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Abstract 48 

Biogas technology, as a pro-poor renewable energy source, has been promoted in Uganda through the use 49 

of fixed dome and floating drum digester designs. However, these designs have proved to be too 50 

expensive for the average Ugandan to afford. A cheaper flexible balloon digester has been proposed to 51 

increase uptake. However, there has been lack of evidence on household’s willingness to pay (WTP) for 52 

the flexible balloon digester and the factors affecting adoption of this alternative design. Primary data 53 

were obtained from survey of experimental households and 144 ‘non-biogas’ households in central 54 

Uganda. A logistic regression model was used to estimate household’s WTP and determine the factors 55 

that influence WTP. Results reveal that the majority of surveyed households showed their WTP, but an 56 

average household’s maximum WTP (US$52) was ten times less than the actual cost of an imported 57 

digester unit (US$512). The results further indicate that household size, education level, gender and age 58 

of the household head, number of livestock owned, total land area owned and a household’s perception 59 

on technology significantly influenced the WTP. Thus, government and NGOs interested in promoting 60 

this design should pay due attention on ensuring the availability of affordable flexible balloon digester 61 

from local sources. Otherwise, the focus should be on promoting either different biogas designs or 62 

alternative affordable renewable energy technologies rather than the flexible balloon digester.   63 

 64 

 65 

 66 

Keywords:  Biogas technology, Willingness to pay, Flexible balloon digester, Smallholder farmers, 67 

Uganda 68 

 69 

70 
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1. Introduction 71 

It is estimated that 2.4 billion people, representing more than a third of the world’s population, rely on 72 

biomass (wood, charcoal, crop residue and dung) for cooking and heating (KITE, 2008). Current trends 73 

suggest that another 200 million people will be dependent on biomass to meet their thermal energy needs 74 

by 2030 (Walekhwa et al., 2009). In Uganda the main source of fuelwood for cooking is obtained by 75 

cutting down trees.  Okure and Nabuma (2004) observed that over 60% of the total wood produced in 76 

Uganda is used as fuelwood. Fuelwood still remains the most accessible source of energy to most rural 77 

and urban households in Uganda (KIT, 2008). Incomplete combustion of fuelwood generates smoke that 78 

results in indoor air pollution (IAP) and poses significant health risks and causes diseases such as 79 

respiratory and eye diseases especially among women and children(WHO 2006; Malla et al., 2011; 80 

Winrock International, 2007).  81 

 82 

There are a number of options that can be used to overcome the harmful effects associated with 83 

traditional uses of fuelwood (Malla et al., 2011). Such interventions include behavioural change, 84 

improved kitchen ventilation, sustainable production of biomass, efficient wood/charcoal stoves and the 85 

use of cleaner fuels (Hutton et al., 2006). However, the most effective way of dealing with the problems, 86 

especially that of IAP, is to switch to cleaner burning fuels, such as liquefied petroleum gas (LPG) and 87 

kerosene that produce significantly lower emissions (Malla et al., 2011)  88 

 89 

Although switching to cleaner fuels offer the first-best solution, current economic conditions and energy 90 

infrastructure in Uganda make cleaner petroleum-based fossil fuels an unlikely option. This is because 91 

commercial fuels such as LPG are in most cases deemed too expensive and not always available. 92 

Consequently, affordable alternatives that are cleaner and more sustainable, and also reduce households’ 93 

workload are needed. Such energy interventions include biogas, which is produced from animal dung, 94 

human excrement and other organic materials (Ruto and Garrod, 2009). Biogas is also likely to produce 95 

lower emissions (Semple et al., 2014). A study by Walekhwa et al. (2009) indicated that Uganda has a 96 

potential to generate 1740 Mtoe of energy from animal waste at a recoverable rate of 30%. If this energy 97 

is fully utilised, Peipert et al. (2009) reported that households would improve in health, economic and 98 

environmental outcomes.  In particular, adoption of biogas technology by smallholder farmers in SSA 99 

have several advantages. It can be produced from different locally available materials such as animal 100 
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excreta, domestic wastes, and agricultural residues. It provides cheap and clean energy to the household.  101 

