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ABSTRACT: The Belt and Road Initiative (BRI) stands as the most ambitious infrastructure project in history, marked by its scale
of investment, extensive geographical reach across continents and countries, and a diverse array of projects from roads to digital
networks. While the BRI's environmental sustainability has raised concerns, the impacts of construction materials used in these
projects have been overlooked, especially in developing countries. Here, we map and account for the materials embodied in the BRI
by integrating, for the first time, official governmental project reports, geographical information, and material flow analysis. We
pinpoint and analyze the BRI material stocks in each individual project by material types, countries, regions, and sectors. Between
2008 and 2023, 328 million tons of construction materials have accumulated in 540 BRI projects around the world, mostly in Asia
and Africa. Aggregates (sand and gravel) constitute the largest share (82%), followed by cement, steel, and other materials. Most of
the materials are used in transportation infrastructure. Our work further highlights some limitations in terms of data quality for such
sustainability assessments. By shedding light on the significant impact of BRI projects on raw material usage across the globe, this
study sets the stage for further investigations into environmental impacts of BRI and material stock-flow-nexus from perspective of an
initiative.

KEYWORDS: material stocks, built environment, resource use, infrastructure, sustainability, development initiative

1. INTRODUCTION 152 countries and 32 international organizations,” and the

The Belt and Road Initiative (BRI), proposed in 2013, is a numbers continue to grow as the BRI expands.

. . . Despite the BRI's contribution to regional develop-
major global infrastructure and development project under- 10—12 I s . .
ment, especially in the global south,” there are increasing

worries about its sustainability.>~"” Researchers have studied
the financial aspects of the BRI and have also looked at its

taken by the Chinese government. It originally set out to
include 65 countries, including China, together covering over

60% of the world population and one-third of the world’s trade country-level and program-wide environmental effects.'®>>
and GDP."™” Focused on infrastructure, the BRIs stated aims Not all of the investments made possible by the BRI have been
are ‘to boost trade, financial integration, and cultural environmentally sound.”® The ecological toll of such rapid
exchanges’.’™ Tt includes diverse projects like high-speed

railroads, electricity networks, multipurposes buildings, and Received: April 26, 2024

water supply systems.é’7 As it entered its tenth year in 2023, Revised:  August 1, 2024

the BRI has initiated over 3000 projects—many such as trade, Accepted: August 13, 2024

economic, and cultural projects not involving construction— Published: August 20, 2024

with investments totaling approximately one trillion US
dollars.” It has established 200 cooperation agreements with
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Figure 1. Flowchart for mapping and estimating the material stocks of BRI projects (km: kilometer; m*: square meter; MW: Megawatt).

expansion is profound, as the majority of BRI projects,
particularly in transportation, are undertaken with insufficient
environmental regulation.z‘*’25 Thus, there have been calls for
higher global standards in the BRI’s environmental and social
governance through thorough strategic evaluations.'>*® Re-
search on BRI sustainability has so far been conducted in two
approaches: detailed studies of specific countries,””*® and
macro-level evaluations across the original 65-country
region,””~*” revealing a multitude of environmental impacts
from carbon emissions to biodiversity loss. Thus, the scope of
explorations on the BRI has been markedly broad, with only a
handful of studies assessing certain projects individually.”*~>°
Predominantly framed from an economic perspective or as
individual case studies, these analyses lack a holistic view, and
thus do not address the overarching sustainability of the BRI
Meanwhile, existing BRI projects data sets, though rich in
content, are limited—Ilacking construction details® *° or are
not publicly accessible.**'

The development of the BRI has resulted in the
accumulation of construction material stocks in massive
infrastructure and building projects. Infrastructures enable
trade and mobility, contributing to economic development.
Globally, construction causes huge inflows of materials in the
built environment, as well as huge waste flows, ™" and its
contribution to environmental impacts is considerable. The
construction sector alone accounts for 23% of global carbon
dioxide emissions,™ and the production of its materials also
generates significant carbon emissions—cement and steel
together account for 15% of the world’s carbon emissions.***°
Construction of infrastructure also alters landscapes, affects
biodiversity, and produces pollution.”’~* Accounting for
buildings and structures, containing materials like concrete
and steel, is essential for assessing environmental impact side
by side with the key roles they play in urbanization and socio-
economic advancement.*>%°! Hence, the materials used in
BRI projects are not only related to the construction activity

itself, but also cause a number of—positive as well as
negative—impacts on sustainability, economic, social and
environmental aspects. Assessing the mass of material flows
and stocks that comprise BRI projects and understanding the
resource utilization of constructing them is a critical initial step
toward further analysis of the BRI’s sustainability."*”

