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Abstract 

The current energy crisis in Ghana has affected significant number of industries which have direct impact 

on the country’s economy.  Amongst the affected industries are palm oil production industries even 

though the impact is less as compared to fully relied national grid industries.  Most of the large and 

medium palm oil production industries are partially grid reliance, however, the unavailability and the high 

cost palm biomass poses huge challenge.  This paper aimed to identify and analyse the energy challenges 

associated with the palm oil production industries in Ghana.  The study was conducted on thirteen largest 

palm oil production plants in Ghana.  Data was obtained by the use of questionnaire and observation. 

Since the study aimed to compare the respective energy challenges associated with the thirteen largest 

palm oil mills under study and establish a benchmark that represents a common problem of all the thirteen 

mills under study, the study uses cross-tabulation analysis and Analysis of Variance (ANOVA) as the 

statistical tools to validate the benchmark. The results indicate that, lack of sustainability of palm biomass 

supply chain is the key energy challenge in the palm oil production industries in Ghana. Other problems 

include intermittent power supply from the grid but limited to the medium scale mills.  A baseline was set 

by comparing the boiler capacity and the palm biomass produced by the large scale mills and determined 

the sustaining period of the biomass produced when considered as boiler fuel.  The average value 

obtained from all the large scale mills is considered as the proposed energy challenge benchmark.  The 

one-way ANOVA test revealed that there is statistically significant difference amongst the boiler 

capacity, FFB processing capacity, quantity of biomass produced and the average sustaining period.  The 

Post-Hoc Scheffe test then revealed that there is statistically significant difference between the boiler 

capacity and the biomass produced.  The results also revealed that there are statistically significant 

differences between the boiler capacity and the average sustaining period.  There were no other 

significant differences between the other parameter groups. 
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1. Introduction 
 

The current energy crisis in Ghana has affected significant number of industries which have direct impact on the 

country’s economy.  Amongst the affected industries are palm oil production industries even though the impact is 

less as compared to fully relied grid industries.  Most of the large and medium palm oil production industries are 

partially grid reliance, however, the unavailability and the high cost of palm biomass poses huge challenge.  Data 

available from Energy Commission of Ghana indicates that, biomass is slowly losing its predominance in Ghana’s 

energy consumption as result Ghana Government intention to reduce it.  In comparison to electricity and petroleum 

energy sources, biomass consumption has fallen from 54 percent in 2005 to 39.8 percent in 2015.  Biomass is the 

preferred source of energy for coking in rural areas and low-income urban areas [Energy Commission 2017].  

Currently little research has been conducted on biomass potential in Ghana.  A study was conducted by [E. A. 

Ayamga, et. al. 2015] to access crop residue biomass potential for second generation bio-fuel production in Ghana. 

The investigation of energy potential of palm biomass for electricity generation in Ghana is given little attention.   

However, extensive research has conducted in several countries in Asia and South America.  A palm oil mill wastes 

which comprises of 12 to 15% fibre, 5 to 7% shell and 20 to 23% EFB of mills capacity has been identified and 

utilised as renewable energy [Muhammad Ansori Nasution, et. al.].   

Study on the palm oil wastes in Malaysia has been conducted by [Abdullah N. et. al].  The study indicated that, palm 

plantation is one of the major agricultural crops in Malaysia, account 34.56% of total crops.  The total wastes from 

palm oil production on 2007 is 91.25 mega tonnes comprises of Fronds, empty fruit bunches, palm presses fibre, oil 

palm trunks and shell [Goh CS, et. al.].  Palm biomass has not been utilised for power generation by the power 

companies due to sustainability of palm biomass.  Most palm oil mills utilise the palm oil wastes for process steam 

and power generation. 

According to [Bamgboye A. I. et. al.].  The thermal energy used in palm oil mills varying from 44.9% to 82.4% in 

small, medium and large mills respectively.  This thermal energy is generated by the steam boiler with palm biomass 

as fuel.  However, palm biomass sustainability is a great challenge.  This paper aims to identify and analyse the 

energy challenges associated with the palm oil mills in Ghana.  To perform this study, several key sustainability 

factors were considered and assessed through questionnaire.  The data was analysed using statistical tools.  Similar 

methodology has been used by [Nasrin Aghamohammadi, et. al.] to investigate sustainability of palm biomass used 

for power generation. 

