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ABSTRACT

This research investigates the long- and short-run impacts of technological innovation,
industry share, and Foreign Direct Investment on CO2 emissions from industrial processes in
Bangladesh. Time series data from 1986 to 2021 are analyzed using the Autoregressive
Distributed Lag (ARDL) bounds testing approach and the ECM method to examine dynamics
in the long and short run, respectively. However, both industry shares and FDI one-year
lagged values in the short run indicate the reduction of CO> emissions from industrial
processes. The findings revealed a significant positive long-run association between CO>
emissions from industrial processes, innovation, industry share, and Foreign Direct
Investment. Thus, in the long run, the pressing concerns about increased emissions from
industrial processes call for robust policies, such as strengthening low-carbon innovation
systems, steering industrial activities and FDI towards cleaner, greener technologies, and
enhancing long-term sustainability while maintaining economic competitiveness.
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INTRODUCTION

The worldwide increase in greenhouse gas (GHG) emissions has gradually shifted
temperatures, radiation, dynamics, and weather patterns, leading to severe climate impacts
such as extreme heat events, sea level rise, and widespread ecosystem disruption, with lasting
impacts on Earth’s systems. The Intergovernmental Panel on Climate Change (IPCC)
estimated approximately 1.11% surface temperature increase in 2021, and without substantial
action to mitigate the escalating global greenhouse gas emissions, the Earth’s average
temperature is projected to reach 1.5°C in the early 2030s. The atmospheric concentrations of
GHGs are dominated by CO2, which is mostly emitted by human activities such as fossil fuel
combustion, industrial processes, waste treatment, and land-use change (Gao et al., 2022).
However, the carbon dioxide (CO2) concentration accumulated through industrial production
processes is considered less significant than the energy sector but a perceptible driver of
anthropogenic climate change (Hu et al., 2024). The industrial processes release greenhouse
gases such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), and fluorinated
gases either as the byproducts of various non-energy-related mechanical, physical, or
chemical transformations of materials or due to their use in manufacturing processes (Sharma
et al.,, 2024). Cement is the major source of process CO2 emissions, but other sources,
including steel and chemicals, are estimated to contribute a notable amount each year.
Specifically, the global cement industry emitted about 1.4 GtCO; in 2019 from process
emissions alone, while steel and chemical sectors contributed smaller but substantial volumes

in the same period (Kober et al., 2020).

Industrialization enhances economic growth and living standards through structural
transformations, technological advancements, and FDI inflows, and concurrently is
responsible for significant environmental challenges, notably the acceleration of climate
change. (Barth et al., 2021; Pandit et al., 2021). As a growing economy, Bangladesh is also
focused on industrialization, and its industrial sector, including manufacturing, construction,
and utilities, contributed approximately 34.59% to the country’s GDP (World Bank, 2023).
This gradual structural transformation towards industry has been accompanied by a
significant rise in aggregate CO; emissions driven by higher energy consumption and non-
energy-related industrial production processes. Although Bangladesh contributed a negligible
amount 0.56% to global CO2 emissions, it is a significantly climate-vulnerable nation in the
world’s context. (IPCC, 2021). This contribution to carbon dioxide emissions varies across

sectors, yet the country's rapid economic development has led to a visible increase in CO2
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emissions from industrial production processes, rising from 0.26 Mt COze in 1971 to 14.25

Mt COze by 2022 (World Bank, 2023).

Furthermore, common contemporary issues concern technological Innovations for reducing
carbon emissions without compromising economic growth. Technological innovation is often
proxied by patent applications by residents (domestic inventors) and non-residents (foreign

inventors), and these hold a complex and versatile role in economic development.

Innovation simultaneously drives growth and enhances production efficiency while also
influencing carbon intensity and promoting sustainable industrial practices (Xia et al., 2023).
Reflecting its evolving economic structure, Bangladesh has shown a gradual but limited
growth in patent activity during the past few years. The patent applications by non-residents
reached a record high of 373 in 2021, up from 362 in 2020 (World Bank, 2022). However,
the number of non-resident patent filings in Bangladesh has been relatively low compared to
global norms. Thus, the increased innovation may reflect the intensifying industrialization,
whose environmental impact depends on the nature and quality of technological innovation,

which can both mitigate and exacerbate CO; emissions from industrial processes.

