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This Chapter describes the Verification tool as required during the project registry to the 
standard and improve the value of potential carbon credit during retirement.

Data on solid biomass fuel consumption in villages is crucial for estimating carbon credits resulting 
from the use of Less-Smoke Chullahs. Since conducting regular surveys to directly measure fuel 
consumption in numerous villages is impractical and may lead to biased results, proxy data 
becomes essential for verification purposes. 

Proxy data on biomass fuel use is critical for estimating human error-free carbon credits as it 
offers an indirect yet effective method to quantify biomass usages at the village. However, it is 
important to establish an effective proxy for the purpose, otherwise there will be large bias in 
the calculation of the carbon credit. Biased data in carbon credit calculations can significantly 
undermine the credibility and value of carbon credits, resultantly compromising the overall 
effectiveness of carbon credit systems. Biases in proxy data, such as firewood usage or emissions 
estimates—stemming from inaccurate sampling, incomplete data, or skewed assumptions—can 
lead to erroneous baseline calculations and inflated claims of emission reductions. The weekly 
survey data from each pilot village was compared with the atmospheric PM10, PM2.5, CO, and SO2 
concentrations from the S-CAQMS installed at the pilot villages to create a low-biased proxy of 
firewood usage in the pilot villages.

Statistical Analysis of Daily Air Quality and Fuel Consumption Data 
Following the household survey protocol described in Chapter 2, about 300 to 400 days of fuel 
consumption data at different beneficiary households in the pilot villages were collected. These 
data sets were analysed as an independent variable with the average air quality data during day 
and evening cooking periods of respective villages.

Verification of Utilization 
of the Less-Smoke Chullah 
in the Pilot Villages4
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Fuel consumption, temperature, and relative humidity were pre-processed, clustered into latent 
‘operating regimes’ with a Gaussian Mixture Model selected via the Bayesian Information Criterion 
(BIC), and then analysed with both tree-based predictors (Random Forest, XGBoost) and regime-
specific ordinary–least-squares (OLS) regressions. 

Fuel Consumption 
Temperature 

Humidity
X = 

           

y = PM2.5, PM10, SO2, CO

K-component Gaussian Mixture Model assumes:

Parameters {πk, µk, Σk} are obtained via Expectation–Maximization (EM).

The Bayesian Information Criterion further increases the model complexity: 

BIC(K) = −2 log LK + pK log N

 pK = K – 1 + K × 3 + K × 6 parameters in 3-D.

Finally, combine classical covariance analysis and multidimensional kernel-density estimation 
(KDE) was used to obtain a smooth surrogate of the joint probability distribution required for risk 
assessment.

Bijaynagar, 24 Parganas (South)

One hundred and ten daily data points were sorted based on availability of all parameters of 
the S-CAQMS (temperature, humidity, PM, SO2, CO) and solid biomass fuel use in households at 
Bijaynagar village. The S-CAQMS and solid biomass fuel-use dataset of the Bijaynagar village was 
first grouped into four operating regimes following the above-mentioned principle (Table10). 

TABLE 10 Centroid and distribution of operating regimes of the sorted dataset of Bijaynagar

Regime Centroid n CO   
(in ppb)

SO2  

(in mg/m3)
PM2.5   

(in mg/m3)

0 Fuel: 534 kg/day; Temp.: 26°C; RH: 81% 3 25 ± 1 11.6 ± 6.3 71 ± 43

1 Fuel: 399 kg/day; Temp.: 29°C; RH: 89% 41 114 ± 45 10.1 ± 1.2 34 ± 14

2 Fuel: 615 kg/day;  Temp.:30.6°C; RH: 
80%

66 29 ± 7 26.8 ± 16.7 35± 10

3 Fuel: 492 kg/day; Temp.: 22°C; RH: 86% 2 44 ± 0.5 3.9 ±0.9 102 ± 17

Mean ± σ
mg/m3  –  micrograms per cubic metre; ppb – parts per billion; RH – relative humidity  
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Regime 1 (Table 10) indicates the highest mean CO concentration and variance, likely due to 
incomplete combustion. While under Regime 2, >50% more mean fuel was used compared to 
Regime 1, but mean CO (29 ppb) concentration was much lower than Regime 1. This indicates 
combustion efficiency of the cookstoves might be an important factor to atmospheric CO 
concentration rather than the quantity of fuel used. Additionally, Regime 2 dominates overall 
SO2 concentration—higher fuel consumption and slightly drier air compared to other Regimes 
increases the mean SO2 concentration above 25 mg/m3 . On the other hand, there is no significant 
difference in mean atmospheric PM2.5 concentrations under Regime 1 and Regime 2. This indicates, 
there may not be significant relation between the atmospheric concentration of PM2.5 and fuel 
combustion in the households.

