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A holistic analysis of climate change mitigation potential at the household level has not yet been 
conducted in Bangladesh. We aimed to quantify the climate change mitigation potential of carbon 
storage in homegarden trees and wooden furniture across households of different income levels in 
Anowara Upazila, Chattogram, Bangladesh. We also quantified the substitution potential of wooden 
furniture and use of renewable energy sources. Following simple random techniques, we surveyed a 
total of 217 homegardens and their respective households from the three villages of Boirag Union, 
with a sampling intensity of 5%. Furniture manufacturers were also surveyed to determine the 
typical amount of wood and types of tree species used for furniture. We found that homegarden trees 
stored on average 42 Mg CO2 per hectare, and most carbon was found in Albizia lebbeck, Tectona 
grandis, Acacia auriculiformis, and Swietenia macrophylla. Carbon storage and substitution benefits 
of wooden furniture were significantly (p <0.05) higher in the upper-middle (2.07 and 2.32 Mg CO2 
household−1 year−1) than in the lower-middle (1.2 and 1.34 Mg CO2 household−1 year−1) income group. 
Households in the upper-middle income group generated higher emissions from combusting fossil 
fuels (electricity and LPG) than those in the lower-middle income group. These emissions could be 
avoided by using improved cooking stoves and biogas obtained from kitchen waste, poultry waste, and 
cowdung. The emission reduction potential of using biogas was significantly (p <0.05) higher in the 
upper-middle (2.43 Mg CO2 household−1 year−1) than in lower-middle group (1.87 Mg CO2 household−1 
year−1). The research findings suggest that implementing sustainable management and low carbon 
practices in households can significantly contribute to climate change mitigation by intervening policy 
mechanisms, while offering carbon farming techniques as well as a carbon market.
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Climate change is a global issue primarily driven by burning fossil fuels, which releases greenhouse gases 
(GHGs) into the Earth’s atmosphere1. The combustion of fossil fuels generates approximately 21.3 billion tonnes 
of carbon dioxide (CO2) annually, with natural processes absorbing only about half, resulting in a net increase 
of 10.65 billion tonnes of atmospheric CO2 each year2–4. In Bangladesh, CO2 emissions in 2021 totaled 106.87 
megatonnes (Mt), with 0.623 tonne CO2 per capita marking increases of 167.5% and 124%, respectively, compared 
to 20055. While global emissions from fossil fuel use continue to rise, it is also important to recognize the role 
that terrestrial ecosystems, particularly forests, play in mitigating climate change. However, the integrated role of 
forests and forest biomass (wood, biomass fuels) that could play in mitigating CO2 emissions is seldom studied 
in Bangladesh.

Tropical forests covering around 60% of global forested areas, sequester about 2.3 gigatons (Gt) of CO2
6, 

playing a crucial role in the global carbon cycle7. However, deforestation and degradation of vegetation 
reduce carbon storage in these tropical forests8,9. As tropical forests are declining, small-scale forests, such as 
homegardens and urban vegetation, become increasingly important for carbon storage10. Homegarden systems 
have been found to store carbon between 80.81 and 112.30 Mg C ha−1 in various locations in Ethiopia11 and an 
average of 13 Mg C ha−1 of above-ground biomass carbon in Srilanka12. In Bangladesh, homegardens in hilly, 
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coastal, and plain land areas store between 4.57 and 36.35, 46.11, and 53.53 Mg C ha−1, respectively13–15. Despite 
the substantial carbon storage potential of homegardens in Bangladesh, their full potential in climate change 
mitigation has yet to be comprehensively studied.

Forest-based climate change mitigation also includes the use of harvested wood products (HWPs) and 
biomass fuels (e.g., fuelwood) that reduce CO2 emissions by substituting fossil fuel-intensive materials (e.g., 
steel, plastic, and concrete), and fossil fuels (e.g., liquefied petroleum gas (LPG), oil, and gas) while storing 
wood carbon16–22. However, the potential of HWPs and biomass fuels in climate change mitigation depends 
on product pairs (e.g., steel vs. wooden furniture or bioenergy vs. LPG), embodied carbon in the substituted 
materials, variety of wood products (e.g., furniture, construction), and functional unit used23–28.

In Bangladesh, homegardens provide approximately 70–80% of all wood, bamboo, and fuelwood used29. A 
large share of HWPs is used in construction, particularly in engineered wood products (e.g., beam, column, 
centering, etc.) and more than 72% of houses are built with wood30. Additionally, sawn wood is widely used in 
furniture manufacturing. With population growth and improved living standards, the demand for wood and the 
wood industry in Bangladesh is rapidly increasing. The furniture industry is growing at a pace of 19% annually 
and accounts for about 0.29% of the nation’s GDP31. In 2016–17, Bangladesh’s furniture sector generated a total 
value-added of 0.86 billion US dollars30.

In Bangladesh, the use of biomass fuels in traditional cooking stoves (TCS) at the household level remains 
a major source of emissions32. In comparison, improved cooking stoves (ICS) are more efficient, reducing 
fuel consumption by 27% and CO2 emissions by 25%33. In developing countries, household biogas systems, 
which utilize kitchen waste and manure, may offer a viable alternative for lighting and cooking, replacing solid 
biomass fuels34–36. In Bangladesh, biogas technologies have already been adopted and have been found they be 
technologically and economically viable at the rural scale37,38. For instance, a “union-based biogas plant model” 
for electricity generation is introduced39. Different government and non-government organizations have already 
established around 76,771 biogas plants till 202040, and they are mainly cowdung and poultry waste-based37. 
Being an agrarian country, Bangladesh has the potential for biogas-based power generation from a large number 
of livestock (24, 25, and 312 million cattle, goat, and poultry, respectively), and the total electricity potential from 
biogas was 7.30 GWh in 2014-1541.

Homegardens are a multifunctional land use system, with a potential carbon reservoir and supply of wood 
and biomass fuels that support rural household livelihoods. Recognizing carbon storage in homegarden trees 
and wood, and biomass-based energy systems, it opens new opportunities for generating carbon credits via 
Clean Development Mechanism (CDM) and Reducing Emissions from Deforestation and Forest Degradation 
(REDD+) processes, which rural households can use as livelihood strategy. However, the role of wood in 
climate change mitigation, both emission avoidance and storing carbon, has been overlooked in the policy 
of Bangladesh, including the climate change strategy and action plan42, possibly due to limited research and 
documentation. The lack of appropriate data and estimation of carbon storage, particularly in tropical and small-
scale forests43,44. complicates the successful application of REDD + and CDM. Under CDM, the substitution of 
wood may work indirectly, with renewable energy systems, through voluntary carbon marketing, for which, 
there is a need of carbon accounting models in HWPs and recognizing the lifecycle carbon benefits of wooden 
furniture. Integrating the CDM and REDD + into national policy in a country like Bangladesh enhances the 
utilization of global mitigation funds and promotes GHG emission reductions in accordance with nationally 
determined contribution (NDC) and sustainable development goals (SDGs). This is important to assess the 
carbon benefits of homegarden trees, wood, and substitution in an integrated manner to enable its inclusion into 
the national accounting system for NDC, which may strengthen the country’s climate commitment under the 
UNFCCC on one hand and on the other hand rural livelihood through sustainable land use planning.

In Bangladesh, earlier household-level studies on homegardens in Bangladesh have primarily focused on 
socio-economic benefits such as supplying food, timber, fuelwood, and other non-timber forest products45. 
Other research investigated the utilization, conservation, and management of homestead biodiversity and factors 
(e.g., tree diameter, basal area etc.) affecting the carbon stock in homestead landscape13,15,46. Nevertheless, none 
of them estimated carbon storage and substitution benefits of HWPs nor did they evaluate their potential role in 
climate change mitigation. For instance, Baul et al. (2024)24 evaluated avoided emissions of substitution impacts 
of HWPs but did not take carbon storage of trees and HWPs into account. Furthermore, given the ecological 
diversity of landscapes, it is necessary to assess the potential carbon storage of various land types at the regional 
level47. To estimate household-level mitigation strategy, there is need of a holistic analysis of carbon storage in 
homegardens and HWPs as well as potential impacts of HWPs and biomass fuels (e.g., fuelwood, kitchen waste) 
in avoiding fossil emissions.

To address the research gap, we aimed to estimate the climate change mitigation potential of carbon storage 
in homegarden trees and wooden furniture across households with varying income levels in Anowara Upazila 
(sub-district), Bangladesh. Additionally, we quantified the substitution potential of wooden furniture and 
renewable energy sources. This study can provide useful documentation on effective and community-focused 
climate action as well as the carbon accounting model of wooden furniture, which will produce new knowledge 
base in climate change mitigation studies and guiding climate policy intervention.

Materials and methods
Study site
We conducted this study in the households of Boirag Union (lowest administrative unit) of Anowara Upazila 
(sub-district) under Chattogram District (Fig. 1). Anowara Upazila covers an area of 164.13 sq. km and lies 
between 22°07’ and 22°16’ North Latitudes and 91°49’ and 91°58’ East Longitudes48. Patiya Upazila bounds it 
on the north, Banskhali Upazila on the south, Chandnaish Upazila on the east, and Chittagong Bandar Thana 
(police station), and the Bay of Bengal on the west. The land is mostly plain, and a small portion of land consists 
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of hills, which are mostly under the Korean Export Processing Zone (KEPZ). The annual average temperature 
varies from a maximum of 36.3 °C to a minimum of 11.2 °C, and the average rainfall is 2799 mm. The soil of 
Anowara is brown, very strongly acidic, and mainly loamy soil49.