Apart from this, in the medium to long term, foreign direct investment (FDI) has boosted
economic growth in both host and home nations (Magazzino & Mele, 2022). More FDI
increases domestic production, drives escalating energy consumption, and thereby expands
economic development (Sadorsky, 2011). In addition, FDI inflows not only bridge capital
gaps but also influence technology transfer and management practices, thereby promoting
spillover effects that ultimately promote local technological innovation (Kwee, 2021).
However, the effects of FDI on the environment differ across countries, as evidenced by
various theories of FDI (Pazienza, 2015). Despite steady economic growth in the country
over the past decade, foreign direct investment in Bangladesh has been comparatively low
compared to regional peers. According to UNCTAD’s World Investment Report 2024, FDI
inflows to Bangladesh decreased by 13.6% to USD 3 billion in 2023 (compared to USD 3.48
billion in 2021). However, as a developing nation, Bangladesh offers attractive opportunities
for foreign investors to adopt more efficient, lower-emission technologies, though the overall
emissions impact depends on the industry mix and regulatory enforcement. Therefore,
Bangladesh's primary concern, as the fastest-growing economy in South Asia, is whether its

environmental policies align with economic development.
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Given the unique geographical location and extreme vulnerability to climate change,
Bangladesh’s immediate challenge lies in reconciling industrial growth with climate
commitments, which requires swift and effective climate adaptation (IPCC, 2021). Given
Bangladesh’s industrial sector’s significant contribution to national CO2 emissions and the
country’s rapid economic transformation, it is imperative to investigate the dynamics among
innovation, industry composition, and foreign direct investment on CO2 emissions from
industrial processes. Moreover, the present study’s critical insights will inform industrial and
environmental policies aimed at sustainable growth, emphasizing cleaner production
processes, the adoption of green technologies, and effective regulation of industrial

expansion.

Therefore, the present study will empirically examine the effects of technological innovation,
industry share, and foreign direct investment on carbon emissions from Bangladesh’s

industrial processes.

Following the introduction, the remainder of the study is organized as follows: Section 2
provides a review of the related literature; Section 3 presents the data sources and
methodology; Section 4 presents the empirical analyses and discussion; and finally, Section 5

presents the conclusion and policy recommendations.
LITERATURE REVIEW

Economic growth, and thus industrialization with escalating energy demand, has a profound
influence on environmental quality and climate change. An extensive body of empirical
research has examined the interdependence between environmental and economic indicators,
focusing on CO- emissions and their drivers across methodologies, geographic regions, and
time periods. Apart from this, some research has focused on sector-specific CO2 emissions
and their contributing factors in contemporary literature. Thence, this literature review
investigates the relationships among innovation, industry share, foreign direct investment
(FDI), and CO: emissions from industrial processes in Bangladesh, drawing on existing

pragmatic practices and empirical approaches.

In recent years, extensive research has examined how increased research and development
(R&D) and patent spending can accelerate technological innovation and improve economic
production and resource-use efficiency. Studies such as Zhang et al. (2017) and Lin & Zhu

(2019) analyzed the preface of TI on environmental deterioration and discovered a clear
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nexus between TI and CO2 emissions. In the literature survey, most of the studies
investigated that TI lessens CO2 discharge, such as (Dinda, 2018) for the United States;
(Shahbaz et al., 2020) for the UK; (Ibrahiem, 2020) for Egypt; (Raihan & Tuspekova, 2022)
for Kazakhstan; (Hossain et al., 2023) for Mexico, and (Demir et al., 2019) for Turkey. Most
of the above researchers used ARDL, FMOLS, and DOLS. Although (Yii & Geetha, 2017)
found a negative association between technological innovation and CO2 emissions in the
short term for Malaysia and Pakistan, a positive relation was revealed in the long term. A

similar long-run result is reported by Mehmood et al. (2024) for Pakistan, 1975-2020.