 

2. Method and Material 

 
2.1 The Survey 
The survey is conducted to investigate the challenges that affect the sustainability of thermal energy generation from 

oil palm biomass in Ghana.  Data was collected for evaluation of the problems associated with energy sustainability 

in palm oil mills in Ghana.  There is no record of comprehensive research on energy sustainability in palm oil mills 

in Ghana in order to identify the energy challenges.  A preliminary survey was conducted in one of the large scale 

palm oil mill in the Eastern Region on energy utilization.  The data obtained served as the guideline for the 

formulation of the final survey questionnaires.  The questionnaire contains 56 questions from the following thematic 

areas; 

 Biomass supply chain sustainability  

 Convection technology sustainability 

 Sustainability of grid network system 

 Palm biomass production in the mill 

 Steam utilization in the mill 

 Challenges and prospect of steam generation from palm biomass and solar 

 

The complete questionnaire consists of dichotomous questions, closed-format questions, open-ended and descriptive 

questions. 
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Sample Size 
As of August 2017 there are only 9 large and medium palm oil mills in Ghana.  However, there are more than 100 

small-scale palm oil mills across the country which few of them are yet to be up-graded to medium-scale.  The study 

adopted non-random sampling design, specifically purposive sampling method where samples were selected using 

judgment because they meet the criteria for standard palm oil mill (State-of-the Art).  The criterion for sample 

selection in the this study is that, all the 13 State-of-the Art palm oil mills were invited to participate in the study 

even though they are located in different regions.  The sample size is 13 palm oil mills located in 4 regions “Ashanti, 

Eastern, Central and Western regions”. 

 

Survey Distribution 

Since the survey is designed for two purposes; one, is to evaluate the challenges in biomass fuel availability and 

cost.  Two, to establish the thermal load and performance baseline.  The survey questionnaire composes of several 

sections, each dealing with a different topic.  The study uses combination of self-enumeration and Interview-assisted 

data collection methods.  The survey document was distributed in August 2017 and the last document was returned 

in December 2017.  Table 1 shows the distribution of survey document and response rate by regions. 

 

Table 1 Questionnaire Distribution and Response Rate by Regions 

Large Scale Medium Scale

Central 1 - 1

Eastern 1 3 2

Ashanti 1 5 6

Western 2 1 3

Volta - 1 1

Total; 15 Total Responded; 13

Response Rate Percentage; 86.67 %

Region
Mill

Responded

 
 

 

Analysis Method 

The Statistical Package for Social Sciences (SPSS) was used to perform the statistical analysis of the data.  

Descriptive analysis is conducted to present the findings in frequency counts form percentage for every data set.  

Quantitative data analysis inferential statistics such as independent sample T-test, Analysis of Variance (ANOVA) 

and Correlation test were conducted for greater detail about the study findings. 

 

3. Results and Discussion  
 

3.1 Biomass Supply Chain Sustainability 
One of the fundamental elements of sustainable thermal energy generation from biomass is the continuous supply of 

palm biomass.  Inconsistent supply of palm biomass, such as mesocarp fibres, kernel shells and empty fruit bunch 

(EFB) will affect the operation and production of many large scale mills since their boilers rely heavily upon palm 

biomass.  To investigate the sustainability of biomass supply chain, the respondents were asked to indicate the 

quantity in range of palm biomass produced in relation to the range of boiler capacity and capacity of the mill in 

tones of fresh palm fruit per day.  The response is cross tabulated in Table 2, which indicates that five of the 

responded mills representing 38.46 percent produce quantity of mesocarp fibre above 8 tonnes per day.  These mills 

are categorized as large as large scale mills.  Two of the responded mills, represent 15 percent produce quantity of 

fibre ranging from 6 to 8 tonnes per day.  Two of the responded mills also produce mesocarp fibre of the range 4 to 

