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Abstract  

 
This study emphasized on the famous factors (activity, structure and intensity) responsible for energy consumed in 
the South African Construction and Building industry between 1994 and 2016. A famous technique in the 
understanding of such factors was employed – Logarithmic Mean Divisia Index (LMDI). Structure effect was 
inconsequential on its impact on the change in energy consumption. Intensity on the other hand played its role to 
affecting the energy consumption positively but could not overturn the increase experienced during the period of 
study. Activity effect was the major contributor to the 88.7% increase in the energy consumed. Improvement on energy 
efficiency within this industry requires not just investment on new technologies but improvement on existing 
technologies will improve the various activities/operations needed within the industry. 

Keywords  
Construction and Building industry, LMDI, energy consumption, energy efficiency. 
 
1. Introduction  
 
Building and construction industry has been reported to be among the largest carbon emitters in the world (Wang et al., 
2018). 25% of the world’s carbon emissions is contributed by building’s energy use (Monahan and Powell, 2011). Apart 
from the contributions of building and construction industry as well as building’s energy use to the global carbon 
emissions, the cement sector contributes additional 5% of the global carbon emissions (Worrell et al., 2001). Year 2014 
reported the cement industry consuming 7% of industrial energy consumption globally (Kermeli et al., 2019). With the 
high level of process emissions during cement production, the industry is positioned second to the iron and steel industry 
in the emission category reporting 6% of global carbon dioxide emissions (International Energy Agency (IEA)., 2017). 
The management of carbon emissions has put increased pressure on the building and construction industry (Li et al., 
2017)(Wu, Xia and Wang, 2015).  Cement production is associated to construction activity, in other words linked to 
building and construction and civil engineering and construction industries. 

These emissions encountered by the building and construction are due to the industry’s energy intensive nature (Wu et 
al., 2019). To successfully manage the industry’s carbon emission, analysis of previous trend of energy use becomes 
significant. This study focusses on evaluating the energy use from South Africa’s construction between 1994 and 2016 
by identifying those influencing factors, which can lead to effective policy making. 

The increasing concern surrounding energy savings and emission reduction issues has led various studies to explore 
and quantify the factors responsible for those changes (Wang and Feng, 2018b). Such studies adopt decomposition 
techniques to understand such changes. The famous decomposition techniques are the structural decomposition analysis 
(SDA) and the index decomposition analysis (IDA). Both techniques are unique in their own way. The theory behind 
SDA was thoroughly reviewed by Rose and Casler (Rose and Casler, 1996). SDA’s functionality is dependent on an 
input-output tables which limits its use as these tables are not readily available (Mi et al., 2017). IDA’s functionality on 
the other hand is dependent on the concept of index number (Hoekstra and Van den Bergh, 2003). Due to minimum 
data requirements, IDA is preferred by most researchers to SDA (Lin and Liu, 2015). From the revisions of various 
IDA methods, Ang (2004) concluded with Logarithmic Mean Divisia Index (LMDI) as the preferred choice given its 
simplicity when it comes to usage and interpretation of result as well as its theoretical foundation. 
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2. Literature 
 
The application of LMDI to understand energy use is been witnessed in many studies. Some of these studies include 
identification of these factors responsible for the change of energy consumption in buildings at commercial sectors (Cai, 
Ren and Cao, 2014)(Zhou and Chen, 2015). From 1990 to 2009, Xu et al., (Xu et al., 2012) analysed both energy 
consumption and CO2 emissions of China’s cement industry by applying LMDI. The result spotted the increase of 
cement production to be responsible for the increase in energy consumption while decrease in clinker shares and 
structural shifts drove down both the consumption of energy and CO2 emissions. 

