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The recent rise of environmentally conscious design, which includes materials and 
assemblies selection (MAS) as a key element, mandates the interest in comparing the 
embodied energy (EE) and embodied carbon (EC) in buildings using different 
construction methods. However, with recent increase in sustainability awareness, 
developed and developing nations have engaged in efforts to tackle this challenge. This 
study compares the EE and EC for a low energy traditional method of construction 
(TMC) of stabilise clay block to a contemporary method of construction (CMC) of sand-
cement block of a low-income house. A process-based life cycle assessment (LCA) 
analysis methods and Bath Inventory of Carbon and Energy were utilized for the 
upstream stages evaluation. The findings revealed that the EE and EC for the TMC of 
stabilise clay block house are 133,980.67MJ (1942MJ/m2) and 16,175.88kg 
(234.43kg/m2), the CMC of sand-cement block house are 294,194.96MJ 
(3197.77MJ/m2) and 41,565.57kg (451.80kg/m2) respectively. Thus, the CMC of sand-
cement block house expends at least 126% more EE and emits at least 165% more EC 
than TMC of stabilise clay block house. It indicates that the decision-making analysis 
would provide design guidelines and a criterion for materials and assemblies selection 
to achieve environmentally conscious design (ECD). 
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1. Introduction 

 
Construction activity has a major impact on the environment and is a major consumer of a wide 

range of naturally occurring and synthesized resources [1,2]. Despite the recognition, that 
environmental issues are important to the survival of the construction sector, it continues to degrade 
the environment, exploiting resources and generating waste, and is slow to change its conventional 
practices to incorporate environmental matters as part of its decision making process. The extraction, 
processing, manufacture, transportation and use of a product utilize energy and produce many 
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environmental impacts, including emissions of CO2. In general practice, embodied energy (EE) and 
CO2 are not given due consideration when a building is designed, specified and constructed [2].  

Industrial flue gas emissions include carbon dioxide (CO2), nitrogen oxides (Nox), hydrocarbons, 
carbon monoxide (CO), particulate matter and sulphur dioxide (SO2), which almost all of these 
emissions are greenhouse gases (GHGs) [3, 4]. These emissions endanger human health, agricultural 
crops, forest species, various ecosystems and the overall environment as they enhance the green-
house effect and hence contribute to global climate change [5]. Greenhouse gases emissions contain 
about 77% CO2 [6, 7]. However, it has been confirmed that the built environment is a major sector to 
consider in designing strategies for fight against the impacts of climate [2]. Examples of such 
strategies include the improvement of construction and energy efficiency 
processes/techniques/technologies, passive design adoption, use of renewable energy and the 
appropriate selection of building materials and assemblies. Materials play significant function during 
the design process, which includes function analysis (identifying market requirements and function 
of the potential product), conceptual design, embodiment design, and detailed design. Generally 
speaking, materials selection is often considered in embodiment design and detailed design when 
the physical structures of the components are determined. Materials selection methods for 
application in the building and engineering design process have been under development for many 
years. These methods aim to select the most appropriate material for a given application to satisfy a 
set of requirements [8-10]. But there are no much considerations of the whole process of 
construction (WPC) [11]. 

In the last decade, designers around the globe have been working to reduce the ecological 
burdens of their products alternatives through such strategies as environmentally conscious design 
(ECD), life cycle design, and design for the environment (DFE).  Studies indicate that about 70% of the 
product’s life cycle costs are largely fixed during concept design [12], with far fewer degrees of 
freedom available to the designer after the physical structure of the design and other features have 
been specified later in the design process. It has been noted that a similar proportion of the 
environmental impact is also determined early in the design process. The built environment is a major 
sector to consider in designing strategies for combating the impacts of climate. Some examples of 
strategies include the improvement of construction and energy efficiency 
processes/techniques/technologies, adoption of passive design, use of renewable energy and the 
appropriate selection of building materials. Therefore, based on the review of these efforts in 
materials and assemblies selection for ECD, this paper suggests a solution that can reduce or 
eliminate the pollution caused by energy and CO2 emissions and to achieve sustainable construction, 
and as well enhance sustainability for the benefit of future generation. To achieve this goal, the 
following objectives have been set: 

i. To integrate environmental consciousness of whole-building assemblies selection into 
upstream stages  

ii. To quantify the embodied energy and embodied carbon of materials and assemblies used for 
alternative housing construction; 

iii. To compare the study model with the conventional housing construction, with the objective 
of placing the perspective in the other studied context; 

iv. To use embodied energy and carbon as parameters to guide the selection of environmentally 
pleasant and beneficial materials and assemblies from options for alternative use in buildings. 

This study would focus on building materials and assemblies used for housing construction 
because the share used in construction is huge and most other factors depend on them. It also 
constitutes a significant share of house construction cost. Adedeji [13], noted that about 60% of the 
total house construction cost goes towards the purchase of construction materials. EE and EC are 
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currently two main parameters commonly used in assessing the importance of building materials 
[14]. 

In light of the above, this paper intends to provide an idea of admitting the cradle-to-gate, 
transportation and services consumption and emission by using energy and carbon as a raw material. 
It focused on developing the idea and stimulating research on the comparison of energy and carbon 
assessment of alternative and conventional method of construction as a means to select the most 
appropriate materials and assemblies for a given application to satisfy a set of requirements in the 
absence of no databases, and as well address the energy and carbon reduction and elimination by 
including transportation and services emissions and enhance sustainability for the benefit of future 
generations. No research paper is available to fulfill the gaps, as the present studies focused on 
whole-building assemblies, whereas, this paper has fulfilled the gap in considering cradle-to-gate and 
construction site, as the most crucial stages of building life cycle that determine the effectiveness of 
use and post-use stages. The peer-reviewed literature about embodied energy and carbon will be 
examined in the ensuing section. 
 

2. Literature Review  

 
To gain insights into how similar studies on embodied energy and carbon comparison might have 

been conducted in the African continent (Cameroun, Egypt, Algeria, South Africa, Nigeria and so on) 
was conducted. A systematic search of key peer-reviewed papers from renowned databases about 
embodied energy and carbon analysis was conducted. These were discussed under the following sub-
sections. 
 