6 tonnes per day.  The Table also shows that, 30.77 percent of the responded mills produce quantity of fibre ranging 

from 2 to 4 tonnes per day.  None of the responded mills produce xquantity below 2 tonnes per day.  The mesocap 

fibre is most prominent composite of palm biomass as boiler fuel due the high calorific values of kernel shell and 

empty fruit bunch.  The response shown in Table 2 indicates that 38.46 percent of the responded mills produce 

quantity of kernel shell above 5 tonnes per day.  Three responded medium scale mills represent 30.77 percent, 15 

percent and 15 percent produce quantity of kernel shell; 2 tonnes, 3 tonnes and 4 tonnes respectively.  Production 

kernel shell is less as compare to the mesocarp fibre and empty fruit bunch.  However, the energy content in the 

shells is much greater relative to the fibre and EFB.   
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Table 2. Cross tabulation analysis of quantity of palm biomass produced per day 

Quantity of Palm Biomass Produced in tonnes per day 

Mill 
Fibre (ton/day) 

Total 
Below 2 2 to 4 4 to 6 6 to 8 Above 8 

Medium Scale 0 4 2 2 0 8 

Large Scale 0 0 0 0 5 5 

Total 0 4 2 2 5 13 

Mill 
 Shell (ton/day) 

Total 
1 2 3 4 5 and about 

Medium Scale 0 4 2 2 0 8 

Large Scale 0 0 0 0 5 5 

Total 0 4 2 2 5 13 

Mill 
Empty Fruit Bunch (ton/day) 

Total 
Below 4 4 to 6 6 to 8 8 to 10 Above 10 

Medium Scale 4 1 1 2 0 8 

Large Scale 0 0 0 0 5 5 

Total 4 1 1 2 5 13 

 

Empty fruit bunch registers the high fraction of palm biomass.  The response in Table 2 shows that, all the five large 

scale mills produce quantity of empty fruit bunch above 10 tonnes per day.  This represents 38.46 percent of total 

responded mills.  Two of the medium scale mills represent 15 percent of total responded mills produce quantity of 

empty fruit bunch ranging from 8 to 10 tonnes  per day.  The Table also shows that, only one mill produces EFB 

ranging from 6 to 8 tonnes per day.  Another medium scale mill also produces the range of EFB per day.  Four 

medium scale mills represent 30.77 percent of the total responded mills produce quantity of empty fruit bunch below 

4 tonnes per day. 

 

Table 3. Cross tabulation analysis of biomas from outside supply.  

Quantity of Palm Biomass Bought from Outside Supply in tonnes per day 

Mill 
Fibre (ton/day) 

Total 
Below 100 100 to 150 150 to 200 200 to 250 Above 250 

Medium Scale 0 0 0 0 0 0 

Large Scale 0 0 0 1 0 1 

Total 0 0 0 1 0 1 

Mill 
 Shell (ton/day) 

Total 
Below 50 50 to 70 70 to 90 90 to 110 Above 110 

Medium Scale 0 0 0 0 0 0 

Large Scale 0 0 1 0 0 1 

Total 0 0 1 0 0 1 

Mill 
Quantity of Empty Fruit Bunch (ton/day) 

Total 
Below 100 100 to 150 150 to 200 200 to 250 Above 250 

Medium Scale 0 0 0 0 0 0 

Large Scale 0 0 0 0 1 1 

Total 0 0 0 0 1 1 

 

The survey intended to find out from the responded mills the average quantity of palm biomass purchase from 

outside suppliers.  The responses in Table 3 indicate that, only one large scale mill purchases palm biomass from 

outside suppliers.  The average quantity of mesocarp fibre from outside supply range from 200 to 250 tonnes per day 

whiles kernel shells and empty fruit bunch ranges from 70 to 90 tonnes and above 250 tonnes per day respectively.   
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The survey further investigated the reason behind the remaining twelve responded mills inability to consider 

purchasing palm biomass from suppliers outside.  The response from the 4 of the large scale mills indicate that, the 

price of biomass per tonne in addition to the high cost of transportation from the local and small scale mills poses 

economic threat in consideration of purchasing biomass from outside suppliers.  That compels the mills to consider 

intermittent operation.  The intermittent operation of the steam boiler due to fuel availability affects daily 

production.  The study, however found out that, the aforementioned challenges associated with biomass supply 

chain have no effect on the medium scale mills.  The medium scale mills have limited operating hours between 8 

and 12 hours per day.  The investigation revealed that most of these medium scale mills produce more palm biomass 

than the quantity utilized and store the excess for sale. 