Regression analysis of the dataset under different operating regimes suggest that only CO was 
having a significant (p < 0.05) relation with solid biomass fuel consumption in the households of the 
village during the study period. The regression analysis suggests each 1.75 kg/day increase in solid 
biomass fuel increase in the village, increases the atmospheric concentration of CO by 1 ppb (Table 
11). Ambient temperature and humidity were analysed to have significant (p<0.05) relationship with 
SO2 and PM2.5 concentrations in the atmosphere.

TABLE 11 Concise summary of regression analysis of data from Bijaynagar 

Regime Regression equation Statistical significance (p < 0.05)

CO (in ppb)

0 CO = 0.10+0.075F +1.69T −0.74H

1 CO = 56.90F − 60.52T − 29.71H −18,160
2 CO = 1.75F −3.95T −0.17H −914 Fuel (p = 0.048)
3 CO = 0.112F + 0.013T − 0.132H

SO2 (in mg/m3)

0 SO2 = 1.94H −0.21 − 0.101F − 3.47T
1 SO2 = 0.39F +2.97T +1.09H −331
2 SO2 = 0.82F −2.17T −0.75H −350 Humidity (p = 0.034)
3 SO2 = 0.028F +0.008T − 0.114H
PM2.5  (in mg/m3)

0 PM2.5 = 1.40 + 0.400F + 24.32T − 9.69H
1 PM2.5 = 4.41 + 0.705F − 3.89T − 1.55H Humidity (p = 0.042)
2 PM2.5 = 221.98 − 0.392F + 2.08T − 0.13H Temperature (p = 0.020)
3 PM2.5 =1.90H − 0.118F − 0.111T 

mg/m3 – micrograms per cubic metre; F – fuel consumption; ppb – parts per billion; H – relative humidity (in %); and T – temperature 
(in °C)
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Tiakati, Jhargram 
Based on availability of all parameters of the S-CAQMS (temperature, humidity, PM, SO2, CO) and 
solid biomass fuel use in households at the Tiakati village of Jhargram, 124 daily data points were 
sorted. The S-CAQMS and solid biomass fuel-use dataset of the Tiakati village was distributed 
into three operating regimes following the above-mentioned principle. The consumption of solid 
biomass fuel was uniformly distributed among the sorted dataset. So, differences in the pollutant 
concentration stem from combustion efficiency and meteorological condition.

Mean atmospheric CO concentration recorded lowest with high ambient temperature and low 
humidity conditions (Regime 2) (Table 12).

TABLE 12 Centroid and distribution of operating regimes of sorted dataset at Tiakati

Regime Centroid n CO (in ppb) SO2 (in mg/m3) PM2.5  (in mg/m3)

0 Temp.: 30°C; RH: 82% 76 45 ± 32 15.7 ± 8.7 40 ± 14

1 Temp.: 25°C; RH: 80% 24 47 ± 24 13.3 ± 8.9 75.8 ± 41

2 Temp.:33°C; RH: 60% 24 23 ± 12 20.8 ± 11.3 78.2 ± 34

Mean ± σ
mg/m3  –  micrograms per cubic metre; ppb – parts per billion; RH – relative humidity  

Regime 0 indicates statistically significant influence from fuel consumption (p = 0.038) to 
atmospheric CO concentration, while other regimes also show positive relationship between 
atmospheric CO and daily fuel consumptions, but they are not significant (p > 0.05) (Table 
13). Atmospheric SO₂ concentrations suggests mixed effects of the variables, but none of 
the coefficients are statistically significant. In contrast, atmospheric PM2.5 concentrations are 
significantly influenced by humidity in Regimes 0 and 2, and by both temperature and humidity in 
Regime 1 (Table 13). 

These results highlight that while fuel, temperature, and humidity affect atmospheric pollutants 
concentrations differently across regimes, humidity consistently plays a significant role in 
atmospheric PM2.5 variation while daily fuel consumption plays a significant role to atmospheric 
CO concentration.

