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Abstract: Resource efficiency is a primary policy goal in many developing countries that are resources
suppliers. This study performed a first try to explore the resource productivity and efficiency
of an emerging world factory, Vietnam, by applying an improved economy-wide material flow
analysis (MFA) integrated with a data envelopment analysis (DEA)-based Malmquist productivity
index approach (MDEA). Resource flows from 1978 to 2017, and the corresponding utilization
efficiency considering the unexpected environmental outputs, as well as productivity were explored
in depth. The results highlighted a positive correlation between rapid growth among domestic
material consumption (DMC), GDP per capita, and material intensity (DMC/capita) in Vietnam
during the last four decades. Meanwhile, the resource productivity (USD/DMC) increased from
82.4 USD/ton to 125 USD/ton (2017), presenting a much slower pace than that of Japan and China.
The IPAT-based decomposition analysis highlighted the contribution of rising affluence (94%) and
population (21%) to the rapid growing DMC, while the technology factor (DMC/GDP) needed to be
further enhanced. Finally, the total factor productivity, when comparing between Vietnam, China,
South Korea, and Japan, showed that, on the one hand, the Vietnamese economy has strongly been
changed in a positive direction with EFFCH 1.061 and TECHCH 1.046 during the last four decades.
One the other hand, Vietnam is still material intensive and has low material productivity. Our
analytical results recommend Vietnam to strengthen technology innovation and aim for efficiency
enhancement through closely coordinated policies on sustainable resource consumption, carbon
reduction, and economic growth, in line with the United Nations Sustainable Development Goals for
2030 (SDGs 2030).

Keywords: resource metabolism; material flow analysis; dematerialization; decomposition analysis;
malmquist data envelopment analysis

1. Introduction

Sustainable resource management and resource efficiency is critical to realize the
United Nations Sustainable Development Goals for 2030 (SDGs 2030). The increased con-
sumption of resources and materialization for economic growth would lead to raw material
price increases and resource deficits in the near future [1]; thus, many countries have
material efficiency measures in their economic systems [2]. Material efficiency is easily de-
fined as “reduced resource consumption and their associated environmental impacts with
sustained economic benefits” [3,4], to achieve balanced development. In the meanwhile,
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serious waste problems from resource overconsumption have surpassed the limited ab-
sorptive capacity of the ecosystem, as well as the regenerative capacity of the environment.
In particular, the extreme consequence of overconsumption is ecological imbalance [5,6],
such as global warming and natural resource degradation. For emerging economies in
particular, which play the role as primary resource suppliers or intensive natural resource
consumers, for industrial products supply, resource efficiency and productivity is critical
for realizing the SGDs at the national level.

To explore resource metabolism in depth is fundamental to decision-making to sup-
port sustainable resource management. Material flow analysis (MFA), which is a typical
analytical tool of industrial ecology, balances resource flows of the system and provides
crucial insights into the sustainable resource management of the system. The MFA guide-
lines were published by Eurostat [7–9]. Many MFA studies have been conducted at various
scales, such as national, regional, local, urban, and even industrial [10]. Among them, the
national scale MFA (EW-MFA) has been the most widely applied and already became the
mature approach for national accounting on socio-economic metabolism [10]. EW-MFA
has been conducted to diagnose resource utilization and efficiency, supporting the plan-
ning for improvement and contributing to the design of sustainable resource management
of countries. For example, EW-MFA studies have been conducted by EU members [11],
Hungary [12], Asia-Pacific countries, such as Japan [13,14], China [15,16], Australia [3], and
Pakistan [4], as well as countries grouped by region [17–19]. In addition, recently, MFA
has been extended to analyze the efficiency of economic ecosystems by data envelopment
analysis (DEA), which measures the efficiency of a system by the ratio of the weighted
outputs to inputs [20]. These resource flow and productivity efficiency research studies
confirm that an in-depth investigation of the material flow and efficiency trends and socio-
economic drivers could provide critical insights into resource management strategies and
policies for sustainable development in a country, or at the regional level [4,10].

Vietnam has been recognized as one of the rapid-developing countries, with remark-
able achievement in economic reformation. The country performed well with the outstand-
ing GDP growth of 6.4 percent in 2017. Meanwhile, global GDP growth at that time was
only expected at 3 percent [21]. However, Vietnam has been facing emerging challenges,
such as huge resource requirements and carbon emissions, which can be confirmed by the
fact that total Domestic Material Consumption (DMC) increased from 16.06 Mt in 1990 to
61.41 Mt in 2016, and emission intensity rose from 4.75 to 5.12 Mt CO2 per ktoe of fossil
fuels [22]. Furthermore, according to Ministry of Natural Resources and Environment of
Vietnam, the nation is going to sharply increase greenhouse gases emissions by around five
times, with a 20% carbon intensity per GDP, which could result in adverse consequences,
such as material-resource depletion by 2030 [23–26].

These numbers confirm that Vietnam’s pro-growth policy, which sacrifices environ-
mental assets such as resources and clean environment [27], have resulted in rapid resource
depletion and environmental degradation, with weak resource and environmental man-
agement institutions. However, to our knowledge, there has been few studies on material
flow and productivity in Vietnam until now. Therefore, research on material flows and
resource efficiency to understand Vietnam’s transition characteristics regarding economic
growth, resource consumption, efficiency, and pollution emissions are very needed to de-
rive sustainable development policy insights integrating environmental and development
objectives together.

Given this background, this study investigates the sustainability of resource flow and
productivity transition in Vietnam from 1978 to 2017 using an economy-wide material flows
analysis and DEA-based Malmquist productivity index approach (DEAM). As per our
knowledge and the literature review, no published studies exist on this topic using similar
methods. Through this work, this paper aims to answer the following research questions:
(1) How has material consumption evolved in fast-growing Vietnam during the last four
decades? (2) Which factors are driving material consumption in the economy? (3) How do
material and carbon efficiencies vary temporally at the national level, in comparison with
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Japan, Korea, and China? Through this study, we intend to address these research questions
and derive key policy suggestions for Vietnam’s material consumption, productivity, and
sustainable development from a historical and macro-policy perspective.

The organization of this paper is as follows: after this introductory section, Section 2
reviews the general condition of Vietnam as the case study; Section 3 presents the methodol-
ogy and data; Section 4 presents the analytical results and discussion; and, finally, Section 5
draws the conclusions and discusses the policy perspectives and future recommendations.

2. Overview of Vietnam

Vietnam is located on the eastern coast of mainland Southeast Asia, covering 331,699 square
kilometers, and shares borders with China to the north, two vicinity countries to the west,
Laos and Cambodia, the Gulf of Tokin and the South China Sea to the east, and the Gulf
of Thailand to the south (Figure 1). Vietnam has been experiencing rapid demographic
and social change. Its population reached 96.5 million in 2019 (up from about 60 million in
1986), making it the world’s sixteenth most populous country, and is expected to expand to
120 million by 2050. However, the population is rapidly aging, and Vietnam’s emerging
middle class, currently accounting for 13 percent of the population, is expected to reach
26 percent by 2026 [27]. An overview of the economic development, resource consumption,
and sustainable development challenges are described below.

Figure 1. Map showing Vietnam and neighboring countries. (Note: map made by the authors.)

2.1. Economic Development Status

Due to a long period of suffering from catastrophic wars, Vietnam had to face many
difficulties, such as poverty, epidemics, a backwards economy, and high illiteracy. The
country’s per capita income was among the poorest in the world (<200 USD) before
1980. Only after 1986, the country’s reform, “Ðổi Mới (renovation or new changes)”,
gradually revived Vietnam’s economy, culture, politics, and society [28]. Vietnam had
achieved annual GDP growth rate of 7.9% during 1990–2000, making it one of the emerging
economies in the world [29]. The country grew even more rapidly in subsequent periods;
the Socio-Economic Development Plan for 2006–2010 continues the growth strategy, with
expected exports to increase 16% annually [30]. Vietnam also had witnessed many regional
and world economic fluctuations during this period. In recent years, the country has
well performed with a real gross domestic product (GDP) in 2017 equaling 223.78 billion
USD (constant 2010-dollar prices) and an annual GDP growth of 6.8%, surpassing the
target of 6.7% set by the National Assembly [31], which put Vietnam as one of the fastest
growing economies in the world at that time. Looking into the industrial structure in
2017, the service sector was the highest contributor, with over 42.7% of the GDP, followed
by industry and construction (32.5%); in turn, the manufacturing and processing and
agriculture, forestry and fishery sectors accounted for 15.3% and 14.7%, respectively [32].
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From an export perspective, recently, Vietnam has driven its industrial growth, with a large
share of phones and component commodities being its top exports (45.1 billion USD in
2017); in parallel, textiles, electronics, computers, and component ingredients were also
substantially exported. However, these industrial advancements have brought Vietnam
new challenges to deal with the large amount of materials required for the manufacturing
and processing industry (91.4% of the import turnover in 2017) [26–31].

