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Abstract 

This study presents physical composition, proximate and ultimate analysis, heating values, suitable waste 

management technologies and physical composition linear regression model for predicting higher heating 

values for solid waste from three Universities in Port Harcourt, namely University of Port Harcourt 

(UNIPORT), Rivers State University (RSU) and Ignatius Ajuru University of Education (IAUE). A 

composition analysis was conducted on a standard sample of 100kg of solid waste collected for 5 days. 

Proximate and ultimate analysis as well as heating values were determined from mixed organic, 

combustible organic and biodegradable organic fractions of the solid waste samples. A physical 

composition linear regression model was developed using the stepwise analysis procedure with IBM SPSS 

Statistics 20 Software, whereas the waste management technology options was selected using 

Sustainability Assessment of Technology (SAT). Heating values determined as dry basis ranged 11,475.11 

- 12,985.34kJ/kg, 15,187.33 – 20,437.12kJ/kg and 9,978.85 – 11,945.48kJ/kg, whereas heating values as 

received ranged 8,259.90 – 9,007.87kJ/kg, 11,163.29 – 14,288.05kJ/kg and 7,470.06 – 7,984.95kJ/kg for 

mixed organic, combustible organic and biodegradable organic fraction, respectively. These heating 

values are well above the minimum value of 7,000kJ/kg required for waste to combust without the addition 

of auxiliary fuel. This implies that the solid waste from the study areas are suitable for thermal treatment 

such as incineration. This observation was corroborated by the SAT result.  

Keywords: Solid waste; Energy content; Management technology; Physical composition; Proximate 

analysis; Ultimate analysis; Heating value 

1. Introduction 

Solid waste is a by-product of human activities 

which tends to increase with rapid urbanization, 

improved living standards and changing 

consumption patterns. Solid wastes comprise all 

wastes arising from human and animal activities 

that are normally solid, discarded as useless or 

unwanted. Also included are by-products of 

process lines or materials that may be required by 

law to be disposed of (Okecha, 2000). 

The design and optimization of solid waste 

management (SWM) technologies and practices 

that aim at maximizing the yield of valuable 

products from waste, as well as minimizing the 

environmental effects have had little consideration 

in the Africa Region (Johannessen and Boyer, 

1999). This can be attributed to the following 

factors: inadequate regulatory framework that has 

manifested in lack of interest of private sector 

investment in service delivery (infrastructure); 

uncoordinated institutional functions; low political 

will; low capacity to discharge duties; poor data 

and information for planning; wrong attitude of 

waste generators amongst others. Yet on the 

increase is the demand for good waste 

management service for public health and 

environmental protection (Iriruaga, 2012). 

With proper municipal solid waste (MSW) 

management and the right control of its polluting 

effects on the environment and climate change, 

MSW could become a precious resource and fuel 

for the urban sustainable energy mix of tomorrow. 

In US, between 2011 and 2012, the increase of 

venture capital and private equity business 

investment in the sector of waste-to-energy (WtE), 

together with biomass registered an increase of 

186%, summing up to a total investment of one 

billion US dollar (UNEP / Bloomberg New Energy 

Finance, 2012). 

Therefore, a significant challenge confronting 

engineers and scientists in developing countries is 

the search for appropriate solution for the 
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collection, treatment, and disposal or reuse of 

domestic waste to produce energy. Although the 

energy needs have been met by the discovery of 

fossil fuel deposits, these deposits are limited in 

quantity. More so, the exploration and production 

costs to make them commercially available are 

high. Our energy needs have also grown 

exponentially, corresponding with human 

population growth and technological advancement. 

WtE facilities are part of the solution of the 

worldwide solid waste disposal problem. These 

facilities, when combined with recycling of critical 

material, composting and landfilling, will be a 

long-term economic solution if they are designed 

and operated in an environmentally acceptable 

manner. The dual advantage to manage waste and 

generate energy from MSW makes it an attractive 

waste management option. The numerous dump 

sites across cities in Nigeria today reflects the poor 

waste management practices. WtE is an optimal 

method of solving waste management problems in 

a sustainable way while harnessing its hidden 

energy (Ityona and Kulla, 2011). 