The objective of this study is to provide details on the raw
material usage within the BRI projects, bridging previous gaps
in knowledge and data. First, we build our own scope of BRI
projects associated with construction material use. Second, we
estimate the mass of the major construction materials
employed in these BRI projects, which forms a nuanced
inventory of material inputs. Finally, we quantify the material
stocks in level of projects, countries, regions, and sectors,
culminating in a comprehensive database of construction
material use of BRI projects around the globe up to March
2023, specifying variations of usage in material types, regional
disparities, and sector differences.

2. MATERIALS AND METHODS

Our approach consists of four steps (Figure 1): (1) compiling
a list of BRI projects involving construction; (2) accounting for
the size of each project in terms of its units of service, for
example, m® floor area and km of rail or pipeline, and
investigating the corresponding matching material intensity;
(3) estimating the material use in each project (material bills);
and (4) calculating material stocks and flows and mapping the
distribution of the materials.

2.1. Compiling the BRI Projects List. Currently, there is
no official list of BRI countries and projects.””*">* We created
a list of 540 relevant BRI projects by gathering data on the
name, location, starting year, and (expected) completion year.
Using the official Belt and Road Initiative (BRI) Web site as
our main source of information,”® we included all BRI projects
that have been supported by China in various forms, such as
financing, design, and construction. Because of the focus on
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Figure 2. Number of new BRI projects by year, service sector, and region of construction: (a) Number of BRI projects 2008—2023 (March); (b)

the distribution of BRI projects across regions and sectors.

materials that had already been utilized, the projects in our list
are either completed or under construction,” excluding those
that are agreed on but have not started yet. We referred to
information from relevant construction companies’ Web
sites,”* ™% as well as authoritative news Web sites®” to
complete relevant construction information like starting year
and location. We note that although the BRI was officially
launched in 2013, some projects that started before are still
accounted by China and partner countries as BRI projects in
the official Web site.”” This means that some of our accounts
start before 2013.

We then categorized all projects into S sectors: trans-
portation infrastructure, building, electricity infrastructure,
water infrastructure, and others (e.g., communication facility
and leisure facility). Every project is assigned an ID number, a
region based on the geographic information (See Supporting
Information SI Table S1), a sector based on the service the
project provides, and structure type. We collected data of
location of the projects, preferably in terms of coordinates
derived from official information. In cases where this
information is unavailable, we denoted the location by city
or by country. The details of the sectors, project types (e.g.,
highway, residential building), and structure types are shown in
SI Table S2.

2.2. Quantifying the Project Service Unit and
Matching Material Intensity. Two elements are needed to
account for the material stocks in each project:**®° the project
inventory measuring each project with suitable accounting unit
of service (e.g,, buildings measured in m* of floor area, railway
measured in km of length, etc.) and matching material
intensity (MI) coefficients (e.g., t/m* and t/km, respectively)
for each material involved.

2.2.1. Project Inventory. To compile the project inventory,
we added to the project list from step one the individual
projects’ accounting units of service. Each type of structure
type has a different accounting unit, such as length (e.g., km of
road), area (e.g, m* for building), and function or service
provision (e.g, megawatt of electricity). For projects like
railways, power stations, and some of the buildings, the
accounting unit can be derived directly from the construction
information in the official BRI Web site and construction
companies. For some of the roads and buildings, the official
sources include no or only partial information, for example
lacking the width and number of lanes of road or floor area of
buildings. We use two supplementary methods to overcome