Ghonga, Purulia 
Four hundred and forty-four  daily data points were sorted according to the availability of all 
S-CAQMS parameters (temperature, humidity, PM, SO2, CO), as well as the usage of solid biomass 
fuel in households in the Ghonga village of Purulia district. In accordance with the aforementioned 
principle, the S-CAQMS and solid biomass fuel-use dataset of the village was divided into six 
operating regimes (Table 14). The number of observations (n) per regime varies from 36 (Regime 
5) to 94 (Regime 4).
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TABLE 14 Centroid and distribution of operating regimes of sorted dataset at Ghonga 

Regime Centroid n CO  
(in ppb)

SO2  

(in mg/m3)
PM2.5   

(in mg/m3)

0 Fuel: 683 kg/day; Temp.: 31°C; RH: 82% 94 28 ± 14 5.9 ± 1.5 29 ± 8

1 Fuel: 457 kg/day; Temp.: 22 °C; RH: 76% 80 24 ± 8 4.7 ± 1.0 71 ± 22

2 Fuel: 682 kg/day;  Temp.:26°C; RH: 73% 84 30 ± 14 6.7 ± 1.9 39 ± 18

3 Fuel: 457 kg/day; Temp.: 30 °C; RH: 81% 60 35 ± 16 5.8 ± 1.6 41 ± 14

4 Fuel: 557 kg/day; Temp.: 28°C; RH: 72% 90 38 ± 14 6.2 ± 2.3 48 ± 13

5 Fuel: 682 kg/day; Temp.: 34°C; RH: 62% 36 75 ± 44 11.5 ± 4.7 41 ± 10

Mean ± σ
mg/m3  –  micrograms per cubic metre; ppb – parts per billion; RH – relative humidity 

High fuel consumption along with highest temperature and lowest humidity (RH) are represented 
by Regime 5 (dry and humid). It exhibits the significantly higher concentrations of CO (75 ± 44 
ppb) and SO₂ (11.5 ± 4.7 mg/m³), despite having the lowest sample size, suggesting a potential 
link between elevated temperature and reduced RH with increased pollutant levels (Table 14). 
CO (38 ± 14 ppb) and SO₂ (6.2 ± 2.3 mg/m³), also remain high in the Regime 4 with moderate 
fuel consumption (557 kg/day) PM2.5 levels are highest in Regime 1 (71 ± 22 mg/m³), which is a 

TABLE 13 Concise summary of regression analysis of data from Tiakati 

Regime Regression equation Statistical significance (p < 0.05)

CO (in ppb)

0 CO = 9.54F −7.59T −1.64RH−5316 Fuel (p = 0.038)

1 CO = 8.38F −2.86T −0.54RH −4869

2 CO = 1936 − 3.19F − 0.97T + 0.55RH

SO2 (in mg/m3)

0 SO2 = 0.15F + 2.70T + 0.63RH–209 

1 SO2 = 1.44F + 0.71T + 0.09RH–877 

2 SO2 = 0.91F – 0.45T – 0.56RH –475 

PM2.5  (in mg/m3)

0 PM2.5 = 3.13F − 2.70T −2.12RH −1580 Relative Humidity (p = 0.009)

1 PM2.5 = 1.27F −7.64T − 2.48RH −298 Temperature (p = 0.010)
Relative Humidity (p = 0.025)

2 PM2.5 = 4530 − 6.85F − 5.21T −2.84RH Relative Humidity (p = 0.002)

mg/m3– micrograms per cubic metre; F – fuel consumption; ppb – parts per billion; RH – relative humidity; T – temperature (in °C)
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low fuel Regime, indicating that fuel quantity alone may not be the dominant factor influencing 
particulate concentrations (Table 14).

Based on the regression analysis presented in Table 15, the concentrations of CO (ppb), SO₂ (mg/
m³), and PM₂.₅ (mg/m³) were modeled across six Regimes. For CO, humidity consistently showed 

TABLE 15 Concise summary of regression analysis of data from Ghonga

Regime Regression equation Statistical significance (p < 0.05)

CO (in ppb)

0 CO = 0.252F + 3.39T − 1.46RH−130.2 Humidity (p = 0.008)

1 CO = 0.256F + 1.90T − 0.68RH −82.9 Temperature (p < 0.001); Humidity (p < 
0.001)

2 CO = 0.096F + 1.49T −0.94RH −4.8 Temperature (p < 0.001); Humidity (p < 
0.001)

3 CO = 0.256F + 2.98T −1.80RH −26.2 Temperature (p = 0.001); 
Humidity (p < 0.001)

4 CO = 0.306F + 0.67T −1.29RH −59.6 Fuel (p <0.05); Temperature (p < 0.05)
Humidity (p < 0.001)

5 CO = 1040.2 − 1.38F + 1.81T −1.36RH

SO2 (in mg/m3)