2.1 Materials Selection in Environmental Conscious Design 

 
In recent years, several systematic quantitative methods have been proposed to help the 

designer in the selection of materials and processes. The objective in choosing a material is to 
optimize a number of metrics of performance for the product in which it is to be used. Traditionally, 
these metrics have included cost, mass, volume, strength-to-weight ratio, and energy density. Ashby 
defined a number of material performance indices and proposed materials selection charts using 
various sets of physical–mechanical properties, from which specific performance aspects of a 
component could be maximized or minimized [8]. Recently, another materials selection metric has 
been introduced, environmental impact (EI), and several methods have been proposed to address 
this new criterion. 
Materials selection with environmental concern: A product can affect the environment during its life 
cycle, and its environmental performance is largely fixed. The EI of a product is directly influenced by 
the environmental attributes of the materials used, such as processing energy and other required 
resources, emissions produced in materials processing and manufacturing, and end-of-life impacts. 
In terms of the environmental dimensions associated with a material, impacts methods are largely 
limited to quantifying the environmental impact of the materials during their production. To take 
into account the EIs involved in all stages of the material life cycle, from extraction to end of life, 
Giudice, La Rosa et al. [15] developed a systematic method that includes environmental 
considerations in the selection of materials used for components. This method satisfies functional 
and performance requirements while minimizing EI across the entire product life cycle. 
Environmentally conscious design: Environmentally conscious design is a design approach that aims 
to yield a product whose aggregate EI across the life cycle is as small as possible without 
compromising such measures as quality, cost, performance, and production feasibility. ECD 
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emphasizes the need to consider EIs during such product life cycle stages as materials extraction, 
materials processing, constructing, distribution, use, and end of life. ECD is a view of design and 
manufacturing that includes the social and technological aspects of the design, synthesis, processing, 
and use of products in continuous or discrete construction sectors [16]. As Figure 1 shows, with ECD, 
two additional issues emerge: life cycle considerations and EI reduction. Thus, another design need 
is information on the life cycle EIs of the whole-building assemblies. Design suggestions were 
presented to guide ECD based on the EIs associated with six material groups: metals, ceramics, 
synthetic polymers, natural organic materials, natural inorganic materials, and composites [17].  

 

Fig. 1. Materials selection in environmental conscious design 

These suggestions together with other fundamental design principles related to function analysis 
that includes minimize the material types in a product; minimize product volume and size; reduce 
product weight; select materials compatible with the environment; comply with the law; select 
reusable or recycled materials; select those materials that have no or little pollution; select materials 
with lower energy content. While these guidelines for materials selection provide some assistance to 
designers, they can only be very useful in the very early design stage. A systematic method resorting 
to quantitative analysis is to be proposed for ECD. In spite of the contributions in “Materials selection 
with environmental concern”, focus on both product life cycle and material EI, no one has yet 
presented the whole-building materials or assemblies selection and optimization method using 
mathematical programming while satisfying two or more functional and performance requirements, 
especially integrating their methods into the ECD process. 
 

2.2 Greenhouse Gas Emissions and Energy Consumption of Buildings 

 
The residential building climate change mitigation strategy was directed towards CO2 reduction 

or riddance. CO2 in buildings are principally dependent on the quantity and kind of energy depleted 
by buildings during the construction and utilization process. Particularly, residential buildings account 
for a big proportion of energy utilization and CO2 emissions to our natural environment by building 
procurement and operation. This has been calculated at approximately 40% global energy utilization, 
60% global electricity utilization and 30% global GHG emissions that are connected to buildings [18]. 
For instance, approximately buildings account for 50% of all extracted material resources [19]. Also, 
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it has been calculated that bettered processes as well as procedures in the building construction 
sector can attain up to 50% minimization in the extracted materials utilization, 42% minimization in 
energy utilization and 35% minimization in GHG emissions [18]. However, the enhancing care from 
the developing countries has been reflected in their participation in some of international 
conferences like Conference of Parties (COP) 15 - Copenhagen in 2009; COP 17-Durban in 2011; and 
COP 18-Doha in 2012. 

An amount of GHGs is in the atmospheric system that aids to take up thermal radiation from the 
surface of the earth and then re-expels (gases or odors) the radiation back to the 3rd planet (the 
earth) as showed in Figure 2. The green- house effect is important as it traps energy and maintain 
the temperatures on earth suitable for living things. In the absence of this, the average temperature 
on planet would be lower and incapable of sustaining life. Excessive GHGs caused by building activity 
may cause the temperature of the plate to gain which will result in climate change. Hence, it is very 
significant to center on the CO2 control and promote sustainable construction practice in all sectors.  

 

 

Fig. 2. The greenhouse gases effect in atmosphere [7] 

 
Sustainable development is defined as a way of meeting “the needs of the present generations 

without compromising the ability of future generations to meet their own needs” [20]. In order to 
achieve sustainability, the three elements of economy, equity and ecology must be considered [21]. 
However, sustainability concept is relevant to the environmental improvement and maintenance, 
economic and social resources with the objective of meeting the needs of present and future 
generations. Thus, regional resource inputs must be within the natural system regenerative 
capacities that generate them. The extraction of non-regional resources should be reduced, so has 
not exceeding the minimum strategic levels [22, 23]. In addition, Al-Yami and Price [24] and Price 
advocated that improper consideration given to sustainability issues during the conceptual phase has 
resulted in high consumption of materials and energy during both the construction and operational 
phases of many projects, and as well further expresses that sustainable construction is generally used 
to describe the application of sustainable development in the construction sector. When fossil fuels 
are burned for energy (combustion), carbon is released. Carbon compounds move through plants 
and animals, the air, the ocean, and the earth. Carbon present in the air as CO2 contributes to the 
"Greenhouse Effect" and related global warming, as illustrated in carbon emission cycle. The carbon 
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emission cycle in which the atmospheric concentration of CO2 cannot stabilize long term unless all 
fossil fuel and industrial carbon emissions stop (only zero carbon) as shown in Figure 3. 
 

 

Fig. 3. The carbon emissions cycle  

 

In addition, the global GHG emissions by flue gases are indicated in Figure 4. The United State of 
America(USA) GHG emissions by economic sector and gas is shown in Figure 5, of which land use, 
land use change and forestry in USA is a net sink and offsets approximately 17% of GHG emission 
(global-greenhouse-gas-emissions-data>accessed 15 June, 2017). 
 