A study on the generation and management of 

solid wastes in some selected tertiary institutions in 

south-west Nigeria has shown that food waste has 

the highest percentage of generation followed by 

plastic related materials among other waste 

materials (Amori et al., 2013). The high 

composition of non-biodegradable wastes observed 

in that study suggests the requirement for 

alternative waste management solutions for 

sustainable and environmentally friendly waste 

management system in the university community. 

The principle of waste management hierarchy 

aims at preventing waste from being generated and 

to re-use and recycle waste components, but wastes 

that cannot be re-used or recycled, will always 

exist. Creating energy from this residual waste, 

which would otherwise go to landfill, is a sensible 

and sustainable option. Thus, estimating the energy 

content of solid wastes generated in universities in 

Rivers State, and evaluating the potential for 

converting the wastes to energy or fuel as proposed 

in this study is an environmental problem 

beckoning for urgent solution. 

This study was carried out to assess the heating 

values using laboratory techniques and select a 

suitable technology using Sustainability 

Assessment of Technology (SAT) for processing 

MSW generated from three Universities in Port 

Harcourt: University of Port Harcourt (UNIPORT), 

Rivers State University (RSU) and Ignatius Ajuru 

University of Education (IAUE).  

2. Materials and methods 

2.1. Study area 

Three Universities in Rivers State were 

selected as the study areas. They are University of 

Port Harcourt, Rivers State University of Science 

and Technology and Ignatius Ajuru University of 

Education. These Universities are described below. 

University of Port Harcourt popularly called 

UNIPORT is situated in the north-western part of 

Port Harcourt, the Capital City of Rivers State 

between latitude 4°54'9.49" N and longitude 

6°55'13.91" E with an average population of 

42,500. It was established in the year 1975 as a 

University College and was later given a 

University status in 1977. The University which 

provides numerous academic and non-academic 

services and facilities to students have twelve 

faculties. As shown in Figure 1, UNIPORT has 

three campuses, namely Delta, Choba and Abuja, 

all occupying approximately 3.84 square kilometer 

of built-up land area. The commercial/business 

activities in the University community include 

Stationery stores, food restaurants, dealers in 

mobile phones and accessories, dealers in 

computer and accessories and printing services. 

According to the Director of Campus 

Environmental Beautification and Sanitation 

(CEBAS), UNIPORT, solid waste collection is the 

responsibility of CEBAS and a private operator 

supervised by CEBAS. The private operator covers 

Abuja campus, whereas CEBAS covers Delta and 

Choba campuses. Delta campus has a total of about 

17 waste collection points, whereas Choba and 

Abuja campuses each has 12 and 33 waste 

collections points respectively (Oghenefejiri and 

Nwaogazie, 2015). Mixed wastes are collected, 

transported and disposed at three disposal sites 

variously located at Delta campus, Choba campus 

and Abuja campus with the respective GPS 

coordinates: latitude 4°53'58.5" N and longitude 

6°54'21.0" E, latitude 4°53'35.7" N and longitude 

6°54'33.2" E, and latitude 4°53'50.7" N and 

longitude 6°55'14.2" E without any form of pre-

treatment. 

 

 

 

 

 

 
 



Assessment of Energy Content and Evaluation of Suitable Management Technology for Solid Waste 

Generated in Universities in Port Harcourt 

Uniport Journal of Engineering & Scientific Research Vol. 3, Issue 1, June/2019 Page 50 

 

 

 

Fig. 1: Map of UNIPORT and three disposal sites 

Rivers State University (RSU), formerly called 

Rivers State University of Science and Technology 

(RSUST), lies between latitude 4°48'1.54" N and 

longitude 6°59'2.94" E. It is located at Nkpolu-

Oroworukwo in Diobu area of Port Harcourt, the 

capital of Rivers State, Nigeria. RSU has seven 

faculties, a staff strength of 1,870 and a student 

population of 29,939, making a total population of 

31,809 persons. RSU is equipped with hostel 

accommodation and staff housing quarters, where 

majority of the students and senior staff of the 

University reside. Currently, the school is 

occupying approximately 2.20 km2 built area of 

land. The University commercial establishments 

include Stationery stores, food restaurants, dealers 

in mobile phones and accessories, dealers in 

computer and accessories and printing services. 

Solid waste collection, transportation and disposal 

is handled by the Sanitation Unit of Estate, Works 

and Transport Department and occasionally 

assisted by Rivers State Waste Management 

Agency (RIWAMA). Mixed wastes are collected, 

transported and disposed without any form of pre-

treatment at the University disposal site (Figure 2).  

