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Abstract

The annual expenditure on diesel oil and heavy oil in the construction sector is the second largest among all

industrial sectors. To meet the government’s greenhouse gas reduction targets, the construction sector has until 2020

to cut its emissions by 7.1%. Unlike other high-tech industrial sectors, the construction sector has a fairly limited

scope for technological improvements, which hampers its capacity to achieve the reduction target. To reduce emissions,

it is necessary to establish an energy and emissions strategy at the project planning stage, and energy use and the

resulting emissions must be estimated. This research aims to establish an estimation methodology for greenhouse gas

emissions at the planning stage of construction projects. To estimate the project-related emissions, this research

indentified the relationship among the types of emissions in a cross-sectional matrix form, and then provided a set of

calculation methods for total project related emissions.
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1. Introduction

According to NOAA(National Oceanic and 

Atmospheric  Administration) and NASA(National 

Aeronautics and Space Administration), the average 

temperature of the earth’s surface has risen by 

0.7~0.8℃ during the last 100 years. This 

phenomenon is considered to be caused by the 

continuous increase of greenhouse gas emissions, 

and if it continues, it is likely that the average 

earth surface temperature will rise to 1.8~4.0℃ 

higher than year 1990 level by the end of the 21st 

century[1].

In developed countries, the construction sector 
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represents 40% of total energy consumption and 

36% of carbon dioxide emission, figures that are 

related not only to the on‐site construction 

activities but also to material manufacturing for 

the construction process. In Western Europe, 

8~18% of all carbon dioxide emissions are 

associated with the manufacturing of construction 

materials, including transportation and assembly. 

Of the construction materials, production and 

transportation of concrete and steel share the 

largest portion of total emissions[2].

The Korean government has announced a 

greenhouse gas reduction plan, targeting a 30% 

reduction by 2020, and the construction sector is to 

cut 7.1%. Compared to other industrial sectors, this 

target is relatively modest, but the construction 

sector has limits when it comes to its capacity for 

energy saving and emission reduction. Unlike other 

high‐tech industrial sectors, the construction sector 

is fairly restricted in terms of its capacity to 
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achieve technological improvements, without which 

a reduction in emissions is hardly achievable.

According to Korean Statistical Information 

Service (KOSIS), annual spending on diesel oil and 

heavy oil in the construction sector is the second‐
largest among all industrial sectors, and kerosene 

and petrol spending is the third‐largest. Moreover, 

annual spending in the construction sector has 

been increasing along with the mining and 

chemical industry, while it has been decreasing in 

other industrial sectors.

Energy consumption and greenhouse gas 

emission occurs in every stage of the construction 

process, including the gathering of raw materials, 

materials and equipment manufacturing, materials 

and equipment transportation, on‐site assembly, 

demolition, and disposal of wastes. To reduce 

emissions, it is necessary to establish an energy 

and emissions strategy at the project planning 

stage. In addition, energy use and the resulting 

emissions must be estimated in order to follow the 

established strategy.

Due to the inherent characteristics of the 

construction industry, it is not easy to estimate 

greenhouse gas emissions in construction projects. 

For example, there are many aspects of high 

uncertainty in identifying and assessing the factors 

in construction sites that affect emissions[3]. In 

addition, Project management on a construction 

site is typically carried out based on time, cost, 

and quality. Although environmental factors have 

been emphasised recently in most industrial 

sectors, it is not easy to incorporate environmental 

factors into construction project management[4].

There has been a great deal of research work 

dealing with construction‐related emission problems. 

However, most has focused on emissions related to 

material production before the construction stage 

or operating facilities after the construction stage, 

and few have targeted emissions related to the 

construction stage.

Therefore, this research aims to establish a 

methodology for the estimation of greenhouse gas 

emissions at the planning stage of a construction 

project. The specific objectives are to identify the 

factors that affect greenhouse gas emission and 

energy use on a construction site, and to provide a 

procedure for the estimation of emissions on 

construction sites.

To estimate energy consumption and greenhouse 

gas emissions in construction projects, it must be 

understood that emissions occur throughout the 

whole process of the life cycle, including material 

manufacturing and transportation, worker and 

equipment transportation, on‐site assembly, 

maintenance activities, demolition, and disposal of 

waste material. This research limits its scope to 

the factors directly related to on‐site construction 

activities, such as material transportation and its 

on‐site assembly, worker transportation, and 

equipment transportation. In addition, this 

research provides a method of estimation for 

general situations of construction projects, and 

leaves methods of estimation for individual and 

specific activities for further research.

