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Summary 
The ever-growing human population with its attendant increasing waste generation, coupled 

with unsustainable waste management practices, has serious implications on public health and 

the environmental sanitation. Although the United Nations in its sustainable development 

goals report, Goal 6, indicates the need for adequate sanitation and wastewater treatment, and 

an end to open defecation by 2030, Ghana may miss this goal due to unsustainable 

technologies. This is a worrying situation, especially when about 80% of the Ghanaian 

population lack access to improved sanitation facilities/services.  

Efforts made by some developed countries across the globe towards improvement in public 

health and environmental sanitation have been the use of biogas technology (BT) for the 

treatment of wastewater, particularly human excreta (HEx). This is an indication that the 

efficacy of using BT in treating HEx is not under dispute. In Ghana, the predominant HEx 

management practices used include septic tank systems, ventilated improved pit (VIP) latrine 

systems and open defecation, and a few sewerage systems, but these are either 

environmentally unfriendly or energy intensive. Biogas technology, a sustainable sanitation 

system, could salvage HEx management challenges. Undeniably, sanitation is linked to health 

and to socio-economic development, and affects many, but is championed by few. 

Furthermore, BT has additional advantage of producing biogas for electricity or heating, bio-

fertilizer for agriculture and the ability to curb climate change. 

In spite of the fact that the active development of BT started over three decades ago, Ghana is 

still struggling with its dissemination and adoption. This challenge could be attributed to the 

failure of existing biogas plants, belief issues on HEx use for biogas and adoption of BT, low 

institutional involvement in promoting BT, low government commitment and financial 

support for effective BT dissemination, lack of a national biogas policy, and lack of subsidy 

policy.  

The main aim of the present research presented in this dissertation was to study the feasibility 

and the acceptability of biogas solutions in sanitation in Ghana. 

 

Chapter 2 gives an overview of biogas technology dissemination in Ghana by highlighting 

the challenges and shortfalls, as well as comparing the level of uptake in Central and Greater 

Accra regions. This was achieved through interviewing stakeholders (biogas users, service 

providers and consultants) and by observation. The results showed that the motivation for 

using BT was to obtain fuel for cooking and for science experiment sessions, to generate 
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electricity, to improve sanitation, to obtain bio-fertiliser for agriculture, and to create job 

opportunities, however, this was not entirely achieved. Some users (29%: n = 11) were 

completely disappointed, others (50%: n = 19) were partially satisfied because their sanitation 

was improved but with no biogas, while a few (21%: n = 7) were satisfied because their 

expectations had been met. 

A majority of biogas plants (household and institutional/communal) had challenges with gas 

production at some point in time and or unhygienic surroundings due to leakage, despite the 

high initial investment cost. These challenges were attributed to poor design by service 

providers, poor operational conditions, user attitude, inadequate knowledge of the technology, 

and or lack of maintenance. It was revealed that with the background of service providers, a 

majority were artisans (plumbers, masons, carpenters) (58%: n = 14), some were graduates in 

arts, social sciences, business and others (21%: n = 5), with a few being engineers (21%: n = 

5).  

The level of uptake of BT was higher in the Greater Accra region as compared to the Central 

region. This is because, business is considered to do well in the Greater Accra, the capital city 

of Ghana than the other regions. In spite of these challenges, the dissemination and uptake 

levels could be increased if a standardized biogas design and a subsidy policy are established. 

 

Chapter 3 assesses the quality of effluent discharged from existing biogas plants (University 

of Cape Coast (UCC), Mfantsipim Senior High School (Mfantsipim) and Ankaful Maximum 

Security Prisons (Ankaful)). The levels of effluent quality were then used to evaluate the 

treatment efficiency or performance of these plants. The performances of these plants were 

compared to the quality standards set by the Ghana Environmental Protection Agency (EPA). 

In all, eighteen (18) parameters were assessed and out of these, eight (8) parameters, namely 

electrical conductivity (EC), total suspended solids (TSS), dissolved oxygen (DO), biological 

oxygen demand (BOD5), chemical oxygen demand (COD), ammonia-nitrogen (NH3-N), total 

coliforms, Escherichia coli (E. coli) and Salmonella spp. exceeded the EPA standard values, 

posing potential public health risks. The high load of microbes in the effluent discharged is of 

public health concern because they can remain in the environment for over 30 days. 

In terms of treatment efficiency, though the UCC biogas plant is relatively new (constructed in 

2017), and one was expecting that the effluent quality would be far better than Ankaful and 

Mfantsipim (both constructed in 2011), however, that was not the case. Factors that might 

have contributed to the general low performance of these biogas plants include design 
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deficiencies, poor maintenance culture and poor environmental conditions. Further treatment 

is therefore necessary. 

 

In chapter 4, an alternate biogas model (for both household and institutional/community-

based) is proposed to address the challenges associated to the existing biogas plants. Some of 

the challenges identified include: failure of plant to produce biogas, leakage resulting in 

unsanitary environment, absence of influent and effluent access which are design deficiencies 

leading to poor effluent quality. A new design concept was proposed based on these 

challenges, which is expected to improve plant performance and effluent quality. 