2.2. Resource Consumption Patterns

The domestic material consumption (DMC) by material type from 1978 and 2017 in
Vietnam (Figure 2) clearly confirms the fact that resource consumption increases steadily
with the level of economic development [1]. As shown in the figure, the total DMC
was increased over 17.6 times from 79.24 Mt in 1978 to 1400.07 Mt in 2017, while the
composition was totally changed, which represent rapid economic development, shifting
from a centrally planned economy to a new, more open market economy with industrial
advancement, urbanization, and enhanced living standard during last four decades [33].

Figure 2. (a) Resource consumption (DMC) by material type during 1978–2017 (proportional donut
size to the value of DMC; DMC values are in million metric tons), (b) detail information for each
material type in 1978 and 2017.
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In detail, non-metallic mineral (construction, industry, and agriculture) consumption
was sharply increased from 13.9% to 75.9% in the total DMC during 1978–2017. In the
non-metallic mineral category, construction material was dominant and increased 119 times
from 8.88 Mt (1978) to 1054.6 Mt (2017), which is translated to be due to the infrastructure
construction for industrialization and urbanization. In contrast, biomass consumption
in total DMC increased ~4 times from 62.6 Mt (1978) to 233.1 Mt (2017), while the share
sharply plummeted from 78.9% to 16.6%, which was due to the overwhelming increase of
other materials. These material consumption transition trends are in line with this country’s
policy of transforming the agricultural economy into an industrialized and modernized
economy [34].

Coming to fossil fuels, although the share in DMC decreased from 7.0% in 1978 to
5.6% in 2017, the total amount of fossil fuel consumption increased 12.5 times from 5.53 Mt
in 1978 to 69.36 Mt. For metal ores, the share in DMC increased from 0.3% (1978) to 1.9%
(2017), while the mass increased 121.7 times from 0.22 Mt (1978) to 26.77 Mt (2017).

Considering the material consumption trends shown in Figure 2, consumption of
construction material, fossil fuels, biomass, and metal ore in Vietnam are expected to surge
continuously, in line with economic growth, industrialization, urbanization, and improved
living standards. However, if the domestic extraction of certain material resources is
insufficient to meet DMC demand, resources must be imported from other countries,
which can seriously impact the national exchequer and quality of economic growth [4].
Thus, informed resource management strategies and policies based on resource flow and
productivity efficiency transition in Vietnam seem to be highly required.

2.3. Sustainable Development Polices and Challenges

Before the “Ðổi Mới” period, Vietnam had not mentioned and paid no attention to
policies related to sustainable development, because in that period, the task of reviving
the economy after the wars was the most urgent task, in line with poverty reduction. It
was not until the 2000s that the concepts of cleaner, eco-friendly, and efficient production
and environmental conservation were rekindled through the first law on Environmental
Protection issued in 2005. This is considered the first step to mark regulations and provi-
sions from an environmental point of view; it also was the initial effort in the country’s
legal framework to protect ecosystems and precious resources [35]. However, pollutants
such as solid waste and wastewater continuously increased. CO2 emissions also sharply
increased, approximately four times from 2000 to 2017. Hence, the relevant policies and
strategies were formulated, such as the green industry in 2008, striving for green growth
and encouraging environmentally responsible investment [25], and cleaner production and
resource efficiency in 2009. The main purposes of these policies and strategies were to pro-
mote production efficiency and to reduce emissions in production processes. In addition,
the sustainable development strategies during 2011–2020 not only focused on resources
and the environment, but also protect national sovereignty through political, cultural, and
social stability [36]. Among the sustainable development strategies, the eco-industrial park
initiative for sustainable industrial zones from 2015 to 2019 [37] marks a major turning
point in the awareness of resource efficiency, cleaner production, and industrial symbiosis
in industrial activities, together with the community, to create sustainable industrial parks
that are an integral part of a modern, environmentally friendly city.

However, economic development and environmental management have for long been
treated separately in Vietnam, as in most developing countries [27]. Separate institutions,
policies, budgets, and programs have been established to work with each objective alone.
Thus, the challenge of sustainable development in Vietnam is integrating environmental
management and economic development, which is based on knowledge of the economy-
wide material flow and efficiency of the economic system.
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2.4. Critical Discussion on Sustainability of Resource Use in Vietnam and Contribution of
This Paper

According to the economic condition, resource utilization pattern, and sustainable
policies released so far, there are several critical issues related to the sustainable use of
resources in Vietnam; how an understanding of these challenges could be strengthened by
this paper, we highlight the following:

1. Regarded as a high-potential “world factory” after China, Vietnam presents similar
resource consumption patterns as a typical fast-growing economy, such as an increase
in primary resource use, particularly metals and non-metal minerals. It is a dilemma
that many emerging economies has faced—how to better balance economic growth
and more sustainable resource consumption. Therefore, an investigation from a
transitional perspective and the identification of the key driving forces are critical.

2. Sustainability pursues an equilibrium among the triple bottom line variables—social
equity, economic efficiency, and environmental responsibility. Therefore, it is im-
portant to investigate both the technological and socioeconomic issues behind re-
source consumption.

3. To some extent, sustainability is a way to balance the inputs (natural resources con-
sumption), desired outputs (e.g., GDP, products, and services), and undesired out-
puts (wastes and pollutants, damage to ecosystems, etc.). Therefore, an indicator
or approach could aid achieving such an equilibrium, being useful to identify the
sustainability of resource utilization.

This paper expects to contribute to a better understanding on the above critical issues
of the sustainable use of resources in Vietnam, as follows:

Firstly, in response to Points 1 and 2 above, by adopting a modified IPAT approach
towards long time-series material flow data, we can investigate the various types of driving
forces behind the resource consumption, from a transitional perspective. Particularly, with
comparison to a typical economy in Asia, more insights are expected to be uncovered.

Secondly, in response to Point 3, a DEA approach offers an indicator and model to
calculate and analyze the productivity and efficiency under resources inputs, expected
outputs, and unexpected outputs. Therefore, the efficiency indicator derived from the DEA
approach could be an important reference for further sustainable resource use in Vietnam.

To support the research, the methods, data applied, and critical findings are presented
in the following sections.

3. Methods and Data
3.1. Methodological Framework

Figure 3 presents the research framework and detailed data used in this study. Thirteen
material types were classified into four resource categories: metal ores, fossil fuels, non-
metallic minerals, and biomass. The first step was to conduct Vietnam’s MFA based
on the EW-MFA guidelines using the most recent long time-series data, covering four
decades, from 1978 to 2017. The second step was to identify the drivers of resource
consumption by a decomposition analysis and apply the EKC hypothesis. Finally, economic
performance was analyzed by a DEA-based Malmquist productivity index approach
(DEAM). As material metabolism depends on economic development stages, Vietnam
was investigated in comparison with its top trade partners: China (middle-developing
country), South Korea (primary developed country), and Japan (mature, industrialized,
and developed country). The starting and ending point are based on the longest term and
data availability.
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Figure 3. The research framework and data for the MFA and DEAM.

3.2. Material Flow Analysis

This paper mainly adhered to the EW-MFA framework and methodological guidelines
in EUROSTAT [7–9]. The MFA indicators used in this study are summarized in Table 1.
As shown, the indicators, such as DE, DMC, and PTB, are expressed in physical units
(Mt), while the intensity and efficiency indicators, such as MI, EI, and RP, are in mixed
units: DMC/capita and/or DMC/GDP, CO2/capita and/or CO2/GDP, and GDP/DMC,
respectively. These MFA indicators are used to explore the dematerialization/decoupling
trends and resource productivity [38,39]. In this study, GDP is used as an economic
performance indicator and reported in United States dollar (USD) based on 2010 constant
prices (or otherwise stated).

