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Summary 

In this study, a gap in a life cycle assessment (LCA) result of a building made in different 
design phase is investigated. Primary energy consumption and greenhouse gas emission 
values for material production of four case study buildings are calculated with three 
different accuracies of inventories: preliminary design level, detailed design level, and 
completed building level. The result presents that preliminary design level shows approx. 
50–65% of the value compared to the completed building, and the detailed design level 
shows approx. 90–95% of the value. This study indicates the importance of covering 
overall picture of actual environmental impact throughout a building design process. 
Possible solution and a gap between practical situation and standardized method regarding 
building LCA is discussed. 

Keywords: Life cycle assessment, Architecture design process, Primary energy, 
Greenhouse gas emission 

1 Introduction 

In a life cycle assessment (LCA) of a building, a contradiction has been pointed out that 
the flexibility of choice for design parameters is opposed to the accuracy and amount of 
available information for LCA in a design process [1]. In practice, choices that define the 
environmental performance of the building are decided in the beginning of design process 
with incomplete information. Furthermore, norms that guide LCA and the environmental 
assessment of buildings (e.g. ISO14040 [2] and EN 15978 [3]) demand high level of data 
coverage for environmental assessment. These norms are not practical for guiding 
decision-making process in building design. The objective of this study is to investigate the 
differences of LCA results made in different design phases. LCA is conducted on four case 
study buildings with three different accuracies of inventories. The different accuracies 
correspond to the information regarding building components, which are available at 
different design phases: Preliminary design, detailed design, and completed building. 
Primary energy consumption and greenhouse gas (GHG) emission for production of the 
building components are assessed as indicators of the analysis. Building service equipment 
is excluded from the inventory due to lack of reliable information. 
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2 Literature review 

2.1 Life cycle environmental impact of a building 

Life cycle of a building is defined as the following phases by EN15978: Product stage, 
Construction stage, Use stage, and End of life stage. Major attention has been paid on the 
use phase of a building so far due to its high share of environmental impact in whole life 
cycle. As a result, the impact from the use phase has been mitigated and importance of the 
other life cycle stages has increased [4]. In general, the product stage has been regarded as 
the next target of mitigation, and the other phases, such as the construction phase, have not 
had priority because of its small influence to the life cycle environmental impact [5, 6, 7]. 
However, recent researches have pointed out that the construction phase has relevant 
impact, and GHG emission from construction equipment has increased in the last decades 
[8, 9, 10]. They have claimed that the process should not be underestimated, and the 
framework for environmental management during the construction phase has been 
developed. 

2.2 Availability of information for the assessment 

At the beginning of design process in a construction project, the degree of design freedom is 
high. But overall building concept has to be set up. This means that, for instance, strategic 
decision regarding environmental performance of a building has to be made with 
insufficient information [1]. This decision shall have long-term influence during life cycle 
of a building, and normally it is difficult to change that at the latter design phase. Therefore, 
it is significant to consider this contradiction during design process of a building. 

The assessment of the product stage seems to stand for this issue. Environmental 
impacts from this phase relate to the amount of used building materials. An accuracy of the 
inventory rises in proportion to the design process. Basically the assessment of the use 
stage has the same issue. However, it would be rather easy to estimate energy consumption 
during the use phase of a building with the defined energy performance of a building and 
possible building service systems. Actually many simplified calculation tool has been 
developed internationally [11]. The tools help to understand an outline of environmental 
impact from the use stage of a building. Therefore, the product stage is focused in order to 
investigate a gap in LCA result from different design phase and to discuss possible 
solutions, in this study.  

3 Methods 

3.1 Case study buildings 

Basic information of the four case study buildings is summarized in the following table 
(Tab. 1). Functional unit of this study is one m2 of living area. Although profile of the 
buildings (e.g. floor area, location, thermal performance of the envelope, etc.) differ each 
other, these buildings are assessed with the same method and accuracy according to the 
purpose of this study.  
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Tab. 1 Basic information of the case study buildings 

Name Use Structure frame Gross area 
(m2) 

Living area 
(m2) 

Floors 

Building A Test building Balloon frame 17 10 1 
Building B Residential Sawn timber panel 726 488 5 
Building C Residential Cross laminated timber 730 548 3 
Building D Residential Balloon frame 258 198 2 

3.2 Three different accuracies of inventories 

3.2.1 Preliminary design level 

The information that can be obtained in this level is very rough. Basic plan and section of 
a building are available and composition of each building element can be assumed to some 
extent according to the structure type and some regulations. Therefore, the assessment is 
done with area of each building element (m2) and general unit value of the each element 
(i.e. MJ/m2 of building element).  