For example, a study by Winrock International (2007) reported that a biogas digester in Uganda resulted 102 

in savings to household due to reduced purchases of cooking fuel (90% reduction in charcoal 103 

consumption and 75% in firewood consumption). In addition, household labour time for fuel wood 104 

collection can be saved and this could be used in income generating activities. However, most efforts 105 

aimed at promoting biogas in Uganda have mainly focussed on feasibility of biogas production from 106 

fixed-dome digesters (Winrock International 2007; Walekhwa et al., 2009). These digester designs have 107 

proved to be too expensive for the average Ugandan rural household to afford (Winrock International 108 

(2007).  109 

 110 
A cheaper flexible balloon digester design was being promoted by a project – ‘The Potential of Small-111 

Scale Biogas Digesters to Improve Livelihoods and Long Term Sustainability of Ecosystem Services in 112 

Sub-Saharan Africa’, funded by the UK Department for International Development (DFID) under the 113 

New and Emerging Technologies Research Competition (NET-RC) grant– where flexible balloon 114 

digester were provided to a selected number of households in Tiribogo village in Mpigi district, central 115 

Uganda. The project aimed at providing information that would help the success of national programmes 116 

to establish affordable biogas digesters in Sub-Saharan Africa. It focused on investigating in cheaper 117 

designs of biogas digesters to encourage wider uptake of the technology amongst the poor members of 118 

the community and to provide a long-term energy supply. However, the preferences and willingness to 119 

pay (WTP) of smallholder households and the factors influencing their WTP for the flexible balloon 120 

digester have not been studied. In addition, the potential of the flexible balloon digester to enhance the 121 

livelihood of smallholder farm households has not yet been explored. It is against this background that 122 

this study was conducted to assess the willingness to pay for the flexible balloon digester and understand 123 

the factors that determine household’s WTP using household survey data from central Uganda. The main 124 

objectives of the study were to: (i) estimate smallholder household’s willingness to pay for the flexible 125 

balloon digester, and (ii) determine the key factors that influence the willingness to pay of households for 126 

a flexible balloon digester designs. 127 

2. Approaches to willingness to pay  128 

The willingness to pay (WTP) approach of valuation was based on well-known standard theory (Bishop 129 

and Heberlein, 1979; Hoehn and Randall, 1987). Most valuation methods measure the demand for a good 130 
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or service in monetary terms for a particular benefit (Hanneman, 1991; Shogren and Hayes, 1997). 131 

Contingent valuation and choice experiment approaches are the most widely used economic valuation 132 

methods to elicit consumer’s WTP for a good or service. In contingent valuation, respondents are directly 133 

asked for their WTP for a specified good or service. The CV method elicits values for specified goods by 134 

presenting respondents with a description of a proposed hypothetical scenario and asks the respondents to 135 

express their maximum WTP to enjoy a positive change (Balana et al., 2012). Because the elicited WTP 136 

values are contingent upon the market described to the respondents, this approach came to be called the 137 

“contingent valuation” method (Venkatachalam, 2003). In choice experiments, however, respondents are 138 

asked to consider combinations of attributes and associated levels to choose their preferred option from a 139 

set of alternatives with particular attributes (Sabah, 2009). In reference to this study, we used the CV 140 

method to determine the value of the flexible balloon digester.  141 

Contingent valuation (CV) method has been employed for the estimation of willingness to pay for 142 

renewable energy and factors that affect it (Sabah et al., 2011). In addition, CV method has been used for 143 

evaluation of choice among various alternatives renewable energy choices such as wind, hydropower and 144 

biomass (Angeliki et al., 2007).  Most of the studies have explored willingness to pay for renewable 145 

energy by households using the binary or multinomial logit models. Garson et al. (2008) investigated the 146 

willingness to pay for solar photovoltaic energy lighting using a multinomial logit and the results indicate 147 

that socioeconomic, demographic and environmental conditions influence willingness to pay. 148 

Multinomial Logit has limitations such as failure to account for varying levels of substitution between 149 

choice alternatives, taste homogeneity ignores the fact that preferences are unobservable and violates 150 

consumer axioms of transitivity and stability of choices by imposing independence of unobserved factors 151 

over time or across time (Foster et al., 1998).  Riccardo et al. (2010) explored the willingness to pay for 152 

renewable energy in United Kingdom. This study compared the results from conditional and mixed logit 153 

models, which estimated the distribution of utility coefficients. This then derived willingness to pay 154 

values as a ratio of the attribute coefficient to the price coefficient, with such a model, the willingness to 155 

pay distribution is estimated directly from utility in the money space.  156 

 157 

Mixed logit overcomes the limitations imposed by multinomial logit such as accounting for taste 158 

differences by allowing model coefficients of observed variables to vary randomly over individuals [16]. 159 

