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Abstract 
 
The following paper has as main goals the determination of a methodology for the estimation of 

the greenhouse gases emissions in buildings, namely office and commercial buildings in 

operation and construction phases. The residential sector deserved a special attention in this 

work, studying the typical Portuguese residence, where was calculated the emissions 

associated to energy consumption and natural gas. For office and commercial buildings, the 

methodology was based on the ‘GHG Protocol’, in three scopes: in scope 1 were counted the 

emissions associated to the consumption of natural gas and oil; in scope 2 were counted the 

energy consumptions and in scope 3 the water and material flow. For the family residence, we 

have verified that it cam be responsible for the emission of about 2.2.Ton of CO2 per year, 

mainly because of the acclimatization equipments, followed by the natural gas equipments.  

 
The accounting is important so that every owner of the buildings knows its’ greenhouse gas 

emissions. However, it’s only a first step in the buildings’ sustainable management, and then 

according with this information, one can perform in order to minimize such emissions. In that 

way, for last, are presented some measures to minimize the emissions. Lastly, we should point 

out that this methodology can be used in other similar evaluations, consisting in a management 

tool with a possible application in any buildings.  

 
Keywords: Buildings, Greenhouse Effect, Life Cycle Assessment, Energy Consumption, 

Materials Flow 

I. Introduction 
 
The buildings’ interaction with the environment takes place in the different phases of its life 

cycle, since it’s where the activities that can cause environmental impacts (Degani e Cardoso, 

(2003); Mateus, (2004)). The buildings environmental impact can be classified, according to 

Mateus (2004), in three categories: 

• Impacts associated to energy consumption: climate change, acid rain and the 

degradation of the ozone layer; 

• Impacts not associated to energy consumption: waste production; 

• Ecosystem’s destruction: deforestation and desertification. 
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Buildings are responsible for less than 40% of the energy used in most countries, and the 

overall scenario is strongly developing in countries such as China and India. As for the 

European panorama, this number is estimated to round the 40-45%. In what concerns the GEE 

emissions, such occurs mainly because of the production of building materials and their later 

application and the energy consumed at the time of construction, operation and maintenance 

phases (Horvath (2004); (Mateus (2004). However, it’s during the operation phase that we 

observe a higher GEE emissions’ intensity, when compared for example with the construction 

phase, associated essentially to energy consumption, water heating and waste production. It is 

estimated that, world-wide, the energy sector alone is responsible for 40-50% of the GEE 

emissions (Pinheiro, 2006; Mateus, 2004). 

 
According to Tzipkopoulos et al (2004), (Organization for Economic Co-operation and 

Development), the energy consumed by the buildings in the industrialized countries is 

responsible for 50% of the carbon dioxide (CO2) emissions into the atmosphere. Hence, Ürge-

Vorsatz et al (2007) refer that 35 to 40% of these emissions arise directly from the use of fossil 

fuels. The emissions are associated, namely in heating and cooling processes, as well as the 

production of electric energy which is later consumed in the buildings. The environment 

developed, due to the high energy consumptions which are associated to it, corresponds to one 

of the greater sources of GEE emissions world-wide. These emissions were responsible in the 

2002, for 7.85 Gt of CO2   into the atmosphere, more specifically, around 33% of the total world 

emissions associated to the energy consumptions in that year (Ürge-Vorsatz et al, 2007).  

II. Objectives 
         
This study has as main goals the determination of a methodology for the estimation of 

greenhouse gas (GHG) emissions associated to buildings, in the construction and operation 

phases. Concerning the first goal, this appears as a result of the increasing concern, world-

wide, with the increase of the GHG concentration in the atmosphere, and how the buildings 

have greatly contributed for this phenomenon. Hence, the methodology developed focused on 

the GEE emissions accounting associated to the buildings operation phase from three different 

types, namely office, commercial and residence buildings, and the construction phase of a 

commercial building. As for the residential buildings, the methodology focused on the estimation 

of the GEE emissions associated just to energy consumption and natural gas concerning a 

typical Portuguese residence. In both cases, the time lapse considered was the year of 2007.    

III. Methodology 
 

The methodology developed in the present dissertation, for commercial buildings and offices 

in operation and construction phase, is based mainly in two aspects, namely:    
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• Characterization of all the energy and water flows inherent to the operation step, in 

order to identify all the main sources of GHG emission; 

• Quantification of the GHG emissions, based upon the energy, water and materials flow, 

turning to factors of national and/or international factors adjusted to the national and 

local reality. 