 

Waste disposal site at Abuja Park Waste disposal site at Delta Park 

Waste disposal site at Choba Park 
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Fig. 2: Map of RSU showing the waste disposal site 

 

The main campus of Ignatius Ajuru University of 

Education (IAUE) is in Rumuolumeni which lies 

between latitude 4°48'16.14" N and longitude 

6°55'56.35" E is situated in the Rivers State capital 

city of Port Harcourt. IAUE has six faculties. It has 

an average population of 3778 persons. Waste 

collection, transportation and disposal is entirely 

handled by Environmental Sanitation Department 

of the Institution. 

 

 

Fig. 3: Map of Rivers State and IAUE 

2.2. Data collection 

 The data was collected through detailed field 

survey, laboratory analysis, interviews/discussions 

with stakeholders and experts.  

2.2.1. Energy content determination  

Energy content which involves measurement 

of the heat of combustion when the waste is ignited 
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was carried out using Association of Analytical 

Chemists method (AOAC, 1975). This was done 

with a bomb calorimeter (model XRY-1A, make: 

Shanghai Changji, China). Waste samples 

collected from the three study locations were burnt 

in an oxygen bomb calorimeter (under a high 

pressure of oxygen gas). The heat energy released 

was absorbed by the surrounding water inside the 

bomb calorimeter. This led to a temperature 

increase of the surrounding water and this was 

used to estimate the energy value of the sample. 

One gram of the sample was pelleted and turned in 

the oxygen bomb calorimeter. The heat of 

combustion was calculated as the gross energy 

using Equation (1).   

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒) =
𝐸∆𝑇−2.3𝐿−𝑉

𝑔
 (kJ/kg) (1) 

where E = energy equivalent of the calorimeter, ΔT 

= temperature rise, L = length of burnt wire, V = 

volume of water, and g = weight of sample. 

2.2.2. Suitable Waste Management Technology 

Selection 

 The World Energy Council (2013) define 

waste to energy (WtE) technology as any waste 

processing or treatment method that can harness 

electrical or heat energy or produce transport fuels 

(such as diesel) from a waste source. There are 

many choices of biological and thermal WtE 

technologies like anaerobic digestion, pyrolysis, 

incineration, gasification, etc., that generates heat 

or electrical energy from a waste feed. The thermal 

conversion techniques are operated at temperatures 

ranging from 700 - 10,000 degrees Fahrenheit. At 

this temperature range, 80-90% of the volume of 

waste is reduced to inert materials. The 

biological/chemical technologies are operated at 

much lower temperatures with slower rates of 

reaction, and the waste must be biodegradable. 

Intensive pre-processing may be required if waste 

is not source separated (Tellus Institute, 2008). A 

suitable technology takes technical, environmental, 

economic, and socio-cultural aspects into 

consideration when designing for an integrated 

solid waste management facility. 

 Sustainability Assessment of Technology 

(SAT) is a three tier (screening, scoping and detail 

assessment) analysis system methodology 

developed by United Nations Environment 

Programme (UNEP) for strategic decision making 

(UNEP SAT, 2012). 

Screening (Tier 1) 

 In tier 1, available technology alternatives are 

screened against logical operators (i.e. ‘Yes/No’ 

type answers) for environmentally sound 

technologies (EST) criteria (UNEP SAT, 2012). 

The criteria for this stage of assessment (see Table 

1) and pass mark (70% as against 90% 

recommended by UNEP) adopted in this study 

were selected because solid waste management in 

Nigeria is still at a rudimentary stage; owing to the 

low academic research and industry linkages, 

limited data, low investment in infrastructure, lack 

of comprehensive legal framework and 

enforcement of existing regulations among others 

(Agwu, 2012). Hence, technology alternatives 

which do not pass 70% of the criteria were 

eliminated. 