However, colossal amount of studies in the literature showed the relationship between carbon
emissions and innovation with panel data methodology like (Hashmi & Alam, 2019) in
OECD countries in between 1999-2014; (Amin, Aziz and Liu, 2020) in thirteen Asian
countries from 1985 to 2019; (Afrifaa et al., 2020) using data ranging from 1990 to 2018 in
twenty nine developing countries; (Abid et al., 2021) in G8 nations during 1990-2019 and
(Khan et al., 2023) for 71 nations confirmed that innovation reduces CQO; emissions.
Moreover, (Ganda, 2019) from 2000 to 2014 in OECD countries examined that expenditure
on R&D significantly decreases the carbon emissions, while the number of patents escalates
it. Whereas Fernandez et al. (2018) used R&D and energy consumption data from the US,
China, and the EU between 1990 and 2013 to examine how R&D spending helps

industrialized nations reduce CO; emissions.

Furthermore, Xu and Lin (2018) in China for the period of 1999-2015, (Ghisetti & Quatraro,
2017) for Italian Regions from 2002 to 2005, and (Chen & Lee, 2020) in a panel of 96
countries from 1996 to 2018 investigated that the high-tech industries effectively utilize green
technology innovation and reduce CO; emissions. Additionally, studies like Dauda et al.
(2019) tested 18 developed and developing countries over the 1990-2016 period and found
mixed results. The findings of this study revealed that technological innovation reduces CO2
emissions in the G6 countries, whereas it increases in the MENA and BRICS countries. In
contrast, no causal relationship was found between technological innovation and CO2

emissions across 4 Nordic countries, according to Irandoust (2016).

Nevertheless, some specific research has found the impact of technological innovation on
carbon emissions across different sectors. Carrion Flores and Innes (2010) found that
pollution reduction increased as technological innovation advanced, using data from 127

manufacturing industries from 1989 to 2004. Wang, Wang, and Qian (2021) studied Japanese
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firm-level data and demonstrated a sectoral difference in the effect of innovation on carbon
emissions, with higher carbon emissions in the manufacturing sector. Erdogan et al. (2020)
found that technological innovation accelerates carbon emissions in the building sector and
reduces them in the industrial sector using data from fourteen countries from 1991 to 2017.
Studies like Huang et al. (2017) analyzed that the energy efficiency and energy-saving design
can reduce carbon emissions from urban buildings in Xiamen from 2005 to 2009. Similarly,
Kamal, Al-Ghamdi, and Kog¢ (2019) investigated the policies that can affect the energy
efficiency of the building industry in Qatar. The findings showed that constructing new

buildings is more effective than retrofitting older buildings to reduce CO: emissions.

Some studies, such as Wen et al. (2020), showed that technological innovation mitigates the
construction sector’s carbon emissions using data spanning 2000 to 2015 in China. Lin and
Xu (2020) found that heavy industry CO2 emissions were significantly reduced by increases
in energy efficiency, using panel (2005-2017) data from the provinces of China’s central
region. Both authors emphasized expanding research and development investment, as well as
investment in patented technologies, to improve energy efficiency. Talbi (2017) in Tunisia
from 1980 to 2014, showed a strong effect of innovation reducing carbon emissions in the
transport sector. However, Demircan Cakar et al. (2021) explored a positive association
between patents and trademarks as innovation and CO2 from the transport sector in
developed Mediterranean countries from 2003 to 2017, while a negative relation exists in
developing Mediterranean countries from 1997 to 2017, and the impact of the rising
trademarks on carbon emissions is insignificant. Substantial negative linkage between
innovation and CO; emissions from the agricultural sector was also examined by Long et al.
(2018) for the period 1997 to 2014 in the Chinese agricultural sector. Furthermore, Jin et al.
(2017) investigated how research and development investments reduce carbon emissions,
including hysteresis in the energy sector, within the scope of the analysis in China for the
period 1995-2012. However, the existing literature still has a role to play in exploring the

effects of innovation on CO2 emissions from industrial processes.