this gap while ensuring the accuracy of the accounting size.
The first one is to integrate Google Maps,”’ Open Street Maps
(OSM),** and site photos from reports and news Web sites.
We use these sources to measure the width of the road, width
of airport runways, coverage of port platforms, floors and
footprint of a building, and so on. However, since many BRI
projects are built in recent years, such sources may not yet
contain geo-information for all of them. In such cases, we make
assumptions on the project: we use other projects in the same
category as references, and we compare their features to
determine the project size. The detailed steps to decide the
accounting units can be found in SI Figure S1. When
accounting for train stations and airport terminals we use the
material intensities of nonresidential buildings, yet we still
categorize their material stocks into the transportation
infrastructure sector category due to the service they provided.
For water treatment plants we take a similar approach. For
each structure type, the total accounting units are listed in SI
Table S3.

2.2.2. Material Intensities. We collected archetypal material
intensity coeflicients for each of the structure types. A total of
14 construction materials are taken into account and grouped
to 6 material types: aggregates (sand, gravel, and stones), steel,
cement, bricks, wood, and other materials (e.g, plastics, glass,
and asphalt). The material intensity coefficients are collected
from multiple sources, mostly of material stock accounts and
Life Cycle Assessment (LCA) case studies of specific types of
construction structures. We prioritized Chinese data as many
of the BRI projects are reported as using Chinese construction
standards, and added other sources to fill gaps. Table 1 details
the material intensity values and their sources. The sources of
MI values for bridges, airport runways, and port platforms
report concrete as a single material, whose main constituents
are cement and aggregates. To be consistent with other
structure types, we convert the concrete MIs of these three
structures into cement and aggregates by allocating percent
weights obtained from previous studies.””** The original
concrete Mls of bridges, airport runways, and port platforms
can be found in SI Table S4.

2.3. Material Stock Accounting. The material stock of a
project is estimated by the following equation

MS,. ., = AU,

ijsrt jsrt

X M 1)

https://doi.org/10.1021/acs.est.4c04142
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MS;q, is the stock of material i in structure type j, region r,
sector s and in year t. AU, is the project accounting unit of
structure type j in region r, sector s and year t. MI; is the
material intensity coeflicient for material i in structure type j.
For multistructure projects like airports, the material stock is
the sum of stock in its composing structures, e.g., the airport
runways and terminals.

Considering that these infrastructures have long life span
and some of them are still in construction, we assume that
material outflows from BRI projects so far are negligible, and
do not account for them. Thus, the difference in material stock
from year (t — 1) to year t is treated as the total inflow of
materials that occurred in year t

15579

ME

ijsrt =

MS;or — MSq1) (2)

MEj,,, is the inflow of material i in structure j, region r, sector s
in year t. MS;, and MS; .y are the stocks of material i in
structure j, region 1, sector s, in year t and year (t — 1).

For the total material stock of a sector, we sum the material

stocks of the projects in this sector. The equation is as follows

Mss = Z Msijsrt
ij,nt (3)

Combined with the coordinates of projects, we can map the
MS of all projects. For the regional analysis, we have grouped
the countries with BRI projects into six major world regions,

https://doi.org/10.1021/acs.est.4c04142
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namely East and South Asia, West and Central Asia, Africa,
Latin America, Europe, and other regions such as Oceania.

3. RESULTS
3.1. The Number of BRI Projects Grew Steadily. Our

data covers 540 BRI projects completed or under construction
(Figure 2). The number of new projects saw a consistent
upward trend from 2013 to 2019. 2020 had a notable decrease
in that growth, possibly due to the COVID-19 pandemic, since
in 2021 the number of projects increased again, aligning with
the growth of previous years. The data for 2023 shows a
smaller number of projects because only January to March are
covered in this study.

The projects’ distribution across regions and sectors is
shown in Figure 2b. 189 projects are located in Africa,
accounting for 35% of the total. An almost equal number, 188
projects, are in the East & South Asia region. 68 projects are
located in West & Central Asia, making up 13% of the total.
Furthermore, there are 51 projects in Latin America, 38 in
Europe, and 6 in other regions. In terms of sectors, 188
projects are in the transportation sector, with a little less than
half of those located in Africa. Another significant sector is
electricity infrastructure, with 147 projects, nearly half of which
are in East & South Asia. Furthermore, 112 projects are
building construction projects, mainly in Africa and East and
South Asia. Water infrastructure accounts for 33 projects.
Other projects, such as agricultural facilities, communication
cables, and sports facilities, total 36, accounting for less than
12%.