Table 1. Material flow and efficiency indicators applied in this study.

Indicator Abbreviation Description

Domestic extraction DE Extracted resources from the natural environment used
as an input for an economy (except water and air).

Domestic material consumption DMC
Quantity of raw materials extracted from the domestic
territory, plus imports and minus exports, directly used

in an economy.

Physical trade balance PTB
The trade surplus or deficit of material resources within

an economy, which can be measured by the physical
imports minus physical exports.

Intensity MI
EI

The total amount of material directly used in an
economy, represented by DMC per capita and DMC per

GDP
Total CO2 emissions/capita or total CO2

emissions/GDP

Resource productivity RP
Evaluation of the level of efficiency in using resources,

which is calculated by the ratio between GDP and DMC,
GDP/DMC.
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3.3. IPAT Decomposition Analysis

IPAT decomposition analysis was done to further investigate the drivers of the re-
source consumption with the results of the MFA. IPAT is a basic equation postulating that
environmental impacts are the multiplicative product of three socio-economic drivers of
population (P), affluence (A), and technology (T) [40,41]. In this study, DMC was taken as
the environmental impact (I) driven by the three major factors under the IPAT assumption,
as given in Equation (1):

I = P X A X T = P × GDP
P

× DMC
GDP

(1)

where population ‘P’ is the number of persons, affluence ‘A’ is GDP per capita, and
technology ‘T’ is DMC per GDP. To quantitatively measure the contributions of the three
drivers, the Log-Mean Divisia Index (LMDI) method [42] was used to decompose the
change in DMC from ‘time = 0’ (the starting year) to ‘time = t’ (the ending year).

Based on the LMDI method, the change in DMC from ‘time = t0’ to ‘time = t’ can be
expressed as the following equation:

∆DMC = DMCt − DMCt0 = ∆P + ∆A + ∆T (2)

∆P = ∑
DMC(t) − DMC(0)

Ln(DMC(t)/DMC(0))
× Ln

P(t)

P(0)
(3)

∆A = ∑
DMC(t) − DMC(0)

Ln(DMC(t)/DMC(0))
× Ln

A(t)

A(0)
(4)

∆T = ∑
DMC(t) − DMC(0)

Ln(DMC(t)/DMC(0))
× Ln

T(t)

T(0)
(5)

where ∆P, ∆A, and ∆T describe the contribution of population, affluence, and material
intensity, respectively.

3.4. Data Envelopment Analysis-Based Malmquist (DEAM) Approach

In this study, we first try to evaluate the productivity of the economic system apply-
ing an MFA indicator to a data envelopment analysis (DEA). DEA is a non-parametric
mathematical approach to measure the efficiency of systems at a specific time. A data
envelopment analysis-based Malmquist productivity index approach (MDEA) can measure
the productivity efficiency index for organizational units over time [43]. The organiza-
tional units are commonly referred to as decision-making units (DMUs), which transform
inputs into outputs [44–46]. DEA has been applied to many performance (efficiency)
issues [43,47–51].

However, research on resource productivity efficiency changes considering economic
growth and environmental impact on the national level, which can provide valuable
insights on sustainable resource management policy, is very insufficient, especially in
emerging and developing economies. Given this circumstance, this study was first to apply
MFA indicators to the DEA-based Malmquist productivity index approach to assess the
productivity and efficiency changes of Vietnam in comparison to its top trade partners in
the different economic development stages.

The Malmquist productivity index (MPI) is calculated by Equations (6) and (7), to
determine the efficiency change in DMU between periods t and t + 1 through a distance
function produced by DEA [52].

At time t:

MPIt
I,c =

Ht
I,c
(
xt+1, yt+1)

Ht
I,c(xt, yt)

(6)
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At time t + 1:

MPIt+1
I,c =

Ht+1
I,c
(
xt+1, yt+1)

Ht+1
I,c (xt, yt)

(7)

where I indicates the orientation(input or output orientation); C denotes the technology
under constant return to scale; MPIt

I,c and MPIt+1
I,c denotes productivity change at the t and

t+1 period; and Ht
I,c(x

t, yt) and Ht
I,c
(
xt+1, yt+1) present the distance function of the input

and output of the DMU by the period t benchmark technology at t and t + 1, respectively.
The Malmquist productivity index (MPIt

I,c), the geometric mean of the two MPI indices
at time t and t + 1, measures the Total Factor Productivity (TFP) as follows:

MPIT
I,C

(
xt, yt, xt+1, yt+1

)
= (MPIt

I,cMPIt+1
I,c )

1
2 =

[
Ht

I,C
(
xt+1, yt+1)Ht+1

I,C
(
xt+1, yt+1)

Ht
I,C(xt, yt)Ht+1

I,C (xt, yt)

] 1
2

(8)

If MPIT
I,C(x

t, yt, xt+1, yt+1) > 1, it denotes that TFP grows from the t to t + 1 period,
and conversely, if MPIT

I,C(x
t, yt, xt+1, yt+1) < 1, then it declines. Equation (8) is further

decomposed into Equation (9):

MPIT
I,C

(
xt, yt, xt+1, yt+1

)
=

[
Ht

I
(
xt+1, yt+1)Ht+1

I
(
xt+1, yt+1)

Ht
I(xt, yt)Ht+1

I (xt, yt)

] 1
2

=

[
Ht+1

I,C
(
xt+1, yt+1)

Ht
I,C(xt, yt)

][
Ht

I,C
(
xt+1, yt+1)Ht

I,C(x
t, yt)

Ht+1
I,C (xt+1, yt+1)Ht+1

I,C (xt, yt)

] 1
2

(9)

Under the assumption of CRS, technology change (TECHCH) and efficiency change
(EFFCH) can be defined as follows:

TECHCH =

[
Ht

I,C
(
xt+1, yt+1)Ht

I,C(x
t, yt)

Ht+1
I,C (xt+1, yt+1)Ht+1

I,C (xt, yt)

] 1
2

(10)

EFFCH =
Ht+1

I,C
(
xt+1, yt+1)

Ht
I,C(xt, yt)

(11)

Therefore,
TFPCH = TECHCH × EFFCH (12)

Under the assumption of a variable returns scale (VRS), efficiency changes (EFFCH)
are further separated into Equation (13). The first part of Equation (13) is the pure efficiency
change (PECH, Equation (14)) and the second part is the scale efficiency change (SECH,
Equation (15)).

Ht+1
I,C
(
xt+1, yt+1)

Ht
I,C(xt, yt)

=
Ht+1

I,V
(
xt+1, yt+1)

Ht
I,C(xt, yt)


Ht

I,V(xt,yt)
Ht

I,C(xt,yt)

Ht+1
I,V (xt+1, yt+1)/Ht+1

I,C (xt+1, yt+1)

 (13)

PECH =
Ht+1

I,V
(
xt+1, yt+1)

Ht
I,C(xt, yt)

(14)

SECH =
Ht

I,V(x
t, yt)/Ht

I,C(x
t, yt)

Ht+1
I,V (xt+1, yt+1)/Ht+1

I,C (xt+1, yt+1)
(15)

Therefore, the TFP change can be written as follows:

TFPCH = MPIT
I

(
xt, yt, xt+1, yt+1

)
= TECHCH × EFFCH = TECHCH × PECH × SECH

In a traditional DEA, the inputs (such as energy, material, and capital) and outputs (such as
GDP, value-added, and waste emissions) are generally used to find the efficiency frontier
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and efficiency score (distance function). In this study, we used material intensity (DMC
per Mil $) and carbon intensity (CO2 per Mil $) (undesired output) as the inputs to be
minimized and economic growth (GDP Mil $) as the output to calculate the productivity
efficiency scores [4].

3.5. Data Collection

The general information for socio-economic and environmental issues was gathered
from the World Bank [33,53] and the International Energy Agency’s database [54]. For
material categorization, consumption statistics were taken from the International Resource
Panel’s database—based on the EUROSTAT framework [7–9]. Furthermore, the official
national reports and Statistical Yearbooks of Vietnam [23,55,56] were used to complement
the missing data and ensure the reliability of the data. For the policy analysis, publicly
available policy documents were accessed and analyzed.