In order to compare the biomass production with the utilization by the millers to identify the sustainability of 

biomass fuel, the responded mills were asked to indicate the range of quantity of palm biomass utilized in tonnes per 

day.  The response in Table 4 indicates that, 30.77 percent of the responded mills utilize quantity of mesocarp fibre 

above 90 tonnes per day.  Mesocarp fibre is the most reliable palm biomass due to its high combustibility in its dry 

state. 

The response also indicates that, one of the large scale mills utilizes quantity of fibre ranging from 70 to 90 tonnes 

per day, whiles two of the medium scale mills consume quantity of mesocarp fibre ranging from 40 to 50 tonnes and 

from 50 to 70 tonnes per day.  30.77 percent of the responded mills indicated that, less than 40 tonnes of mesocarp 

fibre is used per day.  Table 4 also shows the response with regard to the utilization of kernel shells.  Palm kernel 

shell is the second dominant of palm biomass of palm biomass of boiler fuel.  The response indicates that 4 of the 13 

mills represents 30.77 percent use quantity of shell ranging from 30 40 tonnes per day, whiles only one of the 

medium scale mills utilizes quantity less than 20 tonnes per day. 

 

Table 4. Cross tabulation analysis of palm biomass utilization 

Quantity of Palm Biomass Utilized in tonnes per day 

Mill 
Fibre (ton/day) 

Total 
Below 30 30 to 50 50 to 70 70 to 90 Above 90 

Medium Scale 6 1 1 0 0 8 

Large Scale 0 0 0 1 4 5 

Total 6 1 1 1 4 13 

Mill 
 Shell (ton/day) 

Total 
Below 20 20 to 30 30 to 40 40 to 50 Above 50 

Medium Scale 1 1 3 0 0 5 

Large Scale 0 0 1 0 1 2 

Total 1 1 4 0 1 7 

Mill 
Quantity of Empty Fruit Bunch (ton/day) 

Total 
Below 30 30 to 50 50 to 70 70 to 90 Above 90 

Medium Scale 7 3 1 0 0 11 

Large Scale 0 0 0 0 1 1 

Total 7 3 1 0 1 12 

 

The responses in Table 4 indicate that, only one of the 5 large scale mills utilize the empty fruit bunch for energy 

generation.  The rest of the large scale mills use the empty fruit bunch for mulching.  However, the medium scale 

mills utilize the EFB for energy generation.  This is the secondary reason why the medium scale mills do not 

encounter shortage of palm biomass for boiler fuel.  All the five large scale mills have own oil palm plantation.  The 

EFB is used for mulching to supplement inorganic fertilizer to improve soil nutrition.  This practice results in hugh 

yields of oil palm, 

 

3.2 Sustainability of Conversion Technology 
Conversion technology has direct influence on boiler efficiency.  The survey investigated the sustainability of the 

conversion technology employed in the mills.  The information about the types of conversion technology in used, 

the age of the steam boilers and the efficiency of the steam boiler in used was obtained from the responded mills 

through the questionnaire.  The investigation revealed that the conversion technology employed in all the five large 
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scale mills are combined cycle whiles all the medium scale mills employed single cycle technology.  The study also 

found out that, four of the large scale mills use steam boilers with age above 20 years.  Only one of the large mills 

uses a steam boiler with the between 10 and 15.  The age of the steam boilers used in medium scale mills ranging 

from 5 to 10 years as indicated in Table 5.  The survey indicated that, the boiler efficiency of all the large scale mills 

are between 75 and 85 percent regardless of their respective ages.  All the over age steam boilers have been 

retrofitted to maintain their respective efficiencies. 