Anowara Upazila has 11 Unions, and we selected Boirag Union purposively for the study. This Union is 
situated near the bank of the Karnaphuli River and connects the Chattogram Metropolitan City (CMC) area 
through the Bangabandhu Sheikh Mujibur Rahman Tunnel. It holds commercial significance due to its proximity 
to the CMC and several industrial establishments, including Karnaphuli Fertilizer Company Limited (KAFCO), 
Bangladesh Marine Academy (BMA), Chittagong Urea Fertilizer Limited (CUFL), and KEPZ. There are 30,545 
population, with literacy rates of male 68% and females 57.1% in Boirag Union50. The total households and 
land area are 5662 and 16.24 km2, respectively50, and the adjacent areas to the households are occupied with 
vegetation, which is called homegardens.

Boirag Union in Anowara Upazila was chosen for study because of its economic and environmental 
importance in Chattogram district. Due to the many commercial establishments mentioned above, the area has 

Fig. 1.  Maps of Bangladesh and Chattogram district (upper panel), Anowara Upazila and Boirag Union with 
sampling points (lower panel). The maps are created using ArcGIS 10.8 and Google Earth Pro.
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transformed into a semi-urban area from the rural area, eroding the green spaces, for example, homegardens51. 
In addition, this area is located close to the coastal area and has geographical susceptibility to climate change, 
including coastal flooding, landslides, and the dependence of its population on climate-sensitive livelihoods, for 
example, fishing, farming, homegardening, and aquaculture. With this vulnerability and limited green spaces 
in addition to infrastructural challenges, this is crucial to understand how limited resources like homegardens 
and renewable resources (wood, energy fuels) around them help locals mitigate climate change. However, 
research on homegarden and wood-based climate change mitigation in this region is scarce. By a quantitative 
investigation of the homegarden trees and renewable resources of the households in Boirag union, the study 
can provide useful insights into the potential role of homegarden trees, wood, and energy fuels (e.g., biogas) in 
climate change mitigation at the household level that can be expanded in other susceptible coastal regions of 
Bangladesh. Moreover, the findings of this study will be the baseline in this transitional period when the area has 
transformed from a rural to a semi-urban area.

Field data collection
Sampling of homegardens for carbon storage in trees
Out of 4277 households, a total of 217 samples were surveyed from the three villages of Boirag Union (Fig. 1) 
using simple random techniques, with a sampling intensity of 5%, as accepted by the UN52. For sampling, three 
(from nearby coastal, roadside, and inland) out of six villages from this Union were selected based on their 
location, and samples were randomly selected from the lists of the households of these three villages gathered 
from Union parishad office. Every household was presumed to own a homegarden, whether it was small or large. 
Local guides were engaged to assist in acclimatizing to the surroundings and in completing field (households 
and respective homegardens) surveys. Homegardens were separated into quadrats (5 m x 5 m) based on size and 
orientation from the dwelling. The survey included measurement of the area (ha), height (m), and diameter at 
breast height (DBH) (cm) of all woody plants (DBH ≥ 5 cm) except seedlings in homegardens along with their 
identification during May-September 2022. Most common woody species and their uses and management were 
also explored. A rangefinder (Laser inc technology, Trupulse 200B, USA) was used for measuring the height of 
trees, while a diameter tape was used to measure DBH. The coordinates of sampled households were recorded 
by GPS (Garmin GPS 78 S, Taiwan).

Household and furniture manufacturer surveys for carbon storage and substitution potential of wooden furniture 
and renewable energy fuels
The household survey consisted of a questionnaire designed to collect data on various aspects, including 
family income, quantities of wooden furniture (in number), fossil fuel-intensive furniture (in number), and 
fuelwood (in kg). Spot measurement and direct observation were used to randomly verify the respondents’ 
data about the overestimation of fuelwood consumed. Related to biogas generated from kitchen waste, poultry 
waste, and cowdung, we recorded the quantities of kitchen waste (kg) and the number of poultry birds and 
cattle per household. Regarding fossil fuels, respondents were asked to provide their actual invoices for monthly 
consumption of electricity and the quantity of liquefied petroleum gas (LPG) cylinders used, from which the 
amounts of fossil fuels were quantified for each household. Data were gathered on an annual basis.

For validation and reliability, the questionnaire for the household survey was validated by six key persons such 
as Union Chairman, Councillor, an NGO official, a school teacher, two elderly man and women, who provided 
feedback on the questions. Following their comments, the questionnaire was then edited and reorganized for 
clarity so that household members could easily understand what was asked. New questions were also added 
according to their suggestions, for example, to know the exact amount of electricity used in a household invoice 
of monthly consumption of electricity. Moreover, they suggested replacing the monthly amount of poultry waste 
generated with the number of poultry birds to investigate the biogas potential of waste.

Five furniture manufacturers were also surveyed to determine the typical amount of wood and types of tree 
species needed to meet the common demand for sampled furniture. To ensure accuracy, the survey excluded 
any wood waste generated during the manufacturing process, focusing only on the solid wood volume present 
in household wooden furniture.

Data analyses
Estimation of carbon storage in live tree biomass (Cstorage)
Carbon storage in living tree biomass (C storage) encompasses both above-ground biomass (AGB) and below-
ground biomass (BGB) carbon. AGB was estimated by converting tree data into biomass using allometric 
equations for tropical tree species, Cocos nucifera, Areca catechu, Musa sapientum, and Bambusa sp., respectively 
(Eqs. 1–5; Table A.1). BGB refers to carbon in living plant tissues located below the earth’s surface (fine and 
coarse roots). It was calculated by multiplying AGB by a factor of 0.15, since the root system generally constitutes 
about 15% of the tree’s above-ground weight53. Total tree biomass (TB) was obtained by summing AGB and 
BGB, and Cstorage was then calculated (Eq. 6; Table A.1) and finally expressed in Mg CO2 ha−1 as 50% carbon of 
dry mass was considered54. Homegarden area and Cstorage per hectare were correlated but there was no causal 
effect of area on biomass carbon of homegarden trees (Figure A.1). For estimating biomass, wood density (g 
cm−3) data were sourced from Bangladesh Forest Research Institute (BFRI)55. Moreover, Cstorage for common and 
dominant tree species was calculated and expressed in kg CO2 per individual tree. Tree density (TD) and basal 
area (BA) of trees were also calculated on a per-hectare basis (Eqs. 7–9; Table A.1).

 Estimation of carbon storage (Cwood) and substitution (Csub) benefits of existing wooden furniture
The amount of carbon stored (Cwood) in each piece of wooden furniture and substitution benefits of wood (Csub) 
were estimated and expressed per household per year (Mg CO2 HH−1 year−1) (Eqs. 10 and 11; Table A1). To 
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estimate the substitution benefits of wood, a displacement factor (DF) of 1 (t C t C−1, i.e., a ton of fossil carbon 
emission avoided per ton of carbon used in wood product) was used for wooden furniture56–58. The wood 
use efficiency from sawmilling to furniture manufacture is high (36% residues of its mass)24. Moreover, it was 
assumed that wooden furniture replaces fossil counterparts, such as furniture made from steel and plastic, which 
have high emissions. In Bangladesh, the energy used in sawmilling is mainly sourced from fossil fuels; however, 
process emissions related to the use of fossil fuels were not considered in this assessment. Since harvesting 
wood from public forests is banned in Bangladesh, the sources of wood are limited to social forestry programs, 
homegardens, roadside plantations, and private forests, all of which are replanted after harvesting59. The volume 
of wood used in furniture was calculated using the typical dimensions used by furniture manufacturers and the 
number of items in a household, and expressed in m3 HH−1 for each type of furniture. The average wood density 
of 585 kg m−3 of most common tree species used in furniture making was used to estimate the carbon content 
in the furniture.

The household questionnaire survey recorded the quantities of fossil fuel-intensive furniture items, including 
plastic chairs, tables, wardrobes, and steel almirahs. It was presumed that an equivalent number of fossil fuel-
intensive furniture items could be replaced with wooden furniture of similar dimensions. The substitution of 
fossil fuel-intensive furniture with wooden furniture is expected to generate Csub. The potential of wooden 
furniture for Csub and Cwood was quantified using Eqs. 10 and 11 (Table A1).

Estimation of substitution benefits of the use of renewable energy
We estimated the emissions from burning fossil fuels and fuelwood in traditional cooking stoves (TCS). The 
units recorded during the questionnaire survey were kilowatt-hours (kWh) for electricity, liters (l) for LPG, 
and kilograms (kg) for fuelwood. To facilitate estimation, we converted these units into a single unit of (kWh) 
for LPG and electricity, using the energy content of the corresponding fuels from the literature (Table A2). The 
moisture content of fuelwood was assumed to be 15–30%60. Household-level monthly CO2 emissions from using 
LPG, electricity, and burning fuelwood in TCS were calculated based on monthly fuel consumption (Eq. 12; 
Table A1) and their respective emission factors (Table A2). The results were presented in Mg CO2 per household 
per year (Mg CO2 HH−1 year−1).

Regarding estimating the substitution potential of biogas and fuelwood, we assumed that surveyed households 
using fuelwood in TCS and LPG would switch to ICS and biogas, respectively. The substitution potential of 
biogas, generated from kitchen waste, cowdung, and poultry waste, and the use of fuelwood in ICS, was estimated 
by assuming it would replace fossil fuels and fuelwood used in TCS. After determining the quantities of cowdung 
and poultry waste (Eqs. 13 and 14; Table A1), we estimated the substitution potential of biogas for fuelwood by 
calculating the difference in emissions (Eqs. 15–17; Table A1 and Table A2) and presented the results in (Mg CO2 
HH−1 year−1). For example, after estimating the monthly biogas production from cowdung or kitchen waste, the 
monthly amount of fuelwood used was converted into its biogas equivalent. The net emission reduction from 
biogas usage was calculated by comparing the emissions from using fuelwood in TCS with those associated 
with biogas (Eq. 18; Table A1). We calculated the emission reduction of fuelwood use, considering a 25% CO2 
reduction with ICS compared to TCS, following Baul et al. (2022b)32 (Eq. 19; Table A1).

