this case, detailing depending on your local condition as cash indicator of primary 

energy consumption in kWh/m2 per year. In order to facilitate the implementation, the 

Directive only provides a qualitative definition of the NZEB, ensuring its flexibility but also 

generating doubt about the real ambitions. (Parlamento Europeu e do Conselho 2010) 

 

2.2 Strategies of passive use 

The strategies of use passive are a set of rules or measures that contribute to the 

natural heating or cooling of the building, influencing the shape and type of construction. 

These should be chosen according to the climate characteristics of the surroundings and 

should take into account the purpose of the property, its occupation and operation. 

(Gonçalves & Graça 2004) (Antunes et al. 2004). Briefly, it is possible to enumerate a set of 

strategies. 

The solar orientation takes advantage of solar gaining for thermal comfort in the 

building and therefore, it is important to know the duration of sun exposure, the azimuth angle 

and the different paths of the sun during the day throughout the year, restricting or favoring its 

entry. (Gonçalves & Graça 2004) 

The thermal inertia is one of the most important factors in the strategies of NZEB as it 

reduces the variations of the indoor temperature. It accounts for the heat transfer volume and 

its thermal capacity, which through the construction materials, allows the capture and 

accumulation of solar energy and consequently, its gradual release by natural convection 

phenomena. The greater the thermal inertia of a material, the better the performance. (Brajal 

2012) 

The natural light represents a reduction of almost 1/3 of the energy consumption of 

the building. Therefore, it is necessary a good assessment of the shape of the building, the 

local climate, the size of the glazing, among others considerations. The application of shading 

systems also contributes to the improved performance of natural lighting. (Gregg D. Ander 

2012) 



The use of efficient windows is important considering the reduced thickness of the 

glazing, which are elements with a higher U than the remaining surrounding elements and are 

responsible for a large part of the heat losses. This increases the energy requirements from 

25% to 30%. Thus, all glazed areas should be sized according to the solar orientation 

throughout the year, considering not only to the type of glass, but also the quality of the 

frames.  

The insulation, when applicable, prevents the overheating of the building during the 

warmer months and cooling in the cold months, hence the first constructive solutions must be 

the ones concerning the materials that will be in contact with the exterior. (Brajal 2012) 

The use of air-conditioning systems can be reduced by the passive cooling systems. 

Besides the advantages already presented by the solar strategies, these strategies may also 

generate heat dissipation, reduced cooling requirements, and thus, improving the thermal 

comfort.  

The passive or natural cooling is associated with the surroundings, being dependent 

on the heat wells and temperature differences it provides. An example of this strategy is 

natural ventilation. (Antunes et al. 2004) 

 

2.3 Strategies of active use 

Whenever possible, one should make the most of passive energy. When this is not 

possible or when one wants to maximize the use of energy, one can resort to the production 

of alternative energy using renewable energies. 

The design of buildings NZEB gives priority to renewable energy that can be 

generated on site, so the energy used can be: 

• Solar Thermal Energy 

• Wind Power 

• Geothermal Energy 

However, it will only be addressed the Solar Energy as it will be the only one used in 

the study module. 

 

3. Cork as construction material 
 

The pursuit of sustainability in construction creates an opportunity for differentiation 

through innovation, constituting the new prototype for the development and research of new 

raw materials, processing of products, materials and processes. 

In this chapter, the full potential of cork as a building material will be discussed, 

considering the balance of energy performance required by the EU's commitment to the 

Kyoto Protocol mentioned in the previous chapter. 

Cork is a 100% plant tissue from the bark of the cork oak (Quercus suber L.). This 

tree grows in Mediterranean regions such as Spain, Italy, France, Morocco, Algeria, and 

especially in Portugal where there are 716000 hectares of cork oak forests and also an 

industry with great economic value. 



It consists of layers of honeycomb shaped cells, which are filled with a gas similar to 

air and lined up mostly by lignin and suberin, and constituted by chemical components such 

as, polysaccharides, tannins and ceroids. These sets of characteristics qualify it as a natural, 

versatile and sustainable material. (Gil 2012) 

Given that the construction sector accounts for 40% of total greenhouse gas 

emissions, it is worthy to reaffirm and encourage the use of this raw material. Cork has 

various key features, durability, elasticity, impermeability and quality of natural regeneration, 

which reduces the environmental impact at all stages of the project (Design - Construction - 

Operation – Decommissioning), contributing for its sustainability. (Chiebao 2011) 

The motto "nothing is lost, everything is transformed" fits perfectly in the cork 

industry, which besides being a recyclable material, has regenerative capacity. 