4. Results and Discussion
4.1. Transition of Basic Material Indicators

Basic materials are composed of “metal ores and industrial minerals”, “fossil fuels,
“construction materials”, and “Biomass”. Figure 4a presents the per capita domestic basic
materials extraction for Vietnam, while the domestic material consumption and physical
trade balance results are exhibited in Figure 4b,c, respectively, for the period 1978–2017.

As shown in Figure 4a, the DE trend and share of each material type have shifted
dramatically over the time. During the 40 years, the total DE in Vietnam has increased from
78.23 Mt to 1392.4 Mt, with a compound annual growth rate (CAGR) of 7.66%. In 1978,
the non-metallic share was 11.01 Mt, accounting for 57% of the total DE, which increased
dramatically and maintained the top position in total DE in 2017 with 91% (1077.47 Mt) of
the total DE of 1181.44 Mt, in which the share of construction minerals in total DE increased
significantly from 11.4% (8.87 Mt in 1978) to 76.9% (1071.1 Mt in 2017), indicating dominant
extraction of construction-based materials. Thus, as of 2017, construction minerals were
the most extracted resource domestically and had the highest growth during 1978–2017.

However, the share of biomass slightly but continuously increased (61 Mt in 1978 to
234.4 Mt in 2017). Similar to the trend in total share of biomass, the total fossil fuel share
moderately increased in DE over the study period (6 Mt in 1978 to 69.7 Mt in 2017). This
is mainly due to the overwhelming increase in the proportion of construction materials.
Construction materials had been used as key resources to construct process plants (for
industrialization) and large-scale urban infrastructure (for urbanization) during the last
40 years of economic growth. Meanwhile, as fossil fuels are essential energy resources,
especially for the process of industrialization, urbanization, and improving living standard,
fossil fuel extraction increased from 6.0 Mt in 1978 to 69.7 Mt in 2017, representing a nearly
10 times increase (Figure 4a).

Figure 4. Cont.
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Figure 4. (a) Domestic extraction (DE), (b) domestic material consumption (DMC), and (c) physical
trade balance (PTB) in Vietnam during 1978–2017.

Figure 4b presents the per capita domestic material consumption (DMC) in Vietnam
from 1978 to 2017. Like the DE results, total DMC increased from 79.24 Mt in 1978 to
1400.7 Mt in 2017, with a CAGR of 10.6%, which is mainly due to rapid economic growth,
industrialization, and urbanization progress. The DMC-to-DE ratio denotes resource con-
sumption relative to locally mined or imported resources. Back in 1978, the DMC/DE ratio
was around 1.0 and the ratio was maintained until 2017, indicating a relative independence
on imported resources in Vietnam. As of 2017, this ratio of metal ores and fossil fuels were
higher than 1, 2.5 and 1.1, respectively, indicating that the total amount of imports of those
materials was substantial due to DE shortage. The growing reliance on imported resources
is emerging as a new challenge to economic development in Vietnam in consideration
of the dynamics of future global resource supply chains, resource price fluctuations, and
potential competition among importing–trading countries.

Figure 4c shows the PTB trend in Vietnam during 1978–2017, which provide critical
insights into the net resource flows to and from an economy with a positive PTB, indicating
a net resource import and vice versa [4]. As shown in this figure, there are three interesting
phases: 1978–1988, 1989–1999, and 2000–2017. During 1978–1988, social reconstruction
and development were the primary national agenda, overcoming the consequences of war.
Therefore, at this time, the required raw materials and resources were prioritized to be
imported to meet the essential needs of the country. However, Vietnam’s net resource
import remained relatively low and only increased from 1.0 Mt to 1.5 Mt, with mostly fossil
fuel imports (1.5 Mt). From 1989 to 1999, Vietnam’s exports of natural resources were larger
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than its imports and economic development was based on the low price the raw material
exports. Fossil fuel exports sharply increased, 25.6 times, from 0.52 Mt to 13.32 Mt, while
biomass was exported at around 2 to 3 Mt each year during this phase.

In the period 2000–2017, the dynamics of the import and export of raw materials
were clearly observed. Vietnam’s fossil fuel exports grown significantly, reaching a peak
(34.3 million tons) in 2006, then falling sharply until 2014, when Vietnam started importing
fossil fuels, due to continuously increased domestic demand. As for metal ores, during
this period, imports of this resource have increased continuously over 9 times from 1.74 Mt
in 2000 to 15.94 Mt in 2017, to meet the demands from industrial activities. Biomass was
imported during 2000–2009 and exported from 2011. As for metallic ores, imports were
larger than exports to support infrastructure development of the industrial sector and
urban area during 2000–2017. Non-metallic minerals have gradually been extracted and
have become sone of the main resources exported in this country, increasing approximately
3 times during 2010–2017.

Overall, Vietnam’s net resource trade in 1989 equaled −1.4 Mt, with exported biomass
at 1.8 Mt and imported fossil fuels at 0.29 Mt. As of 2014, its net resource export was 5.5 Mt,
with exports of non-metallic minerals (12.1 Mt), fossil fuels (6.1 Mt), biomass (1.1 Mt),
and imports of metal ores (13.8 Mt). The situation has changed since 2014, and by 2017,
Vietnam’s net resource trade equaled 8.3 Mt, comprising exports of non-metallic minerals
(14.7 Mt) and biomass (1.1 Mt), while importing metal ores (15.9 Mt) and fossil fuels (8.4 Mt),
indicating a shift in the industrial structure and economic development toward increased
demand for imported energy resources and metallic ores. These dynamics of the PTB of
resources are expected to continue for living standards enhancement, improved urban
infrastructure, and rapid industrial development, indicating the rising vulnerability to
global resource supply perturbations and price fluctuations [20].

4.2. Intensity and Efficiency Trends

Based on the basic material flow indicators, the intensity and efficiency trends of
Vietnam and its top three trade partners, China, South Korea, and Japan, were investigated
from 1978 to 2017 (Figure 5). In the figure, economic growth is represented by GDP
per capita; resource productivity in DMC tons per capita; resource productivity in GDP
per DMC; and environmental impact in CO2 per capita. As Vietnam is a fast-growing
developing country, China an upper-middle-developing country, South Korea a primary
developed country, and Japan a mature developed economy, they were selected as the
top Vietnam trading partners at different stages of economic development to compare the
material and efficiency indicators trends [10].

As for economic growth, GDP per capita continuously increased—2.0, 4.9, 7.7, and
23.9 times—in Japan, Vietnam, Korea, and China, respectively, during 4 decades (Figure 5a),
However, material intensity (DMC per GDP) was reduced by 69, 65.5, and 64% in Japan,
Korea, and China, respectively (Figure 5b), while in Vietnam, this trend has fluctuated;
decreased 64.25% from 0.012 tons/USD in 1978 to 0.0043 tons/USD in 1994, then increased
84% to 0.07991 tons/USD in 2017. This shows that, despite some improvement, Vietnam
remains highly material intensive as a whole and results in the lowest productivity.

Resource and material productivity is expressed as the economic output per unit of
total DMC, which is an important indicator to compute the economic contribution per
unit of material consumed. The material productivity presented in Figure 5c shows that
material productivity has increased 2.8, 3.2, and 2.9 times in Japan, China, and South Korea,
respectively, while increasing 1.5 times from 82.4 USD/ton to 125 USD/ton in Vietnam
during that time. As of 2017, the material productivity of Japan, Korea, and China are 40,
14, and 2.3 times higher than that of Vietnam.

As for carbon intensity, ton CO2 per capita has continuously increased, 6.75 times, in
Vietnam during 1978–2017, as illustrated in Figure 5d, while Japan, South Korea, and China
rose by 1.12, 3.8, and 4.36 times, respectively, during that time. Though the increasing rates
of carbon intensity of Japan, South Korea, and China are lower than Vietnam, those of
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South Korea, Japan, and China were 11.66, 8,88, and 6.69 tons CO2 per capita, respectively,
in 2017. Thus, they must strengthen their climate countermeasures, through a circular econ-
omy, green growth, and a sustainable development policy drive, and its implementation.
However, in Vietnam, though the carbon intensity is very low, it is continuously increasing.
Therefore, for Vietnam it is highly recommended to make a transition towards low-carbon
economic growth by significant improvements in energy efficiency and emission intensity,
such as through a national energy-mix restructuring [22].