Table 1: List of criteria for screening waste management technologies options 

S/N Criteria for screening Technology 

A B C D E 

1 Is it in compliance with national environmental laws? Y/N Y/N Y/N Y/N Y/N 

2 Is the technology proven? Y/N Y/N Y/N Y/N Y/N 

3 Is it safe to use (environmentally sustainable)? Y/N Y/N Y/N Y/N Y/N 

4 Can it achieve high reduction in volume and weight )? Y/N Y/N Y/N Y/N Y/N 

5 Does it take short time for waste disposal? Y/N Y/N Y/N Y/N Y/N 

6 Does it require minimal land area? Y/N Y/N Y/N Y/N Y/N 

7 Does it provide opportunity for resource conservation? Y/N Y/N Y/N Y/N Y/N 

8 Is technology economically feasible? Y/N Y/N Y/N Y/N Y/N 

Outcome (selected Option(s) >= 70%)      

Source: Adapted and modified from (UNEP SAT, 2012) 

Scoping (Tier 2) and Detail assessment (Tier 3) 

A total of 24 sub-criteria from four (4) 

categories were selected for the scoping and 

detailed assessment as listed in Table 2. This stage 

of the assessment was done with multi-criteria 

decision analysis (MCDA) using the weighted sum 

model. Weights for various criteria were assigned 

based on importance derived for each by a team of 
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eight experts drawn from different fields and 

professions, specifically assembled for this 

purpose. The team was composed of 

Environmental Engineers, Chemical Engineers, 

Microbiologists and Environmental Chemist. 

Technologies that passed the screening step were 

scored using a weight between 1-10 for each 

criterion (with 1-3 designated low score, 4-6 

medium score and 7-10 high score) as shown in 

Table 2. The top-ranked waste management 

technology was selected following the result of the 

scoping and detailed assessment which was based 

on the overall score obtained using the weighted 

sum approach. 

Table 2: Criteria selected for solid waste management scoping analysis 

Category Criterion Notation 

Technical Suitability for characteristics of solid waste obtained in this study TC1 

Availability of adequate amount of solid waste generated in the study areas TC2 

Accessibility of technologies TC3 

Availability of local expertise / technical assistance TC4 

Adaptability to local conditions / performance records in Nigeria TC5 

Adaptability to future situations (scaling up/expansion) TC6 

Financial Low capital investment FC1 

Low operational and maintenance costs FC2 

Value addition to solid waste material FC3 

Investor attractiveness FC4 

Availability of sponsors / co-financing FC5 

Co-benefits FC6 

Social High potential for job creation and revenue generation SC1 

Acceptability within the University campus SC2 

Improvement of quality of life SC3 

Low occupational safety and health hazards SC4 

Improvement of local technical skills and knowledge base SC5 

Environmental Low utilities consumption EC1 

Low environmental pollution emissions EC2 

Low noise and vibration  EC3 

Low foul odours EC4 

Small space requirements EC5 

Low infrastructure requirements EC6 

High contribution to solution of solid waste problems in the study area EC7 

 

3. Results and discussion 

3.1. Energy content of solid waste from the 

study areas 

Results for heating values (as dry basis and as 

received) are presented in Figures 4 and 5, 

respectively. The heating values of the solid waste 

from the study areas (as dry basis) ranged 

11,475.11 – 12,985.34kJ/kg, 15,187.33 – 

20,437.12kJ/kg and 9,978.85 – 11,945.48kJ/kg for 

mixed organic, combustible organic and 

biodegradable organic fractions respectively. 

While the heating values as received basis ranged 

8,259.90 – 9,007.87kJ/kg, 11,163.29 – 

14,288.05kJ/kg and 7,470.06 – 7,984.95kJ/kg for 

mixed organic, combustible organic and 

biodegradable organic fractions, respectively. The 

heating values obtained in this study agrees with 

the heating value of 18,430.00kJ/kg recorded in a 

previous study (Momoh et al., 2010). 

Heating value which is the heat of combustion 

released when the waste is ignited is used to 

evaluate the thermal recovery potential of waste. 

The results indicate that the heating values (as dry 

basis and as received) of solid waste from the 

study areas are well above the minimum value of 

7,000kJ/kg require for waste to combust without 

the addition of auxiliary fuel ((Rand et al., 2000). 

