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Abstract

Bangladesh has sustained one of the fastest
economic growth trajectories in South Asia over the
past two decades, with average annual GDP growth
exceeding 6 percent between 2000 and 2019. This
paper examines whether that growth has been
environmentally sustainable using an Environmental
Kuznets Curve (EKC) framework and a
complementary growth-sustainability model
estimated on annual data for 2000-2024. Using OLS
with Newey-West (HAC) standard errors, the
analysis finds that renewable energy consumption
share is the strongest and most robust predictor of
lower per-capita carbon emissions, while the
classical quadratic EKC turning point is not reliably
identified in this short annual series because per-
capita income, emissions and the renewable-energy
share are all strongly trending and mutually
collinear. The growth-sustainability model shows
that trade openness is significantly associated with
higher growth, while capital formation and
renewables carry the expected positive signs but fall
short of conventional significance in this small
sample. The paper concludes with policy
implications for reconciling continued growth with
Bangladesh's climate and energy transition
commitments.
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I. Introduction

Bangladesh's economic transformation
since 2000 - driven by ready-made garment (RMG)
exports, remittance inflows, agricultural
productivity gains and steady capital accumulation -
has lifted GDP per capita from roughly US$400 to
over US$2,600 and cut the extreme-poverty rate
from well above 30 percent to under 10 percent. The
World Bank and IMF now count Bangladesh among
the fastest-growing economies in South Asia over
the last two decades, and the country is scheduled to

graduate from United Nations Least Developed
Country (LDC) status on 24 November 2026 - a
milestone reached after meeting all three graduation
criteria (gross national income per capita, the
Human Assets Index, and the Economic and
Environmental Vulnerability Index) in consecutive
triennial reviews (UN OHRLLS, 2026). As of mid-
2026, however, the government has requested a
further deferral, and the UN Committee for
Development Policy has recommended postponing
graduation to November 2029 to allow more time to
prepare for the loss of preferential trade access, with
a final decision pending before the UN General
Assembly (The Daily Star, 2026). This looming
transition - and the associated loss of duty-free
market access on which the RMG sector heavily
depends - sharpens the policy stakes of
understanding what has actually driven Bangladesh's
growth and how sustainable that growth model is
going forward.

At the same time, Bangladesh is routinely
ranked among the countries most vulnerable to
climate change, facing recurrent cyclones, riverine
and coastal flooding, and salinity intrusion that
threaten the same agricultural and coastal-industrial
base that wunderpins its growth (Ahmed
&Suphachalasai, 2014; World Bank, 2022).
Paradoxically, the energy mix that has powered the
country's industrialization has shifted away from
traditional biomass toward natural gas, imported
liquid fuel and, increasingly, coal and grid
electricity - raising per-capita carbon emissions even
though, in absolute per-capita terms, Bangladesh's
emissions remain far below the world average of
roughly 4.8 metric tons of CO2 per person. This
creates a natural tension between the two 'growth'
concepts in the title of this paper: conventional
economic growth, measured by real GDP growth,
and sustainable growth, understood here as growth
that does not come at a proportionate, ever-rising
cost in emissions intensity and natural-resource
depletion.

This paper asks three related empirical
questions.  First, does Bangladesh's growth-
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emissions relationship trace out an Environmental
Kuznets Curve (EKC) - rising emissions at low
income followed by a decline once a turning point in
per-capita income is reached - as several prior
single-country studies of Bangladesh using longer
annual series have investigated (Rabbi, Akbar,
&Kabir, 2015; Rahman &Kashem, 2017)? Second,
do the building blocks of sustainable development -
renewable energy use, capital formation, and trade
integration - help explain the pace of economic
growth itself, over and above what the EKC
framework alone would suggest? Third, how robust
are these relationships to the well-known small-
sample and multicollinearity problems that plague
annual macro time-series work, and what do the
answers imply for policy as Bangladesh approaches
LDC graduation and its associated Nationally
Determined Contribution (NDC) climate
commitments under the Paris Agreement? These
questions are addressed using an econometric model
estimated on annual World Bank, Our World in
Data/Global Carbon Budget, and IEA series for
2000-2024, wupdated with the Ilatest published
vintages available as of mid-2026.