 
This methodology was based upon an international methodology already established – ‘GHG 

Protocol’- where the emissions are expressed in terms of equivalent emissions of carbon 

dioxide GHG Protocol’. It is a protocol that sets international standards for accounting and 

allocation of greenhouse gases emissions of a particular organization. The analysis was based 

in three scopes: in scope 1 were counted the emissions associated to the consumption of 

natural gas and fuel; in scope 2 were counted the emissions associated with energy 

consumptions and in scope 3 the emissions associates with water consumes and material flow. 

 
As for the residential buildings, the methodology applied was different from the previous, 

consisting essentially in: 

• Characterization of the main energy flows amd natural gas consumptions inherent to 

the operation phase, in order to identify all the main sources of GEE emissions; 

• Quantification of the GEE emissions based upon the energy flows, turning to national 

emission factors. 

 

III. a) Determination of the emission factors in scope 1 

 

i. Emission factors used in car fleet consumption 

For the estimation of the emission factors we have turned to the information made available by, 

in this specific case National Program for Climate Change (NPCC) - Transports. Hence, were 

taken as reference the numbers available in this report for cars, assuming that they are 

representative for the study case. The emission factor of fuel, cfuel, was obtained using the 

density of each of the fuels and the conversion between gram equivalent of oil and grammas of 

fuel. The emission factor can then be calculated by the following equation: 

 

(1) 

 

The results obtained are compiled in Table 1.  

 
Table 1 - Emission factors associated with consumption of cars 

Fuel type Units Simbology Gasoline Diesel Source 

Specific emissions of CO2eq g/v.km Eesp,combustivel 215,0 188,0 
NPCC - 

Transports 

Specific consume gep/v.km Cesp,combustível 69,0 59,0 
NPCC - 

Transports 

Ratio between mass and energy content of 

fuel 
kgep/kg πkgep,kg 1,073 1,045 

Portaria 

228/1990 
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Fuel type Units Simbology Gasoline Diesel Source 

Fuel density g/l lcombustiveρ  0,720 0,835 
Portaria 

228/1990 

Emission factor kgCO2eq/l ccombustível 2,407 2,780 Equation (1) 

 
 

ii. Emission factors used in natural gas and fuel consumption 

Concerning the emission factors associated to the consumption of natural gas, we turned to the 

greenhouse gas emission national inventory’s information, ceded by Portuguese Environment 

Agency (PEA), and NPCC – Transports.  

 
Table 2 – Emission factor for the emissions associated with oil and natural gas consumption  

Fuel type Emission factor Units Source 

Natural gas 
2,173 

201,960 

kg CO2eq/m3 

kg CO2eq/MWh 
APA 

Diesel 2,780 kg CO2eq/litro Equation (1) 

 

III. b) Determination of the emission factors in scope 2 

 
iii. Emission factors used in energy consumptions 

The emission factors used for the estimation of the emissions associated to the electric energy 

consumption were based on the information made available by the group Portugal Electricity 

(PE) for the electricity with source in natural gas, fuel and imports (Combined Cycle Gas 

Turbine – CCGT), and the report from the Parliament Office of Science and Technology (United 

Kingdom) for the electricity with hydric source (reservoir and run-of-river), Aeolian, photovoltaic 

and biomass. In the following table are presented the used numbers.    

 

Table 3 – Emission factors associates with energy consumptions 
Source for Electricity 

Generation 

Emission factor adopted 

 (kg CO2eq/MWh) 
Source 

Diesel 239 PE 

Fueloil 720 PE 

Natural gas 365 PE 

Coal 1050 PE 

Hydric – reservoir 20 
Parliament Office of Science and 

Technology 

Hydric -  Run of river 5 
Parliament Office of Science and 

Technology 

Biomass 59 
Parliament Office of Science and 

Technology 

Hydro Power 5 
Parliament Office of Science and 

Technology 

Wind Power 5 
Parliament Office of Science and 

Technology 
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Source for Electricity 

Generation 

Emission factor adopted 

 (kg CO2eq/MWh) 
Source 

Photovoltaic 35 
Parliament Office of Science and 

Technology 

Importation 732 PE 

 

The emissions associated to the electric energy consumption vary according to the daily 

consumption pattern. Such fact is due essentially to the variation in the production structure 

throughout the day, more specifically, the different relative weight of the several electricity 

production sources throughout every hour, given that each one of the different hours presents 

different emission factors, and the final result in terms of emission per kWh can vary.      

