
LIFE CYCLE ASSESSMENT OF RESIDENTIAL BUILDINGS: A 
COMPARISON BETWEEN REINFORCED CONCRETE, STEEL AND 
WOOD STRUCTURES 

Borroni Marco  

Operations and Plant Design Director for Unical S.p.A. 
 
 
 
Abstract 

Buildings using a significant share of our resources - materials, energy, water and land - 
play an important part in a resource efficient economy. If we want the European building 
sector to become more competitive in the future, we need to obtain higher resource efficiency 
levels. Atecap (the Italian technical economic association for ready-mixed concrete) has 
conducted a LCA study in cooperation with the Department of Structural Engineering of the 
University of Naples “Federico II” to prove how concrete can strongly improve the whole-life 
performance of buildings. 

The study compares the environmental impacts of a reinforced concrete (RC) building 
assumed to be built in Rome, Italy with the impacts of equivalent steel or wood buildings. In 
particular, the environmental impact has been assessed for the entire life cycle of the 
structural parts of the three residential buildings, having the same volumetric and architectural 
features and structural performances. For this purpose, the three structures have been designed 
on the basis of the seismic limit states of collapse and damage in accordance with the Italian 
Code (NTC 2008). Then the environmental impacts of the three different solutions have been 
assessed according to the four steps of the life-cycle assessment procedure (ISO 14040): 
extraction and processing of raw materials; construction, including transportation of the 
structural elements and materials to the building site; operation, including the maintenance 
phases during the building life; end of life, including structural demolition and recycling of 
building waste materials. The methodology used for the assessment of environmental impact 
was IMPACT2002+, with data about the impacts of wood and steel and their processes 
provided by the database Ecoinvent 3.0.  In the case of concrete more refined data have been 
collected by using specific Environmental Product Declarations. 
 
Keywords: Comparative life-cycle assessment, reinforced concrete structure, climate change, 
concrete, sustainability 
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1.  INTRODUCTION 
Atecap has promoted a comparative LCA (Life Cycle Assessment) of the environmental 

impacts of reinforced concrete (RC), steel and wood buildings having the same geometry and 
volume and subject to the same actions (accidental actions, snow and earthquake) [1]. The 
scope was to assess the environmental impacts of the three solutions during the construction, 
maintenance and end-of-life phases. 

2.  STRUCTURAL DESIGN OF THE BUILDINGS 
The building is a civil house ideally located in the municipality of Rome, Italy (Lat. 

41.9075°; Long. 12.49°; h 20 m a.s.l.).  The structures were designed for the seismic limit 
states of collapse and damage according to the Italian Code (NTC 2008 [2]) using the design 
program Edilus v.26.00 [3].  

The building characteristics are: 
• rectangular plant (12x25) m 
• three floors 300 m2 each 
• two apartments for floor, 130 m2 each  
• four hollow-core balconies (20 cm thick) for each side of the building 
• (0,30x0,50) m columns, except for the first floor columns (0,40x0,60) m  
• (0,30x0,50) m beams 
• hollow-core concrete roof 
• 30 cm thick double liner infill. 

 

    
Figure 1: Edilus screen-shots of the building 

For the reinforced concrete structure the use has been assumed of: 
• ready-mixed concrete with strength class C 25/30, exposure classes XC1 for the out 

of ground structures and XC2 for the foundation; 
• B450C class steel reinforcing bars. 

3.  THE LCA STEPS 
Three different steps have been followed to develop the comparative LCA: 
• the building structural design on the basis of the Italian seismic Code (NTC 2008 [2]); 
• the calculation of the amount of materials used for each solution; 
• the LCA analysis. 
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The environmental impacts have been assessed for the whole service life of the different 
structural parts (from cradle to grave), using the Swiss methodology IMPACT2002+ [4] that 
sums up a number of impacts into four main damage categories (see fig. 2): 

• human health 
• ecosystem quality 
• climate change 
• use of resources. 

 

 
Figure 2: Impacts and damage categories scheme 

 
The LCA has been modelled using software SimaPro 7.3 [5] and environmental impact 

data for the three construction materials from the Ecoinvent 3.0 database [6]. 
 
3.1  Boundary conditions 

The following conditions have been assumed both for building design and impact 
assessment: 

• 50 years Estimated Service Life for the building; 
• LCA for the structural parts of the building only; 
• LCA functional unit is assumed to be the whole building structure; 
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• building maintenance of the ordinary type only; 
• “conventional” demolition of the building, with wastes recycled, incinerated or 

dumped according with the Italian and European percentages. 

4.  THE COMPARATIVE LCAs 
The environmental impacts of the three structures (reinforced concrete, wood and steel) 

have been assessed according to the four phases of the life-cycle assessment procedure (ISO 
14040 [7]): 1) extraction and processing of raw materials (production); 2) construction, 
including transportation of the structural elements and materials to the building site; 3) use, 
including maintenance during the building life; 4) end-of-life, including structural demolition 
and recycling of building waste materials. 

In addition to the environmental impacts, SimaPro [5] calculates the so called 
“standardised” and “weighted” impacts of the damage categories. The standardization method 
(IMPACT200+ [4]) consists of comparing all the impact categories with some “reference” 
values - the average European data over a specific period of time. Then the standardized 
damage categories are multiplied by "weighting factors", which represent the critical issues of 
the different environmental impacts. These standardized and weighted impacts of the damage 
categories may be used to compare the different impacts among themselves and for the 
different life phases of the three buildings. 