The remainder of the paper is organized as
follows. Section 2 reviews the theoretical and
Bangladesh-specific empirical literature on the
growth-environment  relationship. ~ Section 3
describes the data. Section 4 sets out the
econometric methodology. Section 5 presents results
for the EKC and growth-sustainability models.
Section 6 discusses the findings and their
limitations, Section 7 draws out policy implications,
and Section 8 concludes.

II.  Literature Review

The Environmental Kuznets Curve
hypothesis takes its name from Kuznets's (1955)
original observation of an inverted-U relationship
between income and income inequality, later applied
to pollution by Grossman and Krueger (1995), who
documented such an inverted-U pattern for several
air and water pollutants across a cross-section of
countries, and by Panayotou (1993), who coined the
'Environmental Kuznets Curve' label in an ILO
working paper modelling degradation at different
stages of development. The theoretical intuition
rests on a decomposition into scale, composition and
technique effects: emissions rise during -early
industrialization as economies move from
agriculture into resource- and energy-intensive
manufacturing (the scale and composition effects
dominate), and then fall once income crosses a
threshold, as economies shift toward services, adopt
cleaner  technology, tighten  environmental

regulation, and  household demand  for
environmental quality rises with income (the
technique effect dominates). Subsequent work has
been considerably more cautious about the
universality of this pattern: Stern (2004), in an
influential review, argues that the EKC literature
suffers from statistical and specification problems
and that for many pollutants, including CO2, there is
little robust cross-country evidence of an automatic
turning point, while Dasgupta, Laplante, Wang, and
Wheeler (2002) similarly caution that the curve is
not a law of nature but is contingent on policy
choices, institutional quality, and the availability of
cleaner technology at the time a country
industrializes.

A substantial and growing body of
Bangladesh-specific empirical work has tested the
EKC hypothesis directly, almost always using the
autoregressive distributed lag (ARDL) bounds-
testing approach of Pesaran, Shin, and Smith (2001),
which is well suited to the small samples typical of
single-country annual time series and does not
require all variables to be integrated of the same
order. Rabbi, Akbar, and Kabir (2015) apply
cointegration analysis to Bangladesh and report
evidence broadly consistent with an EKC-type
relationship between income and carbon emissions.
Rahman and Kashem (2017), using ARDL
cointegration and Granger causality on Bangladeshi
data, find a long-run relationship linking carbon
emissions to energy consumption and industrial
growth, with Granger causality running from
economic growth to emissions rather than the
reverse. More recent studies extend the specification
to include additional structural variables: Rahman,
Voumik, Rahman, and Majumder (2022)
incorporate foreign direct investment, trade and
renewable energy into an ARDL framework for
Bangladesh and report results broadly consistent
with the EKC hypothesis once these variables are
controlled for, while other ARDL-based single-
country studies using longer annual series
(extending back to the early 1970s or 1990s) report
a confirmed long-run EKC relationship once
population and energy consumption are added as
controls, and find that natural-gas consumption in
particular carries a significant positive association
with emissions in both the short and long run. Taken
together, this literature suggests that whether a
statistically robust EKC turning point is detected for
Bangladesh depends heavily on the sample period,
the set of control variables included, and whether a
full cointegration (ARDL/VECM) framework -
rather than static OLS on a short annual series, as
used for tractability in the present paper - is applied;
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this is a methodological point the paper returns to
explicitly in Section 6.

A second, complementary strand of
literature examines renewable energy, trade
openness and capital formation as determinants of
growth and emissions in developing economies
more broadly. Energy-growth-nexus studies of
newly industrialized and South Asian economies
generally find a positive but often weak short-run
link between renewable energy consumption and
GDP growth, reflecting the still-small base of
modern (non-biomass) renewables in many
developing-country energy mixes, alongside a more
robust positive link between trade openness and
growth in export-oriented economies such as
Bangladesh's garment-led model, consistent with
standard open-economy growth theory linking
export demand, technology transfer and capital
inflows to output growth. On the environmental
side, several panel and single-country studies find
that a higher renewable energy share and, more
ambiguously, greater trade openness are associated
with lower emissions intensity once financial
development and urbanization are controlled for,
though results vary by country group, time period
and estimation method. Multilateral assessments
specific to Bangladesh - notably the Asian
Development Bank's early regional climate-cost
study (Ahmed &Suphachalasai, 2014) and the
World Bank's more recent Country Climate and
Development Report (World Bank, 2022) - reinforce
that the economic stakes of getting the growth-
emissions relationship right are unusually high for

