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*e carbon emission at the embodied phase is a complex combination, extending the life cycle of the building, defining the process
of the embodied phase scientifically and finding out the direct and indirect carbon emission sources in the embodied phase.
Building materials have the characteristics of “low carbon surface, hidden high carbon.” Emission factor calculation method is
used to establish carbon emission model for building materials. Considering the effect of design optimization on the carbon
emissions of the whole life cycle of the building, a low carbon level system is set up to optimize the target of low carbon design. In
the construction phase, the carbon emission sources, emission boundary, and calculation model are determined according to the
subdivisional engineering division method. *rough a series of process decomposition, the total amount of carbon emissions at
the embodied phase can be obtained, and the carbon emission quota list at the embodied phase can be compiled to provide
technical support for the carbon trading mechanism of the building.

1. Introduction

Population growth, environmental pollution, and energy
shortage are the threemajor problems to be faced now and in
the future. “Green development” and “low carbon life” have
gradually become the key words of the times. In 2009, the
“Building and Climate Change” of United Nations Envi-
ronment Programme (NNEP) reported that global buildings
discharge 86 billion tons of CO2 annually, and by 2030
emissions will increase to 156 million tons. At the regional
level, a new tripartite cluster structure has been identified by
the three gradually stabilized communities centered on USA,
China, and Europe [1]. In the US, the construction industry
is the third largest source of greenhouse gas (GHG) emis-
sions [2]. In the European Union, buildings are the largest
consumer of energy accounting for up to 40% of the total
energy consumption and approximately 36% of the green-
house gas emissions [3, 4]. Due to the rapid growth of social
and economic development in China, the carbon emissions
of building are greater than other countries, which have
attracted the attention of the government. According to the

research results of the Building Energy Saving Research
Center of Tsinghua University (BESRCTU), in 2012, the total
energy consumption of building amounted to 6.90 hundred
million tons of standard coal, accounting for 19.1% of the
total energy consumption in China [5]. At present, the
international carbon emission trading system, except the
Tokyo Metropolitan Trading System in Japan, does not
include building emission reduction into the scope of
mandatory trading control. *is is mainly because of the
transaction subject, emission boundary, emission reduction
cost, and other factors, especially the difficulties and dif-
ferences in building carbon emission data accounting,
baseline determination, and so on, which are the primary
problems to be solved in building carbon trading.

However, the energy consumption of building is influ-
enced by many factors, such as climate zone difference,
design type, construction method, building material,
property, and energy management. *e calculation of car-
bon emission is very complex. At present, the research on
carbon emissions of buildings has made some achievements
based on the Life Cycle Assessment (LCA) [6–12]. *e LCA
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method is mainly used to calculate the carbon emissions of a
product during the whole life cycle, including the raw
materials, production, use, and demolition. We first de-
termine the boundary of the research system, then calculate
quantitatively the consumption of resources and the carbon
emissions, and finally analyze the impacts on the environ-
ment. B. Steen, N. Itsubo, and A. Inaba evaluated the carbon
emissions of buildings [13]. *e existing basic methods of
carbon emission quantification mainly include the mea-
surement method, the process analysis method [14, 15], the
input-output analysis method [16], and the hybrid method
[17]. According to the different composition structure of the
hybrid method, it can be divided into three categories: the
tiered hybrid analysis (TH), the input-output based hybrid
analysis (IOH), and the integrated hybrid analysis (IH) [18].
*e hybrid analysis combines the advantages of the two
methods and has been widely used in carbon emission
quantification in recent years [19]. Lin Borong, Liu Nian-
xiong, and Pengbo use basic data of the Intergovernmental
Panel on Climate Change (IPCC) to calculate the total
carbon emissions, but the results can only represent the
overall carbon emissions of the construction projects, which
cannot subdivide direct and indirect emissions [20]. *ere
are differences in carbon emissions in life cycle of a building,
especially in the embodied phase where a large amount of
materials, construction equipment, and equipment are used,
and diesel, gasoline, electricity, and other energy are con-
sumed. Research shows that building materials have the
characteristics of high carbon emissions, and their indirect
carbon emissions account for more than 92% [21]. Sharrard
set up a hierarchical LCA model to calculate the energy
consumption of the construction industry and environ-
mental impact in the United States. *e environmental
impact of the materials is calculated by the IO-LCA, and the
process analysis method is used to calculate the environ-
mental impact of the construction phase [15, 22]. However,
due to the complex calculation of carbon emissions during
the embodied phase of the building, it has not become the
focus of current research on building carbon emissions [23].
In the embodied phase, carbon emissions are important
from the building life cycle, accounting for 20% [24, 25], and
some research shows that they reach 40%–45% [26, 27].
*erefore, carbon emissions have an important impact on
building carbon trading during the embodied phase.

