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Achieving Sustainable 
Development in the LDC

• Least Developed Countries (LDCs) such as Bangladesh face 
severe structural impediments to sustainable development. 

• To help the LDCs address their challenges, academic community, 
policy-makers and practitioners jointly work to understand and 
develop concepts and policy recommendations that will address 
the structural challenges and emerging issues LDCs face in 
pursuing sustainable development. 

• Bangladesh faces many such structural challenges to sustainable 
development, especially in the rural household energy sector.



Motivation of the paper
• SDGs are a set of interrelated achievement targets that are 

complex and overlapping.

• It requires multidimensional understanding and 
conceptualisation of the development goals. In particular, 
conceptualising the path to achieving SDG targets from the 
perspectives of the academic community. 

• Therefore academic projects/papers that illuminate a 
connection of one or more of the broad SDGs themes are 
considered having a merit of being highly impactful. 

• The paper’s motivation comes from uncovering such a 
connection existing between clean energy (under SDG 7) and 
the sending of remittances through migration (under SDG 10) 
using Bangladesh as a case study.



Sustainable Development 
Goal - SDG 7

• Sustainable Development Goal - SDG 7: Affordable 
and clean energy
o Lack of access to modern energy supplies and transformation 

systems is a constraint to human and economic development 
(UN).

• Facts:
o 3 billion people rely on wood, coal, charcoal or animal waste 

for cooking and heating
o Energy is the dominant contributor to climate change, 

accounting for around 60 per cent of total global greenhouse 
gas emissions

• SDG Target 7.1:
o By 2030, ensure universal access to affordable, reliable and 

modern energy services



Sustainable Development 
Goal - SDG 10

• Sustainable Development Goal - SDG 10: Reduce inequality 
within and among countries

o Facilitate orderly, safe, regular and responsible migration and mobility of 
people 

• Facts:

o There are now an estimated 258 million people living in a country other than 
their country of birth and approximately 200 million migrant workers leave 
home in order to send remittances, with the aim of giving their families the 
chance to remain home and addressing the root causes of their own 
migration. (UN)

• SDG Target 10.10: 

o By 2030, reduce to less than 3 per cent the transaction costs of migrant 
remittances 



Transforming SDGs into 
observable facts at household 
level 

• First, several health risks persist in rural households in LDCs, 
especially among women and children, attributable to indoor air 
pollution from inefficient cooking practices using solid fuels.

• Second, in migrant households 60 per cent of total household 
income comes from remittances. UN estimates show that 75 per 
cent of remittance flows go towards immediate needs, but the 
other 25 per cent – over US$100 billion per year – is available for 
other purposes. 





The key research 
question?

• What connection, if any, is there between the pervasive health risk 
due to indoor pollution in developing countries and international 
remittance flow? (Exploratory)

• In particular, do remittances from overseas migrants play a role in 
reducing household exposition to indoor air pollution by promoting 
the use of cleaner fuel sources? (Causal)



Anecdotal evidence that 
drive the RQ 
• “Migration can contribute to improving access to reliable, affordable modern energy 

services (SDG target 7.1) through higher incomes for migrants and the sending of 
remittances.” – ODI & SDC

• “[..], helping remittance families leverage the development impact of their own 
resources is vital to reach the SDGs. The international community may now 
recognize migrant workers and their families as agents of change and key partners 
in this effort.” – United Nations

• “Remittances have a positive impact on family assets and overall quality of life 
when invested .. [in sustainable practices because] .. [A]ffordable solutions for poor 
households and their communities are already available, including efficient cooking 
devices and clean energy solutions” – United Nations



Business models to finance clean 
energy through remittances

• Here are some examples of successful business models of 
financing clean energy for the households through remittances 
securitisation:

o ArcFinance - mobilised remittances from Haitian diaspora to finance 
clean energy and was successful in displacing dirtier fuels from the 
poor Haitian households. 

o A clean-energy tech programme to boost rural energy access in 
Ecuador was successfully linked to a financial mechanism based on 
overseas remittance, International Fund for Agricultural Development

o EcoBazar - marketed solar water heaters to Bolivian diaspora in host 
country (Spain) and sold them to migrant families in the home 
country (Bolivia) using a remittances finance mechanism, Nordic 
Development Fund



Why should there be a 
connection? The mechanism

• First, one needs to conceptualise how a household switch to using 
cleaner fuel sources from using a solid or dirty fuel sources.