The values are also above the annual average 

calorific value of not less than 7,000kJ/kg and 

6,000kJ/kg for all seasons of the year reported by 

World Bank (1999).  This implies that the solid 

wastes from the study areas are suitable for thermal 

treatment.  
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Fig. 4: Heating values of solid waste (as dry basis) from three study areas 

 

 

Fig. 5: Heating values of solid waste (as received) from the study areas 

3.2. Suitable waste management technology 

selection 

3.2.1. Screening (Tier 1) 

The screening result which was based on the 

following criteria: technology compliance with 

existing laws and policies in Nigeria, proven 

technology, safe to use in terms of environmental 

sustainability, reduction in volume and weight of 

waste, how long it takes to disposed waste, use of 

minimal land area, provision of opportunity for 

resource conservation, and economic feasibility is 

presented in Table 3. The assessment indicates that 

Composting (organic manure), Incineration 

(energy recovery), Anaerobic Digestion (biogas) 

and Pyrolysis / Gasification (thermal treatment) 

passed 70% of the screening criteria and are 

therefore shortlisted for the next stage of the 

assessment. 
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Table 3: Waste management technologies screening result 
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70% 37.5 62.5 100 87.5 100 87.5 

Selected No No Yes Yes Yes Yes 

 

3.2.2. Scoping (Tier 2) and Detailed Assessment 

(Tier 3) 

Results showing ranks of the different 

technologies computed using the weighted sum 

approach are presented in Tables 4, 5 and 6 for 

UNIPORT, RSU and IAUE, respectively. The 

SAT result indicates that incineration is the most 

suitable technology with the highest overall rank 

(1131) for the management of solid waste in 

UNIPORT followed by anaerobic digestion (1123), 

composting (1121) and pyrolysis / gasification 

(957). In RSU, anaerobic digestion and 

incineration were rated equal as the most suitable 

technology for solid waste management with a 

total of 1130 followed by composting (1129) and 

pyrolysis / gasification (957). In IAUE, 

incineration was ranked highest (1130), followed 

by anaerobic digestion (1122), composting (1114) 

and pyrolysis / gasification (957).  

Table 4: Ranks of technologies based on weighted sum model for UNIPORT 

Technology Total Score for Each Criteria Total 

Score 

Rank 

Technical Financial Social Environmental 

Incineration 353 216 238 324 1131 1 

Anaerobic Digestion 250 227 262 384 1123 2 

Composting 297 245 236 343 1121 3 

Pyrolysis / Gasification 196 190 269 302 957 4 

Total 1096 878 1005 1353   

 
Table 5: Ranks of technologies based on weighted sum model for RSU 

Technology Total Score for Each Criteria Total 

Score 

Rank 

Technical Financial Social Environmental 

Anaerobic Digestion 250 227 262 391 1130 1 

Incineration 346 213 254 317 1130 1 

Composting 305 245 236 343 1129 2 

Pyrolysis / Gasification 196 190 269 302 957 3 

Total 1097 875 1021 1353   

 
Table 6: Ranks of technologies based on weighted sum model for IAUE 

Technology Total Score for Each Criteria Total 

Score 

Rank 

Technical Financial Social Environmental 

Incineration 346 213 254 317 1130 1 

Anaerobic Digestion 242 227 262 391 1122 2 

Composting 297 245 236 336 1114 3 

Pyrolysis / Gasification 196 190 269 302 957 4 

Total 1081 875 1021 1346   

 

It is important to state that the result of the 

assessment agrees with the characteristics of the 

waste from the study areas which are largely 

composed of combustible materials. However, 
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with regards to setting up an incineration or 

anaerobic digestion facility, detailed environmental 

assessment and economic feasibility analysis is 

required to estimate the level of emission of 

pollutants as well as the potential capital and 

operating costs. 

4. Conclusion 

Solid wastes generated from the three 

Universities in Port Harcourt (UNIPORT, RSU 

and IAUE) were analyzed for heating value to 

assess thermal energy for utilization. Heating 

values as dry basis ranged 11,475.11kJ/kg – 

12,985.34kJ/kg for mixed organic fraction, 

15,187.33kJ/kg – 20,437.12kJ/kg for the 

combustible organic fraction and 9,978.85kJ/kg – 

11,945.48kJ/kg for the biodegradable fraction. 

Heating value as received ranged 8,259.90kJ/kg – 

9,007.87kJ/kg for mixed organic fraction, 

11,163.29kJ/kg – 14,288.05kJ/kg for the 

combustible organic fraction and 7,470.06kJ/kg – 

7,984.95kJ/kg for the biodegradable organic 

fraction. Solid waste management technology 

evaluation gave incineration as the best solid waste 

management option in UNIPORT and IAUE, 

followed by anaerobic digestion, composting and 

pyrolysis / gasification. However, in RSU, 

incineration and anaerobic digestion ranked 

equally, followed by composting and pyrolysis / 

gasification. 
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