3.2. The Material Stocks of BRI Projects. The total stock
of construction materials in BRI projects reached 328 Mt
(million tons) between 2008 and 2023 (Figure 3a). The initial
preofficial BRI years, 2008 to 2011, displayed a moderate and
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gradual increase, with a more pronounced and steady growth
from 2015 onward. By 2018 the material stock reached 107
Mt. In the subsequent five years to 2023, the material stock
tripled. Aggregates had the most substantial growth throughout
the period, with a significant rise from 2015, culminating at
270 Mt in 2023. Cement follows a similar trend, albeit with a
less pronounced acceleration, reaching 33 Mt. The rest of the
materials, including steel and bricks, represent a smaller
proportion and demonstrated more subtle growth. The average
material stock per project is 0.6 Mt, though the biggest projects
are buildings in Iraq and railways in Laos with 53.5 and 14.5
Mt, respectively. The material stocks of more than half of the
projects are less than 0.1 Mt, and just 12% of the total are over
1 Mt.

Figure 3b displays the annual inflow for the six types of
construction materials. In 2008, there were only two electricity
infrastructure projects, with no inflow of aggregate, brick, or
materials from the “others” category. From 2010 onward, as
projects from other sectors surged, a steep rise in the amount
of aggregate can be seen. The most significant inflow was in
2022 with 90 Mt of aggregates being added to the stock.
Cement’s annual inflow is second-biggest, but even in 2022 it
only composed 12% (15 Mt) of total material inflow. The
share of steel, bricks, and the rest of the materials remained
relatively low.

3.3. Transportation Infrastructures Dominate by
Mass. Figure 4 illustrates the distribution of materials of the
BRI projects by sectors. Transportation infrastructure domi-
nates with a material stock of 222 Mt, accounting for 68% of
total BRI stocks. Specifically, it consumed 210 Mt of
aggregates, which is 78% of the total aggregates use, and 6
Mt of cement (18% of total cement use). Within this sector,
roads take up 65% of materials (highway 45% and secondary
road 20%), followed by railways. The building sector also has a

https://doi.org/10.1021/acs.est.4c04142
Environ. Sci. Technol. 2024, 58, 15575—15586


https://pubs.acs.org/doi/10.1021/acs.est.4c04142?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.4c04142?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.4c04142?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.4c04142?fig=fig5&ref=pdf
pubs.acs.org/est?ref=pdf
https://doi.org/10.1021/acs.est.4c04142?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Environmental Science & Technology

pubs.acs.org/est

Total Stock Transportation Building Electricity
1200 1164
1000
818
= 800
2
"
-
3
% 600 561 573
=
S
[
3
[+
2 400 380
328 325
222
200 164
126 o
84
67 75 79 54 " %0
14
) T EEEw
= § § & £ g &2 E & & g § :§ 7 § § 2 2 2 %8
o S > =3 H o . 5 R, [ @ 2 ! 3 3 < ! H H o
S i = I} 3 I3 3 a < = 1 = =3 3 ® o © o =
2 = £ 3 @ o 9@ 3 o = ~ < o S ~ o ~ = N
Y [ ~ o a —_— s N = . S = ~ = N a N © o
= = ] £ 2 N 7} S 5 ~ @ = = S [N S S 2 S =
N = N =4 ° Iy =1 S 3 = ® N
o S oa 1<) 5 <] ) 8 = 3 Kol ] g 5 ) o, X - =
s = N = = - - =2 & 2 = =2 2
e S e ) =
&* S 1<)
e by

Figure 6. Scale comparison of BRI stock with other studies. The total stock, stocks of transportation infrastructure, buildings, and electricity
infrastructure were compared with the according type of stocks. The attached years correspond to the stock years, not to the years when conducting
the research or publishing. * Only Steel stocks of power plants in India are showed here.

significant amount of resources, yet a mere third of the
transportation sector. Its material stock was 79 Mt of
construction materials in 2023, composed of 52 Mt of
aggregates, and approximately all the brick stock of 7.3 Mt
86% (67 Mt) of these materials are for nonresidential building
construction. Electricity infrastructure contains 18 Mt of
construction materials, including one-third of the cement and
40% of the steel. Hydropower stations used the most materials,
followed by thermal power stations. Renewable energy power
stations, photovoltaics and wind power, each account for 7% of
the material stocks in this sector. The rest of the sectors use
relatively fewer materials, with water infrastructure using 6.6
Mt and all other sectors using less than 2 Mt.