 

                           (a)                                                             (b) 

Fig. 4. Global greenhouse gas emissions: a) by gases, b) sources 
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Fig. 5. USA greenhouse emissions: left) by economic sector, right) by gas 

 

The rapid economic development in many countries has led to pollution and environmental 
deterioration worldwide. Therefore, a way needs to be found to ensure the survival of current and 
future generations. Among the important problems facing the environment is unreasonable GHGs 
production as well as air pollutants. The immediate past research has indicated that fossil fuel 
combustion in relating to or resulting from industry calculates for about 56% of CO2 emissions [25, 
26]. Figure 6 portrays the CO2 dynamics and distribution through 2015 in which the carbon balance 
from increased land and ocean uptake (sink storage) and increased atmospheric CO2. It can be figured 
that there exists a substantial gain in temperature of the planet and CO2 emissions since 1880. It is 
believed that these emissions will continue to increase in the future due to industrial development 
and economic growth [27].  
 

 

Fig. 6. The CO2 dynamics and distribution  
 
 



Journal of Advanced Research in Materials Science 

Volume 44, Issue 1 (2018) 1-24 

8 
 

Penerbit

Akademia Baru

From Figure 6, it can be deduced that the land (forest) and oceans have been taking up more CO2, 
as atmospheric CO2 increases, reducing the atmospheric CO2 increase from building fossil fuels is 
about 50%. The terrestrial net increased carbon ‘sink’ is actually increase CO2 storage. However, more 
atmospheric CO2 with a slight degree of warming allows forests and green plants to absorb more CO2 
and grow faster, but a negative feedback that reduces direct global warming. Therefore, with more 
atmospheric CO2 the ocean surface absorbs more CO2, which is a negative feedback that causes 
ocean acidification. But this carbon sink will fail and reverse to carbon source. Figure 7 indicates the 
USA energy consumption by energy source in 2015, in which the sum of components may not equal 
to 100% because of independent rounding and Figure 8 indicates the global energy consumption 
scenario (IEA, key World energy statistics). 

 
 

 

 

 

Fig. 7. United State of America energy 

consumption by  energy source, 2015 

 

 

Fig. 8. Global energy consumption 

 

The European Union (EU) Construction Products Directive has recommended EE as a key factor 
in the selection of building materials or construction products (Edwards, 2010). Although, CO2 is the 
least potent of all the Kyoto greenhouse gases, it is by far the most plentiful and largest contributing 
compound in the greenhouse effect [28]. The energy and associated emissions of carbon (referred 
to in terms of CO2) linked with the lifecycle of buildings can be considered in three distinct, but inter-
linked stages: construction, occupation and end of life deconstruction. For housing constructed as 
conventional standards, EE is equivalent to a few years of operating energy, although there are 
exceptions to this, such as low energy buildings [29]. Embodied carbon is of particular importance for 
low energy buildings, because less energy is used during occupation [30]. The EC of a low energy 
house is likely to contribute a greater proportion of its overall lifecycle carbon emissions during that 
buildings lifetime than would occur for a conventional house. It has been suggested that between 2% 
and 36% of a traditional house lifetime energy demand is attributable to the winning of primary 
materials, manufacture, transport and construction of a building [31]. This range increases to 9–46% 
for a low energy house. The materials specified and the construction technologies used greatly 
influence the overall embodied energy and carbon emissions during the construction phase. Another 
area of concern is the embodied energy associated with waste. In the United Kingdom (UK) the 
construction sector is responsible for over a third of all waste arising [32], 51% of which is recycled 
or reused, the majority as aggregate [33]. On site construction typically has contingency and error 
related over ordering, amounting to approximately 10% of all materials brought to site, with 10–15% 
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of the materials imported to a construction site being exported as waste [34]. Reducing the EE of 
construction needs to address both the efficiency of manufacture and the efficiency of use. One 
solution to this problem is the increased use of materials within a certain radius of manufacturing, or 
TMC to execute housing materials and assemblies. The factory production of construction elements 
would have much lower resource inputs and reduced waste outputs than compared to on-site 
construction [34]. A recent report estimated the waste reduction through substitution of traditional 
methods with prefabrication systems to be between 20% and 40%, the greater the prefabrication the 
greater is savings [35].  

Thus, it is imperative to use parameters like EE and EC to guide the selection of environmentally 
benign materials and assemblies from a list of options for alternative uses in buildings. This paper 
contributes to the growing literature on the environmental impacts of construction by comparing the 
EE and EC consequence of the construction of a low energy TMC of stabilise clay block house with 
CMC of sand-cement block house. Also, contribute a materials and assemblies selection method that 
can be integrated with other design tools collectively focused on achieving environmental conscious 
design. In order words, evaluates whether TMC can contribute towards national energy and carbon 
reduction or elimination goals. And to facilitate understanding, the assessment of EE and EC will be 
examined in the ensuing section. 

2.3 Embodied Energy and Carbon Principle and Importance in Buildings 

Embodied energy depicts the amount of energy depleted in all processes linked with the building 
production, from extraction and natural resources/materials processing to constructing, transport 
and then the delivery of the product [36]. Manifest issuing from tropical climates and from low-
income housing scenarios where operational energy needs are comparatively lower suggests that EE 
is significant to energy efficiency and carbon mitigation [2, 37]. As a result, studies are required to 
fully understand the residential buildings EE profile in areas where operational energy profile is 
comparatively lower in developed countries. Therefore, it is important to extend the study to the 
residential buildings EE profile in Nigeria, a tropical country qualified by low electrical energy 
utilization due to inadequate supply and where modern building materials and less innovative 
construction methods are very common.  

To acquire brainstorms into how researches on EE and EC of TMC house like local materials 
utilization may have been conducted in Africa and Nigeria in particular, a literature review was 
conducted. A fundamental peer-reviewed documents systematic search about EE and EC analysis was 
conducted. Fundamental words like “buildings and embodied energy and carbon in Africa/Nigeria”, 
“buildings and carbon footprint in Africa/Nigeria” were utilized. These searches gave few outcomes 
with small relevance. In specific terms, LCA of energy and carbon emissions has been examined in 
dissimilar contexts. The accessible study on the energy and CO2 emissions scenario of buildings taken 
from previous studies are indicated in Table 1. The table contains a summary of literature that aid to 
locate the energy and carbon emissions of buildings across the globe. 