Furthermore, a causal relationship exists between CO2 emissions and the structure of
economies, especially the share of industry relative to agriculture and services in GDP. A
minority of studies (Gonzéalez and Martinez, 2012; Shahbaz et al., 2017) examined the
positive association between industrialization (industry value added as a percentage of GDP)
and increased CO> emissions. While Sikdar and Mukhupadhyay (2018), Kim (2020), and

Pang et al. (2021) examined the relationships among CO2 emissions, energy consumption,
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and a changing economic structure, other variables, such as urbanization, trade openness, and
foreign direct investment, were also included. Studies like (Gow & Saba, 2024) for
Bangladesh and (Bui et al., 2023) for Vietnam found a long-run association between industry
value added to GDP and CO2 emissions, incorporating other variables, and both used
econometric approaches such as the Autoregressive Distributed Lag (ARDL). Previous
studies, however, left a gap in the study of the association between industry share and CO>

emissions from industrial processes.

Most empirical research has examined the relationship between Foreign Direct Investment
(FDI) and environmental quality at both the single- and multi-country levels, while
incorporating other variables as well. Moreover, the impact of FDI varies widely across
countries, depending on their levels of economic development and regulatory environments,
supporting either the pollution haven or pollution halo hypothesis. Some studies support the
pollution halo hypothesis (Liu et al., 2018; Ahmad et al., 2019; Phung et al., 2023), indicating
that the influx of FDI can drive the adoption of eco-friendly technologies and management
concepts and practices to improve the environment. Whereas others have found evidence for
the pollution haven hypothesis (Jiang, 2017; Behera & Dash, 2017; Omri et al., 2019),
propose that GHG emissions increased in recipient countries as the home country shifted
GHG-intensive industries to those countries. Furthermore, Raihan (2024) and Faheem et al.
(2023) examined the positive long-run relationship between FDI and carbon dioxide
emissions, using the ARDL model and incorporating green innovation, technological
solutions, and financial development variables in Vietnam and Pakistan, respectively. Most of
the literature focuses on the environmental effects of FDI, incorporating other variables, but

lacks studies that integrate CO2 emissions from industrial processes into a single framework.

As demonstrated in the literature review, no studies have examined the effects of innovation,
industry share, and foreign direct investment (FDI) on CO: emissions from industrial
processes in Bangladesh. Many studies focus on aggregate discharge rather than isolating
discharge from industrial production processes, limiting the precision of policy
recommendations. While global analyses are extensive, there is a lack of research on
countries like Bangladesh, where industrial waste discharges are increasing, and institutional
frameworks are expanding. Therefore, the present study offers a unique opportunity to
analyze the long- and short-run impacts of the three aforementioned variables on CO2

emissions, particularly in the context of swiftly industrializing economies.
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METHODOLOGY
Data

This investigation analyzes the dynamic effects of technological innovation, industry share,
and foreign direct investment (FDI) on carbon emissions from industrial processes in
Bangladesh, using time-series data from 1986 to 2021 sourced from the World Development
Indicators (World Bank, 2022). The gathered data quantifies CO> emissions from industrial
processes in Metric tons (Mt COae), tracks technological innovation through patent
applications from both residents and non-residents, assesses industry (including Construction)
share as industry value added (constant 2015 USS$), and looks at foreign direct investment as

net inflows (% of GDP). Comprehensive information is presented in Table 1.

Table 1: Variables with their definitions and data sources.

Symbols Variables Definitions Sources
CO2 Carbon dioxide (CO2) Carbon Dioxide Emissions (Metric WDI
emissions from Industrial Ton)
Processes
TI Technological innovation Patent applications, residents and WDI
nonresidents
IN Share of Industry (Including Industry (Including Construction), WDI
Construction) Value Added (% of GDP)
FDI Foreign direct investment Net inflows (% of GDP) WDI

Stationarity Techniques for Data

The analysis commences with a logarithmic transformation of all variables to normalize
distributions and mitigate heteroscedasticity. Subsequently, a range of econometric
techniques examines short- and long-term dynamics among the specified variables. Rigorous
stationarity assessment precedes this analysis, employing Augmented Dickey-Fuller (ADF)
and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests to ascertain integration

orders—a critical prerequisite for robust dynamic modeling.