 

Table 5.  Conversion technology used in palm oil mills 

Boiler 

Capacity 
Boiler Age

Boiler 

Efficiency

(ton/h) (yrs) (%)

Large Scale

A 30 CC >20 80% - 85%

B 20 CC >20 > 85%

C 15 CC >20 80% - 85%

D 15 CC >20 70% - 75%

E 20 CC 10 to 15 75% - 80%

Medium Scale

F 6 SC 5 to 10 80% - 85%

G 5 SC <5 80% - 85%

H 5 SC 5 to 10 80% - 85%

I 5 SC 5 to 10 80% - 85%

J 5 SC 5 to 10 80% - 85%

K 3 SC 5 to 10 75% - 80%

L 6 SC 10 to 15 80% - 85%

M 3 SC <5 80% - 85%

Mill

Conversion 

Technology 

Type

 
 

3.3 Sustainability of Grid Network System 
 

The grid network sustainability in palm oil mills has been investigated by this survey.  The two key factors  

 

Table 6 Sustainability of grid network          Table 7.  Palm Biomass Production 

Mill 

Daily 

Consumpt 

of FFB 

Production 

of Shell 

Production 

of Fibre 

Production 

of EFB 

(ton/h) (ton/d) (ton/d) (ton/d) 

Large 

Scale 
    

  

A 45 55 80 130 

B 30 28.5 65.6 90 

C 18 27 68 85 

D 20 32 72 96 

E 20 29 70 95 

Medium 

Scale 
    

  

F 10 15 35 42 

G 4 5 8 12 

H 5 7 12 15 

I 8 10 25 38 

J 5 8 11 16 

K 3 5 8 12 

L 8 12 30 40 

M 5 6 10 16 

Mill 

Grid 

Utilization 

Distance 

from 

grid 

(%) (km) 

Large 

Scale 
    

A 20 < 1  

B 20 < 1 

C 40 < 1 

D 30 < 1 

E 30 < 1 

Medium 

Scale 
    

F 70 < 1 

G 90 < 1 

H 80 < 1 

I 80 < 1 

J 95 < 1 

K 90 < 1 

L 80 < 1 

M 70 < 1 
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considered in the study are the availability and reliance of power from the grid.  The study revealed in Table 6 that, 

all the mills have good access to the grid network.  This enables all the medium scale mills to rely solely on grid 

network.  The Table 6 also indicates that, the large scale mills less rely on the grid network due to self power 

generation in the large scale mills.  Even though grid network accessibility is good for all the mills, but the frequent 

power outage in the country poses threat to the medium scale mills.  Cost of operating diesel generator set during 

power outage is high.  The study revealed that, the large scale mills generate about 80 percent of the electricity 

consumed in the mill. 

 

3.4 Palm Biomass Production 
The palm biomass produced by the mills was investigated by the study.  The questionnaire sought to find out the 

average daily consumption of fresh fruit bunch and average daily palm biomass.  The response is compiled in Table 

7.  The Table indicates that, largest mill consumes 45 tonnes of fresh fruit bunch per hour for about 8 to 10 operating 

hour a day.  The generated biomass comprises of 55 tonnes of kernel shell, 80 tonnes of fibre and 130 tonnes of 

empty fruit bunch a day.  Total biomass generated was 59 percent of fresh fruit bunch per day. 

 

3.5 Key Challenges 
To investigate the key challenges of steam generation from palm biomass, the respondent millers were asked about 

their perception of energy situation in palm oil production industries in Ghana.  The response is presented in cross 

tabulation.  The millers were asked to give their perception on the fact that, inconsistent supply of palm biomass is 

one of the energy challenges.  The response indicates that, 3 of the 5 large scale mills fully agree that, inconsistent 

supply of biomass is considered to be one of the challenges in the palm oil industries.  These 3 mills normally utilize  

 

Table 8. Cross Tabulation Analysis of Technical Expertise 

Inconsistent Supply of Biomass is one the Challenges 

Mill 
Don't 

Agree 

Somewhat 

Agree 

Fully 

Agree 
Not Sure Total 

Medium Scale 8 0 0 0 8 

Large Scale 1 1 3 0 5 

Total 9 1 3 0 13 

High Cost of Palm Biomas is another Challenge 

Mill 
Don't 

Agree 

Somewhat 

Agree 

Fully 

Agree 
Not Sure Total 

Medium Scale 0 0 0 8 8 

Large Scale 3 1 1 0 5 

Total 3 1 1 8 13 

Low Technical Expertise is one of the Challenges 

Mill 
Don't 

Agree 

Somewhat 

Agree 

Fully 

Agree 
Not Sure Total 

Medium Scale 0 2 6 0 8 

Large Scale 0 1 4 0 5 

Total 0 3 10 0 13 

Has your organisation ever considered introducing solar thermal system to 

support the steam generation system 

Mill Yes No Total 

Medium Scale 0 8 8 

Large Scale 0 5 5 

Total 0 13 13 

 

palm biomass more than quantity produced.  For that reason, they consider rely on outside suppliers to meet the 

energy demand.  One of the large scale mills agrees to the fact that, inconsistent supply of palm biomass is a 