3.4. Asia and Africa Consumed Most of the BRI
Construction Materials. The regional distribution of the BRI
material stock in 2023 is shown in Figure 5a. Most of the stock
are in Africa (111 Mt) and East & South Asia (100 Mt),
together covering 65% of the whole BRI material stock. The
highest proportion of materials in every region is aggregates,
accounting for over 90% in Africa and in Latin America.
Almost all regions use the most materials in transportation
infrastructure projects, except for West & Central Asia, where
materials are primarily accumulated in the buildings sector.
Hence, the proportion of aggregates is the least in this region
compared with others, with a relatively higher proportion of
bricks, nearly equaling that used in East & South Asia.

The 540 BRI projects are spread across 97 countries (Figure
5b). The most material-intensive spots are in Southeast Asia,
Western Asia, and East Africa. Half of the material stocks are
accumulated in just 6 countries: Iraq leads in BRI projects by
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mass of material stocks (54 Mt), followed by Laos (25 Mt),
Cambodia (24 Mt), Kenya (22 Mt), Angola (18 Mt), and
Pakistan (16 Mt). The top ten countries account for 63% of
total BRI materials.

The material flows for the past decade (SI Figure S2) reveal
the growth trends in each region. East & South Asia, Africa,
and Central & Western Asia first had construction materials
inflows in 2008, 2010, and 2012 respectively, while Latin
America and Europe only had inflows after the BRI was
formally proposed in 2013. They also showed different
patterns of inflow: East & South Asia and Africa have rather
steady material inflow after 2015 (except for 2020), while the
inflow of other regions fluctuated and most of the inflows do
not exceed 10 Mt a year.

4. DISCUSSION

4.1. The Scale of BRI. To give the BRI's material stocks a
sense of scale and check the plausibility of our results, we
compare them with other estimates of buildings and
infrastructures material stocks (Figure 6). The orders of
magnitude are similar to other material stock studies, yet the
resources used in BRI projects are considerable. Over the
course of merely 15 years, the construction materials of BRI
projects have accumulated to 328 million tons, equivalent to
over half of the material stocks in Shanghai,72 close to the
weight of all buildings in Vienna,”> and to the total stock of
buildings and infrastructures in Fuzhou, China. ”* The BRI’s
total material stock is much larger than the material stock of
the Bahamas,” and of some European c1t1es, like Odense in
Denmark”® and Gothenburg in Sweden.”®
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Sector-specific comparisons show that the BRI trans-
portation infrastructure material stock is lar;er than that of
Hanoi’s and Bangkok’s transgort system®””” and is approx-
imately one-fifth of Beijing’s’® and one-fourth of Belgium’s.”’
This is notable, as over 35% of the BRI projects are aimed at
developing transportation infrastructure. The average scale of
transportation projects is much larger than others (SI Figure
S4) and for regions like Africa there are huge infrastructure
gaps in transportation.”” However, the BRI transport material
stock also includes port construction and transportation
associated structures, i.e., stations and airport terminals,
which are not always included in the compared studies. In
just over a decade, the total material stocks of BRI electricity
infrastructure surpassed the total stocks of steel in India’s
power plants.®" It is also over half of that in China in 1980,”
prior to China’s period of rapid development, yet is still a small
fraction of China’s current electricity infrastructure material
stock. The building material stocks in BRI projects are
comparable to 90% of the building material stocks of Xiamen,
China®* and nearly double Padua, Italy.*’