The present study used the Augmented Dickey-Fuller (ADF) test (Dickey & Fuller, 1979),

necessary to check the existence of unit roots, which has the following specifications:

For intercept and trend:
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p
Ay =u+08y, 1+ A + z Qidy;—;i + & 1

=1

For intercept:

p
Ay, =u+06y,1 + Z Qi Ay + & 2

i=1
Within this analysis, y: stands for each time series variable, and Ay for its first-difference
transformation. The model has an intercept term (u) and residuals (g), and p shows the
optimal lag length based on statistical significance. The Augmented Dickey-Fuller test tests
the null hypothesis HO: 6=0 (which implies a unit root) against the alternative H1: 6<0 (which
entails stationarity). Failure to reject Ho implies non-stationarity, whereas rejection confirms
stationarity. Accordingly, a series that is stationary in its level, integrated of order zero I(0),
while one that requires first differencing to achieve stationarity is considered integrated of

order one I(1).

To cross-check the stationarity results, this study used the Kwiatkowski-Phillips-Schmidt-
Shin (KPSS) test, a useful complement to the ADF test (Kwiatkowski, Phillips, Schmidt, &
Shin, 1992).

The test statistic is computed as:

T
KPSS = %t;—;sg

Where, S;is the cumulative sum of residuals from the regression of the series on its
deterministic components (intercept and/or trend), 2 is a consistent estimator of the long-run
variance of the residuals, T is the sample size. The KPSS test’s null hypothesis (Ho) assumes
the series is stationary (around a mean or deterministic trend), while the alternative

hypothesis (H:) indicates non-stationarity due to a unit root. Therefore, rejection of Ho

confirmed non-stationarity.
Cointegration Test

Thereafter, the Autoregressive Distributed Lag (ARDL) bounds testing method, along with
the ECM test established by Pesaran and Shin (1995) and improved by Pesaran et al. (2001),
is implemented to determine long- and short-run co-integration amongst the series. In

comparison with other approaches, the presence of a mixed I(0) and I(1) series, directed
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towards the ARDL bounds test, can yield unbiased estimates even in. Further, even if the
sample size is small, both the long and short-run variable estimates can be statistically
significant and consistent results (Narayan & Smyth, 2005). The ARDL equation is presented
as follows (Pesaran, Shin, & Smith, 2001):

P1 D2 pP3
AlnCOZt = ao + z ﬁlilnCOZt_l + Z le’AlnTIt_l + z ﬁ3iAln1Nt_1
i=1 i=1 i=1
P4
Z BaiAIMFDI_1 +y1InCO2¢_; + y,InTI;_; + y3InIN;_; + y4InFDI;_; + & 4
i=1

Where, A, €, and p indicate the first difference operator, the error term, and the optimum lag

lengths, respectively.

The bound test evaluated the joint significance of the lagged variables’ coefficients through
the F-statistics proposed by Pesaran and Timmermann (2005). F-statistics identify the
presence of long-term co-integration by comparing with the two asymptotic critical values. In
this test, the null hypothesis assumes no long-term co-integration among the variables, while
the alternative suggests the presence of such a relationship. Rejection of the null hypothesis is
supported by a higher F-statistic than the upper critical value, and a smaller F-statistic than
the lower critical value is accepted. Besides, within the lower and higher critical values, the

F-statistics are inconclusive.

However, after the ADF and KPSS tests, the Akaike Information Criterion (AIC) is used in
this study (Akaike, 1969) to determine the optimal number of lags (p), and the lowest AIC

value is selected.

Furthermore, a conditional ARDL model captured the model’s long-run dynamics among the

variables, which can be described in the following way:

D1 D2 D3
AlnCO2; = ay + Z ¥1;InCO2;_; + Z V2 AInTI,_; + Z y3;AInIN,_;
i=1 i=0 i=0
D3
Y4 AINFDI,_; + & 5
i=0
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Eventually, the estimation of the error correction model (ECM) as specified in equation (6)
below investigated the short-run behavior of the respective variables and ascertained the rate

of adjustment towards the long run after an economic shock.