2. Previous Studies

According to EMAS (The Eco‐Management and 

Audit Scheme)[5], environmental aspects associated 

with the construction process include (1) emissions 

to air; (2) releases to water; (3) avoidance, 

recycling, reuse, transportation and disposal of 

solid and other wastes, particularly hazardous 

wastes, (4) use and contamination of land, (5) use 

of natural resources and raw materials (including 

energy), (6) local issues (noise, vibration, odour, 

dust, visual appearance, etc.), (7) transport issues, 

(8) risks of environmental accidents and impacts 
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arising, or likely to arise, as consequences of 

incidents, accidents and potential emergency 

situations, and (9) effects on biodiversity. Of these 

aspects, emission to the air is considered as the 

direct and indirect cause of global warming, and 

thus worldwide efforts to achieve reductions in this 

area are underway.

Although the embodied energy and greenhouse 

gas emissions associated with construction are 

generally considered to be relatively small compared 

to those required after the completion of buildings 

(such as for the heating, cooling, and operation of 

buildings), a significant amount of energy is 

consumed in construction work every year. 

European and US figures[6], for example, show the 

construction portion to be about 7‐10% of total 

embodied energy. The relative significance of 

greenhouse gas emissions for that is unknown.

Yan[7] and Seo[8] suggested a system boundary 

of greenhouse gas emissions in the construction of 

buildings as shown in Figure 1.

Figure 1. Greenhouse gas emissions in the construction

process[8]

Greenhouse gas emissions in the construction 

sector mostly result from fuel consumption to 

operate construction equipment and from electricity 

consumption to provide power to construction tools 

and offices. Off‐road diesel engines used by 

construction companies feature in a wide variety of 

equipment, such as loaders, dozers, excavators, 

graders, and other specialized equipment[9]. To 

reduce emissions, the US Environmental Protection 

Agency[10] suggested reduced idling, proper 

equipment maintenance, driver training, using 

properly sized equipment, replacing older, fuel‐
efficient equipment with newer models, using low‐
carbon fuels, and improving employee commuting 

method. Among these reduction methods, equipment 

and transportation related features are found to be 

the major sources of emission.

Lindgren[11] emphasised that a considerable 

amount of emissions occurs while operating on‐site 
equipment and transporting materials, and in both 

cases these are related to equipment. Emissions 

increases in situations such as an abrupt change in 

engine load and sudden acceleration are critical 

factors that affect the amount of emission, and are 

more common circumstances in the operation of 

construction equipment than in the operation of a 

passenger vehicle.

Cole[12] estimated greenhouse gas emission and 

energy use on construction sites. Cole categorised 

the aspects of greenhouse gas emission and energy 

use by the construction industry into three 

processes – worker and equipment transportation, 

material transportation, and on‐site assembly ‐ and 

examined energy uses and emissions of construction 

materials such as wood, concrete, and steel for each 

process. As shown in Figures 2 and 3, in the case 

of concrete, for example, it was found that a 

similar amount of greenhouse gas was emitted at 

each process, as the ratio is approximately 36:32:31 

(On‐site equipment use: Equipment & Material 

Transportation: Worker Transportation).
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Figure 2. Average construction energy for wood, steel, and

concrete assemblies[12]

Figure 3. Average construction greenhouse gas emissions for

wood, steel, and concrete assemblies[12]

Cole also compared the energy use and 

greenhouse gas emission from the materials which 

are selected during the construction process. 

Embodied energy was defined as the direct and 

indirect energy used to manufacture, transport, and 

install building products. In this definition, direct 

energy refers to the energy consumed in the 

construction of buildings representing the final 

transportation and installation of a component or 

assembly, while indirect energy, sharing the largest 

portion of embodied energy, represents the energy 

consumed in the production of building materials 

and their associated transportation. It includes all 

the energy used for the production of a component, 

and excludes the energy used for its transportation 

and installation on‐site.
While Cole’s study examined worker transportation, 

equipment and material transportation, and on‐site 
equipment use in order to estimate energy use and 

emission by the construction sector, a KICT (Korea 

Institute of Construction Technology) report[13] 

explained energy use as the sum of mechanical 

equipment use, transportation equipment use, office 

use, and other facilities use, which excluded worker 

transportation use.

Although previous researchers have taken many 

approaches, all have viewed the construction project 

as whole, rather than as a combined process of 

activities.

3. Life Cycle Assessment and Research Scope

LCA (Life Cycle Assessment) is a method of 

comparing the serviceability and economy of 

alternatives. When LCA is applied to building 

construction, it encompasses the analysis and 

assessment of the environmental influence of the 

building’s components, elements, and facilities 

throughout the life cycle of a building, including the 

construction, operation, and demolition processes.

