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ABSTRACT: Today, the construction industry represents 6 to 8% of total GWP emission worldwide (Lee and Romero,
2023). Actions have been taken for several years to reduce these emissions, but progress is still being made to reach the
global greenhouse gas emission reduction targets. MSE walls are mainly composed of a facing made of concrete or welded
mesh panels with a backfill reinforced by metallic or geosynthetic elements. They are one of the least CO, intensive earth
retaining structures. This article deals with the proposal of technical solutions to reduce each component’s carbon footprint
of a MSE wall (facing, reinforcement, backfill) and to estimate the CO, emission reduction at the construction project level
(calculations based on a specific and real construction project). Concerning the concrete panels, the replacement of ordinary
Portland concrete by low carbon concrete is a key parameter in the reduction of CO» emissions of the construction of a MSE
wall (estimation of CO» emission reduction between 15% and 30% on the total CO, emission for this project). Regarding
the backfill reinforcement, using geosynthetic reinforcement instead of steel reinforcement is also a way to reduce CO»
emissions. Indeed, steel reinforcement accounts for around 20% of total CO, emissions for this project, while geosynthetic
reinforcement accounts for around 5%. Finally, regarding backfill, its carbon impact represents about 45% of this project's
overall CO; emissions, considering the materials and their transportation. Thus, using recycled materials as backfill or
marginal backfill to reduce transportation distance are essential.

RESUME: De nos jours, I’industrie de la construction représente 6 a 8% des émissions mondiales de GES (Lee and Romero,
2023). Des actions ont été entreprises depuis plusieurs années pour réduire ces émissions, mais des efforts doivent encore
étre fournis pour atteindre les objectifs de réduction des émissions de gaz a effet de serre. Les murs en terre armée sont
composés de panneaux en béton ou en treillis soudé et d’un remblai renforcé par des éléments métalliques ou
géosynthétiques. Ils sont I’un des ouvrages de souténement a I’empreinte carbone la plus réduite. Cet article porte sur la
proposition de solutions permettant de réduire 1’impact de chaque élément constituant un mur en terre armée (parement,
renforcement, remblais) et d’estimer la réduction d’émission de CO, a I’échelle d’un réel projet de construction. Concernant
les panneaux en béton, le remplacement des bétons a base de ciment Portland par des bétons bas carbones est un paramétre
clé dans la réduction de I’empreinte carbone d’un mur en terre armée (réduction comprise entre 15 et 30% sur 1’émission
totale de CO» du projet). Par ailleurs, 1’utilisation de bandes en géosynthétiques a la place des renforcements métalliques
pour le remblai est aussi une solution pour réduire I’impact carbone des projets. En effet, les renforcements métalliques
représentent 20% des émissions totales du projet, tandis que les renforcements en géosynthétiques représentent uniquement
5%. Concernant le remblai, son impact représente environ 45% des émissions carbones totales. Ainsi, il est essentiel
d’utiliser des matériaux recyclés comme remblais et de réduire les distances de transport.

Keywords: Carbon footprint; MSE wall; low-carbon solutions.

1 INTRODUCTION e Backfill

Progress is still being made to reach the global e Steel or geosynthetic reinforcements for the

greenhouse gas emission reduction targets in the backfill.
construction industry which represents 6 to 8% of total MSE walls are one of the least CO, intensive earth
GWP emission worldwide (Lee and Romero, 2023). retaining structures.

MSE wall (Reinforced Earth® wall) components For this study, a real construction project is
are divided into three parts (Figure 1): considered. The carbon footprint of the components

e Facing made of concrete reinforced by steel or used in the project but also the transportation from the

welded mesh panels.
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plants to the construction site, are calculated. A
scheme of MSE wall is presented in Figure 2.

In the following, the CO, emissions associated with
this construction project will be calculated, and then
alternatives will be proposed with technical solutions
that emit less CO,.

Figure 1. Description of MSE wall.

« Retained backill

7 Reinforced backdil

Reinforcement

o

Figure 2. Schematic representation of MSE wall.

2 DESCRIPTION OF THE MSE WALL
CONSIDERED FOR THIS STUDY

The construction project considered for this study is a
MSE wall composed of reinforced concrete panels as
facing, geosynthetic straps as reinforcements of the
backfill and backfill.

In this study, the manufacturing of the components,
and the transportation of components from the
factories to the construction site are considered. The
quantities used for this project are presented in Table
1 and in Table 2 and are calculated for 1 m? of wall.
The weights of reinforced backfill and retained
backfill are calculated from geometrical dimensions of
the wall section (Figure 2). The emission factors used
to calculate the carbon footprint of this project are
presented in Table 3.

Table 1. Geometrical dimensions of the wall and quantity of

material for 1 m? of wall.

Designation Quantity
Surface considered 1 m?
Average height 4m
Average depth 5m
Steel reinforcement ratio
of the panels > kg/m?
% of recycled steel for the 99%

panel reinforcement

Total length of backfill 14 linear meters

reinforcements
Weight of reinforced 751
backfill :
Weight of retained backfill 3t
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Table 2. Transportation of materials from the plants to the
construction site.

. Type of Distance
Materials transportation (km)
Facing panels Truck 150
Qeosynthetlc Truck 500
reinforcements
Backfill Truck 20

Table 3. Emission factors used in this study.