682



Proceedings of the International Conference on Industrial Engineering and Operations Management 

Pretoria / Johannesburg, South Africa, October 29 – November 1, 2018 

 

© IEOM Society International 

challenge but this phenomenon does not affect this mill directly due to strategic measures in place.  The other one of 

the 5 large scale mills has no problem with supply of palm biomass. 

The response also indicates that all the medium scale mills do not agree that inconsistent of palm biomass supply is 

a challenge.  All the medium scale mills produce palm biomass more that quantity needed.  The operating hours of 

these mills range from 8 and 10 hours a day.  Moreover, medium scale mills utilize empty fruit bunch boiler fuel but 

not for mulching. 

The survey investigated whether high cost of palm biomass can be one of the energy in palm oil industries.  The 

response indicates that, all the medium scale mills were unable to point out whether the cost of palm biomass is a 

challenge in the industry.  The response in Table 8 also indicates that, 3 of the 5 large scale mills do not agree that 

the present cost of palm biomass ($32.00 per Ton.) is moderate and is not considered as a challenge.  One of the 

large scale mills fully agrees that, the price of palm biomass is escalated and considered to be a challenge since 

about 45 percent of the boiler fuel is purchased from outside suppliers.  

The study also wanted to find out whether low technical expertise could be one of the energy challenges.  The 

response indicates that, 75 percent of the medium scale mills fully agree that lack of technical expertise is a problem.  

Whereas 25 percent believe that low technical expertise could be a challenge but has no direct effect on their 

production.  About 80 percent of the large scale mills fully agree the phenomenon of low technical expertise. 

The survey finally found out whether the respondent millers ever considered introducing solar thermal system to 

support the steam generation system.  The response indicates that 100 percent of both the large and medium scale 

mills have never considered introducing solar thermal system to support the boiler even though most of the large 

scale mills required additional source of energy to supplement the steam generation. 

 

3.6 Energy Challenge Benchmark 
To establish the common energy problem associated with palm oil mills in Ghana, the study compared the palm 

biomass production and utilization by the sampled mills.  The Table 9 shows the average quantity of palm biomass  

 

Table 9. Average quantity of palm biomass produced and sustaining period 

Shell Fibre EFB

(ton/h) (ton/h) (ton/h) (ton/h) (ton/h) (ton/h) (kJ/kg) (hr/day)

Large Scale

A 30 60 3.60 7.80 13.80 25.20 480584 20.16

B 20 30 1.80 3.90 6.90 12.60 240292 15.12

C 15 15 0.90 1.95 3.45 6.30 120146 10.08

D 15 27 1.62 3.51 6.21 11.34 216263 18.14

E 20 30 1.80 3.90 6.90 12.60 240292 15.12

Average 20 32.4 1.94 4.21 7.45 13.61 259515 16.33

Medium Scale

F 6 10 0.60 1.30 2.30 4.20 80097 16.80

G 5 8 0.48 1.04 1.84 3.36 64078 16.13

H 5 8 0.48 1.04 1.84 3.36 64078 16.13

I 5 7 0.42 0.91 1.61 2.94 56068 14.11

J 5 8 0.48 1.04 1.84 3.36 64078 16.13

K 3 5 0.30 0.65 1.15 2.10 40049 16.80

L 6 10 0.60 1.30 2.30 4.20 80097 16.80

M 3 5 0.30 0.65 1.15 2.10 40049 16.80

Average 4.75 7.625 0.4575 0.99125 1.75375 3.2025 61074 16.18

Total
Average Sustaining 

Period

Boiler 

Capacity

Energy 

Content

FFB Processing 

Capacity

Average Quantity of Biomass Produced

Mill

 
 

produced by mills and the average sustaining period. The processing capacity of the large scale mills ranges from 15 

to 60 tonnes of fresh fruit bunch with the average processing capacity of 32.4 tonnes of FFB.  The average quantity 

of biomass produced in tonnes per second is 13.61.  With the average boiler capacity of 20 tonnes per second, the 