The analysis of the total environmental effect of 

a building must include (1) the environmental 

influences of the energy required for transportation 

and assembly at the construction phase; (2) the 

replacement cycles of the various building 

components at the maintenance phase; (3) waste 

disposal at the construction and demolition phase; 

(4) the environmental factors occurring during the 

manufacturing of building materials for the 

construction of a building. 

As this research deals only with factors directly 
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related to on‐site construction activities such as 

transportation and assembly at the construction 

phase, the manufacturing, maintenance, and demolition 

phases will not be included. 

There are direct and indirect emissions in the 

construction sector. Direct emission involves the 

emissions related to the work process occurring in 

construction sites, and it is typically associated 

with the operation of equipment for excavation and 

hauling. Indirect emission occurs during the 

acquisition of raw materials, the manufacturing of 

the materials needed for the construction, and 

design and inspection[14]. This study excludes 

indirect emission from the research scope.

4. Transportation Emission and On‐Site Emission

On‐site energy use includes all the direct energies 

required for the installation and assembly of 

building components, the placing and curing of 

concrete, etc. According to Cole[12], as indicated in 

Figure 3, the on‐site energy use rarely exceeds one‐
third of the total energy required for the 

construction of a building. The remaining portion 

constitutes the energies required for the 

transportation of materials, components, and 

facilities as well as the transportation of workers. 

In this case, petrol and diesel usage for worker 

transportation can be assumed, as well as diesel 

for material and equipment transportation and 

diesel and electricity for on‐site equipment use.

5. Estimation of Energy Use

In estimating the amount of energy use, 

transportation‐related energy can be estimated 

based on the quantity estimate data, such as 

materials and labour required for each work 

process. The time and amount of material to be 

transported can be estimated based on the quantity 

estimates and work schedule. Quantity estimates 

contain information about the amount of materials 

required for each work process, and work schedule 

explains when these materials must be transported. 

The time and amount of equipment transportation 

can be estimated in similar ways. The 

transportation of fresh concrete, for instance, is 

related to the distance between the batching plant 

and the construction site. As fresh concrete must 

be delivered within the setting time, its travel 

distance is assumed to be less than one or two 

hours’ distance. Since more energy is required 

when a vehicle is travelling to the site (loaded) 

than when it is returning from the site (empty), 

these must be separately estimated.

With respect to equipment and machinery 

transportation, the amount of energy required for 

transportation needs to be estimated according to 

the type of equipment and machinery to be 

transported, which again depends on the project 

type and the characteristics of the work process. 

Large‐scale excavation work, for example, needs a 

relatively larger amount of equipment than labour 

force, while small‐scale building construction tends 

to use more manual labour. Equipment such as 

forklifts and tower‐cranes are operated throughout 

most of work processes and tend to consume 

relatively more energy for on‐site assembly work 

than for transportation. On the other hand, 

equipment such as truck cranes and concrete mixer 

trucks tend to consume relatively more energy for 

travelling than for on‐site work. In such cases, the 

frequency with which the equipment must travel 

can be estimated by dividing the work quantity of 

each by its capacity. By multiplying the travelling 

frequencies by the travelling distance, total 

travelling distance can be estimated, and its energy 

requirement can also be estimated, accordingly.
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Material transportation can be estimated 

according to the travelling load, distance, and 

frequency. Worker transportation is more complicated, 

as there are various types of transportation methods. 

As travelling distance and means of transportation 

affects the amount of energy, and there is a 

difference in load between transporting and returning, 

separate values or average values can be applied for 

the estimation of transportation use. In order to 

estimate average values, site location and traffic 

situation must be considered, as those values 

significantly affect the result.

Since construction projects have some labour‐
intensive characteristics, a large amount of energy 

is required for worker transportation, which means 

that worker transportation is directly related to 

emissions in the neighbouring area. Worker 

transportation occurs throughout the construction 

period, and the amount of worker transportation 

can be estimated based on the resource allocation 

schedule.

Figure 4. The effect of construction factors on greenhouse gas

emission and energy use

6. Modelling Emission Process

The amount of greenhouse gas emission due to 

the energy use from construction sites varies 

according to the type of structural assembly, 

construction method, material, etc. Figure 4 shows 

the effect of various factors of construction sites, 

such as materials, methods, manpower, and 

equipment, on the greenhouse gas emission and 

energy use.