In addition, individual preferences are assumed to be heterogeneous and continuously distributed random 160 
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variables for the whole population (Train, 1998).  Sabah and Jeanty (2011) examined the households’ 161 

willingness to pay for electricity connection in Kenya and found out that households were willing to pay 162 

more for geothermal energy services than Photovoltaic using a binary logit. In addition, households 163 

favoured monthly connection payments over a lump sum amount. However, Daniel (2009) explored the 164 

willingness to pay and attitudes regarding biogas digester and linear regression was used in determining 165 

the factors that influence willingness to pay for anaerobic digestion on dairy farms. The parameter 166 

estimates from the linear regression are unbiased, but inefficient and inconsistent (Mugisha et al., 2011). 167 

 168 

Our present study adopted the logistic regression model to the conventional linear probability regression 169 

model in analysing the factors that influence willingness to pay for a flexible balloon digester. The reason 170 

is that parameter estimates from the former are asymptotically consistent and efficient Greene (1997). 171 

The estimation procedure employed also resolves the problem of heteroscedasticity and constrains the 172 

conditional probability of making the decision to pay for the flexible balloon digester lie between zero 173 

and one. Other studies that have used logit model include (Sabah and Jeantyu, 2011;  Foster et al., 1998) 174 

among others. The study therefore used a binary Logit because of the nature of the dependent variable. 175 

 176 

3 Methods and Materials  177 

3.1 Study area description 178 

The study was conducted in Mpigi district, Muduuma Sub-county in Tiribogo village (Fig. 1). Muduuma 179 

Sub-count is located on 0°21'5" N and 32°17'56" E and the average minimum and maximum temperature 180 

recorded is 15 oC and 28 oC respectively. The areas experience a bi-modal rainfall pattern, with the first 181 

season starting in March-April and ending in May. The second rains start in July and go up to November 182 

and are usually more reliable. The annual rainfall ranges from 800mm and 1200mm. Tiribogo village is 183 

bordered by Muduuma forest reserve with dominant vegetation consisting of savannah woodland.  The 184 

village has a total population of 4,800 whose main livelihood is mainly crop growing with livestock kept 185 

to supplement their incomes. 186 

 187 
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              188 
   Figure 1. Map showing the study area 189 

 190 

 The main economic activity in Tiribogo is subsistence farming, with farmers rearing animals and 191 

growing both food and cash crops. The main food crops grown include banana, sweet potatoes, maize, 192 

beans and horticultural crops (cabbages, nakati, amaranthus) while coffee is the main cash crop in the 193 

area. The animals reared include pigs, goats and cattle, and these were reared on small scale with most 194 

households keeping at least one of these animals. Tiribogo village has no grid connection and the main 195 

source of energy used for lighting is kerosene. Most of the household use fuelwood as their main source 196 

of energy for cooking, although some of the households use charcoal for cooking. Fuel wood and 197 

charcoal are the main source of energy for cooking because the village is bordered by the forest where 198 

trees are cut and used for fuel wood and charcoal. Institutions like schools consume a lot of fuel for 199 

preparing students meals. The area was purposely selected because it is where the flexible balloon 200 

digesters were being promoted under DFID funded NET-RC grant. The project provided nine digesters to 201 

nine households in Tiribogo village and the rest of the community members were to observe the benefits 202 

that accrue to households with digesters so that they could adopt this technology. The overall objective of 203 

the project was to determine an alternative cheaper design that would motivate and increase the 204 
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dissemination of biogas technology so as to provide a long term supply of energy to the community as 205 

well as ensure effective treatment of waste. 206 

3.2 Sampling and field data collection 207 

The data used in this study have come from the survey of Tiribogo community in central Uganda where 208 

the flexible balloon digesters was being experimented. There are about 250 smallholder farm households 209 

in Tiribogo village. The sample size in the study was determined using Yamane (1967) simplified 210 

formula for a 5% precision level. This area was identified with the highest concentration of households 211 