• Hanna and Olivia (AER 2015), HO henceforth, show that for 
households to shift from solid fuel to cleaner fuel sources for 
cooking like LPG, two conditions need to be satisfied:

o Solid fuels are necessarily inferior goods (as income rises household 
move towards clean energy)

o To guarantee the required for substitution, the sufficient condition is 
that households are concerned over their own health capital.



Why should there be a 
connection? The mechanism

• Second, to conceptualise the connection between clean energy to 
remittances, one needs to suggest whether a certain group will 
have a higher propensity to be more aware of their health capital. 

• I take HO’s conditions as starting point and augment their 
proposition by arguing that migrant households will relatively be 
more health cautious and thus will use more clean energy.

• What I offer is a mechanism not a theory.  My  arguments are as 
follows: 
o Remittances income are invested in education and health (see; Adams, 2005 

and 1998; Edwards and Ureta, 2003; Yang, 2005 and Alderman, 1996).
o As a result of these investments migrant households have more HC than non-

migrants and are also more productive (Taylor and Lopez-Feldman, 2009)
o Therefore migrant households will be more aware of their health-capital and 

more likely to substitute towards cleaner fuel type to safeguard their health-
capital and productive capacities from the harmful effects of dirty fuels.



Empirical strategy

• I empirically test for the proposed mechanism using:

o Household level cross-sectional study 

o Data gathered through interviews via enumerators using a structured 
questionnaire

o Addressing the selection problem by providing an experimental 
measure of the impact of remittances on clean energy use (LPG) 
through a natural experiment

o An instrumental variable approach



Study area:
Bhola, Borguna, and
Potuakhali.

Cyclone-Roanu landfall:
May 2016

Data collected:
Nov-Dec 2016

Survey team: Myself, Dr 
S. Mahmud, & Dr. E. 
Haque.

Sample size:
600 HH surveyed
105 HH had 1 or more 
overseas migrant



Regression equation of 
interest

• The regression equation of interest is given by a probit model for probability of using LPG for 
cooking.

𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖∗ = 𝛽𝛽0 + 𝛽𝛽1𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖 + 𝛽𝛽3𝑿𝑿𝑖𝑖 + 𝑒𝑒𝑖𝑖

• 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖∗ is not directly observed, but the binary variable 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖 = 1 if 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖∗, > 0 when the household 
i uses LPG as a cooking fuel and equals to 0 if 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖∗ ≤ 0 when they do not.

• REMIT is the monthly average amount of remittances money the household i receives from 
overseas measured in local currency (Taka) & 𝑿𝑿𝑖𝑖 is a vector of HH characteristics which are 
controlled for.

• The proposed mechanism imply that  the coefficient on the REMIT term (𝛽𝛽1) should be positive.



Endogeneity

• An issue with the regression equation of interest is that estimating the 
causal impact of remittances on LPG usage will suffer from endogeneity 
bias – due to reverse causality and measurement error.

• The decision to migrate and remit earnings is often driven by poverty and a 
dearth of economic opportunities in the home country, which tend to correlate 
with the household’s choice of energy for cooking. If a household’s underlying 
choice of a less cleaner fuel source is positively correlated with the receipt of 
remittances, this will tend to bias downward the effect of remittances on clean 
energy for cooking. 

• Poorer households, presumably with lower tracking capacities because of 
their low level of numeracy, are prone to mismeasure remittances receipts. 
From an econometric standpoint, the prevalence of underreporting and 
existence systematic measurement error tend to attenuate the coefficient 
estimate of remittances leading to downward-bias..



Solutions to endogeneity

• Possible solutions to tackle endogeneity bias:

i. Randomised experiment (such as lottery) to create an ideal “control 
group” 

ii. Natural experiments to use “exogenous” shock from nature
iii. Use panel data as it becomes possible to eliminate many of the biases 

(including unobservable characteristics)
iv. Construct a ‘counterfactual’ situation through the technique of 

propensity score matching.
v. Use OLS and then supplement this approach with a sample selection 

procedure, like the two-stage Heckman model.
vi. Instrumental Variable (IV) approach. A good instrumental variable, one 

that is correlated with the endogenous variable but uncorrelated with 
the outcome variable except through the endogenous variable, can 
eliminate many of the biases that arise from endogeneity, selection 
and omitted variables.