P1 D2 D3
AlnCOZt = Qg + z ﬁlilnCOZt_l + Z le’AlnTIt_l + z ﬁ3iAlnINt_1
i=1 i=1 i=1

Pa
Z BaiAINFDI,_; + OECT,_; + & 6

=1

ECT represents the error correction term, and 6 shows how quickly any short-term changes
in this framework return to the long-term equilibrium. A significant negative ECT¢; is
preferable in this study, as it implies a convergent correction process from the short to the

long run.
Diagnostic Tests

Finally, several diagnostic tests were performed to check model fitness, like Breusch-Godfrey
Lagrange multiplier for autocorrelation (Breusch, 1978); the Breusch-Pagan Godfrey tests for
heteroscedasticity (Breusch & Pagan, 1979); the Jarque-Bera normality (Porter & Gujarati,
2009), and the Ramsey RESET specification test (Ramsey, 1969). Furthermore, the model's
stability was ensured by employing the cumulative sum (CUSUM) and cumulative sum of

squares of recursive residuals (CUSUMSQ) tests.
DISCUSSION
Summary Statistics

The descriptive statistics for both dependent and independent variables are shown in Table 2,
where the properties of mean, median, minimum, maximum, standard deviation, skewness,

and kurtosis are visible.

Table 2: Summary statistics of the variables

LCO2 LTI LIN LFDI
Mean 1.604320 5.475875 3.189630 -1.723700
Median 1.744161 5.705435 3.152085 -0.844564
Maximum 2.697319 6.102559 3.506041 0.551192
Minimum 0.188552 4.532599 2.975571 -7.057022
Std. Dev. 0.712169 0.470899 0.151701 2.111255
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Skewness

-0.334098

-0.725960

0.779726

-0.886033

Kurtosis

2.098296

2.027165

2.731174

2.489013

Source: Author’s calculation.

The time series of specific variables is plotted in Fig 1. Based on the calculated statistics

plots, a minimal upward trend is observed in CO, emissions from industrial processes.

Technological innovation, including both domestic and foreign patents, is an escalating trend

with some fluctuations and has maintained a steady growth from 2000 onwards. Regarding

the industry share plot, its trend is slightly rising between 1996 and 2015, then dramatically

increasing afterward. However, the trend of foreign direct investment has fluctuated over

time. Therefore, robust statistical methods are used to verify cointegration among the

variables.

LCo2

3.0

25

2.0

1.5

1.0

0.5

0.0

1990 1995 2000 2005 2010
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6.4
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5.6
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4.8

44
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2000

LTI

2005 2010 2015 2020

(2)

(b)
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3.6
3.5
3.4
33
3.2
3.1
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L A

202 1990
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LFDI

2005 2010 2015 2020

(©)

(d)

Figure 1: The time series pattern of all variables (a) Carbon emissions from industrial
processes, (b) Technological innovation, (c) Industry share, (d) Foreign Direct Investment

(FDI)
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Results of Unit Root Tests

To check for stationarity, this study used the ADF and KPSS unit root tests presented in
Table 3. The ADF results reveal that all variables are stationary at first differences, except
CO2 emissions from industrial processes, which are stationary at levels. The KPSS test
results have the same integrated order I(1) at 5% level of significance. Therefore, the ARDL-
bound testing proposed by Pesaran et al. (2001) and Pesaran and Shin (1995) is applied to test

cointegration.

Table 3: Results of the ADF and KPSS stationarity test

ADF KPSS
Variables Intercept Intercept and Intercept Intercept and
Trend Trend
Level I Level I Level Level
difference difference
t-statistics t-statistics t-statistics | t-statistics LM statistics LM statistics
LCO; -0.9007 -6.4225%%* -3.0562*% | -6.3148*** 0.711267** 0.190587**
LTI -1.0298 -8.0791*** -1.1056 -8.0081*** 0.633974** 0.153497**
LIN 0.5710 -5.6153*** -1.5114 -5.6183*** 0.656232** 0.160539**
LFDI -1.6711 -5.5822%** -2.1640 -5.7135%** 0.571806** 0.185072**

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively
Results of the Cointegration Test
Cointegration with ARDL Bounds Testing

Table 4 shows that all the criteria suggest lag two, except the Schwarz information criterion
(SC). As an appropriate criterion, the lowest Akaike information criterion (AIC) value is
ARDL (1, 0, 2, 2) for each variable (LCO2, LTI, LIN, LFDI). Furthermore, Table 5
confirmed the model’s fitness using adjusted R-square, R-square, the F-statistic, and the
Durbin-Watson statistic. The computed F-statistic (18.41698) in the ARDL bound test
exceeded the upper bound critical value (4.66) and confirmed the existence of long-run
cointegration among Carbon emissions from industrial processes, Technological innovation,
Industry share, and Foreign Direct Investment. The results of the ARDL bound test are shown

in Table 6.