with livestock that was to provide feedstock for the biogas digesters. The initial ground work began with 212 

identifying the nine households that would be given the nine flexible balloon digesters. To identify pilot 213 

households, all the 54 households in the community that produce animal manure were visited and 214 

interviewed for about 30-minutes each using a structured questionnaire, consisting of a list of closed 215 

questions on how the household manages its resources, such as farm, manure, water, fuel wood and 216 

kitchen residues. The data collected was used to generate fact sheets and to rank the suitability of 217 

households for installation of a flexible balloon biogas digester. A weighted multi criteria approach 218 

consisting of four factors – availability of feedstock, access to water, household’s current fuelwood 219 

consumption and household labour availability – were used to identify pilot households. Once the pilot 220 

households identified, farm household data were collected in two different timelines: (i) Baseline survey 221 

(before digester installation): a baseline survey was conducted in July 2013 to determine the situation 222 

before the digesters were installed with the nine households selected. The sampling frame for the baseline 223 

survey included the nine experimental households and 144 randomly selected other households that were 224 

within a close proximity of each of the nine households i.e., 16 randomly selected households to each 225 

pilot household based on community’s local council register. A face-to-face structured questionnaire 226 

interview was administered by the first author (as part his graduate study research) and supervised by his 227 

advisors. (ii) The second round follow-up survey was conducted six months after the installation of 228 

biogas digesters. This was to give time for the pilot households to undergo changes in biomass and 229 

energy consumption as a result of using biogas. The follow-up survey on the nine pilot households was 230 

focused on the use of biogas energy, feedstock supply, changes in the household’s labour demand and 231 

other resources. All the 144 ‘non-biogas’ households included in the baseline were also interviewed in 232 

the follow-up survey to understand neighborhood effects and the likelihood of technology adoption.  233 
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As CV is based on the satisfactory description of the good under study and on the method of payment to 234 

establish hypothetical transaction scenario, the CV scenario in this study was described in terms of the 235 

potential benefits such as lower energy cost, labour time saving and clean domestic energy/health 236 

benefits that households could enjoy from the flexible balloon digester. For the ‘non-biogas’ households   237 

series of questions were asked to elicit their WTP, such as “If you were given the digester and the 238 

digester is installed for you for free like your neighbours selected in the pilot study, would you be willing 239 

to pay for its maintenance?; If yes, how much would you be willing to pay in maintaining the digester so 240 

that there is continuous production of biogas? What if the digester was given to you but not installed, 241 

would you be willing to contribute to have it installed? If yes, how much would you be willing to 242 

contribute to have it installed? Having known the benefits of the digesters through your neighbours, 243 

would you be willing to pay to the full cost of its purchase and installation? If yes, how much? If no, why 244 

not?” 245 

 246 

A payment card method was used to elicit the WTP of respondents. There are several studies where the 247 

payment card has been used to estimate willingness to pay such as (Breffle et al., 1998; Kerr, 2001; 248 

Wangi et al, 2004). The studies show that the payment card method increases efficiency over 249 

dichotomous choice in estimating WTP. The payment card format used in this study involved presenting 250 

a set of bid amounts arranged in ascending order to respondents from which they have to choose their 251 

maximum WTP. The range of bid amounts was based on the costs of various domestic energy sources in 252 

the context of the local community.   253 

 3.3 Analytical model  254 

The logistic model was used to estimate for the factors that influence willingness to pay for the digester. 255 

It applies the maximum likelihood estimation after transforming the dependent variable into a logit 256 

variable (Angeliki et al, 2007). Logistic regression measures the relationship between the categorical 257 

dependent variable and one or more independent variables by estimating probabilities using a logistic 258 

function. It calculates the probability of an event occurring with the probability of it not occurring.  259 

 260 

For our case study, let 
iP  be the probability that a household i  is willing to pay (WTP) for the flexible 261 

balloon digester, X be a vector of explanatory variables and y  is a binary variable taking the value of 0 262 

or 1. The likelihood of willingness of a household to pay for a digester is specified as: 263 

https://en.wikipedia.org/wiki/Logistic_function
https://en.wikipedia.org/wiki/Logistic_function


10 

 