Site location affects design and transportation 

distance. Designers determine the materials to be 

used, which affects the amount of material 

transportation. Before assembling the materials, the 

assembly method, equipment, and manpower must 

be decided, which affects the amount of worker and 

equipment transportation. Figure 5 is the stock and 

flow diagram showing the process of energy 

burning and emission and the effect of various 

factors on these.

Transportation use and on‐site use are the two 

main types of energy use and greenhouse gas 

emission from construction sites. If we look at 

these two types of energy use and greenhouse gas 

emission in relation to workers, equipment and 

materials, and work processes, it can be summarised 

as shown in Figure 6.

Figure 5. Stock and flow diagram showing the effect of various

factors on greenhouse gas emission in construction projects
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Figure 6. Greenhouse gas emission occurrence points in relation

to workers, equipment and materials, and processes

Every intersection of the axis is an estimation 

point where emission can occur. For instance, at the 

intersection point of the process  and the material 

, two types of emission can occur – transportation 

emission  and on‐site use emission 

; likewise, for the process  and the 

worker  and  can occur. By 

adding the two types of emissions, the total emission 

amount can be estimated.

Production‐related emissions (equipment and 

materials) include emissions required for the 

production, maintenance, and recycling of 

construction machines, tools, equipment, and 

materials,

where  is the production‐related emission and 

, kth materials and equipment. 

On‐site use emission:

where  is the on‐site use emission and 

, ith assembly processes.

Equipment and material transportation:

where  is the transportation emission and 

, kth materials and equipments.

Worker transportation emission:

where  is the transportation emission and 

, jth trades of workers.

Total project‐related emission:

Emissions for individual activities can be 

estimated according to the guidelines provided by 

previous researchers, such as IPCC guidelines[15] 

and Korea Institute of Construction Technology 

report[13]. IPCC guidelines provide emissions 

estimation methods for mobile and stationery 

combustions. In order to obtain the data required 

to estimate the on‐site emissions as displayed in 

Figure 6, detailed quantity estimates and work 

schedule is required. For instance, the amount of 

energy required for a particular work process can 

be estimated by multiplying its work quantity by its 
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unit energy requirement. With regard to the on‐site 
use data for equipments and materials, energy 

requirement can be derived from productivity, 

engine size, transportation load, etc. On 

construction sites, there is various equipment that 

directly or indirectly emits greenhouse gas on‐site. 
Direct emission equipment includes most diesel‐
powered equipment, such as dozers, loaders, 

backhoes, etc. while indirect emission equipment 

mostly uses electric powers. Indirect emissions can 

be estimated by oil equivalent conversion factors, 

and direct emissions can be estimated using 

emission factors specific to each source of power. 

For the estimation of electricity powered equipment, 

oil equivalent conversion factors and carbon 

footprint can be used according to the power 

generation systems. For instance, coal burning 

power systems have the largest carbon footprint of 

all the electricity generation systems analysed here. 

The average carbon footprint of oil‐fired electricity 

generation plants is 650gCO2eq/kWh. Current gas 

powered electricity generation has a carbon footprint 

around half that of coal (500gCO2eq/kWh).

7. Conclusion

This study was conducted in order to identify the 

range and types of greenhouse gas emission in 

building construction projects. Greenhouse gas 

emission can be divided into production‐related 

emissions and project‐related emissions. Production‐
related emission includes the manufacturing of 

building materials, equipment, tools, etc. while 

project‐related emissions consist of on‐site use 

emissions, worker transportation emissions, and 

equipment and material transportation emissions. 

Emissions related to the disposal of construction 

waste can also be included in on‐site assembly, 

which in this research are assumed as estimated 

independently.

To estimate the project‐related emissions, this 

research indentified the relationship among the three 

emission types in a cross‐sectional matrix form, and 

then provided a calculation method for total project 

related emissions. The estimation method presented 

in this research will be used for the following 

purposes.

First, this method can be used to generate a 

more feasible estimation of energy use and greenhouse 

gas emission by incorporating work processes and 

energy use for transportation and on‐site assembly, and 

the results can be used for more energy‐efficient 
project management.

Furthermore, it can be used to predict and 

compare the greenhouse gas emission of alternative 

construction plans, and to adjust plans to select 

the more energy‐efficient and less greenhouse gas 

emitting project plan for on‐site assembly.

In addition, it can be used to provide comprehensive 

evidence of greenhouse gas emission to the client and 

to the local authority.

As there are high uncertainties on construction 

sites, an accurate estimation of emissions is not 

always possible. The estimation methods provided in 

this research will be more useful if they are 

combined with probability theories. Further research 

is needed to implement models that explain 

uncertainty and provide a range of deviation for 

greenhouse gas estimation.
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