13.61 tonnes will sustain the boiler’s full operating capacity for 16 hour a day.  However, most of the large scale 

mills use some of the EFB for mulching to supplement inorganic fertilizer for palm plantation.  The quantity of 

biomass is then reduced and subsequently reduces the average sustaining period.  The average values in Table 10 are 

considered to be the proposed energy challenge benchmark. 
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A one-way ANOVA was conducted to examine whether there are statistically significant difference between the 

mills in different parameters in relation to their average sustaining period.  The results revealed that there is 

statistically significant difference amongst the boiler capacity, FFB processing capacity, quantity of biomass 

produced and the average sustaining period,  F-Statistic = 7.2436, p value = 0.0028.  The study further conducted 

Post-Hoc Scheffe test revealed that there is statistically significant differences between the boiler capacity and the 

biomass produced, Scheffe T-value = 4.2440; Scheffe p-value = 0.0061036; Scheffe Inferfence = p < 0.01.  The 

results also revealed that there are statistically significant differences between the boiler capacity and the average 

sustaining period, T-value = 3.6869; Scheffe p-value = 0.0175463; Scheffe Inferfence = p < 0.05.  There were no 

other significant differences between the other parameter groups. 

 

Table 10. Biomass production and sustainability benchmark for large scale mills in Ghana 

Shell Fibre EFB

(ton/h) (ton/h) (ton/h) (ton/h) (ton/h) (ton/h) (kJ/kg) (hr/day)

Large Scale

A 30 60 3.60 7.80 5.52 16.92 323595 13.54

B 20 30 1.80 3.90 2.76 8.46 161798 10.15

C 15 15 0.90 1.95 1.38 4.23 80899 6.77

D 15 27 1.62 3.51 2.49 7.62 145732 12.19

E 20 30 1.80 3.90 2.76 8.46 161798 10.15

Average 20 32.4 1.94 4.21 2.98 9.14 174764 10.97

Total
Average Sustaining 

Period

Boiler 

Capacity

Energy 

Content

FFB Processing 

Capacity

Average Quantity of Biomass Produced

Mill

 
 

4. Conclusion 
 

Most of the large and medium palm oil production industries are partially grid reliance, however, the unavailability 

and the high cost palm biomass poses huge challenge.  To identify the specific common energy problems associated 

with palm oil mills in Ghana, survey was conducted across regions in Ghana.  The survey sample was limited to 

only large and medium scale mills.  The descriptive statistical method adopted for this survey was suitable.  The data 

was obtained through questionnaire with response rate of 86.67 percent.  The cross tabulation analysis was 

performed on several thematic areas.  The response on the issue of biomass sustainability indicated that, the cost of 

biomass supply from local small scale mills in addition to transportation compel the large scale mills to consider 

intermittent operation in a day.  The survey also revealed that the medium scale mills utilise the empty fruit bunch as 

boiler fuel and therefore do not experience any challenge with regard to biomass supply chain. 

The survey also revealed that, the steam boilers used in four of the five large scale mills are over 20 years old. 

However, they are retrofitted to improve their efficiency between 75 and 85 percent.  Amongst the three challenges 

identified by the survey, the inconsistent supply of palm biomass is the key energy challenge associated with the 

large scale mills.  This challenge results in intermittent operation of the steam boiler, reduces the operation period to 

10 hours instead of 20 hours a day.  This subsequently affects the daily production of the mill. 

The energy challenge benchmark has been established by the study based on the aforementioned key challenge.  

This baseline was set by comparing the boiler capacity and the palm biomass produced by the large scale mills and 

determined the sustaining period of the biomass produced when considered as boiler fuel.  The average value 

obtained from the values of all the large scale mills is considered as the proposed energy challenge benchmark.  A 

one-way ANOVA test revealed that there is statistically significant difference amongst the boiler capacity, FFB 

processing capacity, quantity of biomass produced and the average sustaining period.  The Post-Hoc Scheffe test 

then revealed that there is statistically significant difference between the boiler capacity and the biomass produced.    

The results also revealed that there are statistically significant differences between the boiler capacity and the 

average sustaining period.  There were no other significant differences between the other parameter groups. 
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