(www.amorim.com) 

In the production of cork nothing is wasted, the surplus particles are used for 

manufacturing insulation boards, floor and wall coverings and the emission of toxic 

substances are transformed into green fuel. The production residues are recycled, in a similar 

way to the produced material, crushed and agglomerated at low temperature (100oC to 

150oC) and pressure and using binding agent its own resins. With this, it can be said that cork 

is a 100% natural and environmentally friendly material due to its low embodied energy, i.e. 

the energy used during extraction, production and transport is reduced comparing with other 

insulating materials such as, mining wool and synthetic foams. (Gonçalves 2014) 

(www.amorim.com)  

By adopting cork as insulation or coating material in the construction sector, not only 

is the environmental impact reduced, but also it ensures the continuity of cork oak forests, 

contributing to its regeneration through controlled extraction. (www.amorim.com) 

 

4. Prototype 
 

This model prototype aims to study the applicability of cork as a building material, 

taking into account the new energy requirements implemented by the various Member States 

of the European Union, in this specific case by Portugal, made by Directive 2010/31/EU 

described in Chapter 2. 

 The main priority is to reduce emissions of greenhouse gases, both during 

construction and as well as 

throughout the use phase. 

Therefore, the choice of materials to 

be used is as important, as the 

passive strategies to be adopted, 

taking into account the climate 

of the chosen location. 

After following these steps, it will be performed an analysis of the thermal and 

energetic performance of the model prototype using Ecotect Analysis of Autodesk, from which 

Figure 1: 3d Prototype 



the relevant estimatives will be considered to assess the validity of the choices made and that 

will have an impact on the model life cycle.	  

 

4.1 Comparative Analysis with and without isolation 
In order to strengthen the knowledge acquired previously about the importance of 

insulation in thermal comfort, and consequent, energetic performance of the building, an 

analysis at the same prototype with the absence of isolation was performed. 

In the tables presented below (Table 1, 2 and 3), it can be observed that the total 

annual discomfort level is higher in the solution without isolation. 

 
Table 1: Comparison of levels of discomfort without isolation. Source: Adapted Ecotect Analysis 

Discomfort Level Degree-Hour cork insulation 

Month  
  Too Hot 
(degree-
hours) 

Too Cold 
(degree-
hours) 

    TOTAL 
(degree-
hours) 

TOTAL      818.9    6563.7    7382.6 

     
 
 

   Discomfort Level Degree-Hour without insulation 

Month  
Too Hot 
(degree-
hours) 

 Too Cold 
(degree-
hours) 

    TOTAL 
(degree-
hours) 

TOTAL  876.8    8096.7 8973.6 
 

Consequently, the energy needs of heating and cooling triple: 

	  

Table 2: Comparison of Heating and Cooling Needs (Wh), without isolation. Source: Adapted Ecotect 
Analysis 

Heating and Cooling Needs (Wh) cork insulation 

Month     Heating 
(Wh) 

Cooling 
 (Wh)    TOTAL 

TOTAL        3576286 384897 3961182 
Average per 
month 22089 2377 24467 

    
       Heating and Cooling Needs (Wh) without insulation 

Month     Heating 
(Wh) 

Cooling 
 (Wh)    TOTAL 

TOTAL        11457795 2249229 13707024 
Average per 
month 70771 13893 84663 

 



And accordingly, the amount of CO2 emissions increases considerably: 

 

Table 3: Comparison of CO2 emissions related to heating and cooling components (Kg) without 
isolation. Source: Adapted Ecotect Analysis 

CO2	  emissions	  from	  heating	  and	  cooling	  components	  (Kg)	  cork	  insulation	  

Month Heating (Kg) Cooling (Kg) 

TOTAL   114175.757 11929.634 

	   	   	  
	   	   	  CO2	  emissions	  from	  heating	  and	  cooling	  components	  (Kg)	  	  without	  insulation	  

Month Heating (Kg) Cooling (Kg) 

TOTAL 365937.751 71410.437 

 

Given this analysis, it is possible to reinforce the importance of applying thermal 

insulation in the construction sector. Its proper use always guarantees an economic and 

environmental benefit, reducing energy dependency and therefore, emissions of greenhouse 

gases. In contrast, a building without insulation needs more energy. In the summer season, it 

heats easily, thus increasing the use of refrigeration systems and, in winter season, it easily 

dissipates heat and is favorable to condensation on the inside, increasing the use of heating 

systems. 