),( XfPi  ………………………………………………………….………(1)              264 

where   is an error term with logistic distribution.   265 

The conceptual logistic model is given as: 266 
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 The estimated coefficients 
0 and j  are measures of the changes in the ratio of the probabilities, termed 271 

as the odds ratio.  The logistic prediction equation for this study was:  272 
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The empirical model specifying WTP is stated in equation 4 where the Xs  (explanatory variables) are 274 

described in Table 1.  275 
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 277 
Table 1: Explanatory variables and their expected influence on WPT  278 

Variable Description Measurement Expected sign 

X1 Perception that digester improves sanitation (1= 

completely agree, 0= otherwise) 

Binary + 

X2 Age of household head (years) Continuous -/+ 

X3 Sex of household head(1=Male, 0=Female) Binary -/+ 

X4 Maintenance costs of the digester in Uganda shillings Continuous - 

X5 Household size Continuous -/+ 

X6 Total land owned  (acres) Continuous + 

X7 Number of livestock owned by household Continuous + 

X8 Household monthly expenditure on fuel wood for 

cooking in Uganda shillings 

Continuous + 

X9 Education measured as number of years of schooling Continuous  + 
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4 Results and Analysis 279 

4.1 Descriptive Analysis 280 

Table 2 presents the descriptive statistics of the variables used in the regression analysis. The result 281 

shows that 82% of the household perceive that the digester improves sanitation. The age of the household 282 

head ranged from 16 to 83 years with an average of 42 years. Majority of the household heads 283 

interviewed were at a working age who have economic potential to invest in biogas technology though 284 

they appear risk averse when it comes to actual investment in technology. Majority (75%) of the 285 

households were headed by men. This could be considered as a potential indicator for promotion of 286 

biogas digester technology, because men own and control the key resources such as land and livestock 287 

that influence households’ adoption and willingness to pay for biogas technology (Mwirigi et al. [28]). 288 

These are (Walekhwa et al., 2009). 289 

Table 2: Socio-economic and demographic characteristics of the households 290 

Variable  Mean Standard 

Deviation 

Minimum Maximum 

Perception that digester improves sanitation (1= 

completely agree, 0= otherwise) 

0.82 0.38 0 1 

Age of household head (years) 42.71 15.21 16 83 

Sex of household head(1=Male, 0=Female) 0.75 0.43 0 1 

Maintenance costs of the digester  (Uganda 

shillings) 

226,850 89,359 85,000 690,000 

Household size (head count) 4.94 2.49 1 12 

Total land owned  (acres) 2.67 4.43 0 34 

Number of livestock owned by household 

(tropical livestock unit (TLU)) 

3.25 4.29 0 28 

Household monthly expenditure on fuel wood 

for cooking (Uganda shillings 

47,783 33,876 2,000 200,000 

Education level household head ( years of 

schooling) 

5.90 3.05 0 13 

 291 

The average household size is about 5 people. Household size has an important implication on family 292 

labour supply for and considered an important factor in labour intensives technologies adoption such as 293 

biogas technology. Previous studies have noted that household size is important in providing labour to 294 

biogas technology adoption in Uganda (Walekhwa et al., 2009; Mugisha et al., 2012). The average land 295 

size owned by staple households was 2.7 acres. Land is an important factor in the adoption and 296 

willingness to pay for the biogas technology because land provides space for rearing livestock and space 297 
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where the digesters are installed. The number of livestock owned ranged from zero to 28 with an average 298 

livestock holdings of 3.2 TLU. The greater the number of livestock owned, the higher the probability of 299 

paying for the biogas digester. 300 

 301 

The findings reveal that 85% of the households were willing to pay for the flexible balloon digester. The 302 

high response to willingness to pay is due to the benefits being realised by the neighbouring households 303 

using biogas from the digester. Such benefits included reduced smoke in the kitchen, improved hygiene 304 

on the cooking utensils and convenience of using biogas at any time of the day or night (KITE, 2008). 305 

The finding is consistent to the findings of [KITE, 2008; Sabah and Jeanty, 2011; Uva and Cheng, 2005; 306 

Haghjou et al, 2013) who reported high WTP scores.  Of those willing to pay, they further reported that 307 

they were willing to pay UGX1 45,200 and 54,100 for maintaining the digester and contributing to its 308 

installation respectively if it was given at free cost. In addition, the households reported that they were 309 

willing to pay a maximum of UGX 135,000 (ca. US$52) (with a minimum estimated WTP amount of 310 