Residential sector has also had its share of LMDI response when it comes to understanding the sectors energy use. One 
of those studies is that of Nie and Kemp (Nie and Kemp, 2014). Nie and Kemp (2014) investigated changes from 
appliances, change in floor space, population and energy mix contributions to the consumption of China’s residential 
energy consumption from 2002 to 2010. With the application of LMDI, energy using appliances contributed most to 
the consumption of energy, next to floor while population was a stable factor and least important was the energy mix. 
Achão and  Schaeffer (2009) looked at the Brazilian residential sector’s energy consumption from 1980 – 2007. 
Electricity consumption was decomposed into the famous three factors which are the activity (consumers), intensity 
and structure effect (regional and income). Activity resulted in the most responsible factor for the consumption. Similar 
to the study of (Achão and Schaeffer, 2009) was the study of  (Chung, Kam and Ip, 2011). Chung, Kam and Ip (2011) 
applied LMDI to Hong Kong’s residential energy consumption from 1990 – 2007 to understand the contribution of 
households (activity), household type (structure) and energy consumption per household (intensity) and climate effect 
to the change in Hong Kong’s residential energy consumption. 

The transport industry has also made its mark when it comes to understanding those factors responsible for the industry’s 
change in energy consumption. LMDI was applied to analyse the influencing factors of cargo transport’s energy 
consumption in China from 2000 – 2002. Analyses revealed that GDP growth and degradation of transportation 
structures were responsible factors to the increase in energy consumption (Wu and Xu, 2014). At the Tunisian transport 
sector, factors responsible for the sector’s change in fossil energy consumption through the use of LMDI between 1985 
and 2014 was studied (Achour H, 2016). Transportation structure effect, transportation intensity effect, economic output 
and population scale effect all reported positively except energy intensity’s effect on the consumption of energy, which 
reported negatively. 

In trying to understand the Chilean industrial sector’s energy consumption for the purpose of determining which of the 
country’s sub-sectors had the greatest potential for energy consumption reduction, LMDI was applied. The study 
concluded with stable energy consumption throughout the period of study even though there was a rise in energy 
intensity (Duran, Aravena and Aguilar, 2015). Factors responsible for the variations in energy consumed at the 
Chinese’s non-ferrous metal industry from 2000 to 2014 was explored (Wang and Feng, 2018a). The study’s analysis 
was based on LMDI, resulting in labour productivity effect increasing the energy consumption and the main contributor 
to the energy increase next to industrial scale effect. Energy intensity effect on the other hand contributed strongly to 
the decrease in energy consumption. 

Considering investment effect, energy intensity effect, economic structure effect, labour effect and energy mix effect 
from the study of (Wang et al., 2014) through LMDI to understand these effects on China’s energy consumption from 
1991 to 2011; energy intensity effect was crucial in the reduction of energy consumption whereas investment effect 
was responsible for the increase in energy consumption. In defining the contributions of end-use energy structure, 
electricity generation efficiency, and fuel-mix in electricity generation related to the growth of CO2 emissions in 
Malaysia, Chong et al., (2019) applied LMDI during 1978 – 1990, 1990 – 2002 and 2002 – 2014 periods. Results 
indicated energy intensity influencing changes in the energy-related CO2 emissions. In the decomposition of energy 
consumption to understand the factors responsible for aggregate energy consumption in EU-27, between 2001 – 2008, 
it was discovered that improved energy efficiency could not overturn Europe’s economic activity pressure on the energy 
consumption. Most of the Mediterranean countries had an increase in energy consumption due to structural change. 

Decomposing both China’s energy consumption and energy intensity between 1995 and 2015 resulted in economic 
growth been the responsible factor on the energy consumption, while the reduction of energy consumption was due to 
energy intensity. The structural effect had little or no effect on the energy consumption. The western region of China 
consumed more energy than the eastern region especially between 2000 and 2015 period (Liu et al., 2019). LMDI was 
applied to understand reasons behind the changes in Latvia’s energy intensity from 2008 to 2012. The reduction of 
energy intensity after 2008 was as a result of the reduction on energy intensities within the sectors while an increase 
was due to expansion of energy demand sectors (Timma and Blumberga, 2014). Macao’s energy-related emissions was 
decomposed using LMDI during 2000 to 2011 period. The factors reported to be responsible for the increase on energy-
related emissions were the economic scale effect and energy structure effect (Chen et al., 2018). In the analyses and 
decomposition of California’s industrial energy intensity between 1997 and 2008 period, Hasanbeigi, De and Sathaye 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Sao Paulo, Brazil, April 5 - 8, 2021

© IEOM Society International 250



(2012) applied LMDI. The result picked the intensity effect and structural effect as those factors responsible for the 
industry’s energy reduction since 2000. 