 
III. c) Determination of the emission factors in scope 3 

 

iv. Emission factors used in water consumption 

The emission factors associated to the water consumptions, in the treatment phase before the 

consumption, were obtain through the sustainability report of the Portuguese Water Company 

(PWC). Resorting to the available numbers of 2004 and 2006, we have made a projection for 

2007. The results obtained are compiled in Table 4.  

Table 4 – Total emissions and factor emission associated with water treatment 

 

Regarding the emissions associated to the liquid effluents treatment, we have resorted to the 

information made available by NPCC – Waste and the National Inventory of Water and Waste 

Water Supply (NIWWWS). As for the determined value, this results from the consideration of the 

emissions of 2.55 MtonCO2eq (NPCC – Waste) associated to the treatment of 327,35 m3 of 

waste waters (NIWWWS).  

 

Table 5 – Emission factors associated with water treatment before and after consume 

Treatment phase 
Emission factor 

(kg CO2eq/m3) 
Source 

Before consume 0,410 Table 4 

After consume 7,790 NPCC – waste; NIWWWS 

 2004 2005 2006 2007 Source 

Total volume of water supplied  

(million m3) 
222,70 218,90 211,20 N.d.3 

PWC 

Direct emissions 

(ton CO2eq) 
1,33 1,31 1,30 N.d. 

Indirect emissions 

(ton CO2eq) 
107,10 100,19 90,73 N.d. 

Total emissions 

(ton CO2eq) 
108,43 101,50 92,03 N.d. 

Emission factor 

(kg CO2eq/m3) 
0,487 0,464 0,446 0,410 

Average value for 2004-2006 

and extrapolation for 2007 



6 
 

v. Emission factors used in material flow 

The evaluation of the Life Cycle, internationally known as Life Cycle Assessment (LCA), 

corresponds to an evaluation technique of an environmental impact associated to a product or 

service, throughout its’ life cycle (Ferrão, 1998; Goedkoop et al, 2007). Asif et al (2007) make 

reference to the International Organization Standardization (ISO), namely ISO 14040, where 

LCA comes defined as an evaluation technique for the potential environmental impacts 

associated to a determined product or service, compiled in an inventory with the system’s 

entrances and exits.    

 
The environmental impacts are later evaluated, observing also an interpretation of the 

inventory’s results, considering the study object. 

 
Regarding the methodology, the LCA technique includes, according to the rule ISO 14040, four 

main phases, all co-related. These stages, all together, allow obtaining a full study of the life 

cycle of a certain product or service and correspond to (Ferrão, 1998): 

1. Definition of the analysis’ goal and scope; 

2. Inventory of the processes involved, with the in and outs associated to the numbered 

system. 

3. Evaluation of the environmental impacts associated of the system’s in and outs. 

4. Interpretation of the inventory and evaluation phases’ results.  

 
The emission’s factors associated to the production of each one of the analysed wastes were 

determined by the software SimaPro 7.1, using the method above described ‘Ecoindicator 95’. 

As a result we obtained the GHG emissions aggregated to the entire life cycle of the product or 

process object of study. In this work tool, the conversion of the different GEE in tones of CO2eq 

is done according to factors named Global Warming Potential (GWP). Since the major part of 

GWP associated to the gases considered in the ‘Ecoindicator 95’ are different from the ones 

considered by the Intergovernmental Panel for Climate Change (IPCC), the Ecoindicator 95 and 

the IPCC Fourth Assessment Report - “Climate Change 2007” - analysis’ results were adjusted 

in a time frame of 100 years.        

 
Regarding the materials and waste transport, we have considered it as representative the use 

of heavy vehicles, with an 18 tones capacity, with an average consumption of 40/100km 

(Source:www.scania.pt) and the use of diesel as fuel. The distances associated to the materials’ 

and waste transport were calculated using the tool Google Maps and the courses calculated 

correspond essentially to: 

• Transport from the materials’ and waste production place to the analysed building, 

ignoring the intermediate courses (for example, the card used for the packaging of a 

material, we have we have ignored the distance between the card fabric and where 

the same is material is packaged, and from this place to the building).  
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• The materials’ transport, in waste form, from the building to the respective marshalling 

yards (the Solid Urban Waste made a direct transport from the building to the waste 

plant or the landfill); 

• The waste’s transport from the marshalling yard to the recycling entity; 

• The waste’s transport from the marshalling yard to the landfill.  