UGX 100, 000) to purchase a new flexible balloon digester. Considering the actual investment cost UGX 311 

1,332,630 (ca.US$512) needed to install a flexible balloon digester, it portrays that the amount 312 

households were willing to pay for a new digester is 10 times less than the actual cost of the digester. 313 

This can be attributed to the low income earned by the households. It was found that households were not 314 

prepared to pay for the digester beyond the upper threshold (Table 3). This is consistent with the findings 315 

by Riccardo et al. (2010) and Mugisha et al. (2012) whose willingness to pay estimates was not 316 

sufficiently large to cover the higher capital costs of micro-generation energy technologies and biogas 317 

digester respectively.  318 

319 

                                                           
1 UGX=Ugandan Shillings, the legal currency in Uganda, with exchange rate with the USD:  1 USD= 2600 UGX at the time 

of the survey. 
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Table 3. Willingness to pay values for the flexible balloon digester 320 

Amount (UGX)  Households (n=120) 

Definitely prepared to 

pay (%) 

Uncertain (%) Definitely not 

prepared to pay (%) 

< 100,000 95 0 5 

100,000 92 0 8 

125,000 71 15 14 

150,000 45 35 20 

175,000 35 40 25 

200,000 27 45 28 

225,000 19 51 30 

250,000 17 52 31 

275,000 14 53 33 

300,000 13 54 33 

350,000 10 55 35 

500,000 0 0 100 

more than 500,000 0 0 100 
 321 

Among the households, 15% were not willing to pay for the flexible balloon digester and the major 322 

reasons they provided are indicated in Table 3. The majority of the households (73%) who responded not 323 

willing to pay for the digester, because they could not afford it. A number of factors were indicated by 324 

other households such as the technology is complicated; the routine activities of the digester being 325 

demanding; absence of cows for the substrate; and lack not interest in having the digester and shifting 326 

from fuelwood to biogas. 327 

 328 

Malla et al. (2011) noted that the low level of biogas technology adoption in SSA was attributed partly to 329 

the low number of animals available for manure production. In addition, Malla et al. (2011) observed that 330 

the maturity of the programme promoting the flexible digesters could be another factor for the low 331 

adoption. For instance, the flexible balloon digester programme in Nepal was introduced in 1992, while 332 

in Africa, the first programme was introduced in Rwanda in 2007. This could partly explain why about 333 

9% of the households in this study responded that they were not interested in the technology at all. 334 

335 
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Table 4.  Reported reasons for not willing to pay for the flexible balloon digester 336 

Reasons for not paying for the digester Percent of households (Multiple response),  

Cannot afford initial investment cost 

 
73 

Technology is complicated 

 
18 

Routine activities are demanding 

 
9 

Have no cows 

 
9 

Not interested in having one 9 

 337 

Malla et al. (2011) further noted that limited water availability poses a constraint to biogas operation 338 

because biogas units typically require water and manure to be mixed in an equal ratio. The mixing of 339 

water and manure is a routine activity which demands significant household labour time which further 340 

limits household willingness to pay and adopt the technology. 341 

 342 
This study finding is consistent to the finding by Anushiya (2010) who reported that households’ failure 343 

to afford initial investment, lack of interest in the installing the digester, and having no livestock were 344 

some of the reasons why farmers were not likely to install biogas plants in Nepal. Other studies also 345 

identified that the high initial investment cost the major factor for biogas digester adoption and WTP to 346 

the technology (Kandpal et al, 1991; Kassenga, 1997; Winrock International, 2007; Mwirigi et al., 2014). 347 

 348 

4.2 Factors Influencing Willingness to Pay for a Flexible Balloon Digester in Uganda 349 

The logit regression results on factors influencing willingness to pay for a flexible balloon digester are 350 

presented in Table 5. The log likelihood ratio test statistic is significant at 1%, meaning that at least one 351 

of the variables in the model has coefficient that is significantly different from zero. The goodness of fit 352 

of the logit model is quite good, with a pseudo R2 value of 0.31. Breffle and Rowe (2002) reported that a 353 

pseudo R2 value of 0.12 is typical for cross sectional data. Therefore, it can be concluded that the logit 354 

model used has integrity and is appropriate. Of the nine variables used in the model, seven variables were 355 