Natural experiment

• The adopted solution in this paper combines ii & vi –
i.e. obtain an ‘exogenous’ instrument and then 
randomise it with a natural shock.

• So, I use a natural experiment linking plausibly 
exogenous variation in local rainfall in three districts 
(instrument) in south-eastern Bangladesh interacted 
with the cyclone-affected households’ (treatment 
group) distance to the nearest weather station. 



Natural experiment

Households 
receiving 

remittances

Cyclone 
Roanu

Not affected by cyclone 
[counterfactual group]

Affected by cyclone 
[treatment group]

NE measures the ATE of the difference in mean (average) outcomes 
between units assigned to the treatment and units assigned to the 
counterfactual. 



Natural experiment

• Two stylised facts make this an interesting natural experiment. 

o First, the amount of remittances received by the cyclone-affected 
households tracks the variability of local rainfall. 

o Second, a fair share of remittances received by the household in the 
treatment group emanated from the overseas migrants’ emergency 
response to the cyclone-Roanu. In general, migrants boost sending 
of remittanes immediately after a natural disaster in the home country 
(Bragg et al., 2017  ; Mahapatra et al. 2012 and Clarke and Wallsten
2004). 

• The instrument therefore identifies the average treatment effect (ATE) for 
households who suffered losses due to the landfall of cyclone-Roanu in 
southern Bangladesh. 



Estimation by structural-
model approach

• Armed with this instrument, the structural-model approach is:

𝑆𝑆𝑒𝑒𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒: 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖∗= 𝑆𝑆 + 𝑏𝑏 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖 + 𝛿𝛿𝑿𝑿𝑖𝑖 + 𝑢𝑢𝑖𝑖 ,
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑆𝑆 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑒𝑒: 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖= 𝛼𝛼 + 𝛽𝛽(𝐷𝐷𝑅𝑅𝑆𝑆𝑅𝑅𝑖𝑖× 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗) + 𝛿𝛿′𝑿𝑿𝑖𝑖 + 𝜀𝜀𝑖𝑖,

• The structural equation (second stage) is of main interest where the dependent variable 𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖∗ is latent 
and hence not directly observable.

• The reduced form equation (first stage) explains the variation in the endogenous variable, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅, in 
terms of strictly exogenous variables, including the IV (𝐷𝐷𝑅𝑅𝑆𝑆𝑅𝑅𝑖𝑖× 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑗𝑗) that is excluded from the 
structural equation.

• Amemiya’s generalised least square (AGLS) or the instrumental variables probit (IV-probit) estimator is 
used.

• Consistent estimation is based on the assumption that (𝑢𝑢𝑖𝑖 , 𝜀𝜀𝑖𝑖) are independently and identically 
distributed multivariate normal.

• Violation of this assumption requires clustered standard errors to control for the lack of independence 
(Maddala, 1983). I have clustered the standard errors by villages.



Summary stats of some 
key variables

obs mean Std. dev. min max

Household energy

LPG or cylinder gas for 
cooking

610 0.136 0.343 0 1

Fuelwood for cooking 610 0.180 0.384 0 1

Dung and leaves for 
cooking 610 0.744 0.436 0 1

Overseas migration and remittances

Number of overseas 
migrants

105 1.133 0.369 1 3

Number of years migrant 
living overseas

105 4.219 2.703 0 15

Average amount of 
remittances received per 
month

105 25690.48 19285.60 1000 150000



First-stage
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Figure 1

Rainfall and remittances in cyclone afftected migrant households



Second stage
Dependent variable = 1 if household uses LPG; otherwise 0.

SECOND-STAGE REGRESSION:
Probit

(1)
IV-Probit

(2)
IV-Probit

(3)
IV-Probit

(4)
IV-Probit

(5)
IV-Probit

(6)
IV-Probit

(7)

Coef. m.e. Coef. m.e. m.e. m.e. m.e. m.e. m.e.