The re-designed concept combines a fixed dome with an expansion chamber, an anaerobic 

baffle reactor (ABR), a constructed wetland (CWL) and a disinfection chamber (DC), with 

CWL and DC being additional components to the existing design. The re-design provides 

access for influent and effluent sampling, hence it is possible to monitor effluent quality as 

well as inclusion of co-digestion with kitchen waste. With regards to installation cost and the 

area required, the difference between the re-design and the existing are almost the same. For 

instance, the cost for a re-designed household plant is about US$ 1,530 to US$ 5,950 for 4m3 

to 12m3 (with area of 9m2 to 16m2) and US$ 10,900 to US$ 22,400 for communal/institutional 

plants with capacity of 56m3 to 120 m3 (with area of 10m2 to 20m2) whiles an existing 

household design ranges from US$ 1,500 to US$ 5,900 for 4m3 to 12m3 (with area of 8m2 to 

16m2) and US$10,800 to US$22,300 for 62 m3 to 110 m3 (with area of 10m2 to 20m2) for 

communal/institutional. Though the re-designed is yet to be realized and piloted, it is 

sustainable and meets the three sustainability pillars: environmental, economic and social. 

 
Chapter 5 reports on people‘s perceptions on using HEx for biogas generation using TPB 

(attitude, subjective norm, and perceived behavioural control) framework to assess people‘s 

behavioral intentions. The outcomes showed that although not all the tenets for the standard 

TPB were supported, it could still explain people‘s perceptions on HEx use, after two 

structural models were produced: the standard TPB model and an adjusted model (including 

gender and education). The adjusted model had modestly better explained variance towards 

HEx use for biogas than the standard TPB, hence provided a useful and effective framework 

for analysing the interrelationships between socio-demographic variables (education and 

gender) and the TPB constructs than the standard TPB: thus attitude, subjective norm, and 

perceived behavioural control had significant effect on people‘s intentions to use HEx for 

biogas and were valid predictors of one‘s intentions. 
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The findings revealed that subjective norms (family, neighbours, religion and institution) 

played important role and had significantly positive influence on the use of HEx for biogas 

generation, though perceived behavioral control (cost, subsidy, stigma and HEx knowledge) 

was low. For people to increasingly embrace and use HEx for biogas, people with high 

reputation (especially religious leaders) in the society should be encouraged to adopt BT by 

using HEx for biogas and also to be part of the HEx promotion and education team, while 

policy on subsidy is formulated to take care of the high investment cost.  Furthermore, gender-

specific interventions could be designed for better HEx education. 

 

In chapter 6, the willingness of household heads to adopt BT was assessed using TPB 

(attitude, subjective norm, and perceived behavioural control) framework. Here, the dynamics 

of household heads intentions towards BT explains their willingness to adopt BT. The analysis 

produced two structural models; the standard TPB model and an adjusted model (including 

ethnicity and education). The results showed that all the TPB constructs; attitudes, subjective 

norms and perceived behavioral control accounted for a proportion of variance in the 

dynamics of intentions to adopt BT. Furthermore the introduction of ethnicity and education 

improved the model with regards to household heads willingness to adopt BT. However, 

ethnicity (traditional and cultural belief, e.g. taboos) had a direct significantly negative 

influence on intentions to adopt BT whereas education had both direct and indirect significant 

effect on intentions to adopt BT. 

The findings revealed that ethnicity and the educational level influenced to a large extent the 

dynamics as well as the willingness of household heads to adopt BT. More education, using 

ethnic dialect by respected persons would correct the misconceptions about BT. Additionally, 

people should take advantage of the government‘s social intervention (free senior high school) 

to upgrade their level of education to bring about better comprehension of the technology, 

thereby increasing willingness to adopt BT in the near future.  

 

Chapter 7 assesses the level of institutional involvement and collaboration, and barriers to 

biogas technology. The study revealed that due to differences in services, roles and 

expectations, and lack of financial resources, the involvement of mandated government 

institutions in BT dissemination was low, with the exception of three institutions (Energy 

Commission, EPA and GNCPC) that collaborate to undertake activities 

(seminar/workshop/project) occasionally. Moreover, though there was moderate involvement 

in activities by service providers, their collaboration with most especially, MMDAs was low, 
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and that has effect on the level of BT adoption at the household and community/institutional 

levels. Additionally, the high risk of BT failure perceived by financial institutions has resulted 

in low involvement and collaboration between them, and government institutions and biogas 

service providers. These challenges have been aggravated by the lack of a national biogas 

policy, low government commitment and low financial support/challenges. Suitable 

interventions could however improve institutional involvement in promoting biogas 

technology in Ghana. 

 

Finally, chapter 8 of this dissertation summarises the most important findings from the 

various studies conducted, as well as methodological strengths and limitations, and 

implications of this study on future research. Based on the main findings of this study, the 

most important challenges identified were those of sanitation systems for human excreta 

management due to inadequate and or lack of waste treatment plant, causing poor 

environmental sanitation and posing public health risks, and low uptake of BT for sustainable 

sanitation solution due to low dissemination of the technology. 

Important conclusions drawn from the activities of this dissertation are that biogas technology 

is a sustainable and environmentally friendly technology that could be employed for the 

sustainable management of waste (both human excreta and solid organics); a standardized 

biogas plant design (re-designed concept) be developed; subsidy policy be formulated; to 

create a database for biogas plants installed; formulation of a national biogas policy; to 

create a platform for BT education and awareness by relevant institutions (including research 

institutions) and important persons; to create a market for bio-fertilizer. 

The commitment by relevant stakeholders and the implementation of the appropriate 

interventions would increase BT uptake, improve environmental sanitation through 

sustainable sanitation system, and most importantly reduce public health risks. 
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