statistically significant (three variables at 1%, two at 5% and two at 10% levels). These include the 356 

perception on sanitation, age of household head, education level, total land owned, gender of household 357 

head, the number of livestock owned, and household size. In addition, with exception of education level, 358 

all the factors had their a priori expected signs correctly. 359 

 360 
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The positive sign on total land owned that is statistically significant (p≤.05) indicated that households 361 

with a large land are more likely to pay for the flexible balloon digester. Land available to the farmer is 362 

very important in influencing a decision pertaining biogas technology. This is because with a biogas 363 

technology, enough land is needed to provide space for keeping livestock and growing the pastures for 364 

livestock needed to provide the feedstock for biogas production Walekhwa et al (2009). The significant 365 

result in this study pertaining the total land owned reflects the study area status because land is the main 366 

factor of production, and over 85 % of the households rely on agriculture as their main source of earning. 367 

Ruto and Garrod (2009) also reported that the farm size significantly had influence on farmers’ 368 

preference for design of agri-environment schemes in European Union. 369 

 370 

The coefficient of age was found to have a significant (p≤0.01) and negative relationship with the 371 

likelihood to pay for the digester. The probability of younger household heads willing to pay for the 372 

flexible balloon digesters was higher than that of their older counterparts. This is because younger 373 

household heads can be assumed to be ambitious and willing to test new technologies. So they will have 374 

courage to pay for the capital cost and maintenance activities. Sabah and Jeanty (2011) also reported that 375 

the age of the household head was negatively related to willingness to pay for renewable energy 376 

technologies. IFPRI (2011) noted that the impact of farmers’ age can be a combination of farming 377 

experience and a planning horizon. Although farming experience may have a positive effect, younger 378 

farmers may have a long planning horizon and, hence, may be more likely to invest in new technologies. 379 

Table 5: Logistic regression estimates of willingness to pay for a flexible balloon digester in Uganda  380 

 Variable Coefficient  Standard Error 

Constant  -0.130 1.246 

X1=Perception that digester improves sanitation (1= 

completely agree, 0= otherwise) 

1.842*** 0.635 

X2=Age of household head (years) -0.049*** 0.016 

X3=Sex of household head(1=Male, 0=Female) 1.023** 0.510 

X4=Maintenance costs of the digester (Uganda shillings) 0.000 0.000 

X5=Household size (head count) 0.165* 0.089 

X6=Total land owned  (acres) 0.134** 0.063 

X7=Number of livestock owned by household (TLU) 0.119* 0.068 

X8=Household monthly expenditure on fuel wood for 

cooking (Uganda shillings) 

0.000 0.000 

X9=Education level household head (number of years of 

schooling) 

-0.340*** 0.132 

Significant level: * = 10%, ** = 5%, *** = 1% 381 
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The results (Table 5) revealed a positive relationship and significant (p≤0.05) between household size 382 

and willingness to pay implying that households with a large household size are more likely to pay for 383 

type of digester. The significance of household size may imply that use of flexible balloon digesters 384 

involves routine activities that are labour demanding, hence larger households when compared to small 385 

households are likely to adopt flexible balloon digesters since they benefit from the already available 386 

labor.. Most households in Uganda prefer using family labour as compared to hired labour because of 387 

financial constraints.  Mugisha et al. (2012) noted that household size is considered an endowment in 388 

terms of family labour and is expected to positively affect the probability of adoption, given the labour 389 

intensive nature of agricultural technologies. Noor et al. (2012), in their study on willingness to pay for 390 

health care in Malaysia, found that household size was statistically significant to willingness to pay for 391 

the healthcare services. The authors attributed this to a large household size that provided labour to 392 

carryout health related activities.  393 

The perception that the flexible balloon digester improves sanitation in the household was positively 394 

correlated with willingness to pay and was statistically significant (p≤0.01) (Table 5). This is attributed to 395 

the reduced accumulation of waste either from livestock dung or kitchen refuses as a result of a digester. 396 

This improves the general hygiene and sanitation because the waste can be disposed of as manure 397 