Figure 5. Characteristics of economic growth, resource consumption, and emissions in Vietnam, China, South Korea, and
Japan during 1978–2017 (GDP is in constant dollar prices of 2010): (a) economic growth (GDP/capita); (b) resource intensity
(DMC/GDP); (c) resource productivity (GDP/DMC); and (d) environmental impacts (CO2 emissions/capita).

In summary, the intensity and efficiency trends confirm that the resource consumption
and economic development patterns are different based on each country’s situation, such
as its resource condition, economic development stage, industrial structure, and position in
the global supply chain [57,58]. Thus, a country-specific MFA is essential to achieve critical
policy insights into sustainable resource management for the target country [3,15].

4.3. Coupling Trends in and Drivers of Resource Consumption

With the material intensity and economic indicators calculated from the MFA, decou-
pling trends were analyzed by the Environmental Kuznets Curve approach. As shown in
Figure 6, Vietnam and China had been in the surging upswing stage, in both GDP per capita
and resource consumption, being in the first half of the inverse “U” curve and presenting a
strong coupling trend between DMC per capita and economic growth during the last four
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decades. However, Japan had shown a transitional trend and reached the inversion point
in 1987 with a per capita GDP of ~32,000 USD/capita, which was followed by South Korea,
which reached the EKC inversion point with a per capita GDP of ~20,000 USD/capita in
2007. These two OECD countries clearly show the decoupling of material intensity from
economic growth. This results clearly shows that China and Vietnam need to strengthen
resource efficiency, green growth, and circular economy policy and implement strong
actions to enhance material intensity and material productivity. Although Vietnam is
still far behind reaching the EKC inversion point, considering the contribution of the
technical factor on material consumption, they are strongly recommended to strengthen
technical innovation (negative driver) customized to local conditions to decouple resource
consumption from economic growth.

Figure 6. EKC curve of Vietnam in comparison with Japan, South Korea, and China during 1978–2017.

To dive deep into investigating the drivers of resource consumption, ∆DMC were
decomposed into their driving forces every 10 and 5 years using the IPAT framework,
and the results are presented in Table 2 for Vietnam and comparative countries. In the
whole studied period, population and economic growth factors negatively contribute to
a decline material use, while technological advancement positively reduces resource use
and environmental issues. Inevitably, a blooming population and industrial activities
always entail essential needs for living and production, since contributions of both factors
predominantly affect material and environmental issues: a 3%, 112%, and 113% share of
the population indicator on pushing material consumption and emissions in Japan, South
Korea, and China over the four studied decades, respectively (Table 2). As for the affluence
perspective, during 1978–2017, its contribution accounted for 24%, 691%, and 134% in
Japan, South Korea, and China, respectively. In contrast, innovative solutions are known as
a strong driver in down turning the resource and environmental problems in South Korea
(−703% contribution of the technological factor during 1978–2018), followed by China,
where a −146% share of technical improvement was reported during the whole period,
and at the same time, a −36% contribution of this driver in Japan.
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Table 2. Driving factors of material consumption in Vietnam under various intervals.

Change in
Impact (DMC)

Change in
Impact (DMC)

Attribution to Drivers Using
Log Transform

1978–1988
∆I % ∆I (Mt) ∆P ∆A ∆T P A T

China 94% 3074.79 1052% −82% −7% 369% −258% −11%
Korea 80% 174.61 14% 235% −53% 22% 206% −128%
Japan 6% 85.84 7% 44% −31% 13% 74% −76%

Vietnam 63% 50.19 26% 242% −62% 46% 250% -197%

1988–1998
∆I % ∆I (Mt) ∆P ∆A ∆T P A T

China 77% 4866.27 13% 192% −46% 21% 189% −110%
Korea 66% 258.24 10% 73% −13% 19% 108% −27%
Japan 0% -5.68 3% 18% −18% −72% 22% −27%

Vietnam 115% 148.39 20% 70% 5% 24% 70% 6%

1998–2008
∆I % ∆I (Mt) ∆P ∆A ∆T P A T

China 87% 9711.80 7% 319% −58% 10% 230% −140%
Korea 23% 149.40 6% 153% −54% 28% 449% −377%
Japan −9% −138.87 1% 9% −18% 1% 8% −17%

Vietnam 221% 614.78 11% 72% 69% 9% 47% 45%

2008–2013
∆I % ∆I (Mt) ∆P ∆A ∆T P A T

China 47.40% 9920.32 2% 104% −29% 6% 184% −90%
Korea −2.02% −16.16 3% 27% −25% −136% −1162% 1398%
Japan −9.86% −136.83 0% 2% −12% −2% 10% −52%

Vietnam 26.75% 238.79 6% 26% −5% 23% 97% −20%

2013–2017
∆I % ∆I (Mt) ∆P ∆A ∆T P A T

China 14.08% 4344.92 2% 25% −10% 16% 168% −84%
Korea 3.00% 23.52 2% 15% −12% 69% 470% −439%
Japan −8.68% −108.55 −1% 5% −12% −2% 22% −62%

Vietnam 23.80% 269.31 4% 16% 2% 20% 69% 11%

1978–2017 (Whole period)
∆I % ∆I (Mt) ∆P ∆A ∆T P A T

China 974% 31918.10 1350% 464% −87% 113% 73% −86%
Korea 269% 589.61 39% 2027% −88% 25% 234% −159%
Japan −21% −304.09 10% 100% −64% 3% 24% −36%

Vietnam 1668% 1321.46 84% 1361% −34% 21% 93% −15%

Note: ∆P: population; ∆A: affluence; and ∆T: technology factor.

As shown, rising affluence (94%) and population (21%) are strong drivers of ∆DMC;
only the technological factor helps reducing material consumption in Vietnam (−15%)
during 1978–2017 (Table 2). In detail, the technology factor was the negative driver of
∆DMC and considerably slowed down the rise in material consumption (−196.85%) during
1978–1988, the first stage of economic institutional transition, while the affluence factor
dramatically contributed to enhance resource consumption by 250.45%, followed by the
population driver with 46.4%, respectively (Table 2). This phenomenon occurred during
the hard time of war with Cambodia and China, when huge support from outside helped
increase the affluence and technological drive during this period [59].

After this phase, Vietnam returned to a stable economic, social, and political status. It
is easily observed through the three factors’ contributions in Table 2. Particularly, the next
stage (1988–1998) shows that a significant setback in technology (6.48 %) has resulted in
a loss of control over resource-use reduction. At the same time, the economy decreased
significantly (69.53%) in a period of global hardship due to the economic crisis of 1998 [60].
The economic recovery in the following periods shows that the influence of economic
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development always has a direct impact on material consumption (Table 2). Since Vietnam’s
GDP has grown at a relatively stable growth rate from 2008 to 2017, ∆DMC was 238.79
and 269.3 during 2008–2013 and 2013–2017, respectively. Affluence and population also
contributed to the increased DMC in these periods. This DMC increase was essential
for expansion of transport infrastructure, industries, business, and household buildings,
resulting from the rapid urbanization and industrialization.

4.4. Productivity Efficiency Transition in Vietnam

In this study, DEAP2.1 software was used to assess the productivity efficiency tran-
sition by the DEA-based Malmquist productivity index (DEAM) model. The two inputs
were material intensity (DMC per mil. US$) and CO2 intensity (CO2 per mil. US$), and
the output was economic growth (GDP). This study selected the input-oriented constant
return scale (CRS) as a parameter and measured the comprehensive technical efficiency of
Vietnam, China, South Korea, and Japan from 1978 to 2017.

Table 3 shows the annual changes in the total factor productivity change (TFPCH)
and its components for the four different countries that are at different stages of economic
development: Vietnam, China, South Korea, and Japan. As shown, the average annual
TFPCH was 1.097 and the TECHCH was 1.053; the EFFCH, PECH, and SECH were 1.042,
1.001, and 1.04, respectively (Table 3), which means that resource productivity has been con-
tinuously increased annually during the last four decades. In addition, the TECHCH and
EFFCH indicators both contributed to improve the total efficiency in resource productivity
and rising eco-efficiency in these countries. Paying attention to the slightly increasing scale
efficiency growth rate during 1978–2017 of 0.1%, we note that material consumption has
basically obtained the optimal consumption scale. The two decomposed components of EF-
FCH are PECH and SECH, in which both indexes have concurrently brought chronological
contribution to renovate the EFFCH value.

