
Palm Waste Utilization Project 

Overview


This project is part of an effort to demonstrate that it is possible to run developmental design 
projects, with partner universities.  It is expected that the final report will be sufficiently 
complete that it can be submitted for journal publication.


The expectation is that the students will spend 1 day each week working on the project. There 
will be a weekly meeting with Professor Norval.


The Team


The student team will be supervised by faculty from both schools.


Supervisors:

Dr. David Obada

Department of Mechanical Engineering

Ahmadu Bello University, Zaria, Nigeria

(doobada@abu.edu.ng)


Graeme Norval, Ph.D., P.Eng.

Professor, Teaching Stream, Department of Chemical Engineering and Applied Chemistry

University of Toronto, 200 College St., Toronto, Ontario, M5S 3E5 

(graeme.norval@utoronto.ca)


Supporting Faculty

Rahim Rezaie

Centre for Global Engineering at the University of Toronto, University of Toronto

(rahim.rezaie@utoronto.ca)


Project Statement


Palm oil is major export of many tropical countries, and Nigeria is no exception.  The palm fruit 
is harvested and the oil is extracted.  The waste biomass is the “empty fruit bunch (EFB)”.  
Much of this biomass is allowed to rot, as it has little economic value.


This project raises the question of how one creates a more sustainable approach to managing 
this waste, and extracting value from it.  The EFB would be collected, and used as fuel in a 
biomass to energy plant.  The products would be electricity and thermal heat (possibly as 
steam, possibly as hot oil), as well as an inorganic ash.  The ash contains calcium, magnesium, 
phosphate and potassium, from which low cost alkali solutions could be produced, along with 
mineral fertilizers.


The technologies for this are well known, and are “”off-the-shelf”.  The key unknown is the 
appropriate scale and location.  How does one identify the logical freight radius for getting EFB 
to the plant, and where would the plant be sited, so that both the electricity and the thermal 
heat can be used.


The key output is an evaluation of the options available for converting EFB to products, such 
that there is a workable business model.
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Specific Project Tasks


1)  Project Scoping


The team needs to learn about palm, palm oil, and the waste biomass.  Where is it produced, 
how much is produced, and how would this information be used for calculations.  Also, the 
composition of the EFB needs to be identified for the material and energy balances.


2)   Combined Heat and Power


A mathematical model (EXCEL) needs to be developed, that takes the EFB, as input, and 
determines the electricity and thermal heat products.  There are options for plant operation and 
the temperature at which the thermal heat is produced.


4)  Waste Ash


The waste ash is a mixture of inorganic compounds.  It is possible to use this as raw material 
to produce various chemical products, or to use it as fertilizer, either alone, or through mixture 
with other biomass sources.


5)  Project Economics


A spreadsheet that investigates the project economics needs to be developed.  There will be 
several options, based on electrical power capacity, as well as operation type (atmospheric, 
pressurized).  Each option will have an electrical capacity, a thermal capacity (giving total 
thermodynamic efficiency), followed by the gross revenues from the heat and power sales; the 
variable costs need to listed, and then estimated.  The total installed capital costs will be 
estimated - the biogas to power capital costs are well published, the other process equipment 
needs to be sized, and costed.


6)  Socio-Economic Analysis


A key aspect of the design, the locations and the sizing is the socio-economic impact.  The 
team needs to develop an analysis method to determine how significant the impact will be on 
the Nigerian economy (move towards a circular economy), as well as the impacts on the 
farming and urban communities.


7)  Recommendation


The team needs to consolidate all of this information, and arrive at a sensible business plan for 
exploitation.  It may be that there is raw material seasonality, and that other projects need to be 
processed to provide for a more continuous operation - if so, these should be identified.  


8)  Final Report


A final report needs to be developed, and submitted.  In addition, the report should have a 
summary that is written in a journal submission format.