3.2.2 Detailed design level 

At this level, detailed drawings are available, and most of component information can be 
obtained from them. The total mass of components can be counted from the drawings or 
preliminary bill of quantities. Then the assessment is done by multiplying unit value of 
each component (i.e. MJ/kg) and the quantities. But ancillary materials, which are not 
described in the drawings, such as nails and screws for fixings, are not covered.  

3.2.3 Completed building level 

The information about all used component is available at this level. Ancillary material, 
which is not in the drawings, is counted from material order list provided by the 
constructor and also assumed by referring the factors [12, 13]. The information in this level 
is not referred from the actually constructed building, but from just before the construction 
beginning. The assessment method is the same as detailed design level.  

3.3 Database 

All calculations are conducted with Ecoinvent database V2.2. [14]. Ecoinvent is one of the 
most well-known LCA database which consists of process based life cycle inventory (LCI) 
data. Temporal representativeness is year 2000–2007 as annual average. Basically stored 
data is based on an average of current used technology. European average data of the 
manufacturing of building components is applied in this study. In principle, exact material 
data is applied for building materials from the database. However when there is not exact data 
in the database, most relevant material data is applied (e.g. plywood data instead of LVL). 

4 Results 

The following figure (Fig.1) shows a gap in primary energy consumption and GHG 
emission value for material production of the case study buildings between different 
inventory levels. A major gap can be found between the preliminary design level and the 
other two levels in every case. The preliminary design level shows approx. 50–65% of the 
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value compared to the completed building level. On the other hand, the detailed level 
shows approx. 90–95% of the value. The reason seems to be simply the lack of detailing in 
early design phase. Especially lack of corner joint parts from the inventory in the 
preliminary design level has significant influence. Moreover it could be understood that 
ancillary materials have minor influence to the end result, since the gap between the 
detailed design level and completed building level is small.  

 **

Fig. 1 Primary energy consumption and GHG emission for material production of the case study 
buildings according to the different inventory levels *Information regarding ancillary materials 

of building D was not available, so completed building level assessment could not be carried out. 

5 Discussion and conclusions 

The results indicate the importance of setting different communication levels for building 
LCA and way of bridging those levels. Reasonable measures would be a correction factor 
for early LCA studies. Although the number of case study buildings is small, clear trend 
could be found in this study. It seems to be that 1,5–2 times larger impact needs to be 
estimated from the early LCA results. This information should be very important for 
decision makers. Therefore, more study is required in order to develop the factor and to 
evaluate its suitability in early LCA of buildings.  

Preparation of sufficient general unit value for building elements (i.e. MJ/m2 of 
building element) according to the possible composition and material choice is also 
important to enhance the accuracy of the calculation in early design phase. On-line catalog, 
for instance dataholz [15], is very helpful information for an architect or designer to assess 
their building design as a starting point. 

Similarity of the result between the detailed design phase and complete building 
would make the assessment process easier and simpler. Although more study is necessary, 
the result from the detailed design phase shows more than 90 % of the complete result. 
This would mean that, for instance, an assessor can omit ancillary materials from the 
assessment. This optimization reduces work load and may make LCA more applicable. 

In this study, only material production phase of the case study buildings is included. 
However, as mentioned before, building life cycle consists of several stages, and the same 
issue happens in the assessment of the other stage as well. Further study is required in 
order to ensure covering overall picture of actual life cycle environmental impacts 
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throughout a design process. For example, it would be important to raise an accuracy of the 
simplified calculation tool for the operation phase. Moreover, the construction phase also 
needs to be paid attention. Although an optimization of the construction phase may not 
have a significant effect on the overall life cycle impact, it would have a major impact at an 
industrial level.  

From normative viewpoint, only the accuracy in the completed design level is 
sufficient for making LCA. In early design phase the amount of information leaves too 
much data gaps for conducting LCA. In practice, however, the building as built will most 
likely again differ from the completed building design because of changes during 
construction. Thus the objective environmental impact could only be assessed from 
detailed inventory of all materials and work at building site. Furthermore, EN 15978 states 
that a building level assessment should cover building, temporary items (such as 
scaffolding, barracks, etc.) and site works. If the assessment should cover more life cycle 
stages than only material product phase, the designer faces severe data gaps. For example, 
could typical architect define how much space heating energy is needed for storing 
construction materials at reseller’s storage, as required in EN 15978? It seems necessary to 
develop the standards from practical viewpoints by following the steps of design process in 
bottom-up approach. 
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