Table 3. Malmquist index summary of four countries from 1978 to 2017.

TFPCH TECHCH EFFCH PECH SECH

1978–1979 1.069 1.052 1.017 0.995 1.022
1979–1980 2.392 1.076 2.224 1.5 1.483
1980–1981 0.743 1.12 0.663 0.79 0.839
1981–1982 1.235 1.104 1.118 1.024 1.092
1982–1983 1.322 1.092 1.211 1.06 1.143
1983–1984 0.903 1.03 0.876 0.954 0.919
1984–1985 1.076 1.134 0.949 0.929 1.022
1985–1986 1.075 1.056 1.018 0.987 1.031
1986–1987 1.091 1.096 0.995 0.964 1.032
1987–1988 1.124 1.058 1.063 1.044 1.018
1988–1989 1.16 1.066 1.088 1.077 1.01
1989–1990 1.002 1.044 0.96 0.95 1.01
1990–1991 1.093 1.063 1.028 0.99 1.038
1991–1992 1.097 1.016 1.08 1.015 1.065
1992–1993 1.094 1.006 1.088 1.012 1.075
1993–1994 1.073 0.974 1.101 1.03 1.069
1994–1995 1.099 1.049 1.047 0.995 1.053
1995–1996 1.054 1.041 1.013 0.971 1.043
1996–1997 1.03 1.028 1.002 0.955 1.05
1997–1998 1.146 1.021 1.123 1.045 1.075
1998–1999 1.069 0.974 1.098 1.029 1.068
1999–2000 1.052 1.033 1.018 0.991 1.027
2000–2001 1.062 1.035 1.026 0.966 1.062
2001–2002 1.065 1.002 1.064 0.986 1.078
2002–2003 1.064 1.022 1.042 0.974 1.069
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Table 3. Cont.

TFPCH TECHCH EFFCH PECH SECH

2003–2004 1.081 1.032 1.048 0.993 1.055
2004–2005 1.144 1.064 1.075 1.01 1.064
2005–2006 1.112 1.085 1.025 1.006 1.019
2006–2007 1.11 1.088 1.02 1.001 1.019
2007–2008 1.056 1.063 0.993 0.972 1.021
2008–2009 1.049 1.041 1.008 0.975 1.034
2009–2010 1.073 1.06 1.012 1.005 1.007
2010–2011 1.067 1.037 1.029 1.01 1.018
2011–2012 1.095 1.056 1.036 1.031 1.005
2012–2013 1.079 1.072 1.006 1 1.006
2013–2014 1.061 1.073 0.989 0.973 1.016
2014–2015 1.063 1.076 0.988 0.975 1.014
2015–2016 1.069 1.054 1.014 1.001 1.014
2016–2017 1.098 1.087 1.01 1.002 1.008
Average 1.097 1.053 1.042 1.001 1.04

Under the annual change in these indexes, seen in Figure 7 some overarching trends
have emerged. During 1978–1985, all indicators positively accelerated, with a maximum
growth rate in the average TFPCH of 139.2% (1979–1980); 122.4% for EFFCH; and 48.3%
and 50% for ECH and PECH, respectively. The dramatic improvement in these indexes
may be the result of the 3rd industrial revolution globally [61]. However, this stage was
also unstable because of the influence of the global economic crisis along with the collapse
of socialism in many countries (notably the former Soviet Union) in the period 1998–1990.
This can be seen as the main cause of the gradual decline of the indexes during that
period [22,60]. This situation did not last long; it has been gradually improved since the
1990s due to the positive impact of the 4th industrial revolution. Therefore, the development
of the indicators almost kept the status stable, or only slightly fluctuating [61]. The roles of
technology, the political, and policy situation plays a key role in changing the situation of
each country, even the world.

Figure 7. The cumulative change rate of TFPECH, TECHCH, EFFCH, PECH, and SECH for the four
countries from 1978 to 2017. (Note: second axis presents TFPCH and EFFCH values.)
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From a national level viewpoint, the TFPCH and its components of material consump-
tion and eco-efficiency are exhibited in Figure 8.

Figure 8. Malmquist productivity index for Vietnam, China, Korea, and Japan during 1978–2017: (a) total factor productivity
change (TFPCH); (b) technology change (TECHCH); (c) efficiency change (EFCH); (d) scale efficiency change (SECH);
(e) pure efficiency change (PECH); and (f) average Malmquist index summary for each country. (Note: second axis presents
Vietnam’s indicator, since the detailed results can be viewed in Appendix A).

TFPCH is shown in Figure 8a. Generally, the TFPCH trends fluctuated from 0.98–1.4 in
Japan, South Korea, and China. Vietnam was an exception to this trend during 1978–1984,
as the TFPCH growth rate was incoherently managed because, at that time, Vietnam was
trapped in a stagnant economy with intervention from Western economies. On the other
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hand, the severe consequence of economic growth came from wars with Cambodia and
China [62,63]. These predominant reasons brought the country into complicated situations.
Only after 1985, Vietnam overcame the difficult period and gradually made breakthroughs
in all fields, with a stable growth rate. It was demonstrated through the relative high
improvement in all the Malmquist indexes.

From a TECHCH viewpoint, all the studied countries had similar trends during
1978–2003. However, in the next stage, China emerged as the leading country in lifting
their technological innovation, with a 24% growth rate (during 2005–2006). While for the
mature developed country Japan, it has early on performed in the high-tech arena compared
with other countries, since its TECHCH has slowly increased in stability (Figure 8b).

EFFCH and its decomposed components including PECH, and SECH are shown in
Figure 8c–e. Basically, from 1978 to 1984, these indexes in Vietnam were consistent with its
TFPCH. It denotes that the EFFCH indicator plays a key role in altering TFPCH. Overall, all
economies achieved the optimal scale in almost all years, in which the strongest volatility
occurred in China, showing that the country was taken into advancement by its scale and
traditional, pure change. In contrast, these indicators were maintained in Japan; it seems
that this country is satisfied with what has been built in the past under its inherent science
and synchronization. This country has almost no change in size and pure efficiency change,
instead focusing on embracing advanced science in the world.

In summary, the geometric mean for each indicator at each nation is presented in
Figure 8f. The average TFPCH value is highest in China, 14.5%; staying in the second
position is Vietnam, with 11%, followed by South Korea ay 9.2%, and lowest in Japan, with
a 4.2% growth rate (Figure 8f). However, technical efficiency changes commensurate with
TFPCH in these countries. China remains as the leader, with a 7.6% growth rate in TECCH,
while the other countries only rose around 4%. Once again, it confirms that the TECH
index plays a major role in TFPCH growth in China, noting that the distance to the frontier
decreased over the whole period.

For the EFFCH and PECH indexes in China, a slight increase compared with the other
studied countries was seen. The reason may come from the policies in China, which have
been positively influenced to improve their indicator performances. Only scale efficiency
change in Vietnam presents higher than China’s SECH; however, both the fast-developing
countries (China and Vietnam) performed better in almost all indicators from the developed
countries (South Korea and Japan) (Figure 8f). Developing countries are showing their
superiority and catching up quickly with developed countries. Basically, the Malmquist
DEA results show that all these countries have great effort in lifting the value of materials
and eco-efficiency. Furthermore, high-tech becomes a key role in rising the productivity
index in all nations. Furthermore, China seems to continuously catch technological trends
in developed countries. For Vietnam, a nation representing a fast-developing country, the
economy is also remarkably reformed, keeping its status year by year. In parallel, the
nation has followed with a relative trend compared with developed countries such as Japan
and South Korea. The forecast is that Vietnam can step out of its remaining issues soon
through justifiable strategies, thus bringing long-term benefits.