Table 4: Optimum lag selection by VAR

Lag LogL LR FPE AIC SC

HQ

0 -17.30649 NA 4.28e-05 1.291303 1.472697 1.352336
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1 87.60457 178.0309 1.97e-07 -4.097247 | -3.190272* -3.792077
2 109.0425 31.18240%* 1.49¢-07* | -4.426817* | -2.794263 -3.877512*
3 122.3598 16.14220 1.98e-07 -4.264229 -1.906096 -3.470789
*indicates lag order selected by the criterion.
LR: Sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan- Quinn information criterion
Table 5: ARDL estimation results
Variable Name Coefficients
LCO2(-1) 0.415466***(0.079608)
LTI 0.227751***(0.090238)
LIN 0.516563(0.416952)
LIN(-1) 0.114662(0.581334)
LIN(-2) 0.617311(0.443803)
LFDI 0.003205(0.014837)
LFDI(-1) 0.001376(0.018405)
LFDI(-2) 0.057478***(0.017304)
C -4.113348***(0.775765)
Adjusted R-Squared 0.988074
R-Squared 0.990965
Durbin-Watson Statistics 1.975938
F-Statistics 342.7576

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively

Table 6: The results of the ARDL bounds test

Calculated F- 10% 5% 2.5% 1%
statistic 1(0) I(1) 1(0) I(1) 1(0) I(1) 1(0) I(1)
18.41698*** 2.37 32 2.79 3.67 3.15 4.08 3.65 4.66

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively

Results of the Long-Run and Short-Run Analysis

The results of the long-run association are presented in Table 7, which displays the

coefficients of technological innovation, industry share, and FDI, along with the t-statistics.

All the aforementioned variables are positively and significantly affected by the industrial

processes' CO> emissions in the long run. The results show that a 1% increase in

technological innovation will lead to a 0.39% increase in industrial processes' CO2

emissions, which is fairly noticeable in the context of Bangladesh as an emerging economy.

However, this study considered CO2 emissions from industrial processes as the dependent
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variable, and a similar pattern is evident in some empirical studies (Yii & Geetha, 2017;
Ganda, 2019; Dauda et al., 2019; Mahmood et. al., 2024), where aggregated CO2 emissions,
rather than sectoral emissions, significantly surged by innovation in developing countries.
There is also a significant positive association between CO2 emissions and the share of
industry. Keeping other variables constant, a 1% hike in industrial share will increase process
emissions by 2.14%. Although compiled CO; emissions are considered in research such as
Shahbaz et al. (2017), Bui et al. (2023), and Gow & Saba (2024), the results of this study on
the industry share effect on process emissions are consistent with these findings.
Furthermore, a 1% increase in foreign direct investment (FDI) slightly escalates the process
emissions in the long run, which supports the pollution haven hypothesis and raises future

concerns for Bangladesh.

Table 7: Results of the long-run coefficients

Variables Coefficients t-statistics Prob.
LTI 0.389628 2.595469 0.0156%***
LIN 2.135951 8.879578 0.0000%**

LFDI 0.101460 0.028907 0.0017%**

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively

Table 8: Results of the short-run coefficients

Variables Coefficient t-statistic Prob.
D(LIN) 0.516563 1.490791 0.1485
D(LIN(-1)) -0.617311 -1.775451 0.0880*
D(LFDI) 0.003205 0.268342 0.7906
D(LFDI(-1)) -0.057478 -4.346683 0.0002%***
CointEq(-1)* -0.584534 -10.33530 0.0000%***
Adjusted R-squared 0.691365
R-squared 0.728775
Durbin-Watson 1.975938

Note: *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively

Table 8 shows the short-run dynamic coefficients from the ECM model Equation (6), where
the lagged error correction term ECT (—1) is markedly negative at 1%, and the convergence
towards equilibrium will take place at the speed of 0.584%. The significant negative sign of

the ECT suggests that adjustment of the variables towards long-run dynamics is assertive.