Income stratification of the households
In accordance with the Asian Development Bank paper’s income classification, households were categorized 
into four distinct income groups based on the income status of the sampled households. The floating class 
encompassed those households with daily earnings between US$ 2 and US$ 4, the lower middle-class between 
US$ 4 and US$ 10, the upper middle-class between US$ 10 and US$ 20, and the higher middle-class between 
US$ 20 and US$ 10061. In this study, we surveyed 217 sampled households, of which 169 were in the lower-
middle (LM) and 48 in the upper-middle (UM) income groups.

Statistical analyses and modelling work
The data analyzed included mean values for Cstorage, tree density, and basal area (BA) on a hectare basis, and 
wood volume in wooden furniture, Cwood, and Csub on a household basis. A Kolmogorov–Smirnov (K–S) test 
was conducted to assess the normality of the data for tree height and DBH, which revealed that the data were 
not normally distributed. As a result, a non-parametric Kruskal-wallis test was used to determine whether there 
were any statistically significant differences (p ≤ 0.05) between the two income groups for mean values of Cstorage, 
density, BA, and wood volume in wooden furniture, Cwood and Csub. Additionally, the Kruskal-wallis test was also 
applied to compare LM (lower-middle) and UM (upper-middle) income groups for household level emissions 
from burning fuelwood, using LPG and electricity, as well as the net emission reduction potentials of biogas 
from waste and improved cooking stoves (ICS).

Furthermore, the relationship between Cstorage (Mg CO2 ha−1) and tree density (tree no ha−1) and BA (m2 
ha−1) was modelled by using Spearman’s rank correlation. All these statistical analyses were performed by using 
Statistical Package for the Social Sciences (SPSS) version 26.

Results
Carbon storage in live tree biomass (Cstorage) in homegardens
In rural homegardens, mean Cstorage, tree density, and basal area per hectare were higher in lower-middle 
compared to the upper-middle households, however, there was no significant difference between the income 
groups (Table 1). Cstorage was positively associated with tree density and BA (Figure A2). We found a total number 
of 37 tree species of which frequent species were Mangifera indica, Cocos nucifera, Artocarpus heterophyllus, Areca 
catechu, Albizia lebbeck, Psidium guajava, Ziziphus mauritiana, Moringa oleifera, Acacia auriculiformis, Spondias 
pinnata, Annona squamosal, Lannea coromandelica, Swietenia macrophylla, Tectona grandis (Table A3). As an 
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individual tree species, Cstorage was found the most in Albizia lebbeck, Tectona grandis, Acacia auriculiformis, and 
Swietenia macrophylla (Fig. 2).

 Carbon storage (Cwood) and substitution benefits (Csub) of existing wooden furniture
The survey revealed that tree species commonly used in furniture manufacturing included Acacia auriculiformis, 
Tectona grandis, Samanea saman, Gmelina arborea. A maximum volume of wood was used in making a bed, 
followed by sofa, showcase, and wardrobe (Fig.  3). Households in the upper-middle income group used 
significantly (p <0.05) higher volume of wood than those in the lower-middle group (Fig. 3), thus resulting in 
significantly (p <0.05) higher Cwood and Csub of wooden furniture in utilization (Fig. 4).

Carbon storage (Cwood) and substitution (Csub) potential of wooden furniture in replacing 
existing fossil fuel-intensive furniture
Households in the lower-middle income group used a higher number of fossil fuel-intensive (steel, plastic) 
furniture than upper-middle income households, thus would result in higher Cwood and Csub potentials if they 
are substituted with wooden furniture (Table 2). The carbon reduction (wood carbon and substitution) potential 
of wood per household was higher in upper-middle than in lower-middle income group (Table 2).

Fig. 2.  Carbon storage in live tree biomass (Cstorage) (kg CO2 individual tree−1) of dominant species in 
homegardens of lower-middle (LM) and upper-middle (UM) income groups in Anowara Upazila, Chattogram. 
Bars represent the standard error of the mean. Different letters (a, b) indicate significant difference at p ≤ 0.05 
between the income groups.

 

Variables (mean values) LM UM Total mean

Cstorage
(Mg CO2 ha−1) 42.20 ± 2.48a 37.69 ± 3.48a 39. 95± 2.98

Tree density
(Tree no ha−1) 164.03 ± 9.75a 152.76 ± 11.29a 161.53 ± 7.99

Basal area (m2 ha−1) 5.83 ± 0.34a 5.16 ± 0.54a 5.68 ± 0.29

Table 1.  Mean values of carbon storages in live tree biomass (Cstorage), tree density, and basal area in 
homegardens of lower-middle (LM) and upper-middle (UM) income groups in Anowara Upazila, Chattogram. 
± represents the standard error of the mean. The same letters (a, a) within a row indicate insignificant 
differences at p ≤ 0.05 between the income groups.
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Emissions from energy fuels and substitution potential of biogas and improved cooking 
stoves (ICS)
In general, household level emissions from burning fuelwood were the highest, followed by emissions from using 
electricity and LPG (Table 3a). Regarding the income level, the fossil fuel related emissions were higher in upper-
middle compared to lower-middle income households. However, emissions from burning fuelwood were higher 
in lower-middle income household than upper-middle group, with no significant difference between them. 
In terms of emission reduction potentials, biogas derived from kitchen waste had the highest net reduction, 

Fig. 4.  Carbon storage (Cwood) and substitution benefits (Csub) of existing wooden furniture in utilization 
in households (HH) of lower-middle (LM) and upper-middle (UM) income groups of Anowara Upazila, 
Chattogram. Bars represent the standard error of the mean. Different alphabets (a, b) indicate the significant 
difference between LM and UP for Cwood and Csub.

 

Fig. 3.  Mean wood use volume (m3 HH−1) in the households (HH) of lower-middle (LM) and upper-middle 
(UM) income groups, Boirag Union, Anowara Upazila, Chattogram. Bars represent the standard error of the 
mean. Different letters indicate a significant difference at p ≤ 0.05 between the income groups for different 
furniture types.
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followed by biogas from cowdung, use of ICS, and biogas from poultry waste. This emission reduction potential 
of using biogas was significantly (p <0.05) higher in upper-middle than in lower-middle households (Table 3b).

Total carbon benefits
In terms of total carbon emission removal and reduction, realized substitution benefits of existing wooden 
furniture (Csub) was the highest, followed by carbon storage in homegarden trees (Cstorage) and in wooden 
furniture (Cwood) in the sampled households of the study area (Table 4). Related to the potential to substitute 
existing fossil counterparts, the carbon emission reduction potential of biogas was the highest (Table 4).

Discussion
Carbon storage in homegarden live trees
Mean live biomass carbon estimated (42 Mg CO2 ha−1) in homegarden trees of this study area was lower than 
that found in the hill (133 Mg CO2 ha−1) and coastal (168 Mg CO2 ha−1) homegardens in Bangladesh13,14. This 
may be ascribed by the lower tree density and basal area have led to the lower biomass carbon in our study in 
comparison to the findings of the aforementioned earlier studies. We also found live tree biomass carbon was 
positively associated with tree density and basal areas (Figure A.2), however, lower tree density and basal area, 
and thus lower biomass carbon could be attributed to the transformation of rural areas to semi-urban areas 
which resulted in cutting of trees for economic zone (e.g., export processing zone, fertilizer industries, tunnel) 
and associated constructions. In addition, homegarden fragmentation reduced their size (e.g., mean areas of 0.03 
and 0.04 hectares in lower-middle and upper-middle homegardens, respectively, in this study), contributing to 
lower tree biomass carbon stocks. Home gardeners tended to lower tree size through pruning and thinning to 
allow lateral growth of trees in their limited fields, as well as to meet the demand for timber for consumption and 
household revenue. We did not find any significant difference in tree biomass carbon between income groups, 
which may be explained by the fact that there is no effect of homegarden size on live biomass carbon estimated 
(Figure A1). This can be postulated that small-scale homegardens can contribute significantly to carbon storage 
by maintaining higher density and DBH than unmanaged forests. In total, 37 tree species were identified in the 

a) Income groups/variables

Mean emissions (Mg CO2 HH−1 year−1)

Fuelwood LPG Electricity Mean of total

Lower-middle 1.56 ± 0.08a 0.39 ± 0.02a 0.93 ± 0.05b 2.88 ± 0.1a

Upper-middle 1.32 ± 0.17a 0.48 ± 0.04a 1.2 ± 0.1a 3.01 ± 0.2a

Mean of Total 1.50 ± 0.08 0.42 ± 0.02 0.99 ± 0.05 2.91 ± 0.09

Net emission reduction potentials of biogas and ICS in replacing traditional burning of fuelwood (Mg CO2 HH−1 year−1)

b) Income groups/variables
Reduction potential of biogas 
from kitchen waste

Reduction potential of 
biogas from cowdung

Reduction potential of 
biogas from poultry waste

Reduction potential 
of ICS

Mean of 
total

Lower-middle 0.91 ± 0.03b 0.56 ± 0.12a 0.01 ± 0.00a 0.39 ± 0.02a 1.87 ± 0.12b

Upper-middle 1.14 ± 0.07a 0.92 ± 0.37a 0.03 ± 0.02a 0.33 ± 0.04a 2.43 ± 0.42a

Mean of total 0.96 ± 0.03 0.64 ± 0.12 0.02 ± 0.00 0.37 ± 0.02 2.0 ± 0.13

Table 3.  Household (HH) level emissions from burning fuelwood, using LPG and electricity and net emission 
reduction potentials of biogas from waste and improved cooking stoves (ICS) in lower-middle (LM) and 
upper-middle (UM) income groups of Anowara Upazila, Chattogram. ± represents the standard error of the 
mean. Different letters within a column indicate a significant difference at p ≤ 0.05 between the income groups 
for the variables.