Remittances 0.079*** 0.009*** 0.117*** 0.007** 0.007** 0.008**

Log 
remittances

0.202***

Remittances 
per migrant

0.004*

Remittances
× Health 

expenditure

0.006**

Instruments
Rain_wet*

dist.
Rain_dry*

dist
Rain_yield

*dist
Rain_wet*

dist.
Rain_wet*

dist.
Rain_wet*

dist

F-stat First 
Stage

3.73 9.63 3.20 3.80 3.03 5.55

Note: all regression include control variables: household head’s characteristics,  demographic information and various socio-
economic characteristics   



Sensitivity analysis
Dependent variable = 1 if household uses LPG; otherwise 0.

SECOND-STAGE REGRESSION:

INSTRUMENTED VARIABLES:

IV-Probit
(1)

IV-Probit
(2)

IV-Probit
(3)

IV-Probit
(4)

IV-Probit
(5)

Remittances
0.016*** 0.007* 0.013** 0.015*** 0.028***

CONTROL VARIABLES:

Health expenditures
-0.145***

Tap water × Health expenditures
-0.01

Deep tube well × Health expenditures 
-0.081***

Water filter × Health expenditures
-0.121***

Sanitary toilet × Health expenditures
-0.256***

Note: all regression include control variables: household head’s characteristics,  demographic information and various socio-
economic characteristics   



Identifying assumption

• In the structural equation (second stage) it is required that the exclusion 
criteria is satisfied:

𝐶𝐶𝑆𝑆𝐶𝐶 𝑢𝑢𝑖𝑖 ,𝑍𝑍 = 0

• i.e. the instrument (Z) – rainfall*distance – affects the probability of using 
LPG only through remittances, but has no independent effect on the 
dependent variable (clean energy). Otherwise a causal interpretation 
cannot be obtained.

• However estimation of the Cov is not possible since u is unobserved.
• Rainfall might directly affect LPG usage independently of remittances 

through the local economic conditions such as the labour market, income 
from other sources, household expenditures and access to credit. To 
ensure identification is not contaminates, these variables need to be 
controlled for.



Exclusion restriction
Dependent variable = 1 if household uses LPG; otherwise 0.

SECOND-STAGE REGRESSION:

INSTRUMENTED VARIABLES:

IV-Probit
(1)

IV-Probit
(2)

IV-Probit
(3)

IV-Probit
(4)

IV-Probit
(5)

Remittances
0.009* 0.007* 0.008* 0.007** 0.009*

CONTROL VARIABLES:

Domestic Income
-0.002

Food and housing expenditure
0.012

Working members in household 
-0.024

Credit from micro finance institutions
-0.001

Post cyclone-Roanu home improvement expenditure
0.003

Note: all regression include control variables: household head’s characteristics,  demographic information and various socio-
economic characteristics   



What about dirty energy?

• 75% in the sample use dung and leaves & 18% use firewood for 
cooking.

• I check the validity of the results using the NE to test how 
remittances affect dirty fuels use by the HH. The logic is, if 
remittances promotes clean energy, it should also discourage dirty 
energy.

• Reassuringly, I find rainfall-driven remittances reduce the 
probability of using animal dung and leaves as well as firewood. 

• The marginal effect of remittances for dung and leaves is – 0.023 
with a standard error of 0.005 (p-value = 0.00). And the marginal 
effect of remittances for fuelwood is – 0.003 with a standard error 
of 0.011 (p-value = 0.81).



Conclusion

• The findings are more important for the remittances 
literature – it shows a new function of remittances

• Current understanding in HH energy literature put more 
emphasis on non economic factors, such as taste, 
gender, as drivers of clean energy choice. 

• I present robust identification that remittances, an 
economic factor, has a causal impact on the choice of 
clean energy.

• Bangladeshi migrants abroad should be targeted to 
market sustainable energy which should sold at home 
to family using a remittance securitisation mechanism. 
This will require developing a business model.



https://www.waikato.ac.nz/staff-profiles/people/gmhassan

Feel free to email me your questions
about this presentation or to discuss

any other research idea for joint 
collaboration

at
gmhassan@waikato.ac.nz

https://www.waikato.ac.nz/staff-profiles/people/gmhassan
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