These comparisons above give a sense of the scale and
rapidity of growth of the BRI. The amounts of materials are
substantial in terms of resource extraction, production and
mobilization across the world. Clearly, the finding that the
entire BRI weighs almost the same as Vienna does not make
the two interchangeable. While we can compare the weight of
the BRI as a single program with the material stocks of cities or
states, the composition of material types varies, and the
structures of buildings and infrastructure are different. The
similarity in mass provides a scale of reference, but does not
necessarily translate into comparable service provision. Take
one of the BRI sectors, highways, for example: a similar
amount of construction materials were used in BRI highways
as in all the highways in India.** Yet, conclusions could not be
drawn that the BRI highways collectively meet the intercity
road transport needs of 1.4 billion people. Nevertheless, the
BRI evidently provides benefits in multiple facets, including
improved global transportation connectivity and regional
development.*>*® Weighing the mass of those materials can
support a preliminary assessment of certain service provision
levels. Measuring the actual service provided by the BRI will be
the next challenge, important to assess its societal value.

4.2. Implications of BRI Material Stocks. Considering
the extensive scale of BRI material stocks, understanding how
much and where they serve is significant from both
environmental and policy perspectives. Materials accumulated
in the built environment were extracted from nature through
processing, manufacturing, transport, and construction, raising
concerns about these processes’ impacts on sustainable
resource use. The materials stocks of the BRI serve as
backbones for trade, communication, and other societal
services. By mapping the material stocks of individual projects
and analyzing them across sectors and regions, we unveil the
distribution patterns of material use within the BRI, helping us
understand the nexus of material flows, stocks, and service
provisioning.*”** As the BRI aligns with development patterns
in countries of the Global South, this data could provide
reference in reducing infrastructure deficits in the less
developed regions.

Broader life-cycle environmental impacts of the accumulated
stocks can be assessed based on these material use accounts.
This includes especially the embodied impacts from producing
these materials, which is generally a significant share of a

construction project’s whole life cycle impacts.*” The material
stocks are also closely linked to their end-use’s operational
environmental impacts. By examining subsequent energy needs
and carbon emissions during the use phases at multiple
levels—individual projects, sectors, regions, and the entirety of
the BRI—our work contributes to the possibility to assess the
BRI’s sustainability from a holistic view.

Furthermore, such information is important to identify
future material demands for maintaining and expanding
current BRI projects, and hence potential opportunities to
incorporate recycled materials, employ more sustainable
options, and improve material efficiency to reduce reliance
on virgin raw materials, thereby avoiding the overexploitation
of natural sources. In addition, anticipating future waste flows
from these projects can also help plan for their further
treatments and potential use as secondary materials. Geo-
information on the projects’ material inflows and future
outflows will facilitate the recycling and reuse process, saving
time on matching the demand and supply and reducing costs
and impacts associated with transport. Understanding the
material inflows and managing the outflows can foster
sustainable resource use in infrastructure growth through the
BRL/59091

4.3. Data Quality and Uncertainties. This is the first
attempt to map and account for the total mass of materials of
an international initiative like the BRI, whose definitions are
somewhat vague and shifting over time even in official Chinese
documents. This attempt enables us to identify some
challenges concerning the compilation and estimation of the
database, as well as uncertainties of our results arising from
both accounting units and material intensities.

4.3.1. Omitted Stocks. Material stocks in some BRI project
types such as leisure facilities, mines, vehicles, and oil fields
could not be estimated. While we documented them in our
database, we do not have sufficient information from official
sources, and neither geoinformation nor reliable assumptions
can be made to account for their units and subsequent
calculation of their masses. For full coverage and potential
future estimation once data becomes available, we mark them
as “omitted in project unit” (SL Figure S1), and their material
stocks are therefore also unaccounted.

4.3.2. Possibly Omitted Projects. The official BRI portal
Web site began to document weekly reports from 2021, thus
the information on projects in our database for the recent 3
years is more complete than those from before. In addition, the
BRI portal did not announce whether these reports include all
projects. Therefore, there could be projects that were finalized
before 2021 and the weekly reports did not mention them,
leading to complete omission from our data.

