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~Focused on “Dual Carbon” (Third Chapter )

In recent years, Chinese highway transport industry has attached great importance to Carbon peak and carbon neutrality, and
realizing the carbon peaking and carbon neutrality goals has been the focus of the whole industry. To this end, we invite relevant experts
to introduce new technologies, new models and new business forms that promote the green and low-carbon development of the industry
from the aspects of policy formulation to engineering practice.

Delimitation of Carbon Emission Quantification

Boundary on Expressway Construction Period
Based on LCA Theory

Yanan Qi' Wanjun Deng’
(1.Research Institute of Highway Ministry of Transport. Beijing 100088; 2.Jiangxi Communications Investment Group Co., LTD.
Nanchang Jiang Xi 330200,)

Abstract: Transportation is among the most promising, but also most challenging areas for carbon emission reduction, in
which highway transportation is the major source of carbon emissions. This study aims to define quantification boundary of the
characteristics of carbon emissions from highway construction, and to provide a reference for carbon emissions calculation from
engineering construction. The findings show that delimitation of carbon emission boundary for expressway construction period
through LCA theory will benefit accurate accounting of carbon emissions in expressway construction period, while providing an

important reference for the control of carbon emissions in highway construction.
Keywords: highway construction;carbon emissions;construction period;boundary delimitation

The process of a product, activity, production
process, on a service from “Cradle” to “Grave” is the
most direct interpretation to its life cycle, and the
process refers to the entire link covering acquisition of
raw materials, production, utilization, and scrapping.
Life Cycle Assessment (LCA) is a sort of method in which
stock record for input and output of the entire link of a
system is made so as to assess relevant environmental
factors and potential impacts of the entire link. During
expressway construction process, the carbon emissions
may be traced while materials are taken as a traceable
source. Despite this, the construction process is highly
complicated and involves an enormous number of
materials, thus this paper needs to make a quantitative
analysis of the research process according to real
engineering survey results. In case of excessive pursuit
of comprehensive and extensive quantitative research
contents, we need to set a host of assumptions, and
further analysis will lead to difficulty in acquisition of
data, which might bring about propagation of error and

reduction of data reliability. Therefore, it is necessary to
delimit quantification boundary in a reasonable fashion.

1 Carbon Emission Tracing In Life Cycle of
Construction Materials

1.1 Raw Material Production

Raw materials for expressway construction include
sand and stone, steel, cement, and asphalt, etc. During
the research course, most researchers in China only consider
raw material processing as raw material production. In this
paper, we divide raw material production into two stages:
Stage 1 refers to raw material production (upstream stage),
and it involves the process from exploitation of raw materials
to transportation of raw materials to the processing site;
Stage Il refers to raw material production (processing
stage), in which raw materials are processed into a single
product before they are transported to the mixing yard. In
this research, upstream production of raw materials takes
place within material manufacturer’s yard, so we are unable
to know specific energy consumption in the production, so
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Figl. Delimitation of quantification boundary
conditions at raw material production stage

we adopt literature research and instance approach and
leverage authoritative report and factors in the standard for
calculation. For material processing, since it takes place in
this project, we can get specific data on material and energy
consumption through statistics and investigation, thus the
data arises from sum-up and calculation. So, see Fig. 1 for
the delimitation of quantification boundary conditions at
raw material production stage.

1.2 Raw Material Transportation

In this research, raw material transportation also falls
into two stages: Stage | refers to the process in which
raw materials are changed into a single product at the
processing plant and then transported to a prefabrication
plant, processing plant, and mixing station, and it is
also called "Processing Plant-Transportation to Three
Plants (Reinforcement processing plant, mixing plant and
prefabrication plant)” stage; Stage Il is the “Three Plants-
Transportation to Construction Site” stage, in which
processed or prefabricated bituminous mixture and
prefabricated members are transported to the construction
site. See Fig2 for the delimitation of quantification boundary
conditions at raw material transportation stage.

1.3 Construction Stage

After being transported to the construction site, raw
materials will be subjected to mechanical processing,
spreading, and roller compaction and hoisting at the
construction site, and changed into highway engineering
form. See Fig. 3 for the quantification boundary.