4.2 Comparative Analysis Cork versus EPS  
In a comparative note, by only changing the thermal insulation from cork to expanded 

polystyrene (EPS), it appears that, although there are no major variations in terms of thermal 

comfort, the CO2 emissions double. This is due to the fact that EPS is not a 100% 

biodegradable material like cork, which besides being able to maintain the same thermal 

characteristics within acceptable parameters, it is entirely "green". 

 
Table 4: Comparison of discomfort levels, EPS. Source: Adapted Ecotect Analysis 

Discomfort Level Degree-Hour cork	  

Month 
  Too Hot 
(degree-
hours) 

 Too Cold 
(degree-
hours) 

    TOTAL 
(degree-
hours) 

TOTAL      818.9    6563.7    7382.6 

	   	   	   	  
	   	   	   	  Discomfort Level Degree-Hour	  EPS	  

Month    Too Hot 
(degree-

Too Cold 
(degree-

    TOTAL 
(degree-



hours) hours) hours) 

TOTAL  934.4    6274.7 7209.1 
 

 

 
Table 5: Comparison of heating and cooling needs (Wh), EPS. Source: Adapted Ecotect Analysis 

Heating and Cooling Needs (Wh), cork 

Month     Heating 
(Wh) 

Cooling 
(Wh)    TOTAL 

TOTAL        3576286 384897 3961182 
Average per 
month 22089 2377 24467 

    
Heating and Cooling Needs (Wh), EPS 

Month     Heating 
(Wh) 

Cooling 
 (Wh)    TOTAL 

TOTAL        3464640 407218 3871858 
Average per 
month 21400 2515 23915 

 

 

Table 6: Comparison of CO2 emissions of the heating and cooling components (kg). Source: Adapted 
Ecotect Analysis 

CO2	  emissions	  from	  heating	  and	  cooling	  components	  (Kg),	  cork	  

Month Heating (Kg) Cooling (Kg) 

TOTAL   114175.757 11929.634 

	   	   	  
	   	   	  CO2	  emissions	  from	  heating	  and	  cooling	  components	  (Kg)	  EPS	  

Month Heating (Kg) Cooling (Kg) 

TOTAL 110593.956 12662.190 
 

 

In the following tables it can be observed  that the greenhouse gases double: 

 
Table 7: Comparative study of greenhouse gas emissions in the building life cycle, EPS. Source: 

Adapted from Ecotect Analysis 

ICB 
Greenhouse Gas Emissions (kg) 

Total 1320,245 

	   	   	  
	   	   	  



EPS 
Greenhouse Gas Emissions (kg) 

Total 2872,963 
 

 

5 Conclusion 
 

This work aims to highlight the need to preserve and reduce environmental impacts, 

emphasizing the importance of cooperation from the construction sector. 

With this study, the European Union appeal concerning the current unsustainable 

growth was exposed, where the main objective is to reduce energy dependence and 

consequent drop of emissions of greenhouse gases. Given the share of the construction 

sector accounting for 40% of total primary energy consumption and 36% of emissions of 

greenhouse gases, the sector was declared as a main target for the application of a set of 

measures and strategies to reduce its contribution. Associating the environmental impact with 

the building life cycle, particularly in the design phase, this context has been instrumental 

upon the development of the model prototype. 

The model developed in this study aimed to achieve a high energetic performance, 

characteristic of NZEB buildings, where the balance between energy production and 

consumption approaches the 0 value. Initially, strategies of passive use were applied 

aiconsidering the surroundings of the building to achieve a better performance. The next step 

involved the choice of materials, where cork was selected as a dominant material. 