15
DOI: 10.48165/sajssh.2026.7301




Saba, Hasan, Sarker & Ritu, 2026 SAJSSH, Vol 7, Issue 3

Correspondingly, its t-value (-10.3353) and the P-value also assured that the result is

significant.

In addition, the short-run share of the industry sector (lagged) and foreign direct investment
(lagged) both significantly reduced industrial processes' CO2 emissions at the 10% and 1%

levels, respectively.

Although both FDI (lagged) and industry share (lagged) reduced CO2 emissions from
industrial processes by negligible amounts (0.06% and 0.62%, respectively), technological
innovation has no short-run impact on them. However, in this study, a clear positive
association emerged over the long run, indicating that an eco-friendly and sustainable
allocation of funds is needed to strengthen energy efficiency measures and regulations that
facilitate knowledge transfer in the Bangladesh economy. Furthermore, Bangladesh’s gradual
movement towards industrialization supported the strong positive long-run cointegration

between industry share and CO; emission from industrial processes.
Diagnostic Test Results

The present study performed several diagnostic assessments to confirm the validity of the
ARDL model. The results of diagnostic tests, such as the Breusch-Godfrey LM test for
autocorrelation, the Breusch-Pagan-Godfrey test for heteroscedasticity, the Jarque-Bera test
for normality, and the Ramsey RESET test for model specification, are presented in Table 9
and Figure 2. All the test results verified the model’s fitness. Furthermore, Figures 3 and 4
display the red lines for the cumulative sum (CUSUM) and cumulative sum of squares
(CUSUMSQ), plotted within the lower and upper bounds at the 5% significance level, which
validate the stability of the ARDL-ECM model.

Table 9: The results of diagnostic tests.

Types of Tests Test Statistics p-value
Breusch-Godfrey LM test for autocorrelation 1.474132 0.2498
Breusch-Pagan-Godfrey heteroscedasticity 0.472393 0.8639
Test
Jarque Bera test for Normality 1.630252 0.442584
Ramsey RESET Test 0.568204 0.4583
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’ Series: Residuals
7 Sample 1988 2021
6 Observations 34
5 Mean -1.02e-16
Median -0.010584
4 Maximum 0.148961
3 Minimum  -0.110644
Std. Dev. 0.060934
2 Skewness 0.524927
1 I I I Kurtosis 3.220387
0 . . Jarque-Bera  1.630252
-0.10 -0.05 0.00 0.05 0.10 0.15 Probabilty  0.442584

Figure 2: Jarque-Bera normality test
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Figure 3: CUSUM stability test Figure 4: CUSUMSAQ stability test

CONCLUSIONS AND POLICY RECOMMENDATIONS

This study examined the effects of technological innovation, industry share, and foreign

direct investment (FDI) on carbon emissions from industrial processes in Bangladesh for the

period 1986 - 2021. Using the ARDL bound test and ECM methods present research

investigated the long run and short run dynamics among the variables. Although the short-run
impact of technological innovation, Industry sectors' value added (% of GDP), and FDI on
process carbon emissions are subtle, in the long run, all three variables are significantly
responsible for the hike in process carbon emissions. However, the long-run effect of industry
share is comparatively greater than the effects of innovation and FDI on process carbon

emissions in this study.
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Therefore, the results revealed a growing concern for Bangladesh, which is already less
resilient to climate events and ranked seventh in the Global Climate Risk Index 2021

(Eckstein et al., 2021).

Although carbon emissions from industrial processes are minimal in Bangladesh, it should
emphasize sustainable industrialization with green technological innovation and responsible
foreign direct investment (FDI). Bangladesh has already taken several steps to address
environmental challenges and adapt, but it still needs robust policies to be implemented.
According to this research, the Bangladesh government should focus more on eco-innovation
FDI to reduce carbon emissions. Furthermore, scientific research and development should be
encouraged to introduce sustainable energy-saving technologies and appliances at every stage
of production, including the transformation stage (physical or chemical) of materials.
Bangladesh should also facilitate the use of renewable energy, such as solar and wind power,
which ultimately reduces industrial processes' carbon emissions and enhances environmental
quality. In general, the Bangladesh government needs to implement inclusive economic

growth strategies and development initiatives without degrading environmental quality.
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