5. Discussion and Conclusion, Policy Perspectives, and Future Recommendations

The material flows in Vietnam along with its indicators over a span of four decades
were displayed, reflecting the reciprocal relationship between material consumption and
environmental impact. Through the input and output indicators of the MFA analysis,
the consumption of raw materials has increased rapidly. It has led to an imbalance in
import and export in Vietnam, and a resource deficit is predicted to occur alarmingly
soon. Furthermore, affluence and technological factors have significantly promoted the
dynamic resource transformation in the country. In recent years, technological progress
has greatly contributed to improving the problem of material consumption and bringing
higher benefits to the product. On the other hand, through the Malmquist DEA efficiency
index, Vietnam has made strides in improving the value of its natural resources, along with
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controlling environmental issues at a stable level. Although the trend has not been able to
catch up with the rest of the countries, it has recorded the efforts of this economy over the
past time. Therefore, Vietnam needs to continuously follow the trends of countries that
have been on the right track in sustainable development, such as Japan and South Korea. In
addition, policymaking and programs towards sustainable natural resource consumption
based on reducing the material intensity and increasing resource productivity should be
considered, evaluating and forecasting their performance before their application. Vietnam
should adjust early and tighten its development policies while reducing the burden on
reserve resources.

Based on the analytical results, this paper highlights the following policy perspectives
and recommendations:

In the period before 1980, Vietnam paid little attention to the provisions, programs,
and policies of environmentally friendly and resource-saving development; this because
the country’s situation was not completely stable after long and brutal wars. Back in
1986, Vietnam began to have a historic turning point in economic development and socio-
political improvement, through a policy called “Doi Moi” (standard translation: Ðổi
mới) [34], encouraging investors to invest and produce to serve the most immediate needs,
and then contribute to improvement at the national level. In particular, the mechanism to
open the economy to the world was one of the main factors promoting the economy and
at the same time restructure the state economy. It has brought about many great changes,
such as leading to an annual GDP per capita growth rate of 5.6% in the period 1986–2014,
while achieving an average annual GDP growth rate around 8% in 1990–1997. It has made
this country one of the most developed countries, attracting foreign investment during that
time [34,64].

Moreover, the United States’ economic sanctions were officially lifted in 1994, opening
the way for Vietnam to develop in the following years with a constant growth rate (Figure 9).
Furthermore, the impact from the Asian financial crisis in 1997 was significantly less in
Vietnam than in other countries. Meanwhile, most of the countries with great economic
potential have slowed down or partially declined during this difficult period. The country
remained resilient even during the global economic downturn from 2000 to 2010, with a
high GDP growth rate of 7% per year (Figure 5).

Figure 9. Economic and environmental policy development in Vietnam during 1978–2017.

By this time, Vietnam’s industrial sectors mainly comprised manufacturing plants,
technology-based products, and petroleum fuels industries. From 2008 onwards, several
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green industry developments and cleaner production programs have been initiated by
Vietnam’s government, including the industrial park development plan and cleaner pro-
duction and resource efficiency program. Although resource conservation programs and
sustainable development policies launched during 2011–2017 have helped improve the
national economy, the apparent cost seems to amplify resource intensity. By 2030, Vietnam
plans making a concrete foundation for sustainable and efficient growth. The strategic
approaches consist of protecting and preserving natural resources, improving the status of
the environment, making energy and material use efficiently, as well as adapting with the
global climate change. The scenario follows international trends and meets the commit-
ments signed by Vietnam and many countries [65]. Firstly, cutting down emissions to the
air, while meeting the growing demand for energy in the context of the higher urbanization
rate. In addition, solving land degradation while modernizing agriculture, forestry, and
fisheries, which also play an important task. However, a big concern is the chronological
programs that, for a while now, have not yet bent over backwards to increase the status of
resources and the environmental in this country; indeed, overlapping and vicious strategies
are maintained, which are proportionately with the technological factor keeping it behind
the times. It is also a weakness for development, as these overlapping and vicious pro-
grams have not yielded effective results. Furthermore, future strategies have not yet been
built on a scientifical basis, such as evaluation and heuristic models (ecological assessment
tools: material flow analysis; analytical hierarchy analysis; optimization model; life cycle
assessment; etc.), to provide realistic and feasible plans.

5.1. Discussion, Management, and Academic Implications

This study aims to conduct an extensive sustainable assessment of resource flow
in Vietnam over four decades (1978–2017). The key driving factors from the IPAT and
Malmquist data envelopment analysis are crucial indicators of material consumption,
stating that while chasing low material intensity, one improves resource productivity. It is
an important issue for resource security and sustainability in Vietnam and most nations.
Under this analysis, the comprehensive description of material flow and material intensity
transition economy-wide in Vietnam was drawn.

An acceleration in material consumption was highlighted through the total domestic
material consumption from 1978 to 2017, which was sharply enhanced from 79.24 Mt to
1400.07 Mt, respectively, in which over 75.8% of the material consumption was non-metallic
materials in 2017 (constructions, industry, and agriculture). Meanwhile, in 1978, it only
accounted for over 13%. Furthermore, metal ores and fossil fuels in the physical trade
balance (this index measures physical imports minus physical exports) dramatically shared
191.98% and 100.63% of the total value of the physical trade balance in 2017, respectively.
At the same time, the large amount of material import, starting from the 2000s until the
ending point of studied period, indicates that the resource deficit issue has been happening.
Moreover, inefficient resource productivity has been steadily presented with the rise in
emission intensity. In addition, the environmental pressure still stays at the pre-industrial
economy stage in the EKC decoupling analysis (economic development and environmental
decay stage). Obviously, through key indicators and analysis, it shows the instability in
resource-material consumption in this nation. In parallel, this study applied an econometric
method derived from a DEA (Malmquist data envelopment analysis) to investigate the
resource-material usage and trace efficiencies among the studied years. It denotes that
technological advancement plays a key role in the decline in material use and environ-
mental problems during this period; it seems to be incapable of significant improvement.
Therefore, except for efforts from itself, Vietnam needs to utilize its convenient conditions
and scales, and learn lessons from developed countries such as South Korea, Japan, etc.,
in sustainable development and ambitious green growth targets. In essence, the major
purpose of this study is to inform government, policymakers, and practitioners about
material-resource perspectives.
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5.2. Research Limitations and Future Recommendations

The limitations and recommendations of this study can be listed as follows: Consider-
ing DMC and CO2 emissions as the main contributors and impacts of economic growth
while ignoring the impact of political changes, other consequential factors such as macroe-
conomic policies and micro can produce a biased result. On the other hand, comparisons
of countries belonging to very different income groups often referred to as “developed”
and “developing” can be misleading because of the large differences in socioeconomic and
development orientation between countries; this makes any comparisons lame, and it is for
reference only for the planners of these countries.

A study focusing on amplifying the resource intensity of Vietnam’s greener industrial
development and cleaner production programs carried out since 2008 is a potential research
topic because these programs, because Although this contributes to the improvement of
the national economy, it has an increasing cost. Furthermore, future strategies have not
been developed on a scientific basis, such as evaluation models and heuristics (ecological
assessment tools: material flow analysis; hierarchical analysis, optimization model, life
cycle assessment, etc.), to come up with realistic and feasible plans. Studies involving such
techniques may be a recommendation for further research. At the same time, the country
should review and eliminate outdated technologies, instead synchronizing production lines
across industries. The emphasis should not be on the number of policies and programs but
need to evaluate to find the effective methods. Avoiding the situation of overlapping and
vicious strategies in making policies should be promoted.