Our review of the available literature shows that most of the research has focused mainly on 
energy emissions of contemporary method of construction (CMC), few of the studies considered both 
EE and EC emissions of traditional method of construction (TMC). However, in view of above, the 
studies concentrate on an EE and EC emissions. Given the operational impact dominance, thus there 
is the need for the study to cover the EE and CO2 emissions of whole-building assemblies, which was 
performed using Nigeria as a context that supports the need for this research. The evaluation 
methodologies that is based on EE and EC emissions life cycle analysis was considered in the resulting 
section by integration of case studies. This forms the basis of the study detailed in this paper, in which 
the EE and EC of a house constructed using TMC, which is to be compared with the CMC scenario 
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using a life cycle framework. The results are considered in the context of the Nigerian house building 
programme and its impacts on national emissions targets. 
 

 

Table 1 

Summary of literature on energy and carbon emissions of buildings 
Reference Content/building type Country Environmental impact 

studied 

Pullen et al. (2006) Residential apartment building Australia EE intensity 
Mari (2007) Residential building Malaysia EE intensity 
Paulsen and Sposto [38] Residential building Brazil EE intensity 
Adalberth, Almgren et al. [39] Residential dwellings Sweden Energy emissions 
Peuportier [40] Residential building France Energy emissions 
Thormark [41] Low energy dwellings Sweden Energy emissions 
Henry, Elambo et al. [2] Residential building Cameroun EE and CO2 emissions 
Ononiwu and Nwanya [42] Residential building Nigeria EE and CO2 emissions 
Ezema, Olotuah et al. [43] Residential building Nigeria Energy emissions  
Monahan and Powell [44] Residential building UK EE and CO2 emissions 
Reddy and Jagadish [45] Residential buildings India Energy emissions 
Huberman and Pearlmutter 
[46] 

Residential building Israel Energy emissions 

Morel, Mesbah et al. [47] Residential building France Energy emissions 
Udawattha and Halwatura [48] Residential building Sri Lanka Energy emissions 
Sartori and Hestnes [49] Residential and non-residential 9 countries Energy emissions  
Crawford (2014) Residential building Australia EE intensity 
Ramesh et al. (2013) Residential house India EE intensity 
Stoffberg and Barker [50] Three Bus Rapid Transit stations South Africa EE intensity 
Irurah and Holm [51] Building types and system Not available EE intensity 
Dixit [52] Residential buildings  EE intensity 
[Hammond and Jones [14], 53]   Building impact UK EE and CO2 emissions 
[51] Building systems and types Not available EE intensity 
Ezema, Opoko et al. [18]  Residential building Nigeria CO2 emission 
Morel, Mesbah et al. [47] Residential building France Energy emissions 
Udawattha and Halwatura [48] Residential building Sri Lanka Energy emissions 
Sartori and Hestnes [49] Residential and non-residential 9 countries Energy emissions  
Crawford (2014) Residential building Australia EE intensity 

 
 

3. Methods of Data Collection 

  

Case study research design was utilized together with the LCA framework for the study. In order 
to quantify the whole process of construction impacts, a case study was integrated to test the 
evaluation system.  The case study that had high variability in performance score was the motivation 
for the system. The British Standard recommends that the data sources and key assumptions are to 
be explicitly stated in order to facilitate the verification of the environmental emissions quantified at 
the end of the assessment. To measure EE and CO2, building processes need to be identified first. 
Then, the activities involved and materials used in the processes are determined. The generated 
quantities from the standard bill of quantities (BOQ) represented by the physical dimensions need to 
be converted to masses using relevant densities and then multiplied by suitable CO2 emission factors 
from EE and CO2 inventories. While embodied energy and CO2 inventories for developing countries 
are lacking, they are quite common in the developed countries and often used in environmental 
impact assessment studies. These inventories developed in developed countries are now also being 
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partly used in developing countries, because most construction materials are imported from 
developed countries [50]. 

The most largely used construction materials are crushed rock, sand, cement, asphalt, wood, clay, 
steel, aluminum, plastics etc., and the building component element assemblies are foundations, 
walls, floors, roofs, and so on [11]. In order to select the significant ones, the materials are screened 
and component elements fulfilled through the followings criteria: Purpose, suitability to the project, 
commonly used and data availability. After the screening process, the final component materials and 
assemblies that have the data available in the required format in all the categories were used for the 
study.  
 

3.1 The Case Study Description 

 
In order to compare the impacts of various combinations of materials and assemblies on a larger 

spatial scale, case studies were incorporated in this study. These prototypes were selected because 
the construction data were still fresh and could be easily retrieved. The first case study adopted was 
the TMC of stabilise clay block house that is based on a low income house (LIH) constructed in 2016 
in Kuje, Abuja of Nigeria. A two (2) bedroom apartment house of 69.0m2 floor area with the average 
headroom of 3.0m was used as the model for the case study. The structural system used was a 
reinforced concrete columns, beams and roof beams. The external envelope material and the 
internal partition material were not rendered on both faces. Figure 9 shows the graphical drawings 
of stabilise clay block. The dimensions and design specifications are given in Table 2 and Figure 9.  

 

Fig. 9. The graphical drawings of TMC stabilise clay block house 

 
In addition, the second case study, of CMC sand-cement block house was a 3 bedrooms 

apartment house with 92.0m2 of floor area, and average headroom of also 3.0m was modeled to 
provide a comparison. Figure 11 shows the graphical drawings of CMC sand-cement block house 
model. The structural system used was a reinforced concrete columns, beams and roof beams. The 
external envelope material and the internal partition material were rendered on both faces with 
sand-cement mortar, with the following specifications as indicated in Table 2. The dimensions and 
design specifications are given in Table 2 and Figure 10.  