(Angeliki et al.,(2007). The presence of good sanitation reduces flies which spreads pathogens that cause 398 

diseases. In addition, biogas produces smokeless flames that keep cooking utensils such as saucepan 399 

clean as well as keeping the kitchen environment clean. The smokeless biogas leads to improved 400 

environment in the kitchen which enhances indoor air quality. This is because with the acquisition of an 401 

improved clean renewable energy, indoor air pollution reduces (Malla et al, 2011), thus resulting into 402 

improved household welfare. The results of this study are consistent with the empirical findings by Noor 403 

et al. (2012), who found out that the perceptions about healthcare services improving sanitation and 404 

hygiene were statistically and significantly influencing willingness to pay for the healthcare services in 405 

Malaysia. This is because households were facing health challenges especially disease outbreaks and 406 

acquiring healthcare services would reduce disease outbreaks. Previous research on uptake of biogas 407 

technology by Walekhwa et al. (2009) revealed that perceptions play an important role in influencing the 408 

uptake as well as the willingness to pay. This was attributed to the importance attached by households to 409 

the effect of the technology on their health and environment. This is important because of the benefits 410 

they were expecting from paying for such technology. Other benefits of the biogas technology reported 411 
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include provision of slurry as a fertilizer, use of the gas for cooking, lighting as well as improving on the 412 

general environment (SNV, 2009). 413 

 414 

The gender of the household head was found to positively and significantly (p≤0.01) influence 415 

household’s willingness to pay. This is explained by the fact that female and male headed households 416 

have unequal access to land and livestock and thus malehaded households are more likely to adopt the 417 

technology. Land and livestock coupled with access to finance are important factors for biogas digester 418 

installation, willingness to pay and adoption of a biogas digester. Gender relationship regarding male-419 

female ownership and control in most African traditions influence key decisions regarding uptake of 420 

biogas energy as well as paying for the digester. The effect of gender in resource allocation in the 421 

household has an implication on the willingness to pay. The years of schooling was found to be 422 

negatively and significantly (p≤0.001) influencing household’s willingness to pay. This could be 423 

explained by the fact that households that are more educated may choose more modern energy sources 424 

such as electricity and/or the opportunity of cost of their labour time is high. Given that, people who are 425 

more educated do not want activities with a lot of drudgery such as biogas thus they would be better off 426 

to adopt less demanding energy sources like electricity. The finding in this study corroborates with the 427 

findings by Hu (2006) who reported that the years of schooling are negatively related to willingness to 428 

pay more labouring technologies.  429 

 430 

The number of livestock owned by the household was found to positively and significantly (p≤0.1) 431 

influence the willingness to pay for a flexible balloon digester. This suggests that a one increase in the 432 

number of livestock, increase the likelihood of paying for the digester by 11.9%. Indeed, in Uganda, 433 

livestock are the main source of feedstock used in biogas production and this gives households with 434 

livestock a higher opportunity for investing in this technology because of availability of the . Households 435 
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in the study area reared on average 3 livestock units (in TLU).  Brown (2006) suggested that 1-2 cows or 436 

5-8 pigs produce sufficient feedstock to provide biogas for a typical household. Thus an average 437 

household in the study area own sufficient number of livestock to smoothly biogas technology. The 438 

finding in this study is in agreement with Walekhwa et al., (2009) who found out that the number of 439 

livestock influenced the adoption of biogas, such that households with few livestock were less likely to 440 

adopt.  441 

 442 

5 Conclusions and Recommendations 443 

The study findings reveal that majority of the households (85%) were willing to pay for the flexible 444 

balloon digester but the amount they were prepared to pay was not sufficient to cover the initial 445 

investment cost of a digester. The study further suggests that the socio-economic and demographic 446 

factors significantly influence WTP for a flexible balloon digester in Uganda. The household’s likelihood 447 

of paying for the digester increases with the household size, total land owned, and number of livestock 448 

owned. In contrast, the likelihood of paying for a flexible balloon digester decreases with the increasing 449 

number of years of the household head, and the years of schooling. Therefore efforts aimed at promoting 450 

this digester design should focus on the above social and economic characteristics. Particularly, concerted 451 

efforts should be made on ensuring the availability of affordable flexible balloon digester from local 452 

sources. Because the principal reason for the high cost of flexible digester and unaffordability to 453 

smallholders was linked to the cost of import duties and other related transaction costs along the supply 454 

chain. Efforts to lower the cost of digester means enhancing technology access to poor members of the 455 

society.    456 
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