The most import issues of each phase are summarized below. 
Production phase. The Ecoinvent database [6] has been partly customized to adapt it to 

the Italian scenario: for concrete transportation by rail and barge inputs were not considered 
and the type of heavy fuel oil burned for plant heating was modified. Moreover the Portland 
cement data were replaced by more refined data collected from specific Environmental 
Product Declarations (EPDs) of some Italian cement plants, provided by Aitec, the Italian 
cement association.  

Construction process phase. This includes transport to site, and for this, a concrete 
production plant, a reinforcing steel production plant and a brick production plant 30 km 
distant from the construction site have been chosen. The steel factory and the laminated wood 
(glulam) supplier nearer to the construction site are respectively at a distance of 87,5 km and 
249 km. The construction process phase has lower environmental impacts than the other 
phases. 

Use phase. Building maintenance of the ordinary type has been assumed. The building 
resources consumption (energy, water, etc.) has not been considered within the study, because 
the analysis has been concerned the structural parts of the building only. About the 
maintenance of the reinforced concrete structure, 5% of the surface of the beams and columns 
exposed to air is treated with a protective varnish and the cover to reinforcement was 
increased with an additional 3 cm of cementitious mortar [8]. 

End-of-life phase. It consists of the following operations: 
• mechanical demolition; 
• separation of reinforcing steel from concrete and stockpiling of the waste; 
• waste recycling/incineration/dumping according to the following percentages: 

- concrete: 65% recycled, 35% to landfill (data from Anpar, the Italian recycled 
aggregates producers association [9]); 
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- wood: 16% recycled, 4% to incineration, 80% to landfill (data from Trada, the 
Timber Research and Development Association [10]); 

- reinforcing steel: 65% recycled, 35% to landfill (data from ArcelorMittal [11]); 
- steel section bars: 98% recycled, 35% to landfill (data from ArcelorMittal [11]). 
 

 It has also been assumed that steel composition is 63% new iron and 37% recycled. 
Therefore the percentage of new steel not consumed is: 63%x – 37%x, here x is the steel’s 
total weight (kg). This scenario, called “open loop with closed loop recycling procedure” 
according to ISO 14049:2000 [12], avoids the double-accounting of the recycled steel.  

5. RESULTS 
 The Life-Cycle Assessment impacts are presented in figures 3 to 6 for the four selected 
damage categories. Figure 7 gives a total overview of the results.  
 The production process phase has the highest impact, as transportation, construction and 
maintenance phases’ impacts are less than 10% of the production one (fig. 3). 
For the three materials, the four impact categories assessment in the production phase shows 
that, globally, reinforced concrete has the lowest impact.  
In detail, the steel structure shows the highest impact on human health, climate change and 
resources consumption, while the wood structure affects the ecosystem quality. 
For the steel building the impacts are definitely due to the steel itself; in the case of the wood 
building the impact on ecosystem quality is due to the use of laminated wood. 
 

 

Figure 3: Production phase - impact categories  
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Figure 4: Transportation and construction phase - impact categories  

 On the whole the transportation, construction and maintenance phases show similar results 
as the production phase (fig. 4 – 5). The wood structure shows the highest impacts on the 
human health, ecosystem quality and climate change categories. This is due to the distance 
between the wood supplier and the construction site. In addition, the maintenance of the wood 
building has greater impact than that of concrete and steel, because of the high frequency of 
application of a wood primer. 
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Figure 5: Use phase - impact categories  

 The end-of-life phases’ impacts are 20-50% of those of the production phase (fig. 6). The 
figure below shows negative impacts for this phase, because recycling avoids the 
consumption of new resources. The lowest impact for all the categories in the end-of-life 
phase is shown by steel, because of the greater quantity of this material that can be recycled in 
comparison with concrete and wood. 
 

 

Figure 6: End-of-life phase - impact categories  
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Figure 7 shows the assessment of the four impact categories over the whole service life 
(the so-called “total impacts”) for the three solutions. The total impact values are in table 1. 
The reinforced concrete structure has the highest impact on climate change only; steel has the 
highest impact on the human health - and a high impact on climate change also; wood has the 
highest impact on ecosystem quality and a high impact on human health.  

 
Figure 7: Building service life -  impact categories 

Table 1: Building service life - impact categories values 

Damage 
category Unit of measure Steel Reinforced 

Concrete Wood 

Human health DALY 1,05E-01 6,98E-02 1,04E-01 
Ecosystem 

quality PDF*m2*yr 4,54E+04 1,40E+04 8,90E+04 

Climate change kg CO2 eq 9,87E+04 1,20E+05 9,23E+04 
Resources MJ primary 1,45E+06 1,26E+06 1,64E+06 

6.  CONCLUSIONS  
There is a strong and growing interest in the environmental performance of the 

construction industry worldwide. As a sound, well established and cost effective structural 
material, reinforced concrete was and remains the preferred option for many types of 
buildings, but often concrete is selected exclusively for its mechanical properties, rather than 
for its environmental sustainability. 

The comparison between three alternatives - reinforced concrete, wood and steel buildings 
made in the present study shows that concrete offers an optimum whole-life performance. 
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During the 50 years building service-life concrete has the lowest environmental impact on 
human health, ecosystem quality and resources consumption. These results depend in 
particular on concrete durability and the local availability of its raw materials (including a 
large proportion of secondary materials). 
The LCA study promoted by Atecap concerns a specific structure, located in a given area with 
particular weather conditions. The results of the study look interesting and should be followed 
by other studies within different scenarios. 

For future development it could be interesting to collect more specific (Italian) recycling 
data, the data used in the present analysis mainly coming from European databases. A 
prospective analysis could involve “green” and innovative materials also, to assess their 
influence on the human and environmental impact reduction. 
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