Journal of Advanced Research in Materials Science 

Volume 44, Issue 1 (2018) 1-24 

12 
 

Penerbit

Akademia Baru

 

Fig. 10. The graphical drawings of CMC sand-cement block house 

Table 2 

List of Building materials and assemblies 
Building Stage Compt. assembly Material TMC CMC 

1.0 Substructure Strip foundation Concrete √ √ 

 Wall in foundation 230 x 230 x 450 mm hollow sand-
cement blocks filled with light concrete 

√ √ 

 Filling to level Laterite soil √ √ 
 Hardcore Broken concrete/stone √ √ 
 Ground floor slab Concrete √ √ 
2.0 Super structure   √ √ 
2.1 Walls and columns Columns Reinforced concrete √ √ 
 Beams Reinforced concrete √ √ 
 External walls 230 x230 x 450 mm hollow blocks x √ 
 Partition walls 150 x 230 x 450 mm hollow blocks x √ 
 External walls 100 x 150 x 300 mm solid blocks √ x 
 Internal walls 100 x 125 x 250 mm solid blocks √ x 
2.2 Roof Structure and covering Wall plate 75 x 100mm hardwood √ √ 
 Tie beam 50 x 150mm hardwood √ √ 
 Rafters/struts 50 x 100mm hardwood √ √ 
 Purlins 50 x 75mm hardwood √ √ 
 Noggins 50 x 50 mm hardwood √ √ 
 Fascia board 25 x 250mm hardwood √ √ 
 Roof covering 0.55 mm long span aluminium sheets √ √ 
2.3 Finishes Ceiling PVC Tiles √ √ 
 Internal walls Plastering and emulsion paint x √ 
 External walls Plastering and emulsion paint x √ 
 Floor finishes Vitrified ceramic tiles √ √ 
2.4 Doors/Windows/Fittings External doors Locally steel doors √ √ 
 Internal doors Hardwood panel doors √ √ 
 Windows Aluminium/glass casement √ √ 
 Anti-burglary bars 20 x 20mm hollow steel pipe √ √ 

Key: √ = Applicable, x = Not applicable 
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3.2 The Methods of Assessment 

 

In this section, the different EE and CO2 assessment methods are examined. The aim is to 
establish which method(s) to use. In the literature, three methods of assessment are quite common: 
the input-output analysis, the process analysis, and the hybrid analysis. Input-output LCA is a top-
down method for analyzing the environmental interventions of a product using a combination of 
national sector-by-sector economic interdependent data which quantifies the dependencies 
between sectors, with sector level environmental effects and resource use data [54]. In process LCA, 
known environmental inputs and outputs are systematically modelled through the utilisation of a 
process flow diagram. The process LCA is often called a bottom-up approach. This is because the 
subjects of analysis in process LCA are individual processing units and the flow rate and composition 
of streams entering and exiting such units. The above two (2) life cycle methods of assessment have 
advantages and disadvantages which have been extensively discussed [55-57]. In order to justify the 
choice of the methods used in this study, a summary of the merits and demerits of the preferred 
choice is examined. Input-output analysis suffers from lack of representativeness being used due to 
over-aggregation of data. Also, national sector-by-sector economic interdependent data or sectoral 
matrix is often too old and out of date in developed countries and worse in developing countries.  

Process-based LCA allows for a detailed analysis of a specific process at a point in time and space. 
The process analysis method was adopted. In process LCA, known environmental inputs and outputs 
are systematically modelled through the use of a process flow diagram (see Figure 11). The process 
LCA is often called a bottom-up approach. This is because the subjects of analysis in process LCA are 
individual processing units and the flow rate and composition of streams entering and exiting such 
units. Process-based LCA allows for a detailed analysis of a specific process at a point in time and 
space. Also, process LCA can be complex if the building has so many different types of building 
materials. Furthermore, Building Information Modeling (BIM) was used to automate and model a 
building that can systematically simplify the complexity of building materials and hence facilitating 
the task of EE and EC assessment. In this study, BIM was employed to simplify and validate results 
obtained from manual effectuation of the process-based method. 
 

3.3 Scope and Goal of Study 

 
The study presented in this paper uses an LCA framework as a tool to conduct a partial LCA, from 

cradle-to-gate site of the construction (i.e. pre-use stage only) of a low energy house constructed 
using onsite construction system (Figure 11). An inventory of the materials involved in the 
construction and the fossil fuel energy used during the construction is used to calculate the primary 
energy used and the associated embodied CO2. The goal of the study is to investigate the carbon 
consequences of constructing new housing, comparing different approaches and identifying areas 
that could deliver reductions in EE and CO2. 

The study scope includes the cradle to site emissions from: materials and products used in 
construction, final transport of the materials and products to site, transportation of waste to disposal 
and fossil fuel energy used on site during construction and in manufacture of TMC components. The 
site installations, materials waste produced on site, infrastructure required in production, such as 
roads, factories, warehouses and machinery, as well as the operational activities associated with 
administration and the workforce themselves (including their transport to site) were outside the 
boundaries of the study and are excluded. The EIs, where a process produces multiple or a subsidiary 
product was allocated by mass. In order to be able to make a fair comparison between different 
materials and approaches used a unit of study has to be defined (termed a functional unit). The 
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functional unit for this study is the external, thermal envelope of two (2) bedrooms and three (3) 
bedrooms apartment houses with a total floor area of 69.0m2 and 92.0m2. For the purposes of the 
study internal finishes fittings and services are also included. 

 

Fig. 11. Lifecycle process flow showing study production boundary 

3.4 Inventory Sources 

 
The computation of environmental emissions depends largely on the accuracy, relevance and 

completeness of inventory data. However, in most cases, complete data is often impossible to obtain 
and the computation of emissions is often found on the “best evidence” as a compromise. As 
individual data inventories do not contain all the emission factors for the estimation of EC for all 
building processes, a combination of various inventories are often used to carry out the estimation. 
On investigating the different impact factors’ inventories afore-mentioned, the Bath ICE is more 
specific to buildings than all the others embodied energy and carbon emission inventories used. 
Furthermore, it is widely used in Europe and is already being used in developing countries [50]. This 
is the most popular and most widely used emission factors dataset developed by the Sustainable 
Energy Research Team at the University of Bath [14]. Consequently, Bath ICE will be used in this study. 
To maintain the applied objectivity of this study, the EE and EC results obtained from using the Bath 
ICE should be used in a comparative sense. To facilitate understanding of computation variables, 
optimisation method using mathematical programming relating the different impact factors to the 
building material quantities will be examined in next section. 
 