*e key to the calculation of carbon emissions is to find all
emission factors.*e factors of the embodied phase are mainly
energy carbon emission factors (coal, oil, natural gas, electricity,
etc.), the material, and construction equipment carbon emis-
sion factors. If the emission factors can be found, the calcu-
lation of carbon emissions will follow the same rules, whether it
is wood structure, steel structure, or concrete structure. Chinese
Life Cycle Database (CLCD) is the only systematic and
comprehensive database in China, covering the LCA data of
China’s major energy, raw materials, and transportation;
covering resources, energy, water consumption, GHG, and
major pollutants; and supporting the analysis of energy con-
servation and emission reduction (ECER); however, the basic
parameters of this database are provided by the IPCC [28, 29].

*e results show that the calculation of carbon emission
in the embodied phase is a complex combination. According
to the characteristics of each phase, different methods should
be adopted to calculate the emissions, which is scientific and
practical. However, the calculation of carbon emissions in
this stage needs to first define the scope of this phase
according to the division of building life cycle. Secondly,
according to the contents contained in this phase, the carbon
emissions are calculated separately. In the phase of material
production and transportation, the carbon emissions of
building materials are calculated by material balance
method, and the total carbon emissions are obtained by
determining the corresponding emission factors and carbon
source consumption. In the design and preparation stage,
the direct carbon emissions are less, but the design scheme
and optimization have a great impact on the carbon
emissions of the whole life cycle of the building. A low
carbon level system should be established to effectively re-
duce the carbon emissions of the life cycle of the building
through the optimization of different levels of layers. In the
construction stage, according to the fuel emission factors, we
define the emission factors of all kinds of mechanical shifts
and calculate the corresponding carbon emissions of con-
struction equipment. *rough a series of process decom-
position, the calculation of carbon emissions in the
embodied stage is more scientific and reasonable.

2. Calculation Range of Carbon Emission at
Embodied Phase

*e boundary determination of a building life cycle is a
necessary condition for the calculation of carbon emissions.
*is study does not consider the external policy and the
natural climate change factors, mainly considering the inner
system boundary of the building, which mainly refers to a
series of processes of a building. *e related research of the
China Urban Science Research Association’s Green Building
and Energy Conservation Professional Committee
(GBECPC) divided the building life cycle carbon emissions
calculation into seven phases: materials production, materials
transportation, construction, operation, maintenance, de-
molition, and waste recycling. However, this division does not
take into account the owner’s “three connections and one
leveling,” water connected, electric power and roads supplied,
and the ground leveled in the preparatory phase of the
construction. *erefore, in estimating the whole life cycle
carbon emission of a low carbon building, it must be carried
out according to the standards, which can be defined as “three
connections and one leveling,” building materials production,
design optimization, materials transportation, construction
process, low energy operation and maintenance, demolition,
and materials recycling. *ese processes can be divided into
three phases: materials processing, operation and utilization,
and demolition and recycling. In this way, three items, ma-
terials processing, design optimization, “three connections
and one leveling,” and construction process compose the
green building embodied phase.
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2.1. Carbon Emission in the Materials Processing Phase.
According to Adalbert’s survey in Sweden, 20% of the energy
consumption in the whole life cycle of building comes from
materials [25]. *e phase of material preparation is the
second largest source of the whole life cycle carbon emis-
sions [30–32]. *is also fully shows that building materials
have the characteristics of implication high carbon, and the
calculation of their carbon emissions is very important.
However, the characteristics of the building are unique, and
the materials used and the construction methods are dif-
ferent. It is necessary to define the calculation range and the
calculation method to estimate the carbon emissions in the
embodied phase of a building. According to the law of
conservation of mass, the carbon emission factor method is
used to calculate the carbon dioxide emission model in the
phase of materialization, based on the theoretical basis of the
mass of the inputs and the mass of the output. It is assumed
that the loss in the production process is not considered.*e
carbon emission factor method can be used to build the
carbon dioxide emission model in the embodied phase [33].
*e basic formula is as follows:

carbon emissions � carbon emission factor

× carbon source consumption.
(1)

According to formula (1), the key to calculate carbon
emissions is to determine carbon emission factors.