 

Income group Lower-middle household Upper-middle household

Furniture type
fossil fuel-intensive 
furniture (Total no.)

Cwood potential of 
wooden furniture

Csub potential of 
wooden furniture

fossil fuel-intensive 
furniture (Total no.)

Cwood potential of 
wooden furniture

Csub 
potential 
of 
wooden 
furniture

Plastic chair 578 21.56 24.18 149 5.56 6.23

Plastic table 79 3.93 4.40 26 1.29 1.45

Steel almirah 151 37.56 42.07 68 16.91 18.95

Plastic wardrobe 17 5.07 5.68 4 1.19 1.33

Mean carbon reduction (Mg CO2 
HH−1) 0.4 ± 0.02 0.45 ± 0.02 0.52 ± 0.04 0.58 ± 0.04

Table 2.  Status of existing fossil fuel-intensive furniture used in households (HH) and carbon storage (Cwood) 
and substitution (Csub) potential (Mg CO2) of wooden furniture in replacing existing fossil fuel-intensive 
furniture in the households of lower-middle and upper-middle income groups of Boirag Union, Anowara 
Upazila, Chattogram. ± represents the standard error of the mean.
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sampled households, closely resembling the 43 species found in Hathazari of Chattogram district, Bangladesh46. 
Among these species, Mangifera indica, Acacia auriculiformis, Artocarpus heterophyllus, Swietenia macrophylla, 
Albizia lebbeck, Tectona grandis, contributed the highest CO2 accumulation in individual trees across both 
income groups. Jaman et al. (2016)15 also reported the most contribution of these species on live biomass carbon 
storage in homegardens of Bangladesh.

Carbon storage and substitution benefits of wooden furniture
In general, a rural household was able to store and avoid 1.3 Mg CO2 and 2.2 Mg CO2 annually by choosing 
wooden furniture over fossil fuel-intensive alternatives. Annual carbon storage and realized substitution benefits 
of existing wooden furniture were 75% and 73% greater in higher-income households than in lower-income 
households, respectively. This was explained by the fact that households with higher incomes used 73% more 
wood than those with lower incomes. This might be because these households were more financially stable and 
environmentally conscious, which led them to use more wooden furniture. On the other hand, lower-income 
households may be less likely to use wooden furniture due to the lower cost of steel and plastic furniture. Previous 
studies24,62 in Bangladesh also reported that wooden furniture served as an effective substitute for fossil fuel-
intensive options due to its user- and environment-friendly properties. A study by Yadav et al. (2014)63 in India 
found that increasing the share of wood use (currently at 65%) by 5% in place of metal and plastic could avoid 
CO2 emissions by approximately 624,000 Mg. Using wooden furniture as long-lived products retain carbon 
longer in wood before released into the atmosphere while generating substitution benefits.

In estimating the substitution benefits of wooden furniture used in households, we used a displacement 
factor of 1 t C t C−1, which is close to that (average 1.2 t C t C−1) found in57 based on the literature review. In 
earlier studies, displacement factors used for wooden furniture were 1 t C t C−1 in Bangladesh24 and 0.9 t C t 
C−1 in Finland64. Country-level displacement factors may be lower than those of product-level factors, such as 
0.5 found for Canada27. However, a comprehensive picture of the potential for wood use to mitigate climate 
change cannot be obtained by relying solely on displacement factors for specific products. Because the benefits 
of material substitution decrease as forest carbon sinks are reduced64,65. In our case, harvesting wood from 
homegardens to substitute for steel and plastic furniture may diminish forest carbon sink. Further, in Bangladesh, 
the process emissions generated in producing wood products are mainly from fossil fuels, which are the main 
source of generating power. Consequently, this study’s displacement factor might have exaggerated the potential 
to mitigate climate change. Future research could concentrate on local displacement factor calculation for 
furniture in order to estimate more accurate substitution benefits because the feedstock is locally manufactured 
and traded in Bangladesh. Using a life cycle assessment technique for the furniture industry, this entails creating 
country-specific displacement factors for different furniture products (such as chairs, tables, and cabinets).

Substitution potential of biogas and improved cooking stoves (ICS)
We found that the emission reduction potential was 31% higher in higher-income households than in lower-
income households, as the former generated more kitchen waste and cowdung. The use of biogas to reduce 
fossil CO2 emissions at the household level was highlighted by Roubík et al. (2020)66. The household’s economic 
situation, such as income, influences these CO2 reduction potentials67. In the households of this study, fossil fuel-
generated (electricity and LPG) emissions (1.35 Mg CO2 household−1 year−1) were two times higher than those 
generated in the households in northern Chittagong, Bangladesh (0.68–0.7 Mg CO2 household−1 year−1)23,68. 
This may be due to the higher amount of fuel required in TCS than in technologically improved stoves (ICS). 
Using biogas and biomass fuels in ICS for cooking could reduce the CO2 emissions from burning fuelwood and 
fossil fuels in TCS. Excessive fuel use in TCS contributes to deforestation and higher emissions than ICS69,70. ICS 
is a feasible option in rural Bangladesh since it is well-disseminated and found cheaper33,68. With installation 
costs ranging from only 115 to 250 US dollars in Bangladesh for 100 to 300 cubic feet of gas production per day71, 
biogas systems also seemed like technically and financially feasible options, particularly small household-based 
fixed dome models38,71. Furthermore, Infrastructure Development Company Limited (IDCOL), a government 
company, has promoted and subsidized the use of biogas-to-electricity, which has driven the success of these 
renewable energy programs, achieving energy access and economic stability for rural households71. A study 

Climate change mitigation CO2 removal and reduction pathways
Total carbon benefits
(Mg CO2)

Carbon removal Cstorage (Carbon storage in homegarden trees) 323.76

Carbon removal Cwood (Carbon storage in existing wooden furniture) 301.08

Carbon reduction Csub (Realized substitution benefits of existing wooden furniture in utilization) 337.88

Carbon removal and reduction potential

Cwood (Carbon storage potential in wooden furniture in replacing existing fossil fuel-intensive furniture) 93.10

Csub (Substitution potential of wooden furniture in replacing existing fossil fuel-intensive furniture) 104.28

Emission reduction potential of biogas (annual) 322.28

Emission reduction potential of ICS (annual) 69.79

Table 4.  Total carbon stored in homegarden tree biomass (Cstorage), in wood (Cwood) and substitution benefits 
(Csub) of existing wooden furniture in utilization, and potentials of Cwood, Csub, biogas, and improved cooking 
stoves (ICS) in replacing fuelwood used in traditional cooking stove (TCS) and fossil fuel-intensive materials 
in sampled households of Anowara Upazila, Chattogram.
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in Pakistan by Yousaf et al. (2021)72 stated that LPG could be replaced with ICS for cooking. In Vietnam, after 
adopting biogas technology, greenhouse gas emissions drop significantly to 4.52 Mg CO2 e per household per 
day73.

Total carbon benefits
Total carbon storage in the sampled homegardens of the study area and wooden furniture in the corresponding 
households were 324 and 301 Mg CO2, respectively. Moreover, the realized substitution benefits of existing 
wooden furniture in utilization were accounted as 338 Mg CO2. As a comparison, in Bangladesh, the energy 
sector and Agriculture, Forestry, and Other Land Use (AFOLU) sector contributed 54% (115 Mt CO2 eq) 
and 34% (72 Mt CO2 eq), respectively, to the total GHG emissions (213.19 Mt CO2 eq) in 201974 for which 
homegarden trees and wooden furniture and energy technologies can play a pivotal role. In the NDC 2021 
target, the energy and AFOLU sectors would reduce GHG emissions 95.4 and 2.3%, respectively, compared to 
the business as usual (BAU) in 203075. The NDC offers a framework for government-backed initiatives in which 
households contribute to building a more sustainable future by engaging in activities. For households, this NDC 
commitment has several scopes, such as using energy-efficient practices, ICS, and renewable energy technologies 
like biogas plants using organic waste to reduce emissions from burning fuelwood and fossil fuels. Besides, in 
attaining sustainable development goals (SDGs), carbon storage in homegardens and wooden furniture can 
contribute to climate change mitigation (SDG 13) and substitution benefits of wooden furniture and renewable 
energy (biogas and ICS) offers pathways for affordable, sustainable, and clean energy for cooking (SDG 7) and 
sustainable and responsible consumption of the resources (SDG 12). In addition, sustainable management of 
homegardens for storing carbon will help to protect and restore terrestrial ecosystems (SDG 15) while fostering 
economic benefits at the rural household level to reduce poverty (SDG 1).

Limitations of the study
This study is only based on one case study conducted in a Union, which might not present the actual scenarios 
of rural homegardens, use of wooden furniture, renewable energy fuels, and fossil fuel-intensive furniture and 
fossil fuels in the entire rural areas of Chattogram. This kind of study needs to increase the sample size, covering 
a large geographical area. Furthermore, to understand the feasibility of the mitigation technology, a monetary 
evaluation involving costs and economic and environmental benefits is needed, which requires a rigorous study.