Materials Emission Unit Database
factors
Exegy
Concrete 300 kgCO,e/m*  solutions,
2022
. ICE
Fliftcf)?ls;zzel 1.99 kgCOse/kg Database
V3,2019
Recycled steel Ecolnvent
in concrete 0.565 kgCOze/kg v3.10, 2023
. EPD
Qeosynthetlc 0.30 kgCOze/lm  GeoStrap,
reinforcements
2021
Base
Backfill 4 kgCO,e/t carbone
(V22),2023
Steel straps
(galvanized 2.67 kgCO,e/kg LCI study,
2021
steel)

The result obtained for this construction project is
equal to 99 kgCO:ze for 1 m? of MSE wall.

CO; footprints of components (manufacturing
and transportation of components to the construction
site) of MSE wall are broken down as follows (Figure
3):

- 47% for concrete reinforced by steel panels.
- 4% for reinforcement of backfill.
- 49% for backfill itself.

CO, emission of the three different components of a MSE wall

M Concrete panels

Figure 3. Breakdown of CO: emission of a MSE wall
specific project.

W Geosynthetic straps
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3 TECHNICAL SOLUTIONS TO REDUCE
CARBON FOOTPRINT

3.1 Facing panels

In this part, the impact of using low carbon concrete is
studied. Three categories of low carbon concretes are
defined in terms of emission factors for concrete with
a compressive class strength between C35/45 to
C45/55 (MPa), which is the most common strength
classes used for concrete panels in MSE applications
(Table 4). The emission factors are extracted from
Exegy solutions, 2023.

Table 4. Emission factors for three low carbon concrete
categories according to Exegy solutions, 2023.

Emission  Emission
Category factors factors Unit
minimum maximum
Classic 240 i keCOne/m?
concrete
Low carbon 175 240 kgCOse/m’
concrete
Very low 120 175 kegCOse/m’
carbon concrete
Ultra-low

3
carbon concrete 120 kgCO-e/m

The impact of using low carbon, very low carbon
and ultra-low carbon categories on total CO, emission
of a MSE wall is proposed in Table 5.

Table 5. Impact of using low carbon concretes on the CO;
emission of a MSE construction project.

Emission Total CO,
Category factors emission 5
(kgCO2/m?’) (kgCO2e) for 1m
of MSE wall

Classic concrete 300 99.35

Low carbon 200 85.35
concrete

Very low carbon 150 7335
concrete

Ultra-low carbon 100 7135
concrete

The use of low-carbon concrete reduces the carbon
footprint of the entire structure by 14% for low carbon
concrete, 21% for very low carbon concrete and 28%
for ultra-low carbon concrete.

3.2 Reinforcements of backfill

In this part, the impact of using steel straps with 50%
of recycled steel instead of geosynthetic straps is
studied. The results are presented in Table 6.
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Table 6. Impact of using steel straps instead of geosynthetic
straps on the CO; emission of a MSE construction project.

Type of Emission Total CO:2 emission
reinforcement factors (kgCOze) for 1m? of
(kgCO2/kg) MSE wall
Steel straps
(50% 1,62%* 109.16
recycled)
Geosynthetic 3. 3% 99.35
straps

* from steel with 50% recycled, from [Ecolnvent v3.1, 2014].
**from [EPD GeoStrap, 2021].

The use of geosynthetic straps reduces the carbon
footprint of the entire structure by 9% compared to the
use of steel strips with 50% of recycled steel.

3.3 Backfill

This section examines the CO; footprint impact of the
distance of transportation for the backfill.

As mentionned in section 2, backfill represents
49% on the total CO; emission of the specific MSE
wall construction project considered in this study and
15% of the CO; emission from the backfill is occupied
by the transportation to the construction site.

Table 7 presents the study of the impact of
transportation distance on the CO, footprint of the
structure.

Table 7. Impact of transportation distance of backfill on the
CO; emission of a MSE construction project.

Distance of backfill Total CO:2 emission
transportation (kgCOze) for 1m? of
(km) MSE wall
20 99.35
50 108.75

It is important to use a fill material from the closest
possible source to the construction site, as increasing
the transportation distance from 20 to 50 km increases
the project's CO, emissions by 8.6%.

4  CONCLUSIONS

The three alternatives proposed have a significant
impact on the total CO, footprint of a MSE wall.
Indeed, the calculation of the carbon footprint of a
project with the most polluting assumptions (steel
straps, conventional concrete for the panels, 50 km for
the transportation of the backfill) results in a total CO,
emission of 118.56 kgCO,e, while for a project with
the least polluting assumptions (geosynthetic straps,
Ultra-low-carbon concrete, and 20 km for the
transportation of the backfill), the total emission is
equal to 71.35 kgCOse. Using low carbon concretes
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seems a key parameter to reduce CO, emission of this
type of construction.

This study demonstrates that feasible solutions can
significantly reduce the carbon emissions of a MSE
wall.

Other alternatives exist, such as increasing the
amount of recycled steel in steel strips or replacing the
steel reinforcement in panels with glass or basalt fibers
reinforcement or using recycled materials such as
crushed concrete as backfill.
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