Bangladesh given its exposure to sea-level rise,
cyclones and salinity intrusion. This paper
contributes to this literature by jointly estimating an
EKC specification and a growth-sustainability
specification on a fully updated 2000-2024 annual
series for Bangladesh, and - unlike much of the
applied literature - by explicitly reporting, rather
than concealing, the multicollinearity limitations
that a short annual sample imposes on quadratic
EKC specifications, and by discussing how an
ARDL/VECM extension of this same dataset could
address them.

III.  Data and Variables
Annual data for 2000-2024 were compiled and
cross-checked against the World Bank World
Development Indicators, Macrotrends, the Global
Carbon Budget / Our World in Data CO2 country
profile, and IEA/World Bank renewable energy
statistics. Five series are used:
* GDP growth (annual %, constant prices) - the
dependent variable in the growth model.
* GDP per capita (current US$) - the income
variable in the EKC model.
* CO2 emissions per capita (metric tons) - the
environmental (in)sustainability indicator.
* Renewable energy consumption (% of total final
energy consumption) - the clean-energy indicator.
* Gross capital formation (% of GDP) and trade
openness ((exports+imports)/GDP, %) - structural
growth drivers.

Table 1 reports the series (shown at two-year intervals for readability; the regressions use all 25 annual

observations).
2000 5.29 401 0.20 54.0 23.0 28.0
2002 4.42 424 0.22 51.0 23.4 32.0
2004 6.27 483 0.25 47.0 24.5 35.5
2006 6.67 553 0.28 43.0 24.5 38.5
2008 6.01 645 0.32 40.0 24.5 41.0
2010 5.57 780 0.36 37.0 27.4 41.0
2012 6.52 940 0.40 34.0 28.4 44.8
2014 6.06 1120 0.45 32.0 28.6 42.0
2016 7.11 1360 0.51 30.0 30.5 37.5
2018 7.32 1750 0.58 27.5 31.5 36.0
2020 3.45 2130 0.56 26.0 30.5 33.0
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2022 7.10 2530 0.67 25.0 31.2 38.0

2024 4.22 2650 0.70 23.0 30.5 34.0

Table 1. Bangladesh, selected sustainability and growth indicators, 2000-2024 (alternate years shown).
Sources: World Bank World Development Indicators (GDP growth, GDP per capita, gross capital formation,
trade openness); Global Carbon Budget (2024) via Our World in Data and theglobaleconomy.com/worldometer
for 2022-2024 (CO2 per capita); World Bank/IEA Energy Statistics (renewable energy consumption share).
Figures for the most recent years reflect the latest published vintage as of mid-2026, some earlier-year values

are smoothed between published benchmark years.

IV.  Econometric Methodology
Model 1 - Environmental Kuznets Curve (EKC).
The baseline specification regresses log per-capita
CO2 emissions on log GDP per capita, its square,
the renewable energy share and trade openness:
In(CO2 pc) t = B0 + pI In(GDP pc) t + p2
[In(GDP _pc) t]"2 + B3 Renewables t + 4 Trade t
tet
A statistically negative B2 combined with a positive
B1 traces an inverted-U (EKC) shape, with turning
point at GDP per capita = exp(-f1/232).
Model 2 - Growth-sustainability nexus. To assess
whether sustainability indicators help explain
growth itself, a second model regresses GDP growth
on CO2 emissions per capita, renewables, capital
formation and trade openness:
GDP growth t = y0 + yl CO2 pct + y2
Renewables t +y3 GCF t+ y4 Trade t +u_t

Both models are estimated by Ordinary Least
Squares on 25 annual observations (2000-2024)
with Newey-West (HAC, 2 lags) standard errors to
guard against serial correlation and
heteroscedasticity that are common in short annual
macro series. Variance Inflation Factors (VIF) and
the Durbin-Watson statistic are reported to check
multicollinearity and residual autocorrelation.