Concluding remarks
The research findings suggest that implementing sustainable practices in households can significantly 
contribute to climate change mitigation. This study will establish a carbon accounting procedure for the total 
climate impacts of forest biomass at the household level while reducing the gap between documentation and 
generation of estimated carbon benefits from homegardens and wooden furniture and fuels. The country’s 
climate commitment under the UNFCCC will be strengthened if the carbon benefits of wood, homegarden 
trees, and wood substitution are included in the national accounting system for NDCs. This could be encouraged 
by efficient, community-focused climate action that prioritizes both individual and national-level contributions. 
Millions of homegardeners can contribute substantially to attaining SDGs by conserving and enhancing carbon 
stocks in their gardens through REDD + and by creating carbon markets for indirect benefits of using wooden 
furniture and renewable energy technologies under CDM while improving livelihoods by receiving credit from 
the national climate trust fund. Besides, these insights can help the government to develop tailored policies that 
promote climate-smart forestry practices.

To advance a forest-based bioeconomy, national planning should emphasize the sustainable management 
of homegarden trees and the utilization of forest biomass for furniture production and energy, while ensuring 
that the climate benefits of forest biomass are fully recognized. Given the various income levels, investigating 
consumer education campaigns and awareness about long-term climate benefits of wood, along with their 
willingness to use wooden furniture and recycled wooden products is required. Such an effort could increase the 
adoption of wooden furniture and solidify its role as a sustainable and eco-friendly solution across all economic 
groups. The findings of the study will be applicable to countries with similar demographic, environmental, and 
natural attributes.

Data availability
Data related to this study is available within the manuscript.

Received: 23 June 2025; Accepted: 18 September 2025

References
	 1.	 Lou, C. Climate change -The Causes, influence and conceptual management. Int. J. Appl. Eng. Technol. 10, 15–25 (2020).
	 2.	 Han, F. X., Lindner, J. S. & Wang, C. Making carbon sequestration a paying proposition. Sci. Nat. 94, 170–182 (2007).
	 3.	 Lackner, M. & Chen, W. Handbook of climate change mitigation and adaptation. Handb. Clim. Chang. Mitig Adapt. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​

g​/​1​0​.​1​0​0​7​/​9​7​8​-​1​-​4​6​1​4​-​6​4​3​1​-​0​​​​ (2020).
	 4.	 NASA. (2024). ​h​t​t​p​s​:​​/​/​c​l​i​m​​a​t​e​.​n​a​​s​a​.​g​o​v​​/​v​i​t​a​​l​-​s​i​g​n​​s​/​c​a​r​b​​o​n​-​d​i​o​​x​i​d​e​/​?​i​n​t​e​n​t​=​1​2​1. Accessed on 22 Octover, (2024).
	 5.	 Crippa, M. et al. CO2 emissions of all world countries: JRC/IEA/PBL 2022 Report. (2022). https://doi.org/10.2760/07904
	 6.	 Mahajan, A., Sojitra, A., Gupta, H. & Arora, D. CARBON SEQUESTRATION IN FOREST AND AGROFORESTRY -A GLOBAL 

PERSPECTIVE. in: Advances in Forestry and Agroforestry (pp.437)  (2023).
	 7.	 Mitchard, E. T. A. The tropical forest carbon cycle and climate change. Nature 559, 527–534 at (2018). ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​s​4​1​

5​8​6​-​0​1​8​-​0​3​0​0​-​2​​​​​​​

Scientific Reports |        (2025) 15:37094 10| https://doi.org/10.1038/s41598-025-21063-w

www.nature.com/scientificreports/

https://doi.org/10.1007/978-1-4614-6431-0
https://doi.org/10.1007/978-1-4614-6431-0
https://climate.nasa.gov/vital-signs/carbon-dioxide/?intent=121
https://doi.org/10.2760/07904
https://doi.org/10.1038/s41586-018-0300-2
https://doi.org/10.1038/s41586-018-0300-2
http://www.nature.com/scientificreports


	 8.	 Daba, D. E., Dullo, B. W. & Soromessa, T. Effect of Forest Management on Carbon Stock of Tropical Moist Afromontane Forest. 
Int. J. For. Res. (2022). (2022).

	 9.	 Houghton, R. A. Carbon emissions and the drivers of deforestation and forest degradation in the tropics. Curr. Opin. Environ. 
Sustain. 4, 597–603 (2012).

	10.	 Tamang, B. et al. Trees outside forest (TOFs) aids in mitigating global Climatic change through carbon sequestration: example 
from academic institutional landscapes. Acta Ecol. Sin. 41, 351–357 (2021).

	11.	 Kassa, G., Bekele, T., Demissew, S. & Abebe, T. Above- and belowground biomass and biomass carbon stocks in homegarden 
agroforestry systems of different age groups at three sites of Southern and Southwestern Ethiopia. Carbon Manag. 13, 531–549 
(2022).

	12.	 Mattsson, E., Ostwald, M., Nissanka, S. P. & Pushpakumara, D. K. N. G. Quantification of carbon stock and tree diversity of 
homegardens in a dry zone area of Moneragala district, Sri Lanka. Agrofor. Syst. 89, 435–445 (2015).

	13.	 Baul, T. K. et al. Effects of tree species diversity and stand structure on carbon stocks of homestead forests in Maheshkhali Island, 
Southern Bangladesh. Carbon Balance Manag. 16, 1–15 (2021).

	14.	 Baul, T. K., Peuly, T. A., Nandi, R. & Schmidt, L. H. Carbon stocks of homestead forests have a mitigation potential to climate 
change in Bangladesh. Sci. Rep. 1–12. https://doi.org/10.1038/s41598-021-88775-7 (2021).

	15.	 Jaman, S. et al. Quantification of carbon stock and tree diversity of homegardens in Rangpur District, Bangladesh. Int. J. Agric. For. 
6, 169–180 (2016).

	16.	 IPCC. Climate Change 2022: Mitigation of Climate Change. Contribution of Working Group III to the Sixth Assessment Report 
of the Intergovernmental Panel on Climate Change [P.R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, 
M. Pathak,. Clim. Chang. 2022 - Mitig. Clim. Chang. (2022).

	17.	 Johnston, C. M. T. & Radeloff, V. C. Global mitigation potential of carbon stored in harvested wood products. Proc. Natl. Acad. Sci. 
U. S. A. 116, 14526–14531 (2019).

	18.	 Király, É. et al. New model for predicting carbon storage dynamics and emissions related to the waste management of wood 
products: introduction of the HWP-RIAL model. Acta Agrar. Debreceniensis. 75–81. https://doi.org/10.34101/actaagrar/1/12495 
(2023).

	19.	 Malik, J. et al. Study on wood in houses as carbon storage to support climate stabilisation: study in four residences around Jakarta 
municipal City. Forests 13, 1–11 (2022).

	20.	 Matsumoto, R. et al. Estimation of carbon stocks in wood products for private Building companies. Sci. Rep. 12, 1–10 (2022).
	21.	 Russell, J. D., Huff, K. & Haviarova, E. Evaluating the cascading-use of wood furniture: how value-retention processes can 

contribute to material efficiency and circularity. J. Ind. Ecol. 27, 856–867 (2023).
	22.	 Zhao, J., Wei, X. & Li, L. The potential for storing carbon by harvested wood products. Front. For. Glob. Chang. 5, 1–7 at (2022). 

https://doi.org/10.3389/ffgc.2022.1055410
	23.	 Baul, T. K., Datta, D. & Alam, A. A comparative study on household level energy consumption and related emissions from 

renewable (biomass) and non-renewable energy sources in Bangladesh. Energy Policy. 114, 598–608 (2018).
	24.	 Baul, T. K., Atri, A. C., Salma, U., Alam, A. & Jashimuddin, M. Understanding substitution impacts of harvested wood and 

processing residues to mitigate climate change: A case of Chattogram, Bangladesh. Clean. Responsible Consum. 15, 100224 (2024).
	25.	 Howard, C., Dymond, C. C., Griess, V. C., Tolkien-Spurr, D. & van Kooten, G. C. Wood product carbon substitution benefits: a 

critical review of assumptions. Carbon Balance Manag. 16, 1–11 (2021).
	26.	 Myllyviita, T., Soimakallio, S., Judl, J. & Seppälä, J. Wood substitution potential in greenhouse gas emission reduction–review on 

current state and application of displacement factors. For Ecosyst 8, 1-18  (2021).
	27.	 Smyth, C., Rampley, G., Lemprière, T. C., Schwab, O. & Kurz, W. A. Estimating product and energy substitution benefits in 

national-scale mitigation analyses for Canada. GCB Bioenergy. 9, 1071–1084 (2017).
	28.	 Smyth, C., Kurz, W. A., Rampley, G., Lemprière, T. C. & Schwab, O. Climate change mitigation potential of local use of harvest 

residues for bioenergy in Canada. GCB Bioenergy. 9, 817–832 (2017).
	29.	 Barua, S. K. & Kumar, D. South Asian Association for Regional Cooperation (SAARC) area cross-border timber trade including 

regional institutional mechanisms and trade links withMyanmar/Burma. Indufor & European Forest Institute.  1-201 (2016)
	30.	 BBS & Bangladesh Statistical, P. B. Bangladesh Bur. Stat. (2019). at (2019). ​h​t​t​p​s​:​​/​/​w​w​w​.​​g​o​o​g​l​e​​.​c​o​m​/​s​​e​a​r​c​h​?​q​=​B​a​n​g​l​a​d​e​s​h​+​S​t​a​t​i​s​t​i​c​

a​l​+​P​o​c​k​e​t​+​B​o​o​k​+​2​0​1​9​&​c​l​i​e​n​t​=​o​p​e​r​a​&​h​s​=​m​Q​Q​&​s​c​a​_​e​s​v​=​5​0​5​c​d​7​9​6​d​d​b​c​4​c​a​c​&​e​i​=​B​a​R​l​Z​8​b​w​C​q​a​b​4​-​E​P​1​J​a​d​g​A​c​&​v​e​d​=​0​a​h​U​K​E​
w​i​G​h​4​D​Q​6​r​a​K​A​x​W​m​z​T​g​G​H​V​R​L​B​3​A​Q​4​d​U​D​C​B​A​&​u​a​c​t​=​5​&​o​q​=​B​a​n​g​l​a​d​e​s​h​+​S​t​a​t​i​s​t​i​c​a​l​+​P​o​c​k​e​t​+​B​o​o​k​+​2​0​1​9​&​g​s​_​l​p​=​E​g​x​n​d​3​M​
t​d​2