0 SO2 = 0.052F + 0.729T + 0.231RH −71.3 Temperature (p < 0.05); Humidity (p < 0.05)

1 SO2 = 0.040F + 0.237T − 0.069RH−13.7 Temperature (p < 0.001; Humidity (p < 0.05)

2 SO2 = 21.6 − 0.018F + 0.082T − 0.066RH Humidity (p = 0.05)

3 SO2 = 0.001F + 0.513T − 0.090RH −2.92 Temperature (p < 0.001);Humidity (p < 0.05)

4 SO2 = 16.43 + 0.009F − 0.019T− 
0.202RH

Humidity (p < 0.001)

5 SO2 = 27.73 − 0.061F + 1.218T − 
0.249RH

Temperature (p < 0.05); Humidity (p < 0.05)

PM2.5  (in mg/m3)

0 PM2.5 = 117.2 − 0.28F + 1.91T + 0.49RH

1 PM2.5 = 1.50F + 3.13T + 0.07RH−690.2 Temperature (p < 0.05)

2 PM2.5 = 927.5 + 1.35F + 1.82T − 0.19RH Fuel (p < 0.05); Temperature (p < 0.001)

3 PM2.5 = 113.7 + 0.32F − 1.78T − 2.02RH Humidity (p < 0.001)

4 PM2.5 = 301.5 − 0.35F − 2.69T + 0.21RH Temperature (p < 0.001)

5 PM2.5 = 1.06F + 0.45T + 0.01RH −693.9

mg/m3– micrograms per cubic metre; F = fuel consumption (kg/day); ppb – parts per billion; T – temperature (in °C), RH – relative 
humidity (in %) 
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statistical significance (p < 0.05) across all regimes except Regime 5, with temperature also 
emerging as a significant factor in Regimes 1 to 4. Notably, daily fuel usage significantly influences 
atmospheric CO concentration in Regime 4 (Table 15). In the case of SO₂, both temperature and 
humidity were significant predictors in most regimes, with humidity being particularly predictive 
in regimes 2 to 5. For PM₂.₅, temperature was a significant predictor in Regimes 1, 2, 4, and 5, 
while humidity showed strong significance in Regime 3. Daily fuel usage was significant to predict 
the atmospheric PM2.5 concentrations in Regimes 2. 

These findings suggest that temperature and humidity are more consistent determinants of 
atmospheric CO, SO2, and PM2.5 concentrations than fuel usage in Ghonga village. However, daily 
fuel usage significantly estimate the atmospheric CO and PM2.5 concentrations under Regime 4 
and Regime 2, respectively.

Purundhi, Bankura

One hundred thirty-one daily data points were sorted based on availability of all parameters of 
the S-CAQMS (temperature, humidity, PM, SO2, CO) and solid biomass fuel use in households at 
Purundhi village. The S-CAQMS and solid biomass fuel-use dataset of the Purundhi village was 
Clustured into five operating regimes following the above-mentioned principle (Table 16). Regime 
0 (n = 42) has high-fuel usage (874 kg/day), moderate temperature (30°C), and RH (65%). It has 
elevated mean atmospheric CO (101 ppb) and PM2.5 (54 mg/m³) concentration. While, Regime 
3 has similar fuel usage to Regime 0 but higher RH (81%) might have resulted in lower mean 
atmospheric PM2.5 concentration (37 mg/m³). On the other hand, Regime 2 operates at higher 
temperature (34°C) and low RH (37%), showing the highest SO₂ concentration (21.1 mg/m³). 
Regime 4 (least frequent samples) has the lowest temperature (22°C) and moderate fuel usage 
but shows the highest variability in atmospheric PM2.5 (71 ± 35 mg/m³) concentration (Table 16), 
possibly indicating unstable conditions.

TABLE 16 Centroid and distribution of operating regimes of sorted dataset at Purundhi

Regime Centroid n CO  
(in ppb)

SO2 

(in mg/m3)
PM2.5   

(in mg/m3)

0 Fuel: 874 kg/day; Temp.: 30 °C; RH: 65% 42 101 ± 25 14.4 ± 4.6 54 ± 22

1 Fuel: 515 kg/day; Temp.: 30°C; RH 78% 22 40 ± 5 12.3 ± 7.6 61 ± 15

2 Fuel: 874 kg/day;  Temp.:34°C; RH 37% 17 35 ± 7 21.1 ± 3.7 48 ± 5

3 Fuel: 875 kg/day; Temp.: 30 °C; RH 81% 46 42± 10 13.3 ± 5.3 37 ± 10

4 Fuel: 517 kg/day; Temp.: 22°C; RH 72% 4 34±5 4.3 ± 5.0 71 ± 35

Mean ± σ
mg/m3  –  micrograms per cubic metre; ppb – parts per billion; RH – relative humidity

The regression analysis of dataset under different operating regime suggests, no significant 
relation of regime parameters with atmospheric CO and SO2 concentrations in the Purundhi 
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village (Table 17). While atmospheric PM2.5 concentration generally show negative relationships 
with all three variables (fuel usage, temperature, RH), especially in Regimes 0, 1, and 4. However, 
Regime 3 is unique in showing positive coefficients for temperature and humidity, suggesting 
that higher values of these parameters may increase atmospheric PM2.5 concentrations. Statistical 
significance of atmospheric PM2.5 with temperature and humidity was noted in Regimes 1, 2, 
and 3, indicating that these variables have a meaningful impact on PM2.5 concentrations in those 
regimes. However, no significant correlation was observed between daily fuel consumption and 
any of the air pollutant concentrations in Purundhi village (Table 17).