4.  Results  

4.1 Mathematical Models  

 
The main reason for using emission or impact factors is to facilitate computation of emissions. By 

using emission factors, tedious tasks that would have involved chemical equations are avoided. This 
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is because emission factors are expressed as quantity of embodied energy or carbon per functional 
unit. For example, according to Bath ICE, the emission factor of virgin aluminium is 11.46kg. The 
functional unit is the “kg” in the denominator as it denotes quantity of virgin aluminium in 1kg. 
Therefore, to compute the emission from a given quantity of virgin aluminium, a simple multiplication 
of the total quantity and the emission factor is conducted. If there are several construction materials 
considered, then the products of the emission from different materials are added. This is modeled 
mathematically as in equations (1) and (2) [2]. Further details on the research methods are explained 
subsequently using equations (1) to (8) [58]. 

��� = � (1 + 	�) × �� × �
�

���
                                                            (1) 

��� = ∑ (1 + 	�) × �� × �                                                   �
���         (2) 

Where, EEk and ECk are EE and CO2 of material type k with units MJ and kgCO2 respectively; Wk is the 
waste factor (dimensionless) of material type k; Qk is the total functional quantity of material; Ik is 
the EE factor or embodied CO2 factor with units MJ/functional unit and kg/functional unit of material 
respectively. 

However, carbon emission for direct fuel combustion was calculated using the formula: 

CEF = A x EC                                  (3) 

Where, CEF = carbon emission from direct fuel consumption, A = activity data (litres of fuel), EC = 
emission coefficient (kg/litre of fuel). 
However, given the labour-intensive construction methods prevalent in the study area, manual 
energy was estimated using the manual energy coefficient for the tropical region as recommended 
by [59, 60]. 

Total Embodied Energy: 

EE = EEM + EET + EEC                               (4) 

Where, EE= total embodied energy, EEM = embodied energy of material (cradle-to-gate), EET = 
embodied energy of transportation, and EEC = embodied energy of construction. 
Material Embodied Energy (Cradle-to-Gate) 

EEM = QM [EECF]                                             (5) 

Where, EEM = cradle-to-gate embodied energy of material, QM = quantity of material (kg), and EECF = 
embodied energy coefficient of material (MJ/kg) according to ICE database and available local 
inventory data. 
 
Transportation Energy 

EET = QF [LHV]                                      (6) 

Where, EET = embodied energy of material transportation, QF = quantity of fuel consumed (litres), 
and LHV = lower heating value of fuel. 

The study assumed that all building materials were locally produced. Hence local transportation 
of materials was accounted for. Road haulage is the main mode of material transportation in the 
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study area and the fuel type was found to be predominantly diesel. The quantity of diesel was 
estimated using 35litres per 100kilometers for heavy duty trucks and 20litres per 100kilometers for 
light duty trucks [61]. 
 

Site Construction Energy 

 
This is divided into two parts namely: energy used by site equipment and site installations as well as 
manual energy. All fabrications were assumed to be carried out on the construction site. Energy and 
fuel use data were obtained from the records of the contractor that built the reference building. 
Where electricity is used for site construction activities, the primary energy content of grid electricity 
was estimated using the formula: 

E = 3.6[GE] PEF                         (7) 

Where, E = primary energy content of electricity use, GE = grid electricity use in kWh, PEF = primary 
energy factor of grid electricity, and 3.6 = conversion factor from kWh to MJ. 

The PEF for electricity in the study area was estimated to be 2.83 [62]. Also, if direct fuel combustion 
is used in the site construction, the primary energy content of direct fuel combustion is estimated 
using equation (7). 

Manual Energy 

ME = 0.75LT                                      (8) 

Where, ME = manual energy, 0.75MJ/hour = human energy coefficient, L = number of labour workers, 
and T = number of hours of work. 
Equation (8) above was derived from earlier work by [63] on agricultural productivity and used in a 
recent work by [64] on energy assessment of cement production in Nigeria. Because of lack of 
information about waste data in Nigeria, the waste factor was considered to be zero. 
 

Aggregation of Data 

 
Aggregation is a straight forward task. First, the emissions from a category are added independently. 
In other words, emissions from all the different construction materials, equipment, and personnel 
transport types used are independently computed. Then, the emissions from the three different 
categories are summed up to obtain a total. These steps were implemented in assessing EE and EC 
of the two case studies considered. 
 

4.2 Embodied Energy and Carbon Emissions of TMC Stabilise Clay Block House 

4.1.1 Cradles-to-gate performance  

 

The cradle to gate EE computations were performed by utilizing the bill of materials supplied 
from standard bill of quantities as well as the related materials EE coefficient as incorporated in the 
database of ICE (Inventory of Carbon and Energy). And the only local coefficient utilized was for 
cement as formulated by [64]. The coefficient was discovered to be comparable with the inventory 
of carbon and energy coefficient for cement. The case study house needs a total of 129,953.82MJof 
EE emissions, which corresponds to an EE of about 1883MJ/m2 (1.88GJ/m2) of floor area and which 
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is equal to 69m2. And EC emissions in the house construction is 15,689.70kg (0.0157kg), which is 
about 227.4kg/m2 of available floor area, as indicated in Table 3. Further results details of the LCA 
and the EE, EC values as well as density (kg/m3) of the materials used are summarised in Table 3. The 
remainder of this study presents the carbon results as kg of CO2.  An approximately 80% of the overall 
EC is embodied in the building materials integrated in the building (waste exclusive). While the 
balances were assigned to the activities of building construction like transportation of building 
materials to site, waste and energy utilized onsite. The EE and EC emissions of cradle-to-gate 
performance in the building construction were calculated by utilizing Equation (1) and (2). 

 
Table 3 

Cradle-to-gate performance computation 
Component assembly EE emissions  

(MJ/kg) 
Percentage 

(%) 
EC emissions (kg) Percentage 

(%) 

Site installation No data    
Substructure 70,154.17 54.0 10,001.89 64.0 

Walls and frames 10,255.38 8.0 810.35 5.0 
Roof structure and covering 32,298.00 24.0 1,804.56 11.5 

Finishes 1,217.14 0.4 76.89 0.5 
Doors/windows/fixture/fittings 16,010.23 12.1 1,127.86 7.0 

Plumbing installations 610.96 0.5 980.37 4.0 
Electrical installations 1,257.19 1.0 1,615.51 8.0 

Waste No data    
Total 129,953.82 100.0 15,689.70 100.0 

 

 

4.1.2 Transportation emissions  

 
The entire building construction materials utilized for the construction were produced locally. 