V.  Empirical Results

5.1 Environmental Kuznets Curve

Table 2 reports the linear log-log specification (the
quadratic term was statistically insignificant and
highly collinear with linear income and the
renewables share - condition number in the
thousands - so it is dropped here and discussed as a
robustness check in Section 6).

Constant -1.877
In(GDP per capita) 0.265
Renewable energy share (%) -0.024

Trade openness (% GDP) -0.0001

0.649 -2.89 0.004
0.056 4.76 0.000
0.004 -5.58 0.000
0.003 -0.05 0.963

Table 2. EKC model, dependent variable In(CO2 emissions per capita). HAC (Newey-West, 2 lags) standard

errors. R-squared = 0.996; N = 25; Durbin-Watson = 1.69.

The renewable energy share is the standout
result: a one percentage-point increase in the
renewables share is associated with a 2.4 percent
decline in per-capita CO2 emissions (coefficient -
0.024 on the log-emissions scale), significant at the
1 percent level. The elasticity of emissions with
respect to income is positive and significant (0.265):

a 10 percent rise in GDP per capita is associated
with roughly a 2.65 percent rise in per-capita
emissions, holding the energy mix and trade
openness constant. Trade openness carries no
significant independent effect once income and
renewables are controlled for.
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Environmental Kuznets Curve: Bangladesh, 2000-2024
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Figure 1. Fitted Environmental Kuznets Curve path (quadratic specification, evaluated at sample-mean
renewables and trade) versus observed GDP per capita and CO2 per capita, Bangladesh 2000-2024. The near-
monotonic fitted path over the observed income range reflects that Bangladesh has not yet reached, within this

sample, an income level at which the quadratic term turns emissions down.

5.2 Growth-Sustainability Nexus

Table 3 reports the growth model. Trade
openness is the only variable significant at
conventional levels: a one percentage-point increase
in trade-to-GDP is associated with roughly a 0.22
percentage-point increase in GDP growth, consistent
with Bangladesh's export-led growth model. Gross
capital formation and the renewable energy share

carry the expected positive signs (more investment
and more clean energy both associate with faster
growth) but are significant only at the 10-17 percent
level, and CO2 per capita is positive but
insignificant - i.e., this sample does not show
emissions-intensive growth being systematically
faster than cleaner growth.

Constant -24.908
CO2 emissions per capita 11.128
Renewable energy share (%) 0.265
Gross capital formation (% GDP) 0.300
Trade openness (% GDP) 0.223

15.326 -1.63 0.104
7.711 1.44 0.149
0.161 1.65 0.099
0.221 1.36 0.174
0.094 2.38 0.018

Table 3. Growth-sustainability model, dependent variable GDP growth (annual %). HAC (Newey-West, 2 lags)
standard errors. R-squared = 0.439; N = 25; Durbin-Watson = 1.28.
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Figure 2. GDP growth and CO2 emissions per capita, Bangladesh, 2000-2024. The 2020 dip in both series
reflects the COVID-19 shock; emissions per capita have roughly tripled since 2000 even as growth has been
broadly stable to accelerating outside of 2020.

Bangladesh: Renewable Energy Share, 2000-2024
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Figure 3. Renewable energy consumption as a share of total final energy consumption, Bangladesh, 2000-2024.
The declining share reflects a structural shift away from traditional biomass toward grid electricity, natural gas
and imported fuels as the economy has grown, rather than a decline in absolute renewable output.

VI.  Discussion and Limitations

Three points stand out. First, the
renewables-emissions link is the most robust finding
in the paper and is consistent with the mechanical
fact that Bangladesh's per-capita emissions have

risen as its energy mix has shifted toward fossil

fuels; this suggests that policies to raise the still-
small (roughly 1.5 percent) share of renewables in
grid generation, alongside continued transition of
clean cooking and thermal energy, have a directly
measurable emissions payoff. Second, the quadratic
EKC specification does not identify a credible,
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interior turning point in this sample: with only 25
annual observations and three trending regressors
(income, renewables, and to a lesser extent trade),
the linear and quadratic income terms are highly
collinear (condition number in the thousands, VIF in
the hundreds to thousands for the trending
regressors), so the standard EKC turning-point
calculation is not economically meaningful here and
should not be over-interpreted. This mirrors the
broader literature's finding that many developing
economies, including Bangladesh, do not yet show
clear evidence of having crossed an EKC turning
point. Third, the growth-sustainability model's main
significant result - trade openness - is unsurprising
given Bangladesh's garment-export-led development
model, but the model's modest R-squared (0.44)
indicates that much of the year-to-year variation in
growth  (external demand shocks, political
disruptions, natural disasters, the 2020 pandemic) is
not captured by these structural variables alone.