From literature, no study in the South African context in particular has holistically considered assessing the way energy 
was consumed on industries related to cement use. Similar studies in past only studied these sectors aggregated with 
other industrial sectors. It is imperative to have a clear understanding of those factors responsible for such increase in 
those sectors related to cement use. A direct effect of these changes will guide in policymaking. For such purpose of 
direct effect, IDA is most suitable for this task. The following section details the methodology and data, followed by 
the results and finally the conclusion. 

3. Methodology and Data 
 
With the assumption of aggregate 𝑈𝑈 composed of 𝑚𝑚 factors (𝑥𝑥1, … , 𝑥𝑥𝑚𝑚), i.e. 𝑈𝑈 = ∑ 𝑈𝑈𝑖𝑖𝑖𝑖  and 𝑈𝑈𝑖𝑖 = 𝑥𝑥1,𝑖𝑖  𝑥𝑥2,𝑖𝑖 … 𝑥𝑥𝑚𝑚,𝑖𝑖 . A 
further assumption from period 0 to T leads to the aggregate changing from 𝑈𝑈0 to 𝑈𝑈𝑇𝑇 . The objective of the IDA 
(Additive LMDI for this study) is to understand the impacts of the 𝑚𝑚 factors to the change in the aggregate. 
 
3.1 Additive LMDI 
 
Activity, structural and intensity effects are used in the analyses of the change in energy consumption during the periods 
concerned. The changes in energy consumed between the period 0 to the period T is decomposed thus: activity (the Q-
term, which captures the sector’s contribution to the complete gross domestic product (GDP)), energy intensity (the I-
term, which refers to the energy efficiency changes), and the structural effect (the S-term, referred to as to shifts in the 
mix of products or activities). Each factor defines the changes in the amount of energy consumed within the periods 
concerned. The factors contributing to the changes are to be explained through the decomposition analysis with the 
terms below 

𝐸𝐸𝑖𝑖 – Total energy consumed within sector 𝑖𝑖 

𝐸𝐸 - Total energy consumed (𝐸𝐸 = ∑ 𝐸𝐸𝑖𝑖𝑖𝑖 ) 

𝑄𝑄𝑖𝑖  - Production value within sector 𝑖𝑖 

𝑄𝑄 - Total value produced (𝑄𝑄 = ∑ 𝑄𝑄𝑖𝑖𝑖𝑖 ) 

𝑆𝑆𝑖𝑖 - Production share by sector 𝑖𝑖 (𝑆𝑆𝑖𝑖 = 𝑄𝑄𝑖𝑖
𝑄𝑄

)  

𝐼𝐼𝑖𝑖  - Energy intensity consumption within sector 𝑖𝑖 (𝐼𝐼𝑖𝑖 = 𝐸𝐸𝑖𝑖
𝑄𝑄𝑖𝑖

) 

𝐸𝐸 = ∑ 𝐸𝐸𝑖𝑖𝑖𝑖 = ∑ 𝑄𝑄𝑖𝑖
𝑄𝑄𝑖𝑖
𝑄𝑄
𝐸𝐸𝑖𝑖
𝑄𝑄𝑖𝑖

= ∑ 𝑄𝑄𝑖𝑖 𝑆𝑆𝑖𝑖𝐼𝐼𝑖𝑖      (1) 

𝐸𝐸𝑇𝑇 − 𝐸𝐸0 = ∆𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡 = ∆𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎 + ∆𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠 + ∆𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖    (2) 

With an assumption of an aggregate 𝑈𝑈 composed of 𝑛𝑛 factors (𝑥𝑥1, … , 𝑥𝑥𝑛𝑛), thus, 𝑈𝑈 = ∑ 𝑈𝑈𝑖𝑖𝑖𝑖  and 𝑈𝑈𝑖𝑖 = 𝑥𝑥1,𝑖𝑖  𝑥𝑥2,𝑖𝑖 … 𝑥𝑥𝑛𝑛,𝑖𝑖 . 
Also assuming further from period 0 to period T culminating to an aggregate changes from 𝑈𝑈0 to 𝑈𝑈𝑇𝑇 . The objective of 
the additive LMDI will derive the contributions of the 𝑛𝑛 factors to the change observed in the following form 

∆𝑈𝑈𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑈𝑈𝑇𝑇 − 𝑈𝑈0 = ∆𝑈𝑈𝑥𝑥1 + ∆𝑈𝑈𝑥𝑥2 + ⋯+ ∆𝑈𝑈𝑥𝑥𝑥𝑥    (3) 

∆𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎 = ∑ wii ln �Q
T

Q0
�       (4) 

∆𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠 = ∑ 𝑤𝑤𝑖𝑖𝑖𝑖 ln �𝑆𝑆𝑖𝑖
𝑇𝑇

𝑆𝑆𝑖𝑖
0�       (5) 

∆𝐸𝐸𝑖𝑖𝑛𝑛𝑡𝑡 = ∑ 𝑤𝑤𝑖𝑖𝑖𝑖 ln �𝐼𝐼𝑖𝑖
𝑇𝑇

𝐼𝐼𝑖𝑖
0� ;       (6) 

where 𝑤𝑤𝑖𝑖 = 𝐸𝐸𝑖𝑖
𝑇𝑇−𝐸𝐸𝑖𝑖

0

ln 𝐸𝐸𝑖𝑖
𝑇𝑇−ln𝐸𝐸𝑖𝑖

0       (7) 
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3.2 Data 
 
To understand those factors responsible for the changes in energy consumption within the sectors related to cement 
use in South Africa, energy and GDP data for 1994 and 2016 of building construction and civil engineering and other 
construction were analyzed. Figure 1 is a summary of the energy consumed and GDP for the subsectors under 
investigation. Quantec, a private company in South Africa provided the data. Production data, given in the form of 
GDP and energy are expressed in R million current prices. 
 

 
Figure 1: Data for GDP and Energy consumption for 1994 and 2016 for the observed industrial sectors in R million 
current prices 
 
4. Results 
 
The application of the additive LMDI gave an easy to understand result as depicted in Figure 2. Factors considered are 
the activity, structure and intensity. Assessing the contributions of these factors would inform if energy was consumed 
efficiently in the observed sectors. There was an increase in energy use by 88.7% from 1994 to 2016. Activity factor 
was the most responsible factor for the very high consumption of energy. Intensity on the other hand, though depicting 
an improvement in energy efficiency, could not overturn the role played by activity effect to increase the sectors energy 
consumption. A positive structure effect leans towards increased energy intensity. This study however, leans towards a 
reduced intensity, though minimal to have any effect in the reduction of energy consumption. 

 

 
Figure 2. Result from the additive LMDI application 
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5. Conclusion 
 
In this study, factors responsible for the increase in South Africa’s energy consumption at the building construction and 
civil engineering and the construction industrial sectors was analysed between 1994 and 2016. These factors include 
activity, structure and intensity. Analysis was carried out using the additive LMDI. It can be concluded that (1) activity 
was the most responsible factor leading to 88.7% increase of energy from 1994 to 2016. Most of the activities involved 
in the industry are the extraction, processing and manufacture, transportation and assembly. Production of a concrete 
would require approximately 2.775 MJ of energy. The amount of energy is a lot especially with the number of concretes 
to be manufactured by these industries in the promotion of economic growth. (2) Intensity had a positive effect on the 
energy consumption through its reduction proving efficient use of energy though not sufficient enough to reduce the 
total consumption of energy. (3) Structure effect was unrecognizable in its impact made towards the increase of energy 
consumption during the period of study. 

To improve on the energy efficiency as it concerns the various activities, not just investment on new technologies are 
important but an improvement of existing technologies would go a long way. This will lead to an improvement in the 
operational efficiency and optimization of the allocation of resources (in this case – energy) as it is required for the 
industry processes. 
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