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Carbon emission assessment system and model construction of loess slope protection project
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Abstract: Background, aim, and scope Recently, slope protection projects have attracted much attention from all
walks of life, but few reports have been devoted to carbon emissions from loess slope protection projects. By this
view, this paper aims to elucidate a slope protection project in northern Shaanxi as a reference object to examine
the carbon emission of the loess slope protection project through establishing a carbon emission evaluation
model. Materials and methods Based on the life cycle assessment theory, the loess slope protection project can
be divided into four main stages: production stage, transportation stage, construction stage, and maintenance
management stage, and an appropriate carbon emission evaluation model for the loess slope protection project
is established. To calculate the carbon emissions of the evaluation indicators in each stage, the carbon emission
coefficient methodology is employed, and the CRITIC-based approach is adopted to examine the weights of the
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indicators. Considering the carbon fixation ability of green vegetation, the carbon emission evaluation model
of the loess slope protection project has been established. Results Taking a specific project as an example, this
model is employed to evaluate carbon emissions from various designs. The achieved results reveal that the total
carbon emission of the novel flexible support technology is much lower than the traditional support technology.
Compared with the traditional support technology, the new one is able to reach zero emissions earlier, whose
advantages of energy saving and emission reduction are noticeable. Discussion By analyzing the carbon
emissions and the weight of each evaluation index of the concrete loess slope project, it is determined that with
the increase in the consumption of materials and energy with a high carbon emission coefficient, their carbon
emissions occupy a very large proportion in engineering construction. However, green vegetation is worth a lot
of weight because its carbon sequestration is strongly influenced by time and region. Therefore, using green
materials, reducing energy consumption, and increasing the level of green vegetation effectively contribute to
the reduction of carbon emissions in engineering constructions. At the same time, the carbon emission evaluation
model constructed by combining the CRITIC method and the life cycle assessment theory is capable of taking
into account the weight of various factors in different time periods, which can be regarded as a valuable reference
for long-term carbon emission evaluation of engineering construction. Conclusions Due to the difference in
material selection, quantity, and construction methods, the carbon emission ratios of various evaluation indexes in
engineering construction are dissimilar; however, the carbon emissions are mostly concentrated in the production
and construction stages. Additionally, green vegetation exhibits the highest weight because it contrasts with
other indicators and has high volatility, so it has great benefits in reducing carbon. Recommendations and
perspectives In the scheme design, carbon reduction can be effectively achieved by increasing the planting area.
Further, the choice of building materials should not be overlooked. The preferential exploitation of novel low-
carbon materials also leads to the reduction of the project’s carbon emissions.

Key words: loess slope protection engineering; life cycle; CRITIC method; carbon emission evaluation model
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Carbon emission evaluation system for loess slope protection engineering
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Fig. 1 Three levels-four stages of carbon emission evaluation system of slope protection engineering
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Tab. 1 Carbon emission coefficient of main building materials

HEBF R S &

Types of building Carbon emission iiﬁit
materials coefficient

7K Water 0.210 kgt

W Steel 4.560 tot

i@k Ordinary cement 0.825 tt!

A#F Wood 30.300 kg-m”

41 Crushed stone 3.100 kgt

H i Rubble 6.300 kgt

YF  Sand 6.600 kgt

#t  Clay 0.500 kgt

Widif%  Common brick 0.286 t'm’

+THM  Geogrid 0.433 kg-m”

C20 PR »

C20 readjfrij:dﬁf(icrete 0289 e

RELN  Polyvinyl chloride 6.260 tm”

+T4% Soilbag 0.310 kg-m”

2 BRI TABH R
Tab. 2 Carbon emission coefficients of various energy
sources and artificial sources
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Z&3M  Diesel oil 3.164 kg kg
7%l Gasoline 2.988 kg kg
JH3H  Kerosene 3.101 kg kg
JREHH Fuel oil 3.241 kg kg
HiHE  Electric energy 0.581 kg (kW-h)"
AT Labor 50.000 kg-d'
2
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Fig.2 The collapse of the Zhaizi Mountain in the Yunyan Town
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Tab. 3 Main material consumption and carbon emission in each stage