Thus, transportation energy includes only the local transportation. The most frequent or very 
common way of transportation of the building materials in this particular research area was 
discovered or detected to be through road by the services of diesel-trucks and petrol vehicles. 
Generally, cement is manufactured in Obajanna in Kogi state with an average travel distance to Abuja 
of 400km but it was purchase in Kuje commercial shop of approximately 6km to construction site. 
The transportation and overall diesel fuel consumption details that are linked with same are as 
indicated in Table 4. Using equation (6) [i.e. EET = QF (LHV)], the energy in transportation which is the 
overall diesel combustion primary energy was calculated at 2,740.45MJ. From Table 3, the energy 
strength of the material transportation was computed to be 0.001572MJ/kg, which is the same as 
the common energy strength factor of 0.00157MJ/kg that was followed for all transportation of 
materials, based on typical consumption of fuel as well as associated trucking costs [65] and was 
adapted by [46]. So therefore, transportation emissions were evaluated by using the IPCC protocol 
on mobile emissions and site construction emissions were computed from combustion emissions of 
energy-exhausting site construction equipment.  
 
4.1.3 Site construction emissions 

 
The site construction energy considers the construction equipment energy and manual energy. 

The contractor was questioned and it was discovered that the contractor was medium-sized 
companies that required a large expenditure of labour but not much capital practice construction. 
Therefore, the use of equipment was limited to manual block making machine, concrete mixers, hand 
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held vibrators, cutting machines, water pumping machines, on-site electricity generators and site 
office gadgets like office equipment, air-conditioners, lighting fittings as well as electric fans. The 
debris-moving equipment where essential and was leased from equipment leasing organisations but 
its use was for over-site excavation and site clearance. 
 

Table 4 

Material transportation energy 
Material Quantity Weight (kg) Truck size (1000kg) Trips Distance (km) 

Aggregate 15000kg 7.0 10 1 30 
Clay blocks 3700units 121 20 5 10 

Cement 150 bags 7.5 5 1 10 
Sand 15.5m3 21 20 2 40 

Filling Sand 33m3 56 10 2 30 
Steels 3.5kg 3.5 5 1 10 

Hardcore 22m3 49 10 2 30 
Timber 10.500kg 10.5 10 1 35 
Others 20.450kg 20.45 5 3 25 

Total  295.95  18 220 
 

 

4.1.4 Construction equipment energy  

 

The principal equipment utilized on the construction site is made up of manual block making 
machine, submersible water pump, vibrator, concrete mixer and generator, as well as hand-held 
instruments like grinding machine, drilling machine and cutting machine. Site office equipment like 
air-conditioners and electric fan included the rest.  The energy emissions from site construction were 
computed through the use of activity based technique to direct fuel expenditure and grid electricity 
expenditure which are capable of being traced to site construction instruments/equipment. 
Therefore, the energy needed for building on-site construction was computed as a percentage of the 
total material EE. Therefore, site construction equipment energy is as indicated in Table 5. 
 

Table 5 

Site construction equipment energy 
Type of energy or fuel Quantity(litres) Primary energy equivalent (MJ) Percentage (%) 

Diesel 10 359.40 52.4 
Grid Electricity NA NA NA 

Lubricants NA NA NA 
Petrol 10 327 47.6 

Total  686.40 100.0 
 

 

4.1.5 Manual energy  

 
The cost of labour was presumed to be 20% of overall cost of construction which is based on 

information or data from research area [66]. The prototype building overall cost from the priced bill 
of quantities in Nigerian currency was approximately ₦2, 500,000.00 (Two million five hundred 
thousand naira only) and the cost of direct labour cost was thus calculated as ₦500, 000.00 (Five 
hundred thousand naira only).  Following an even unskilled and skilled labour distribution as well as 
daily labour wage of ₦3, 000.00 (Three thousand naira only) and ₦1, 500.00 (One thousand five 
hundred naira only), respectively (as in Federal Capital Territory) as incurred from the construction 
site engineer questioned, the mean daily labour wage was calculated as ₦2, 250.00 (Two thousand 
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two hundred and fifty naira only). Thus the overall labour number utilized for this building project 
was 100. By following the human energy coefficient of 0.75MJ/hour as estimated in [63, 64] and 
established a mean daily working period of eight hours, the overall human energy input into the 
building construction was calculated by utilizing Equation (8) [i.e. Manual energy, ME = 0.75LT], as 
600MJ. The manual energy intensity was thus computed to be 0.833MJ/m2. 
 

4.1.6 Overall performance (embodied energy and carbon intensity) 

 

The overall computed EE and EC for the mention building is 133, 980.67MJ (134GJ) and 16, 
175.88kg respectively over fifty years building life span. These interpret to EE strength of 1942MJ/m2 
(1.94GJ/m2) and EC strength of 234.43kg/m2 or 4.69kg/m2/year. As showed in Table 6, the cradles to 
gate elements are the most vital, representing for about 97% of overall EE and CO2. 

 

Table 6 

Summary of performance computation 
Category EE emissions (MJ/kg) Percentage (%) EC emissions (kg) Percentage 

(%) 

Cradle-to-Gate 129,953.82 97.0 15,689.70 97.0 
Transportation 2,740.45 2.04 330.86 2.04 

Site construction 1286.40 0.96 155.31 0.96 
Total 133,980.67 100.0 16,175.88 100.0 

 

 

4.3 Embodied Energy and Carbon Emissions of CMC Sand-Cement Block House 

4.2.1 Cradle-to-gate performance 

 

In order to compare the impacts of various combinations of materials and assemblies on a larger 
spatial scale, a case study was incorporated in this study. The sand-cement block house scenario had 
an EE emission of 294,194.96MJ (3197.77MJ/m2) which equates to an EE of about 3197.77MJ/m2 of 
floor area, and is equal to 92.0m2 (Table 6). Then EC emissions in the construction of the house 
amounts to 41,565.57kg (0.042kg), which is about 451.80kgCO2/m2 of functional floor area (refer to 
Table 7). These shows that the results reveal that a sand-cement block house expends at least 126% 
more EE than stablise clay house and emits at least 165% more embodied CO2 than stabilize clay 
block house. The EE calculated in this research is to compared or worthy of comparison to the 
7200MJ/m2 found or got in former Brazilian study [38] but less than the intensities calculated in an 
Australian study [67]. In addition, it is also be comparable to the 2923MJ/m2 of EE and 378kg of 
carbon emission. Also, the initial EE constituent is be compared or worthy of comparison to that 
calculated in previous Malaysian study [68]. Therefore, the strategies of mitigation for buildings EE 
should be directed to both materials with high initial EE and materials with high recurring EE.  
Furthermore, the results details of the LCA embodied energy and carbon emissions values of this 
materials and assemblies utilized are summarised in Table 7.  