	31.	 Asaduzzaman, A. K. M. Marketing Strategy of Furniture Industry in Bangladesh: A Study on Otobi Limited. at (2019). ​h​t​t​p​:​/​​/​d​s​p​a​
c​​e​.​d​a​f​f​​o​d​i​l​v​a​​r​s​i​t​y​.​e​d​u​.​b​d​:​8​0​8​0​/​h​a​n​d​l​e​/​1​2​3​4​5​6​7​8​9​/​1​6​4​2

	32.	 Baul, T. K., Das, M., Kar, S. & Jashimuddin, M. Household-level cooking stove emissions, perceptions and influencing factors: 
lessons learned from Rangunia Upazila, Chittagong, Bangladesh. Curr. Res. Environ. Sustain. 4, 100150 (2022).

	33.	 Islam, M., Khanam, M., Rouf, M. & Rahaman, M. Performance evaluation of improved cook stoves (ICS) disseminating in 
Bangladesh. Bangladesh J. Sci. Ind. Res. 49, 219–226 (2015).

	34.	 Hanafi, B. M., Bhattacharjee, L., Rahman, S. M. R. & Basit, M. A. Application of kitchen waste in biogas system: a solution for 
solid waste management in Chittagong. In  Proceedings of 3rd International Conference on Advances in Civil Engineering, CUET, 
Chittagong, Bangladesh  (2016).

	35.	 Halder, P. K., Paul, N., Joardder, M. U. H., Khan, M. Z. H. & Sarker, M. Feasibility analysis of implementing anaerobic digestion as 
a potential energy source in Bangladesh. Renew. Sustain. Energy Rev. 65, 124–134 (2016).

	36.	 International Energy Agency. ‘Outlook for biogas and biomethane. Prospects for organic growth.’ IEA Publ. at (2020). ​h​t​t​p​s​:​​/​/​w​w​
w​.​​g​o​o​g​l​e​​.​c​o​m​/​u​​r​l​?​s​a​​=​t​&​r​c​t​​=​j​&​q​=​&​​e​s​r​c​=​s​​&​s​o​u​r​​c​e​=​w​e​b​​&​c​d​=​&​v​​e​d​=​2​a​h​​U​K​E​w​j​​v​2​a​C​r​1​​s​e​K​A​x​U​​0​4​T​g​G​H​​b​7​D​E​-​​c​Q​F​n​o​E​​C​B​o​Q​A​Q​​
&​u​r​l​=​h​​t​t​p​s​%​​3​A​%​2​F​%​​2​F​w​w​w​.​​i​e​a​.​o​r​​g​%​2​F​r​​e​p​o​r​t​s​​%​2​F​o​u​t​​l​o​o​k​-​f​​o​r​-​b​i​​o​g​a​s​-​a​​n​d​-​b​i​o​​m​e​t​h​a​n​​e​-​p​r​o​​s​p​e​c​t​s​​-​f​o​r​-​o​​r​g​a​n​i​c​​-​g​r​o​w​​t​h​&​u​s​g​​=​A​
O​v​V​a​​w​0​i​z​K​C​​M​J​E​5​W​P​q​u​K​Q​o​C​8​o​b​x​C​&​o​p​i​=​8​9

	37.	 Chy, S. M. Study and review of biogas experience in Bangladesh and other countries.Dhaka Univ. Lit. Arch (2016).
	38.	 Sarker, S. A., Wang, S., Adnan, K. M. M. & Sattar, M. N. Economic feasibility and determinants of biogas technology adoption: 

evidence from Bangladesh. Renew. Sustain. Energy Rev. 123, 109766 (2020).
	39.	 Zaman, M. A. et al. Prospects of union based biogas plant model for the generation of electricity in Bangladesh. Int. J. Biomass 

Renewables. 8, 1 (2019).
	40.	 SREDA. Sustainable & renewable energy development authority. Power Div. Minist. power, energy Miner. Resour. Gov. Peoples 

Repub. Bangladesh. (2025).
	41.	 Islam, S. et al. Assessment of Biogas Resources for Rural Electrification in Bangladesh. Int. Conf. Mech. Ind. Mater. Eng. (2017). 

(2017).
	42.	  MoEF. Bangladesh Climate Change Strategy and Action Plan 2009. Ministry of Environment and Forests, Government of the 

People´s Republic of Bangladesh. xviii+76pp
	43.	 Chave, J. et al. Improved allometric models to estimate the aboveground biomass of tropical trees. Glob Chang. Biol. 20, 3177–3190 

(2014).
	44.	 Nair, P. K. R. Carbon sequestration studies in agroforestry systems: A reality-check. Agrofor. Syst. 86, 243–253 (2012).
	45.	 Baul, T. K., Peuly, T. A., Nandi, R., Kar, S. & Mohiuddin, M. Composition of homestead forests and their contribution to local 

livelihoods and environment: A study focused on Bandarban hill district, Bangladesh. Trees People. 5, 100117 (2021).

Scientific Reports |        (2025) 15:37094 11| https://doi.org/10.1038/s41598-025-21063-w

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-021-88775-7
https://doi.org/10.34101/actaagrar/1/12495
https://doi.org/10.3389/ffgc.2022.1055410
https://www.google.com/search?q=Bangladesh+Statistical+Pocket+Book+2019&client=opera&hs=mQQ&sca_esv=505cd796ddbc4cac&ei=BaRlZ8bwCqab4-EP1JadgAc&ved=0ahUKEwiGh4DQ6raKAxWmzTgGHVRLB3AQ4dUDCBA&uact=5&oq=Bangladesh+Statistical+Pocket+Book+2019&gs_lp=Egxnd3Mtd2
https://www.google.com/search?q=Bangladesh+Statistical+Pocket+Book+2019&client=opera&hs=mQQ&sca_esv=505cd796ddbc4cac&ei=BaRlZ8bwCqab4-EP1JadgAc&ved=0ahUKEwiGh4DQ6raKAxWmzTgGHVRLB3AQ4dUDCBA&uact=5&oq=Bangladesh+Statistical+Pocket+Book+2019&gs_lp=Egxnd3Mtd2
https://www.google.com/search?q=Bangladesh+Statistical+Pocket+Book+2019&client=opera&hs=mQQ&sca_esv=505cd796ddbc4cac&ei=BaRlZ8bwCqab4-EP1JadgAc&ved=0ahUKEwiGh4DQ6raKAxWmzTgGHVRLB3AQ4dUDCBA&uact=5&oq=Bangladesh+Statistical+Pocket+Book+2019&gs_lp=Egxnd3Mtd2
https://www.google.com/search?q=Bangladesh+Statistical+Pocket+Book+2019&client=opera&hs=mQQ&sca_esv=505cd796ddbc4cac&ei=BaRlZ8bwCqab4-EP1JadgAc&ved=0ahUKEwiGh4DQ6raKAxWmzTgGHVRLB3AQ4dUDCBA&uact=5&oq=Bangladesh+Statistical+Pocket+Book+2019&gs_lp=Egxnd3Mtd2
http://dspace.daffodilvarsity.edu.bd:8080/handle/123456789/1642
http://dspace.daffodilvarsity.edu.bd:8080/handle/123456789/1642
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjv2aCr1seKAxU04TgGHb7DE-cQFnoECBoQAQ&url=https%3A%2F%2Fwww.iea.org%2Freports%2Foutlook-for-biogas-and-biomethane-prospects-for-organic-growth&usg=AOvVaw0izKCMJE5WPquKQoC8obxC&opi=89
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjv2aCr1seKAxU04TgGHb7DE-cQFnoECBoQAQ&url=https%3A%2F%2Fwww.iea.org%2Freports%2Foutlook-for-biogas-and-biomethane-prospects-for-organic-growth&usg=AOvVaw0izKCMJE5WPquKQoC8obxC&opi=89
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjv2aCr1seKAxU04TgGHb7DE-cQFnoECBoQAQ&url=https%3A%2F%2Fwww.iea.org%2Freports%2Foutlook-for-biogas-and-biomethane-prospects-for-organic-growth&usg=AOvVaw0izKCMJE5WPquKQoC8obxC&opi=89
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjv2aCr1seKAxU04TgGHb7DE-cQFnoECBoQAQ&url=https%3A%2F%2Fwww.iea.org%2Freports%2Foutlook-for-biogas-and-biomethane-prospects-for-organic-growth&usg=AOvVaw0izKCMJE5WPquKQoC8obxC&opi=89
http://www.nature.com/scientificreports


	46.	 Miah, D., Hossain, A., Bangladesh tree biomass and carbon stock in the homestead forests of rural areas of Chittagong district. Tree 
biomass and carbon stock in the homestead forests of rural areas of Chittagong district. Chittagong Univ. J. Sci. 38, 57–74 (2016).