JH it T
PP T AR B BE FERR Dosage Carbon emission/t
All stages of slope protection engineering Main material T — T T — T
Scheme one  Scheme two  Scheme one  Scheme two
7K Water/t 200.00 240.00 0.04 0.05
2 PR W1 Crushed stone/t 110.00 20.00 0.34 0.06
. Ffi Rubble/t 5.00 70.00 0.03 0.44
Common raw materials <
YhF Sand/t 40.00 55.00 0.26 0.36
TR B
st it Clay/t 10.00 14.00 0.01 0.01
roduction
. L JEMBL Metallic material PHE Steel/t 0.50 10.00 2.28 45.60
stage
¢ 5@ /KYE  Ordinary cement/t 20.00 50.00 16.50 41.25
AR mA R WiH@E  Common brick /m’ 5.00 20.00 1.43 5.72
Nonmetallic material + THHE  Geogrid/m® 3250.00 0.00 1.41 0.00
PVC 4 PVC pipe/m 0.00 200.00 0.00 0.12
BB REVRIHAE 153l Gasoline/kg 550.00 2500.00 1.64 7.47
Transport Energy consumption 283 Diesel oil/kg 100.00 500.00 0.32 1.58
stage N TJH#E Labor consumption ANT. Labor/d 7.00 11.00 0.35 0.55
P 753l Gasoline/kg 6000.00 10000.00 17.93 29.88
T BB S Sl
. . 289 Diesel oil /kg 700.00 1800.00 2.21 5.70
Construction Energy consumption = -
S FLAE  Electric energy/(kW-h) 2000.00 9500.00 1.16 5.52
NLH#E  Labor consumption NI Labor/d 350.00 440.00 17.50 22.00
AL T LREAEYE  Green vegetation FE/E A Planting area/m’ 2500.00 2000.00 —46.60 -37.28
Maintenance EJFIHFE  Energy consumption 753l Gasoline/kg 600.00 500.00 1.79 1.49
management A T/ {#€ Labor consumption ANT. Labor/d 120.00 100.00 6.00 5.00
RN EMPAERRI 202, =" RIREHR,
The age of green vegetation in the table is 20 a, and “—" indicates carbon sequestration.

W 3. K4, HEMEBBACEIZ/NT SRR, A B BemHERR M 93.61 ¢ 15/ 3
TR BB . X T R R AMRER 2230, FRIRT 76.18%; M TRrBt, STE—hT
MORHRBT B SR A, AU T . TRBEL TR BRI TIHAED, BRARBE TR
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Tab. 4 Carbon emission ratio of each evaluation index of slope protection engineering

P, % Unit: %

A BB

Production stage

BHIBTBL
Transport stage

HES R

Maintenance management

it T BB

Construction phase

2 J
U L LN T

AEURIEAE A TIHHE

REJRHAE  ATHFE  AEURIMFE  ATIHAE

Scheme Common
buildi Metallic  Nonmetallic Energy Labor Energy Labor Energy Labor
ildin,
ut lg material material consumption consumption consumption consumption consumption consumption
materials
DES= 0.96 3.20 27.16 2.75 0.49 29.92 24.58 2.51 8.43
Scheme one
TR
0.53 26.39 27.25 5.24 0.32 23.79 12.73 0.86 2.89
Scheme two

WSS B TR PR R PR R, AR
WA E TAFAFER (1a, 5a. 10a, 20a)
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R, Z55RE 3 s,
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AR, A SR BB IE T
R SRR YA REDCHE T R AR T AR,
WHE K. WL iy Z6t, 7e e
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AT 48 A A HE T AU R 2B 7 B B i) 4 T
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