2.1.1. Establish the Calculation Model of Carbon Source
Consumption. First, we must determine Qjk:

Qjk � wj × qk, (2)

where j is a resource type, such as labor, materials, and
construction equipment. k is the carbon source type of j

resource consumption, fossil, such as electric carbon
sources. Qjk is the k carbon source consumption standard of
category j resource.wj is the unit input of j resource in the
quota. qk is the k carbon source consumption standard.

2.1.2. Establish the Calculation Model of Carbon Emission
Factor. Carbon dioxide emissions are mainly electricity
consumption and gasoline, diesel, and other fossils. Ana-
lyzing the carbon emission guidelines published by the
World Resources Institute (WRI), Intergovernmental Panel
on Climate Change (IPCC), and Energy Research Institute of
China National Development and Reform Commission, we
can establish carbon emission factor calculation models for
electric power and fossil fuels.

(1) *e calculation model electric power emission factor
formula:

CeR �
EmR

+ EmR,e

ER + ER,e

, (3)

where R is the area of the project. According to the
climate zone types, CeR is the average CO2 emission
factor of the R area electric power; EmR

is CO2

emissions of the R area electric power generation;
EmR,e

is CO2 emissions of other areas’ electricity sent
to the R area; GR is the total power generation of the
R area; GR,e is the total power generation of other
areas’ electricity sent to the R area.

(2) *e calculation model fossil fuels emission factor:

CfCO2 ,T � FFT × CCT × CFT,tec × β ×
44
12

, (4)

where Tis the fossil fuel type; CfCO2 ,T is the CO2
emission factor based on mass or volume of the T

fuel; FFTis the carbon oxidation rate of the T type
fuel during combustion(%); CCT is the carbon
content of unit calorific value of the T type fuel (tc/
MJ); CFT,tec is the reference conversion standard
factor of the T type fuel in “Energy Use Situation
Report” of important energy use enterprises. β is the
calorific value of per-ton standard coal (tcal),
29307MJ. (44/12) is the molecular weight conver-
sion factor (carbon dioxide and carbon).

2.1.3. Establish the Calculation Model of Carbon Emissions

(1) Calculation model of unit carbon emissions:

Uij � 
jk

Cfjk × Qjk,
(5)

where i is the item type with the construction project
budget quota corresponding; Cfjk is the kemission
factor of j and can be get by formula (3) or (4); and
Uij is the unit carbon emission of j in i.

(2) Calculation model of total carbon emissions:

TQCO2
� 

n

i�1
Qi × Uij, (6)

where Qiis the estimated quantity of i in embodied
phase (determined by the construction drawings).
TQCO2

is the total carbon dioxide emission in em-
bodied phase.

According to all kinds of building materials and ma-
chine-teams in the construction project budget quota and
the bill of quantities, the carbon source consumption
standard and the carbon emission standard can be deter-
mined by formulas (2) and (5), and the carbon emissions
calculation budget quota of various building materials can
also be compiled. *en, using this quota, we can directly
calculate the carbon emissions in the process of material
production and transportation [34].

2.2. Carbon Emissions at Design and Preparation Stages.
In the embodied phase, an important factor of the carbon
emission is the low carbon of the building itself. *e tra-
ditional architectural design stage is generally based on the
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active or passive energy saving measures based on the
existing building design scheme. *e defect is that the low
carbon concept and the building scheme are not integrated
in the early stage of the architectural design, which makes
the carbon emissions in the design and preparation stage not
fully considered. Low carbon buildings need to be consid-
ered from the system design of the program.When we divide
the life cycle of low carbon buildings, we should consider the
forward movement of the starting point, as shown in Fig-
ure 1 [35].

*erefore, low carbon design should take into account all
phases of building life cycle. *e above research shows that
building materials have a great impact on carbon emissions.
*e low carbon level system can be set up, and the scheme
and technology are integrated into the low carbon design
system by superposition and optimization of different levels
of the system, so as to avoid the design defects.

In this system, factors can be categorized into three
different levels: building reality, envelope, and units (Ta-
ble 1). For comparative analysis, we can set standard values
and variable values of simulation factors at each level and
divide building information into small simulation factors.
Simulations factors can be single, combined, or simulate the
design system. *e carbon emission difference between the
variable value and the standard value of the change part can
be obtained by comparing the changes in each part with the
design standards.