	47.	 Agarwal, S., Chakrabarty, S. P., Zaman, S. & Pramanick, P. Ecology assessment of carbon storage potential of dominant tree species 
in an educational Campus, Kolkata, West Bengal. Ela J. Wildl. 10 (2), 869–878 (2021).

	48.	 Roy, S., Nath, B. & Chowdhury, N. Study of spatio-temporal variations of soil salinity in the south-eastern coastal part of 
Bangladesh. Soil Sci. Annu 72 (3), 1-12 (2021).

	49.	 BBS. Yearbook of Agricultural Statistics-2019. at (2020). www.bbs.gov.bd
	50.	 BBS. Population and Housing Census 2022. at (2022). ​h​t​t​p​s​:​​/​/​b​b​s​.​​p​o​r​t​a​l​​.​g​o​v​.​b​​d​/​s​i​t​​e​s​/​d​e​f​​a​u​l​t​/​f​​i​l​e​s​/​f​​i​l​e​s​/​​b​b​s​.​p​o​​r​t​a​l​.​g​​o​v​.​b​d​/​​p​a​g​e​/​​b​3​4​3​

a​8​​b​4​_​9​5​6​​b​_​4​5​c​a​​_​8​7​2​f​​_​4​c​f​9​b​​2​f​1​a​6​e​​0​/​2​0​2​4​​-​0​1​-​3​​1​-​1​5​-​5​​1​-​b​5​3​c​​5​5​d​d​6​9​​2​2​3​3​a​e​4​0​1​b​a​0​1​3​0​6​0​b​9​c​b​b​.​p​d​f
	51.	 Key informants. Boirag Union, Anowara Upazila, Chattogram District, Bangladesh. (2023).
	52.	 UNSD. Designing Household Survey Samples: Practical Guidelines264 (United Nations ST/ESA/STA, 2005).
	53.	 Macdicken., K. G. A guide to monitoring carbon storage in forestry and agroforestry projects. Forest Carbon Monitoring Program. 

Winrock Int. Inst. Agric. Dev. (1997).  file:///C:/Users/priya/OneDrive/Desktop/WinrockInternational.pdf
	54.	 Malhi, Y. et al. The above-ground coarse wood productivity of 104 Neotropical forest plots. Glob Chang. Biol. 10, 563–591 (2004).
	55.	 Sattar, M. A., Bhattacharjee, D. K. & Kabir, M. F. Physical and mechanical properties and uses of timbers of Bangladesh. Bangladesh 

Forest Research Institute. Chittagong, 57 pp. (1999).
	56.	 Geng, A., Yang, H., Chen, J. & Hong, Y. Review of carbon storage function of harvested wood products and the potential of wood 

substitution in greenhouse gas mitigation. Policy Econ. 85, 192–200 (2017).
	57	 Leskinen, P. et al. Substitution effects of wood-based products in climate change mitigation. From Science to Policy 7, European 

Forest Institute. From Sci. to Policy 7 27 at (2018). https://efi.​int/sites/de​fault/files/​files/publi​cation-bank/2019/efi_fstp_7_2018.pdf
	58.	 Sathre, R. & O’Connor, J. Meta-analysis of greenhouse gas displacement factors of wood product substitution. Environ. Sci. Policy. 

13, 104–114 (2010).
	59.	 BFD. Updating Forestry Master Plan for Bangladesh BANGLADESH FORESTRY MASTER PLAN 2017–2036 (Draft Final). 

(2017). (2036).
	60.	 Miah, M. D., Rashid, A., Shin, M. Y. & H. & Wood fuel use in the traditional cooking stoves in the rural floodplain areas of 

bangladesh: A socio-environmental perspective. Biomass Bioenerg. 33, 70–78 (2009).
	61.	 Riana, R. A. Middle-Class composition and growth in middle-income countries. Asian Dev. Bank Inst. 1–20 at (2017). ​h​t​t​p​s​:​​/​/​w​w​

w​.​​a​d​b​.​o​r​​g​/​p​u​b​l​​i​c​a​t​i​​o​n​s​/​m​i​​d​d​l​e​-​c​​l​a​s​s​-​c​​o​m​p​o​s​​i​t​i​o​n​-​​a​n​d​-​g​r​​o​w​t​h​-​m​​i​d​d​l​e​-​i​n​c​o​m​e​-​c​o​u​n​t​r​i​e​s
	62.	 Kumar, T. et al. Trees, forests and people perceptions and attitudes of tertiary level students towards wood and non-wood furniture 

and energy fuels in Bangladesh. Trees People. 10, 100351 (2022).
	63.	 Yadav, V. K., Gupta, A. K., Kumar, V. & Deoli, J. Carbon capturing potential of wood substitution in domestic and office furniture in 

India. Int J. Eng. Res. Appl 4, 190-94 (2014).
	64.	 Hurmekoski, E. et al. Impact of structural changes in wood-using industries on net carbon emissions in Finland. J. Ind. Ecol. 24, 

899–912 (2020).
	65.	 Soimakallio, S., Saikku, L., Valsta, L. & Pingoud, K. Climate change mitigation challenge for wood Utilization-The case of Finland. 

Environ. Sci. Technol. 50, 5127–5134 (2016).
	66.	 Roubík, H., Barrera, S., Van Dung, D., Phung, L. D. & Mazancová, J. Emission reduction potential of household biogas plants in 

developing countries: the case of central Vietnam. J. Clean. Prod. 270, 122257 (2020).
	67.	 Kefalew, T., Tilinti, B. & Betemariyam, M. The potential of biogas technology in fuelwood saving and carbon emission reduction 

in central rift Valley. Ethiopia Heliyon. 7, e07971 (2021).
	68.	 Baul, T. K., Das, M., Kar, S. & Acharya, R. Renewable and non-renewable energy consumption pattern among households around 

a protected area in southeastern Bangladesh. SN Soc. Sci 2 (2022). https://doi.org/10.1007/s43545-021-00303-6
	69.	 Ahmed, R. & Ahamed, R. Utilization of Improved Cook Stove to Minimize the Household Energy Crisis & Environmental 

Pollution in Bangladesh. in Int. Conf. Energy Environ. at (2018). ​h​t​t​p​s​:​​/​/​w​w​w​.​​r​e​s​e​a​r​​c​h​g​a​t​e​​.​n​e​t​/​​p​u​b​l​i​c​​a​t​i​o​n​/​​3​2​7​8​3​6​​4​1​1​_​U​​t​i​l​i​z​a​​t​i​o​n​
_​o​​f​_​I​m​p​r​​o​v​e​d​_​​C​o​o​k​_​S​​t​o​v​e​_​t​​o​_​M​i​n​i​​m​i​z​e​_​​t​h​e​_​H​o​​u​s​e​h​o​l​​d​_​E​n​e​r​​g​y​_​C​r​​i​s​i​s​_​E​​n​v​i​r​o​n​​m​e​n​t​a​l​​_​P​o​l​l​u​t​i​o​n​_​i​n​_​B​a​n​g​l​a​d​e​s​h

	70.	 Begum, B. A. Comparison of a traditional cook stove with improved cook stoves based on their emission characteristics. Nucl. Sci. 
Appl. 24, 1–4 (2015).

	71.	 Wasi, A. T., Anik, M. A., Hasan, Z. & Meraz, S. Biogas Technology in Bangladesh: A Comprehensive Study on History, Present 
Situation, Technologies and Electricity Generation Potential. (2023). https://doi.org/10.13140/RG.2.2.31759.36002/1

	72.	 Yousaf, H., Amin, A., Baloch, A. & Akbar, M. Investigating household sector’s non-renewables, biomass energy consumption and 
carbon emissions for Pakistan. Environ. Sci. Pollut Res. 28, 40824–40834 (2021).

	73.	 Hoang, H. T. & Kato, T. Biogas production and greenhouse gas (GHG) emissions reduction due to use of biogas digesters in small 
farms in Quang Tri Province, Vietnam. Nat. Environ. Pollut Technol. 20, 1887–1894 (2021).

	74.	 MoEFCC. Bangladesh First Biennial Update Report to the United Nations Framework Convention on Climate Change. Minist. 
Environ. For. Clim. Chang. (MoEFCC), Gov. People’s Repub. Bangladesh. at (2023). ​h​t​t​p​s​:​​/​/​w​w​w​.​​g​o​o​g​l​e​​a​d​s​e​r​v​​i​c​e​s​.​​c​o​m​/​p​a​​g​e​a​d​/​a​​c​
l​k​?​s​a​​=​L​&​a​i​​=​D​C​h​c​S​​E​w​i​M​q​s​​X​P​5​c​e​K​​A​x​U​g​o​​m​Y​C​H​R​k​​w​F​2​w​Y​A​​B​A​A​G​g​J​​z​b​Q​&​a​​e​=​2​&​c​o​​=​1​&​g​c​l​​i​d​=​E​A​I​​a​I​Q​o​b​​C​h​M​I​j​K​​r​F​z​-​X​H​​i​g​M​V​
I​K​​J​m​A​h​0​​Z​M​B​d​s​E​​A​A​Y​A​S​A​​A​E​g​K​7​k​​P​D​_​B​w​​E​&​o​h​o​s​​t​=​w​w​w​.​​g​o​o​g​l​e​​.​c​o​m​&​​c​i​d​=​C​A​​A​S​J​e​R​o​​T​Z​B​3​H​-​​S​z​Z​f​S​​v​k​S​W​W​2​​j​f​Y​b​e​J​​E​Q​N​O​d​0​​
1​A​e​b​u​k​c​e​-​l​f​g​G​C​a​8​3​4​&​s​i​g​=​A