 
4.4 Results Validation using BIM Software 

 
The manual process is susceptible to errors and the chances of identifying the errors lose weight. 

As earlier discussed in sub section 3.5, Building Information Modeling (BIM) can be utilized to 
enhance the accuracy of process-based life-cycle assessment methods in the calculation of EE and 
EC. Also, it serves as an alternative to validate the computational results manually obtained. There 
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are different types of Building Information Modeling (BIM) software that are currently being applied 
to model buildings (Kurul et al. 2013). Revit is quite popular in the BIM software market. A major 
merit of Revit is that its building models can readily be converted into communicable formats that 
can be processed by other software (Abanda et al., 2013). The rules of construction quantity 
measurements and output presentation were adopted for this study as it is more commonly used in 
English speaking countries including Nigeria. Based on the 2D drawings and Architects specification 
Table 3 and 7 were modelled in Revit. The 3D equivalents are presented in Figures 12 and 13. 
 

Table 7 

Cradle-to-gate performance computation 
Component assembly EE emissions 

(MJ/kg) 
Percentage 

(%) 
EC emissions 

(kgCO2) 
Percentage 

(%) 

Site installation No data    
Substructure 97,114.99 33.2 13,861.97 33.3 

Walls and frames 129,434.25 44.0 19,991.51 48.0 
Roof structure and covering 43,052.68 14.2 2,408.00 5.8 

Finishes 2,290.04 0.8 145,41 0.6 
Doors/windows/fixture/fittings 20,434.85 7.0 1,422.31 3.4 

Plumbing installations 980.37 0.3 1,222.00 2.9 
Electrical installations 1615.51 0.5 2,514.37 6.0 

Waste No data    
Total 294,194.96 100.0 41,565.57 100.0 

 

 

    
Fig. 12. 3D TMC stablise clay block house 
Revit model 
 

Fig. 13. 3D CMC sand-cement block house Revit 
model 
 

5. Discussion  

 

After clearly identifying the performance of various materials and component elements 
assemblies, decision-makers are more knowledgeable in selecting weights that reflect their personal 
reliability on each analysis. This research discovered that a house built using CMC of sand-cement 
block house, produced a building with a 294,194.96MJ of EE and 41,565.57kg of EC emission, with 
126% EE and 165% EC more when compared with TMC of stabilise clay block masonry wall for a 
residential building with 133,980.67MJ of EE and 16,175.88kg of EC. Therefore, it is a known fact that 
the only difference between two types of wall assemblies built with the same materials is the air 
space that is present in the cavity wall and which is absent in the built-up wall. With this, it can be 
interpreted from the calculations shown in the previous section that the difference between 
performance of one material from another material exclusively and the difference between 
performance of the same materials used in the assembly highly varies. Most of the portion of this 
variation is highly associated with the presence/absence of the air space in the wall assemblies. A 



Journal of Advanced Research in Materials Science 

Volume 44, Issue 1 (2018) 1-24 

21 
 

Penerbit

Akademia Baru

conclusion that can be drawn from this is that it is not only material used in the construction that is 
responsible for the impacts on environments but also the way the component is constructed is the 
factor that highly influences the performance from an environmental perspective. 

After clearly identifying the performance of various materials and component assemblies, 
decision-makers are more knowledgeable in selecting weights that reflect their personal reliability 
on each analysis. In this case study, giving no weights, to evaluate the total performance of both the 
component assemblies, the analysis was performed. This is done to examine the effects on the scores 
when compared on a larger spatial scale rather than comparing at m2 unit level. The results 
demonstrate that based on importance weights, which a decision-maker can create based on his 
requirements, a cavity wall has more embodied energy and emit more carbon than the built up wall, 
and also a built up wall cost less than a cavity wall. To a more extensive indication of the performance 
of these materials and assemblies, it can be stated that the environmental performance difference 
between the two materials and assemblies (both on larger scale and m2 unit level) show a figure of 
major concern. 

With the performance scores of each assembly type, the present study is not aiming at 
normalizing and ranking the different combinations. This study attempts to incorporate the whole 
building system, in order to begin setting benchmarks for the industry. This would transform the way 
the industry performs environmental assessment on whole-building assemblies and materials and 
perhaps enhance research in more simplified tools and methods to conduct LCA. It is interesting to 
note that there is no support on the effect of EE and EC. When observed, it can be found that sand-
cement block house is responsible for a difference about 1256MJ/m2 of EE and 217.37kg/m2 of EC.  
 

6. Conclusion  

 

The objective of the study is to support decision-makers in selecting building materials and 
assemblies that are environmentally and economically balanced through a proposed qualitative 
evaluation system. The case study results that had high variability in performance scores were the 
motivation for the system. A case study was developed to test the evaluation system. 

A case study was developed to test the evaluation system. The results disprove conventional 
perceptions, including the suspicion that traditional method of construction (TMC) are more 
environmentally preferable compared to the present contemporary method of construction (CMC). 
Such results further reinforce the significance in taking a multi-attribute approach to assessing a 
building product’s sustainable and financial performance. The case study exposes the way in which 
the proposed system transparently demonstrates the implications of each analysis. It also proved the 
practicality of using the system, as it gives an insight of combining environmental and cost 
performance into an integrated performance value that is easily interpreted. 

Advances in research and development are perceived to promote a more reliable and popularized 
use of LCA. In the meantime, it is recommended that projects begin integrating the whole building 
process, using LCA in order to begin setting benchmarks for the sector. This would translate the way 
the sector performs environmental assessment on whole-building materials and assemblies and 
enhance research in more simplified tools and methods to conduct LCA. In addition is to perform a 
comprehensive cost study on common building types. By studying the cost variability within those 
types, other factors that account for variation can also be accounted. Lastly, in order to focus on a 
more integrated approach, it is necessary to account for the maintenance and operational costs of 
selecting specific materials and assemblies. Because of lack of data, EE and EC for site installation and 
waste were not computed. 
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