4.3.3. Uncertainties of the Material Inflow Years. The
material inflows of each year are based on the simplified
assumption that all materials used to construct a project flowed
into the BRI at the beginning year, without considering the
construction length or year of completion, which are often not
available. This could lead to a mismatch between the year and
its actual BRI stock accumulation. If data on the length and
dynamics of construction times for the various construction
projects becomes available, this assumption could be relaxed.
While this mismatch may be negligible for the overall trends
and aggregated scales, one manifestation of this is that our
results show that material inflows started in 2008, which
requires further confirmation. For example, the construction of
Neelum-Jhelum hydropower project in Pakistan started in
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2008. Both the hosting country and China declared it as a BRI
project, so we include it in our database and its entire material
flow is documented in 2008 as construction of the power
station began.

4.3.4. Material Outflows are not Accounted. We assume
there is no outflow from all these newly built infrastructures,
due to lack of usable data to show otherwise. However, there is
bound to be some material outflow. For example, there are
materials excavated from the site, on-site construction waste,
and so on. For now, we have no way to estimate the amount of
material loss or accumulation. Furthermore, as time progresses,
eventually the oldest projects may reach their end of life and be
demolished, but we did not identify any information that could
suggest that this has already occurred.

4.3.5. Material Intensities. Differences in the same type of
project can be expected, due to local standards and conditions.
However, in this study we treat them as equivalent structure
types and use one set of archetypal material intensities to
account for them. The use of archetypes is a well-known and
yet unresolved challenge in bottom-up material stocks
assessments.*”*¥*>?3 Besides that, our estimate focused on
the primary construction materials, and some critical materials,
e.g., Indium in solar cells and Neodymium in offshore wind
turbines, are not accounted in our database so far. The
quantity of these materials will not affect the magnitude of the
entire BRI weight, but the scarcity of these critical materials
has been a focal point of concern.”*”® Furthermore, we
separate concrete into its constituent cement and aggregate for
consistency. We assumed a fixed ratio of these materials, which
could be improved and further differentiated if information on
concrete characteristics becomes available in the future.

Uncertainties could arise from the choice of MlIs. Chinese
standards are prioritized as most BRI projects were designed
by Chinese firms, and MIs for developing regions align with
our scope given that most of BRI projects are located in such
areas. Therefore, a generalized set of single-value Mls per
material for each end-use is adopted to represent the
archetypes and estimate the corresponding stock. MIs might
vary by region, but such variability is not yet captured in the
current state-of-the-art methods or the available literature.
Under such conditions, changing the MIs to other single values
from a different source lead to an equivalent percent-change in
the results. Furthermore, single-value MIs cannot capture the
inherent variability of different construction projects, yet such
variations would have diminishing impacts on the overall
aggregated findings. Combined with potential uncertainties
arising from the challenges of determining the accounting
units’ sizes, our focus is on highlighting the trends and patterns
in the BRI material stocks rather than emphasizing absolute
numerical assessment. This strengthens the call for further
investigations and quantifications of bottom-up material stocks
that could provide additional validation and refinement of
richer MIs from the perspective of locations, more detailed
structure types, construction periods, etc., which would then
lead to a more nuanced data set. Nevertheless, the accounting
unit of each project is recorded well. It will not be difficult to
update our material stock database once better versions of MI
ranges become available.

4.4. Outlook for Further Research. To the best of our
knowledge, this is the first estimation of the materials used
specifically in the BRI’s development projects. We provide a
first step toward a sustainability analysis by quantifying these
stocks. The results show material use in total and per material,

for every project, sector, and region individually. The detailed
mapping of the material distribution can be a starting point for
the analysis of future material demand for maintenance, and of
the expected waste flows related to maintenance and
obsolescence. It can also provide a reference for identifying
infrastructure gaps in underdeveloped countries. This database
will continue getting updated with new projects and revised
estimates as new information becomes available, with the aim
to make it publicly accessible (the data compiled so far is
available upon request). Further research can assess the
environmental impacts related to the BRI construction, and
quantify, for example, energy consumption, ecosystem service
changes, and carbon emissions from this large infrastructure
program. Making a connection to global service provision, the
stock-flow-service nexus can also be explored through this data.
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