	75.	 MoEFCC. Nationally Determined Contribution (NDCs) 2021 Bangladesh. (2021). at ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​g​o​o​g​l​​e​.​c​​o​m​​/​u​​r​l​​?​​s​​a​=​t​​&​​r​​c​​t​​=​​j​&​q​​=​
&​​​e​s​r​c​=​​s​​&​s​o​u​​​r​c​​e​​=​w​​e​​b​&​c​d​​​=​&​c​a​​d​​=​​r​j​a​​&​​u​a​c​t​=​8​​&​v​e​d​=​​2​a​h​U​K​E​​w​j​D​0​P​C​​r​5​c​e​K​A​​x​V​q​y​D​​g​G​H​Q​e​p​​H​3​o​​Q​F​​n​​o​E​C​B​U​​Q​A​w​&​u​​r​l​=​h​t​t​​p​s​%​
3​A​​​%​2​F​%​2​F​​u​n​f​c​c​c​​.​i​n​t​%​​2​F​s​i​t​e​​s​%​2​F​d​e​​f​a​u​l​t​%​​2​F​f​i​l​​e​s​​%​2​F​N​​D​C​%​2​F​​​2​0​2​2​-​0​​6​%​2​F​​N​​D​C​_​s​u​b​​m​i​s​s​i​o​​n​_​2​​0​2​​1​​0​8​2​6​​r​e​v​i​s​e​d​.​p​d​f​&​u​s​g​=​A​O​v​
V​a​w​0​4​q​i​5​X​A​s​g​I​O

Acknowledgements
Rural households and furniture manufacturers in the study area are highly acknowledged for their valuable time 
and cooperation during surveys. Authors are also grateful to the Anwara Union Parishad Office for providing 
necessary information relevant to this study.

Author contributions
Md. Zeesun-Ul Haque and Thuhidul Islam: Data Collection, Curation, and Analysis; Tarit Kumar Baul and Md. 
Zeesun-Ul Haque: Conceptualization, Methodology; Tarit Kumar Baul: Project administration, Supervision; 
Tarit Kumar Baul, Md. Zeesun-Ul Haque and Thuhidul Islam: Investigation; Tarit Kumar Baul, Mohammed 
Jashimuddin, Antti Kilpeläinen, Ashraful Alam: Resources, Validation, Visualization; Md. Zeesun-Ul Haque 
and Tarit Kumar Baul: Writing- Original draft preparation; Antti Kilpeläinen, Tarit Kumar Baul, Ashraful Alam, 
Mohammed Jashimuddin, and Shiba Kar: Writing- Reviewing and Editing.

Scientific Reports |        (2025) 15:37094 12| https://doi.org/10.1038/s41598-025-21063-w

www.nature.com/scientificreports/

http://www.bbs.gov.bd
http://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/b343a8b4_956b_45ca_872f_4cf9b2f1a6e0/2024-01-31-15-51-b53c55dd692233ae401ba013060b9cbb.pdf
http://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/b343a8b4_956b_45ca_872f_4cf9b2f1a6e0/2024-01-31-15-51-b53c55dd692233ae401ba013060b9cbb.pdf
https://efi.int/sites/default/files/files/publication-bank/2019/efi_fstp_7_2018.pdf
http://www.adb.org/publications/middle-class-composition-and-growth-middle-income-countries
http://www.adb.org/publications/middle-class-composition-and-growth-middle-income-countries
https://doi.org/10.1007/s43545-021-00303-6
http://www.researchgate.net/publication/327836411_Utilization_of_Improved_Cook_Stove_to_Minimize_the_Household_Energy_Crisis_Environmental_Pollution_in_Bangladesh
http://www.researchgate.net/publication/327836411_Utilization_of_Improved_Cook_Stove_to_Minimize_the_Household_Energy_Crisis_Environmental_Pollution_in_Bangladesh
https://doi.org/10.13140/RG.2.2.31759.36002/1
http://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiMqsXP5ceKAxUgomYCHRkwF2wYABAAGgJzbQ&ae=2&co=1&gclid=EAIaIQobChMIjKrFz-XHigMVIKJmAh0ZMBdsEAAYASAAEgK7kPD_BwE&ohost=www.google.com&cid=CAASJeRoTZB3H-SzZfSvkSWW2jfYbeJEQNOd01Aebukce-lfgGCa834&sig=A
http://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiMqsXP5ceKAxUgomYCHRkwF2wYABAAGgJzbQ&ae=2&co=1&gclid=EAIaIQobChMIjKrFz-XHigMVIKJmAh0ZMBdsEAAYASAAEgK7kPD_BwE&ohost=www.google.com&cid=CAASJeRoTZB3H-SzZfSvkSWW2jfYbeJEQNOd01Aebukce-lfgGCa834&sig=A
http://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiMqsXP5ceKAxUgomYCHRkwF2wYABAAGgJzbQ&ae=2&co=1&gclid=EAIaIQobChMIjKrFz-XHigMVIKJmAh0ZMBdsEAAYASAAEgK7kPD_BwE&ohost=www.google.com&cid=CAASJeRoTZB3H-SzZfSvkSWW2jfYbeJEQNOd01Aebukce-lfgGCa834&sig=A
http://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiMqsXP5ceKAxUgomYCHRkwF2wYABAAGgJzbQ&ae=2&co=1&gclid=EAIaIQobChMIjKrFz-XHigMVIKJmAh0ZMBdsEAAYASAAEgK7kPD_BwE&ohost=www.google.com&cid=CAASJeRoTZB3H-SzZfSvkSWW2jfYbeJEQNOd01Aebukce-lfgGCa834&sig=A
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjD0PCr5ceKAxVqyDgGHQepH3oQFnoECBUQAw&url=https%3A%2F%2Funfccc.int%2Fsites%2Fdefault%2Ffiles%2FNDC%2F2022-06%2FNDC_submission_20210826revised.pdf&usg=AOvVaw04qi5XAsgIO
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjD0PCr5ceKAxVqyDgGHQepH3oQFnoECBUQAw&url=https%3A%2F%2Funfccc.int%2Fsites%2Fdefault%2Ffiles%2FNDC%2F2022-06%2FNDC_submission_20210826revised.pdf&usg=AOvVaw04qi5XAsgIO
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjD0PCr5ceKAxVqyDgGHQepH3oQFnoECBUQAw&url=https%3A%2F%2Funfccc.int%2Fsites%2Fdefault%2Ffiles%2FNDC%2F2022-06%2FNDC_submission_20210826revised.pdf&usg=AOvVaw04qi5XAsgIO
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjD0PCr5ceKAxVqyDgGHQepH3oQFnoECBUQAw&url=https%3A%2F%2Funfccc.int%2Fsites%2Fdefault%2Ffiles%2FNDC%2F2022-06%2FNDC_submission_20210826revised.pdf&usg=AOvVaw04qi5XAsgIO
http://www.nature.com/scientificreports


Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The survey protocol received approval from the academic and research committee of the Institute of Forestry 
and Environmental Sciences (IFES) at the University of Chittagong, Bangladesh. This study which involves 
primary survey in 217 households and five furniture manufacturers, has been conducted in strict adherence 
to the guidelines set forth by the IFES. Compliance with all academic, ethical, and procedural standards 
outlined in the programme guidelines of IFES have been ensured. Respondents were aged 18 and above, and 
confidentiality and anonymity of their participations in this study were maintained. Verbal informed consent 
was obtained prior to the interview from the respondents of the surveys. Respondents were informed about 
the purpose of the study, the procedures involved, and their rights to withdraw at any time without any 
consequences.

Consent for publication
Verbal informed consent was obtained prior to the interview from the respondents of the surveys to publish 
the data collected. This report adhered to the STROBE declaration about the reporting of cross-sectional 
studies, in compliance with the Declaration of Helsinki for research involving human subjects.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​2​1​0​6​3​-​w​​​​​.​​

Correspondence and requests for materials should be addressed to T.K.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2025 

Scientific Reports |        (2025) 15:37094 13| https://doi.org/10.1038/s41598-025-21063-w

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-21063-w
https://doi.org/10.1038/s41598-025-21063-w
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Climate change mitigation potential of rural households in Chattogram District of Bangladesh
	﻿Materials and methods
	﻿Study site
	﻿Field data collection
	﻿Sampling of homegardens for carbon storage in trees
	﻿Household and furniture manufacturer surveys for carbon storage and substitution potential of wooden furniture and renewable energy fuels


	﻿Data analyses
	﻿Estimation of carbon storage in live tree biomass (C﻿storage﻿)
	﻿ Estimation of carbon storage (C﻿wood﻿) and substitution (C﻿sub﻿) benefits of existing wooden furniture
	﻿Estimation of substitution benefits of the use of renewable energy
	﻿Income stratification of the households

	﻿Statistical analyses and modelling work
	﻿Results
	﻿Carbon storage in live tree biomass (C﻿storage﻿) in homegardens
	﻿ Carbon storage (C﻿wood﻿) and substitution benefits (C﻿sub﻿) of existing wooden furniture
	﻿Carbon storage (C﻿wood﻿) and substitution (C﻿sub﻿) potential of wooden furniture in replacing existing fossil fuel-intensive furniture
	﻿Emissions from energy fuels and substitution potential of biogas and improved cooking stoves (ICS)
	﻿Total carbon benefits

	﻿Discussion
	﻿Carbon storage in homegarden live trees
	﻿Carbon storage and substitution benefits of wooden furniture
	﻿Substitution potential of biogas and improved cooking stoves (ICS)