First of all, as regards analysis of design, we can compare
the single-factor carbon emission standard value and the
change value from the building reality level. By comparing
conditions, forms, and values of factors (CA0

, CA1
, CA2

, . . .),
we can get the change value (C0

An
, C1

An
, C2

An
, . . .) of carbon

emissions caused by the change of each factor itself. We also
can get the change value (C0

Bn
, C1

Bn
, C2

Bn
, . . .),

(C0
Cn

, C1
Cn

, C2
Cn

, . . .). *e standard value is the set value of the
simulation factor and the change value is the range of the
values used by the building code.*rough the change of each
factor, the influence on the total carbon emission is analyzed.
*e factor value of the minimum carbon emission is the
optimal value.

It is feasible to analyze the influence of single factor in
theory, but the factors are influenced by each other between
the three levels. For example, the ratio of window/wall will
be increased, the energy consumption in indoor lighting
will be reduced, and the thermal insulation performance
will also be reduced, but this will result in increasing the

energy consumption of the HVAC, so it is necessary to
consider the enclosure at the same time. Moreover, the
structures and components can also influence carbon
emissions; so, the interaction of multiple factors in the
optimization design of carbon emissions must be consid-
ered. *erefore, the interaction of multiple factors must be
considered in the optimization design of carbon emissions.
*rough the analysis, a low carbon analysis system can be
set up to optimize the various factors according to different
regions and types of buildings. *rough the selection of
different factors in all levels, the carbon emission in the
design can be kept in a controllable range, so that the
system design is more technical, reasonable, and scientific.
Finally, we can achieve the best energy saving and emission
reduction effect.

2.3. Carbon Emissions at Building Construction Phase.
Various kinds of construction equipment are used during
the building construction phase, which consume diesel,
gasoline, electricity, and other kinds of energy. In this phase,
since carbon emissions are involved in complex construction
process, carbon emission is complicated by theoretical
calculation.

We can put the site leveling into the building con-
struction phase, calculated in accordance with the amount of
construction equipment. We can divide the construction
into four phases: pile foundation, main structure, roof, and
decoration engineering. Combined with the cost quota, each
stage can be subdivided according to the CWBS method,
which is divided into pile foundation, concrete, steel bar,
vertical transportation, doors and windows, exterior wall
decoration, and so on. *en classify these subitems, deter-
mine the carbon emission boundary, and divide the carbon
emission sources, so that they can be calculated according to
the above emission types [23, 36].

2.3.1. Classification of Carbon Emission Sources. *e re-
source types are divided into diesel, gasoline, coal, electricity,
and so on. *e resources consumed by each subdivision
project have both differences and commonness, but there are
certain differences between different phases. Based on the
PAS2050 code, the boundary is divided into foundation,
main structures, roofing, and decoration according to the
carbon emission source (Figure 2). In the foundation, the
mechanical carbon emissions from site leveling and

Building
materials Design Construction Operation Maintenance Dismantling

System design
optimization

Material
optimization

Low carbon
design

Green
construction

Low carbon
operation

Maintenance
management

Reusing
recycling

Life cycle of low-carbon buildings

Life cycle of ordinary buildingsRange extension

Figure 1: Life cycle division of low carbon buildings.
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earthwork engineering are mainly the consumption of diesel
and gasoline. *e carbon emission of construction equip-
ment is mainly derived from the consumption of diesel and
electric power according to the category of piles. *e main
structure mainly includes the construction process of steel
making, concrete, formwork, masonry, and so on. *ere are
many kinds of construction equipment used in this phase,
which involve a lot of use of power, diesel, and gasoline. *e
total amount of carbon emissions is also large. Roofing and
decoration engineering construction equipment consump-
tion is relatively small, but at these phases, a variety of
horizontal and vertical transport construction equipment
was used, and there are more carbon sources.

Considering the carbon emission boundary based on the
PAS2050 code, combined with the general formula, the three
phase models are identified:

IC � 
3

n�1
Gmn × Pq, (7)

where IC is the carbon emission index; Gmn is the quality of
GHG produced by the m building at its n phase (n � 1, 2, 3)

(foundation, main structures, roofing, and decoration). Pq is

the potential value of global warming effects of GHG
(kgCO2/kg).

Gmn � Gm1 + Gm2 + Gm3, (n � 1, 2, 3). (8)

According to the classification of energy and combined
with CfCO2 ,T of formula (4),

Gm1 � Cd × QM1
+ Co × QM2

+ Ce × QM3
. (9)

In the same way, Gm2 and Gm3 can be obtained, where Cd is
the diesel carbon emission factor (kgCO2/kg). Co is the gas
carbon emission factor (kgCO2/kg). Ce is the electric power
carbon emission factor (kgCO2/kg). QM1

, QM2
, and QM3

are
the corresponding energy consumption.