Regarding the commercial and office buildings in operation phase, we have made an 

evaluation of the life cycle of the waste produced in each one of infrastructure analysed (every 

time we observe a waste production’s inventory). When we observed that the information 

obtained by SimaPro 7.1 does not fit the national reality, we have turned to the information 

found in bibliographical references.  

 
Table 6 – Emissions factors associated with materials production 

Material 
Emission Factor 

(kg CO2eq/kg) 

Database used in 

SimaPro 7.1 

Cardboar 1,07 
Packaging, corrugated board, mixed fibre, single 

wall, at plant/RER S 

Glass 1,34 Glass, Virgin RER S 

Polyethylene terephthalate 4,68 PET bottles E 

Polystyrene, expandable 2,67 Polystyrene, expandable, at plant/RER S 

Hangers  2,01 Polypropylene, granulate, at plant/RER S 

Aluminium cans 12,46 Aluminum can FAL 

Packaging film 2,47 Packaging film, LDPE, at plant/RER S 

Metal packaging 1,83 Steel ETH S 

Plastic packaging 2,54 HDPE bottles E 

 
 
Regarding the emissions associated to the waste produced recycling, the following results were 

obtained: 

Table 7 – Emission factors associated with the recycle of waste 

Waste 
Emission factor  
(kg CO2eq/kg) 

Data base used SimaPro 7.1 

Cardboar -0,06 Recycling Cardboard/RER S 

Glass -0,74 Recycling glass/RER S 

Polyethylene terephthalate -2,29 Recycling PET/RER S 

Polystyrene, expandable - - 

Hangers  -1,64 Recycling PP/RER S 

Aluminium cans -11,06 Recycling aluminium/RER S 

Packaging film -1,54 Recycling PE/RER S 

Metal packaging -0,94 
Recycling steel and iron/ 

RER S 

Plastic packaging -1,54 Recycling PE/RER S 
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Regarding the plastic film and plastic packages recycling, since there were no databases, in the 

work tool used, for high and low density polyethylene plastics, were assumed as 

representatives, in both cases, the emissions associated to the polyethylene plastics recycling 

process. Regarding polystyrene, since Portugal does not recycle this material, it has been 

considered that all the flow obtained was sent to the landfill.      

 
Regarding the emissions associated with the landfill waste dump, these are compiled in Table 

8. 

Tabela 8 – Emission factors associated with the landfill waste 

Waste 
Emission factor 

(kgCO2eq/kg) 

Data base used in 

SimaPro 7.1 

Cardboar 0,98 
Disposal, packaging cardboard, 19,6% 

water, to sanitary landfill/CH S 

Glass - - 

Polyethylene terephthalate 0,04 
Disposal, polyethylene terephtalate, 

0,2% water, to sanitary landfill/CH S 

Polystyrene, expandable 0,07 
Disposal, polystyrene 

, 0,2% water, to sanitary landfill/CH S 

Hangers  0,06 
Disposal, polypropylene, 15,9% water, to 

sanitary landfill/CH S 

Aluminium cans 0,02 
Disposal, aluminium, 0% water, to 

sanitary landfill/CH S 

Packaging film 0,07 
Disposal, polyethylene, 0. 

4% water, to sanitary landfill/CH S 

Metal packaging 0,14 Landfill ECCS steel B250(1998) 

Plastic packaging 0,07 
Disposal, polyethylene, 0.4% water, to 

sanitary landfill/CH S 

 
As for the emissions associated to the plastic and plastic packages landfill waste dump, as well 

as for recycling, the database specific for high and low density polyethylene plastic were not 

available. It was assumed that has representative, for both cases, the emissions associated to 

polyethylene plastic landfill waste dump. Regarding the glass, since it’s an inert material, there 

are not any emissions associated to its’ landfill dump.  

 
As for the emissions associated to the material flow accounting in the shopping-centre, we have 

resorted again to the work tool SimaPro 7.1, and with the information made available by the 

company, the numbers for the emission of the different types of materials were determined and 

presented in Table 9. 