Additionally, calculations were performed to estimate r the energy spent on heating water and 

electricity, in order to scale the elements of the strategies of active use. 

Completed the model, an analysis of the energetic performance of the model was 

performed using Ecotect Analysis. Comparing the results of two separate analyses one where 

insulation is removed and a second where it was replaced by EPS boards, the potential of 

cork as a sustainable building material was reinforced. In the absence of insulation, heating 

and cooling needs tripled as a result of the increasing level of discomfort. This event will also 

increase the emission of greenhouse gases. In the second analysis, despite the energetic 

performance of the EPS insulation being equivalent to the cork one, the emission of 

greenhouse gases resulting from the building life cycle doubles. 

Thus, it is plausible to conclude that the choice of cork as an insulating material within 

the construction sector contributes to the reduction of energy dependence and emissions of 

greenhouse gases. 

This study intends to raise awareness in the construction industry for a careful 

assessment of the building life cycle. It should be used, whenever possible, specialized 

software in order to perform a comparative analysis of the environmental performance of 

materials provided. In addition, it is also important to account for the building life cycle costs, 

not just valuing the initial investment, but also the benefits of its return. In summary, it is 

necessary to deepen the analysis tools used to evaluate the performance of buildings, so that 

in the future they can constitute a reliable method for good construction practices. 

 



 

6 Bibliography 
 

(CIRCE), D.I.Z.B. et al., 2011. Development of European Ecolabel and Green Public 
Procurement Criteria JRC IPTS Draft Report. , (June), p.34. 

Antunes, B.M.F., Almeida, E.D.L. & Gaspar, E.M.C., 2004. Técnicas de Aproveitamento 
Passivo da Energia Solar, Available at: 
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:No+Title#0 [Accessed 
October 19, 2014]. 

Ascenso, R., 2012. Edifícios e Energia. O que vai mudar com os NZEB? 

Brajal, F.M.G., 2012. Edifícios de emissão quase zero - Guia de requisitos para a construção. 
Universidade de Aveiro. 

Chiebao, F., 2011. Cortiça e Arquitetura Euronatura, ed., Espaço Gráfico, Lda. Available at: 
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:No+Title#0 [Accessed 
September 27, 2014]. 

Comissão Europeia, 2013. Relatório da Comissão Europeia ao Parlamento Europeu e ao 
Conselho - Apoio financeiro à eficiência energética dos edifícios. 

Dall’O', G. et al., 2013. Nearly Zero-Energy Buildings of the Lombardy Region (Italy), a Case 
Study of High-Energy Performance Buildings. Energies, 6(7), pp.3506–3527. Available 
at: http://www.mdpi.com/1996-1073/6/7/3506/ [Accessed September 30, 2014]. 

Gil, L., 2012. Capítulo 13 - Cortiça. Ciência e Engenharia de Materiais de Construção, 
ISTPress. 

Gonçalves, H. & Graça, J., 2004. Conceitos bioclimáticos para os edifícios em Portugal. 
Available at: http://repositorio.lneg.pt/handle/10400.9/1323 [Accessed September 29, 
2014]. 

Gonçalves, J.F., 2014. Caracterização das propriedades dos aglomerados de cortiça para 
isolamento térmico e acústico. 

Gregg D. Ander, F., 2012. Whole Building Design Guide. Daylighting. Available at: 
http://www.wbdg.org/resources/daylighting.php?r=psheating. [Accessed April 24, 2014]. 

Jurídica, B., 2014. POLÍTICA ENERGÉTICA  : PRINCÍPIOS GERAIS. Fichas Técnicas sobre 
a União Europeia, pp.1–5. Available at: 
http://www.europarl.europa.eu/ftu/pdf/pt/FTU_5.7.1.pdf. 

Parlamento Europeu e do Conselho, 2010. (reformulação), Directiva 2010/31/UE do 
Parlamento Europeu e do Conselho de 19 de Maio de 2010 relativa ao desempenho 
energético dos edifícios. Jornal Oficial da União Europeia. Available at: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0013:0035:PT:PDF 
[Accessed September 25, 2014]. 

Torgal, F.P., 2013. Breve análise da estratégia da União Europeia (UE) para a eficiência 
energética do ambiente construído. , pp.1–8. 

 

	  