Because the carbon emission from the construction
equipment is derived from the consumption of diesel,
gasoline, and electricity, the carbon emission factors of
several of construction equipment can be determined by the
unit energy consumption and carbon emission factor:

Gmn � 
3

n�1
QMk

× CMk, (10)

Site leveling Pile foundation 

Earthwork Backfill 

Gm1
Carbon emission from 

basic engineering 

Formwork engineering 

Steel engineering 

Concrete engineering 

Masonry engineering 

Gm2
Carbon emission from 

main engineering 

Roofing engineering Door and window 

Floor engineering Interior and exterior 

Gm1
Carbon emission from 
roofing and decoration 

engineering 

Figure 2: Carbon emission boundary divisions.
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where k is the construction equipment number
(k � 1, 2, 3, . . .), CMk is the construction equipment emis-
sion factor, and QMk

is the construction equipment
consumption.

2.3.2. Parameter Determination. According to the energy
carbon emission factor, combined with the national unified
construction equipment cost quota (NUCMCQ, 2013), the
unit carbon emissions of each machine are determined:

CMk � S × QMk
, (11)

where S is the construction equipment cost composition.
*en, Gmn � 

3
n�1 QMk

× CMk.
*rough calculation, we can get all kinds of carbon

emission factors of construction equipment.

3. Discussion

In the life cycle of building, there are many kinds of
construction and use activities, and the system boundary
is complex. *e carbon emission in the embodied phase of
buildings is a complex combination, the calculation
method is complex, the boundary division standard is not
uniform, and the calculation results are very different. In
the material production stage, there are mainly raw ma-
terials mining, processing, and storage; in the production
stage, the main resource and energy flow are the input of
raw materials and energy and the output of materials and
components. In the construction stage, the research idea is
to classify carbon emission sources, decompose by Con-
struction Work Breakdown Structure (CWBS), and cal-
culate by quota and inventory. Considering the
characteristics of the building stage, this study adopts
different methods and ideas to calculate the carbon
emission of the embodied phase and applies a variety of
indicators, which have wide applicability. Carbon emis-
sion factor is an important parameter to represent the
characteristics of greenhouse gas emissions of a substance.
In the study of carbon emissions in the life cycle of
buildings, CO2 is usually the focus of research, and the
corresponding conversion coefficient can be reported
according to IPCC AR5 [37]. In this study, for the cal-
culation of carbon emissions of building materials, we can
estimate the carbon emissions in the production and
transportation of materials according to the quota and bill
of quantities [38, 39]. Combined with the results of case
studies, it is helpful to combine theory with practice and
provide a basis for the calculation of carbon emissions in
the embodied phase.

In view of the complexity of the analysis of carbon
emissions in the embodied phase and the inconsistency of
calculation methods, in the future, we should constantly
supplement, improve, and enrich the existing carbon
emission factor database of the existing Chinese Life Cycle
Database (CLCD) and establish a special building carbon
emission database, so as to change the inaccurate or missing
of the existing carbon emission factors on the results.

*e scientific accounting method of carbon emissions
is to accurately calculate carbon emissions. At present, the
calculation method of carbon emission in the stage of
building based on inventory has good applicability, but
the calculation method based on BIM is simpler than
inventory method and will become the main development
direction.

4. Conclusion

In this paper, considering the characteristics of carbon
emission in the embodied phase, the calculation range of
carbon emission is determined, and the carbon emission
factor method is used to calculate the carbon emission in
the embodied phase. It is proposed to move forward the life
cycle of buildings, consider the impact of design optimi-
zation on carbon emissions, establish a low carbon hier-
archical system of buildings, and consider the
comprehensive effect of single factor and multifactor.
*rough optimization, the carbon emission in the design
can be kept in a controllable range, which makes the system
design more technical, reasonable, and scientific and
achieves the optimal energy saving and emission reduction
effect.

*e construction process is divided into three stages,
and the carbon emission boundary of each stage is de-
termined. According to the characteristics of each stage, the
carbon source is classified, and the emission factors of
various machinery teams are determined according to the
fuel consumption and fuel emission factors. *e total
carbon emission of mechanical equipment in the con-
struction process can be calculated.

*e summary calculation of various carbon emissions at
the embodied phase of buildings can not only theoretically
obtain the total carbon emissions, but also compile the
carbon emission quota list. It is suitable for the calculation of
carbon emissions at all kinds of building phases, which is
beneficial to the precise calculation of carbon emissions in
the building life cycle. It will provide technical support for
the formulation and implementation of carbon trading
mechanism.
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