2 Classification of Quantification Unit Based on
Quantification Boundary

In this paper, we, based on theoretical data and
investigation data, focus on research of quantification
of carbon emissions to external environment during life
cycle of expressway construction. After delimitation of
quantification boundary conditions, details of energy
consumption and carbon emission within specific scope
must be clarified. In definition of multiple units within
each scope, the sum of energy consumption and gas
emissions is the final quantification outcome.

Fig2. Delimitation of quantification boundary
conditions at raw material transportation stage

Fig3. Delimitation of quantification
boundary conditions for mechanical energy
consumption at the construction stage

2.1 Classification of Energy Consumption Inventory
Unit

Energy consumption refers to consumption of energy
per unit of time. For example, energy consumption process
differs in construction of asphalt pavement: raw material
production machinery consumes most energy in raw material
production (processing stage); dump truck consumes most
energy at the transportation stage; construction machinery
(including paver, vibrating compactor, and mixing station)
consumes most energy at the construction stage. In
addition, there are numerous types of energy consumed:
large-scale production & processing machinery likely
consume heavy oil, coal, natural gas, and electric energy,
etc., whereas transportation construction machinery is
probably driven by diesel oil, gasoline, fuel oil, and electric
energy. Due to a series of factors such as more and more
attention to environmental protection, promulgation
of relevant environmental protection rules, upgrading
of machinery, and clean use of energy, types of energy
consumed change accordingly. In this part, we first define
preliminary unit of research segment for each stage, and
determine energy type of each unit according to relevant
model, literature research, and real research results, in order
to assure the research timeliness.

2.2 Classification of Carbon Emission Inventory Unit

Carbon emission usually refers to GHS emission.
Greenhouse gases (GHG) mainly include carbon dioxide
(CO,), methane (CH,), nitrous oxide (N,0), ozone, HFCs,
PFCs, and sulfur hexafluoride, etc., of which, the first three
gases contribute most to greenhouse effect resulting
from GHG. During expressway construction process, GHG
emissions mainly arise from energy consumption and land
disturbance, in which fossil fuel burning predominates.
In addition, consumption of electric energy and natural
gas leads to carbon emissions. In this part, qualification
of carbon emissions must match classification of energy
consumption inventory unit. In other words, we will mainly
quantify carbon emissions relating to energy consumption
in aforesaid stages. And carbon emissions are quantified
only for CO2, CH4, and N20O emissions. Meanwhile, the
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Figd. Carbon emission inventory unit at the highway construction stage

effective energy utilization rate is established as 100%
conversion to make it easy to quantify the calculation.

See Fig 4. for the classification of carbon emission
inventory unit.

3 Statistics and Accounting Principle

Since highway engineering involves a variety of
materials and equipment and it’s difficult to make analysis
one by one, we only research objects that meet one of
the following three principles, in order to facilitate the
research.

1)Mass principle: include building materials
(cumulative mass accounting for above 95% of total mass)
in the calculation scope.

2) Cost principle: include building materials
(cumulative cost accounting for above 95% of total cost)
in the calculation scope.

3) Energy consumption principle: include machinery
and equipment (cumulative energy consumption
accounting for above 95% of total energy consumption) in
the calculation scope.

4) Principle of responsibility in accord with authority:
only include those building materials, machinery, and
equipment (to which the highway construction unit has
responsibility in accord with authority) in the calculation
scope, and exclude irrelevant factors (such as temporary
housing and motor for use). In this project, we include
the actually consumed energy and materials in the
calculation, in order to live up to no repetitive or missing
calculation.

In this research, we adopt statistical approach to
sum up mechanical energy consumption and material
consumption of A Expressway Project. See Fig. 5 for the
accounting scope of tabulated statistics in this research.

Pursuant to Technical Standards of Highway
Engineering (JTG B01-2014), we classify mechanical
energy consumption and material consumption of

Figh. Accounting scope of tabulated statistics

Daging-Guangzhou Expressway Nanlong Expansion
Project into roadbed works, pavement works, bridge
works, tunnel works, facilities along the line, and “Two
Zones (Work zone and living zone), Three Plants”. When
devising the table, we make special tables for each work
while taking into account machinery, equipment, and
material consumption etc. in the statistics.

4 Conclusions

Delimitation of carbon emission boundary for
expressway construction period through LCA theory
will benefit accurate accounting of carbon emissions
in expressway construction period, while providing an
important reference for the control of carbon emissions in
highway construction.(E)
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