Data limitations should be flagged
explicitly. With N = 25 annual observations, small-
sample bias and low power are unavoidable; a more
powerful test of the EKC hypothesis and growth-
sustainability nexus would use an ARDL bounds-
testing or vector error-correction approach with a
longer time series (back to 1980 or earlier), formal
unit-root and cointegration tests, and possibly panel
data across South Asian economies to increase
degrees of freedom. Some of the earlier-year
(2000s) observations in the underlying series are
smoothed between published benchmark years
rather than sourced from a single continuous
vintage, which is a conventional but real limitation
of compiling secondary macro data from multiple
public sources.

VII.  Policy Implications

The results support a policy agenda centred
on accelerating the renewable share of the energy
mix (grid-connected solar, as in current World
Bank-supported projects) rather than relying on a
hoped-for automatic EKC turning point; continuing
to leverage trade openness as a growth engine while
diversifying beyond garments to reduce external-
demand vulnerability; and maintaining capital
formation, which is associated with growth but
requires financing (domestic savings, FDI,
remittance-backed investment) to sustain at current
rates of around 30 percent of GDP.

VIII.  Conclusion
Bangladesh's growth since 2000 has been
rapid and, on most conventional metrics, broadly
pro-poor - but it has come with per-capita carbon

emissions that have roughly tripled, and this paper
finds no statistically credible evidence, within a
2000-2024 annual sample estimated by OLS, that
the country has yet reached an Environmental
Kuznets Curve turning point. This finding is
consistent with, rather than contradicting, the wider
Bangladesh-specific EKC literature: studies that do
report a confirmed turning point typically rely on
longer time series (back to the 1970s-1990s) and full
ARDL/cointegration frameworks that are better
equipped than a 25-observation OLS model to
separate a genuine nonlinearity from a common time
trend (Rabbi, Akbar, &Kabir, 2015; Rahman
&Kashem, 2017; Rahman, Voumik, Rahman,
&Majumder, 2022). Read together with that
literature, the safest interpretation of this paper's
results is not that Bangladesh will never experience
a turning point, but that this short annual sample
cannot, on its own, distinguish a true EKC
nonlinearity from the fact that income, emissions
and the renewable-energy share have all moved
together over the last quarter-century.

What the data do show clearly, and
consistently with prior Bangladesh studies on
energy structure and emissions, is that a higher
renewable energy share is associated with materially
and significantly lower per-capita emissions, and
that trade openness remains a significant,
economically meaningful driver of GDP growth.
Both results have direct relevance to the two live
policy debates with which this paper opened:
Bangladesh's approaching LDC graduation, which
will test whether growth can be sustained without
preferential market access once trade openness can
no longer rely on duty-free treatment, and
Bangladesh's climate commitments under its
Nationally Determined Contribution, which will
require raising the renewable share of a still fossil-
fuel-dominated grid substantially above its current
level. Reconciling economic  growth  with
environmental sustainability in Bangladesh is
therefore likely to depend on deliberate, sustained
energy-mix  policy and continued  export
diversification, rather than on income growth alone
eventually 'solving' the emissions problem as the
textbook EKC story might suggest.

Future work should extend this analysis in
three directions: first, by applying the full ARDL
bounds-testing and VECM machinery used in the
studies reviewed in Section 2 to a longer annual
series (ideally back to 1980 or earlier) to test
cointegration and short-run causality formally rather
than relying on static OLS; second, by
disaggregating 'renewable energy' into modern
renewables (solar, wind) versus traditional biomass,
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since the declining aggregate renewable share
documented in Figure 3 partly reflects a welfare-
improving shift away from biomass cooking fuel
rather than a policy failure; and third, by exploring a
panel setting across South Asian or lower-middle-
income economies to increase degrees of freedom
and test whether the weak growth-sustainability
results found here for Bangladesh alone are a small-
sample artifact or a genuine feature of this stage of
development.
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