 

Table 9 – Emission factors associated with the production of materials used in building, under 
construction 

Material Emission factor Units 
Data base used in 

SimaPro 7.1 

Cardboard 1,07 kgCO2eq/kg 
Packaging, corrugated board,mixed 

fibre, single wall, at plant/RER S 

Wood -2,42 kgCO2eq/kg Wood Board ETH S 
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Material Emission factor Units 
Data base used in 

SimaPro 7.1 
Plastic 2,67 kgCO2eq/kg Polystyrene, expandable, at plant/RER S 

Iron 1,23 kgCO2eq/kg Cast Iron/RER S 

Concrete 9,05 kgCO2eq/kg 
Concrete, normal, at plant/ 

CH S 

Concret/brick/tiles 0,37 kgCO2eq/kg Ceramics ETH S 

Used lubricant oils 2,85 kgCO2eq/l Lubricant oil 

Vegetable oils 0,41 kgCO2eq/l Soya oil, at plant/RER S 

Construction and 
demolition waste (CDW) 

0,63 kgCO2eq/kg - 

Contaminate soil - kgCO2eq/kg - 

 
The wood, since the building is in its’ construction phase, the emission factor used accounts the 

emissions associated to the wood production and its processing into planks for later application 

in the work. The negative value obtained is closely associated to the CO2eq capture in the 

period downstream the cut. As for the plastics, since there are not any data concerning its 

constitution, we have admitted for excess that the total amount of plastic used in the work was 

expanded polystyrene. This hypothesis was used taking into consideration that these plastics’ 

constitution should be essentially polystyrene (isolations), plastic film (packaging) and plastic 

packages, observing in both cases very similar emission factors (check table 9).      

 
Regarding the category Concrete/Brick/Tile, we have admitted less important the concrete 

fraction with regard to the quantities of brick and tile, having estimated the emission factor 

associated to the ceramics’ production. For the oils used we have used the category of lubricant 

oils, according to the information made available by the Company. Regarding the vegetable oils, 

not having the SimaPro of any database for the determination of the emissions associated to 

sunflower oil production (most usual in Portugal), assuming as representative the emission 

factor associated to Soya bean oil (knowing that there is no production of it in national soil).      

 
As for the RCD, since no information was made available regarding its’ constitution, we have 

taken as reference the study made by Pereira (2002) that, confirming the inexistence of a 

reliable estimate concerning the average composition of the investigation RCD, and that is 

presented in the following table:    

 
Therefore, as in the case of the commercial buildings in operation phase, in order to check the 

consistence of the numbers chosen from the databases for each type pf material analysed, we 

have proceeded to a new LCA for a similar material. Hence, according to the discrepancy of 

results verified, we can deduct that the mistake is associated to the estimate done. Where we 

have verified that the choices are the same as the ones considered in the operation phase, we 

have assumed that the categories previously studied, and therefore are not contemplated in the 

studies. 
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III. d) Determination of the emission factors used for the emissions’ in residential 

buildings quantification  

For the residential buildings, the approach used was different from the previously presented, in 

the way that only the energy flows and natural gas consumption associated to a Portuguese 

residence in the year of 2007 were analysed. Taking as base the number made available by the 

National Statistics Institute (NSI) concerning the 2001 Censuses, regarding the average 

divisions number in a typical Portuguese family residence, which corresponds to 4,6, it was 

admitted as a representative of a T2 apartment, with five divisions, namely a kitchen, a living 

room, a bathroom and two bedrooms.   Next, we have turned to the emission numbers of CO2eq 

that are included in the Portugal Electriciy sustainability report, between 2001 and 2005, 

extrapolating the 2007 emissions, obtaining the following results: 

 
Table 10 – Estimated emissions of CO2eq associated with the production of electricity in 2007 

Portugal Electricity gCO2eq/kWh 

Portugal 2001 859,0 

Portugal 2002 805,0 

Portugal 2003 855,0 

Portugal 2004 718,0 

Portugal 2005 831,0 

Average 813,6 

 

 
Next, we have arbitrated the potential GEE emissions, in a house with the characteristics 

mentioned above. We have verified that a typical family residence is responsible for the 

emission of 2, 25 tones of CO2eq.   

IV. Conclusions 
 
The major environmental impacts associated to buildings, regarding GEE emissions, are 

verified in the operation phase, mainly due to the energy consumptions, and in the construction 

phase, because of the use of building materials to be incorporated in the buildings. The 

concrete application of this methodology appears as an extremely important tool, and that could 

be used in several similar evaluations in multiple study cases. Evaluate the impact in terms of 

GEE emissions is the first step towards a sustainable management in an edificated space, 

proposing ways to reduce the emissions and account that reduction.     
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