TABLE 17 Concise summary of regression analysis of data from Purundhi 

Regime Regression equation Statistical significance (p < 0.05)

CO (in ppb)

0 CO  =  4.30 F + 4.73 T − 0.17 RH −3794.5

1 CO  = 8.58 F +3.39 T + 0.82 RH −4547.7

2 CO  = 306.5 − 0.28 F −0.93 T + 0.10RH

3 CO  = 790.7 − 0.32 F −7.75 T − 2.87 RH

4 CO = 55315 − 87.9 F − 47.8 T − 121.7 RH

SO2 (in mg/m3)

0 SO2 = 157.8 − 0.186F + 0.534T + 0.044RH

1 SO2 = 211.0 − 0.497F + 0.038T + 0.716RH

2 SO2 =  0.116F + 0.707T − 0.538RH−84.9 

3 SO2 = 0.391F + 1.355T + 0.290RH −393.6 

4 SO2 = 2.664F − 8.834T + 8.156RH −1759.5

PM2.5  (in mg/m3)

0 PM2.5 = 1955.8 - 1.93 F - 3.96 T - 1.50 RH

1 PM2.5 = 2192.9 - 3.16 F -5.37 T - 4.35RH Temp. p = 0.014; Humidity p = 0.001

2 PM2.5 = 978.1 - 1.08 F - 0.12 T + 0.40RH Temp. p = 0.019; Humidity p < 0.05

3 PM2.5 = 179.1 - 0.50 F + 6.48 T + 1.21 RH Temperature p < 0.03

4 PM2.5 = 58,008 - 91.5 F - 86.4 T - 120.5 RH

mg/m3– micrograms per cubic metre; F = fuel consumption (kg/day); ppb – parts per billion; T – temperature (in °C), RH – relative 

humidity (in %) 

Conclusion on Verification Tool
The significance of temperature and humidity with CO, SO2, and PM2.5 concentrations across 
multiple regimes in different pilot villages suggests that meteorological conditions play a 
dominant role in modulating air quality, potentially overshadowing the direct effects of daily 
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fuel consumption in the respective villages. However, in three of the pilot villages daily fuel 
consumption shows significant relation in predicting the atmospheric CO concentration, this 
indicates that atmospheric CO may be a predictive proxy to the amount of fuel use in the villages, 
their relation varies spatially based on the weather parameters.
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Based on the analysis of the collected dataset related to indoor concentrations of pollutants, 
emissions of pollutants with different types of cookstoves, beneficiary household survey and 
atmospheric concentration analysis following recommendations were framed:

a.	 The design of the Less-Smoke Chullah is not suitable to be used with coal, so it is recommended 
to assess the current fuel usage of a household before selecting it as a beneficiary.

b.	 The design of the Less-Smoke Chullah needs to be modified to better meet the regular 
cooking needs of rural households. Specifically, it should be capable of cooking at least 2 kg 
of rice at a time. 

c.	 One or two wood choppers may be installed in each village to cut firewood to the specifications 
required for the Less-Smoke Chullah. This should be made available to villagers free of cost.

d.	 Installation of the S-CAQMS at each beneficiary village suggests atmospheric CO 
concentration as a potential indicator of Less-Smoke Chullah use in beneficiary villages; 
however, to develop a generalized relationship, the CO-sensor may be installed in each 
beneficiary household. 

e.	 It is recommended to conduct periodic training sessions by local trainers to ensure that 
beneficiaries use and maintain the Less-Smoke Chullahs properly for sustained and effective 
performance.

f.	 It is recommended to conduct awareness campaigns in the villages through local community 
groups to promote the benefits and proper use of Less-Smoke Chullahs.

g.	 It is recommended to train and encourage local individuals to educate beneficiaries on the 
operation of Less-Smoke Chullahs and to regularly monitor their usage.

Recommendations5
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Annexure: I – Test Certificate of the Less Smoke Chullah

Annexure
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Annexure: II – Survey Questionnaire