5.3. Conclusions

From the early 2000s onwards, the efficiency in resource consumption and emission
control in Vietnam has only improved slightly through the improvement of the TPFCH
index in the Malmquist DEA analysis. In terms of cross-country comparisons, Vietnam’s
resource-use efficiency is still poor, despite progress in science and technology and scale
of access. However, the country also shows a promising future in controlling and reduc-
ing resource consumption and emissions. From a transitional perspective, a correlation
between affluence, regional–global trade, industrialization, modernization, and emissions
was found among nations. Moreover, historical strategies over the last few decades appear
to be changing in a reasonable direction.
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Nomenclature

MFA Material flow analysis
DEA Data envelopment analysis
DEAM Malmquist data envelopment analysis
DMC Domestic material consumption
CRS Constant returns to scale
PTB Physical trade balance
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DE Domestic extraction
MP Material productivity
MI Material intensity
IPAT Impact of human activity on the environment
P Population
A Affluence
T Technology
LMDI Log-Mean Divisia Index
EKC Environmental Kuznets Curve

Appendix A

Japan Korea

EFFCH TECHCH PECH SECH TFPCH EFFCH TECHCH PECH SECH TFPCH

1978–1979 1 1.051 1 1 1.051 1.062 1.05 1.031 1.03 1.116
1979–1980 1 1.079 1 1 1.079 1.019 1.092 1.065 0.957 1.113
1980–1981 1 1.124 1 1 1.124 0.945 1.142 0.918 1.029 1.079
1981–1982 1 1.105 1 1 1.105 0.956 1.107 0.912 1.049 1.059
1982–1983 1 1.092 1 1 1.092 1.03 1.092 0.94 1.095 1.124
1983–1984 1 1.031 1 1 1.031 1.135 1.035 1.073 1.058 1.175
1984–1985 1 1.133 1 1 1.133 0.992 1.129 0.968 1.025 1.119
1985–1986 1 1.052 1 1 1.052 1.09 1.037 1.012 1.077 1.13
1986–1987 1 1.092 1 1 1.092 1.071 1.075 0.995 1.076 1.151
1987–1988 1 1.062 1 1 1.062 1.046 1.08 0.998 1.049 1.13
1988–1989 1 1.068 1 1 1.068 1.009 1.076 0.988 1.021 1.085
1989–1990 1 1.048 1 1 1.048 0.973 1.064 0.929 1.048 1.035
1990–1991 1 1.063 1 1 1.063 1.002 1.063 0.936 1.071 1.066
1991–1992 1 1.023 1 1 1.023 0.958 1.051 0.909 1.053 1.007
1992–1993 1 1.006 1 1 1.006 1.123 1.01 1.045 1.074 1.134
1993–1994 1 0.978 1 1 0.978 1.102 0.994 1.019 1.082 1.095
1994–1995 1 1.05 1 1 1.05 1.069 1.053 1.002 1.067 1.126
1995–1996 1 1.04 1 1 1.04 1.019 1.036 0.973 1.046 1.055
1996–1997 1 1.028 1 1 1.028 1.052 1.032 1.001 1.05 1.086
1997–1998 1 1.023 1 1 1.023 1.122 1.034 1.169 0.96 1.159
1998–1999 1 0.977 1 1 0.977 1.167 0.992 1.044 1.117 1.157
1999–2000 1 1.032 1 1 1.032 1.083 1.026 1.021 1.061 1.112
2000–2001 1 1.04 1 1 1.04 1.004 1.056 0.962 1.044 1.061
2001–2002 1 1.006 1 1 1.006 1.111 1.025 1.032 1.076 1.139
2002–2003 1 1.025 1 1 1.025 0.972 1.037 0.957 1.016 1.008
2003–2004 1 1.033 1 1 1.033 1.077 1.04 1.047 1.029 1.12
2004–2005 1 1.047 1 1 1.047 1.141 1.043 1.113 1.026 1.19
2005–2006 1 1.028 1 1 1.028 1.076 1.022 1.037 1.038 1.1
2006–2007 1 1.03 1 1 1.03 1.025 1.04 0.985 1.041 1.067
2007–2008 1 1.018 1 1 1.018 1.028 1.026 0.987 1.042 1.055
2008–2009 1 0.993 1 1 0.993 1.028 1.005 0.965 1.066 1.033
2009–2010 1 1.041 1 1 1.041 1.077 1.058 1.05 1.025 1.139
2010–2011 1 0.993 1 1 0.993 1.073 1.002 1.034 1.038 1.075
2011–2012 1 1.012 1 1 1.012 1.028 1.025 1.019 1.009 1.054
2012–2013 1 1.042 1 1 1.042 1.009 1.055 0.997 1.011 1.064
2013–2014 1 1.038 1 1 1.038 1.016 1.036 0.988 1.028 1.053
2014–2015 1 1.055 1 1 1.055 1 1.049 0.985 1.016 1.049
2015–2016 1 1.033 1 1 1.033 1.023 1.03 0.999 1.024 1.054
2016–2017 1 1.06 1 1 1.06 0.994 1.065 0.985 1.01 1.058

China Vietnam

EFFCH TECHCH PECH SECH TFPCH EFFCH TECHCH PECH SECH TFPCH

1978–1979 0.936 1.052 0.918 1.02 0.985 1.075 1.052 1.038 1.036 1.132
1979–1980 1.077 1.066 1.027 1.049 1.1149 22.264 1.066 4.623 4.816 23.74
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1980–1981 0.963 1.107 0.955 1.009 1.066 0.213 1.107 0.445 0.478 0.236
1981–1982 1.062 1.102 1.006 1.055 1.17 1.539 1.102 1.199 1.284 1.697
1982–1983 1.057 1.092 0.988 1.07 1.154 1.978 1.092 1.36 1.455 2.16
1983–1984 1.19 1.027 1.079 1.102 1.222 0.437 1.027 0.715 0.611 0.448
1984–1985 1.04 1.137 0.965 1.078 1.183 0.786 1.137 0.796 0.986 0.893
1985–1986 1.087 1.068 1.031 1.054 1.16 0.907 1.068 0.912 0.995 0.968
1986–1987 1.065 1.108 0.999 1.066 1.181 0.861 1.108 0.87 0.989 0.954
1987–1988 1.028 1.044 0.987 1.042 1.074 1.186 1.044 1.204 0.985 1.238
1988–1989 0.964 1.06 0.97 0.994 1.022 1.439 1.06 1.406 1.024 1.526
1989–1990 0.999 1.033 1.008 0.991 1.031 0.873 1.033 0.871 1.002 0.902
1990–1991 1.06 1.064 1.003 1.057 1.127 1.05 1.064 1.025 1.025 1.117
1991–1992 1.206 0.995 1.065 1.133 1.2 1.178 0.995 1.094 1.077 1.172
1992–1993 1.141 1.003 0.997 1.145 1.145 1.093 1.003 1.006 1.086 1.097
1993–1994 1.242 0.963 1.11 1.119 1.196 1.075 0.963 0.997 1.078 1.034
1994–1995 1.08 1.047 1 1.08 1.13 1.043 1.047 0.978 1.066 1.092
1995–1996 1.074 1.044 1.008 1.066 1.121 0.961 1.044 0.906 1.061 1.003
1996–1997 1.093 1.025 1.012 1.081 1.12 0.877 1.025 0.82 1.07 0.899
1997–1998 1.353 1.013 1.066 1.269 1.371 1.048 1.013 0.955 1.097 1.062
1998–1999 1.098 0.963 1 1.098 1.058 1.136 0.963 1.073 1.058 1.094
1999–2000 1.013 1.038 1 1.013 1.052 0.977 1.038 0.946 1.033 1.014
2000–2001 1.14 1.023 1 1.14 1.167 0.967 1.023 0.907 1.067 0.989
2001–2002 1.166 0.988 1 1.166 1.152 0.988 0.988 0.917 1.078 0.976
2002–2003 1.194 1.013 1 1.194 1.209 1.015 1.013 0.941 1.078 1.027
2003–2004 1.141 1.027 1 1.141 1.172 0.98 1.027 0.929 1.055 1.006
2004–2005 1.163 1.108 1 1.163 1.289 1.006 1.06 0.937 1.074 1.067
2005–2006 1 1.24 1 1 1.24 1.025 1.066 0.987 1.039 1.092
2006–2007 1 1.233 1 1 1.233 1.056 1.059 1.017 1.038 1.118
2007–2008 1 1.17 1 1 1.17 0.946 1.046 0.906 1.045 0.99
2008–2009 1 1.158 1 1 1.158 1.002 1.018 0.935 1.071 1.02
2009–2010 1 1.099 1 1 1.099 0.975 1.044 0.97 1.004 1.018
2010–2011 1 1.139 1 1 1.139 1.044 1.023 1.008 1.036 1.068
2011–2012 1 1.154 1 1 1.154 1.122 1.04 1.108 1.012 1.166
2012–2013 1 1.133 1 1 1.133 1.017 1.06 1.004 1.013 1.078
2013–2014 1 1.15 1 1 1.15 0.942 1.072 0.908 1.037 1.009
2014–2015 1 1.121 1 1 1.121 0.954 1.08 0.916 1.041 1.03
2015–2016 1 1.098 1 1 1.098 1.035 1.057 1.003 1.031 1.093
2016–2017 1 1.148 1 1 1.148 1.047 1.077 1.026 1.021 1.128
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