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Message of the President
Dear ESME Members and all stakeholders,
I would like first of all to convey my warmest greetings to you all.
On the occasion of this 22nd ESME Annual Conference - Technical Session, it is a pleasure and an opportunity to have
the theme of the year ”Green Technology in Ethiopia, Challenges and Opportunities”.
Mechanical Engineering, though one of the most important catalysts of development, has been widely misunderstood
and underutilized in Ethiopia. The Ethiopian Society of Mechanical Engineers (ESME) has, therefore, been striving to
promote the Art, Science and Practice of Mechanical Engineering in the country over the past 23 years. It is in light
of this lack of appropriate awareness that the Society has embarked on the development of a local weekly TV show
which we still hope will start broadcast soon despite numerous hurdles.
A strong ESME can contribute a whole lot in achieving industrialization of the country. ESME would like to see the
participation of, both individual and institute, members in its business wing which at the moment is involved in
training and consultancy services. This will also put ESME in a strong position. An emphasis which is done at every
opportunity, like this one, is the call for young engineers to participate in the strengthening of ESME.
It is out of concern of the current state of ESME that I am appealing to all concerned to take this into consideration
seriously. This will also open up doors for income generation which will contribute to the strengthening of the
Society. In this regard, the ESME business wing will always look for the full participation of its members in any of its
projects.
ESME greatly expresses its profound appreciation to the initiatives taken by SINTEC Ethiopia PLC, NA Metal
Industry and Engineering PLC and Kebede Desta Girma Foundation (KDGF) from Washington, USA for sponsoring
outstanding and need Mechanical Engineering students. These initiates have come during our term when ESME
champions the theme of the power of love as an antidote to the love of power.
The current synergy of ESME with academic organizations outside of Addis Ababa is to be seriously enhanced in all
of the upcoming annual conferences and accordingly ESME expresses its gratification for the Addis Ababa Science
and Technology University (AASTU) to host this conference.
Ever grateful to our honorable sponsors who made it possible to organize this conference and with a heartfelt thanks
and appreciation to ESME staff who tirelessly worked to make it a success, I wish us all a fruitful session and a bright
new future and at this juncture, I would like to call upon the guest of honor, Dr. Nurelegne Tefera, President of
AASTU to make an opening speech.

Alemayehu Negash
President
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The Ethiopian Society of Mechanical Engineers
(ESME)
The Ethiopian Society of Mechanical Engineers (ESME) was initiated at the founding conference held
on April 7 and 8, 1995 at Akaki Spare Parts and Hand Tools S. Co.
It is a non-governmental and non-profit, professional association. Its members are professional and
qualified mechanical engineers and other individuals who work in the areas of mechanical
engineering and allied professions.
ESME was registered on August 1995 with the Ministry of Justice and recently with the Charities and
Societies Agency (CSA) fulfilling the requirements thereof.
The total number of registered members as of April, 2018 is 1,426. It has also 54 active institutional
members.
Members of the Society enjoy a number of privileges among which are the following:







Participation in the different activities of the Society thereby expanding their professional horizon;
Right to elect the Society‟s officers and be elected as an officer.
Have the opportunity to publish technical papers in the Society‟s bulletins and journals and/or
present the same at the Society‟s conferences, workshops, etc.
Benefit from the Societies‟ activities such as: workshops, seminars, conferences, panel discussions, technical trainings, study tours, periodic publications, etc.
Practice the profession by getting involved in the professional services delivered by ESME.
Be governed by the Codes of Ethics of the Society and get professional recognition by employers, certifiers, etc.

ESME‟s organizational structure includes a General Assembly, a Board of Directors, an Executive
Committee and a full time Secretariat. The General Assembly has full authority over the Society,
while the Board of Directors, elected every two years, is delegated by the General Assembly to oversee the activities of the Society and decide on issues that do not require the intervention of the General
Assembly. Executive Committee members are also elected every two years and are responsible for the
management of the day to day activities of the Society, supported by a full time Secretariat, consisting
of an Executive Manager & one support staff as well as the five Councils expected to actively participate in the execution of the Society‟s objectives.
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Potential of Alternative Energy Development For
Ethiopian Cement Industry: The Case of Prosopis
Eng. Basso Assefa Sodere Eng. Axumawi Ebuy Teka
 B.Sc. in Mechanical Engineering, AAU MBA from Open University, England Executive
Director-Energy National Cement SC E-mail: bassoassefa@gmail.com
 B.Sc. in Chemical Engineering, AAU
 M.Sc. in Sustainable Energy Engineering from KTH, Sweden
Alternative Fuel Project Coordinator, National Cement SC E-mail: wediebuy@yahoo.com

ABSTRACT:- Major cost (40-60%) of cement production cost is due to heat energy required to burn the cement raw materials and produce clinker; hence cutting energy cost means a lot in cement industries. Traditional fossil fuels (Coal, Pet
coke, heavy Fuel oil and Natural gas) are used commonly as primary fuel in cement plants throughout the world. Countries
like Ethiopia which haven‟t developed their own good quality fossil fuel resources are susceptible to the volatile fossil fuel
price and are obliged to import the expensive fossil fuels by investing their scarce foreign currency. Moreover the carbon
foot prints of fossil fuels is enormous and are being discouraged throughout the world in a bid to fight global warming and
other environmental problems; this encourages cement plants to partially substitute the fossil fuels by Alternative fuels.
There are different alternative fuels throughout Ethiopia which can be used as an alternative green fuel in cement industry
such us Sesame Stalk, Cotton Stalk, Chat Stalk, Rice husk, Coffee husk, Refuse Derived Fuel (RDF), Bamboo tree
biomass, Jatropha curcus oil/oil cake, Prosopisjuliflora biomass and etc.
However, this study focuses on prosopisjuliflora biomass due to its higher calorific value, its abundance, the biomass
source site proximity to the biggest cement plants, the logistics suitability to railway transport. Possible technical
challenges and solutions in the biomass harvesting, baling, transportation, shredding, conveying, dosing and feeding/
burning have been discussed. The environmental benefits and the impact on cement costs reduction have also been
evaluated and discussed which shows a clear advantage.

1. Introduction
Ethiopia is experiencing the effects of climate change.
Besides the direct effects such as an increase in average
temperature or a change in rainfall patterns, climate change
also presents the necessity and opportunity to switch to a
new, sustainable development model. The Government of
the Federal Democratic Republic of Ethiopia has therefore
initiated the Climate-Resilient Green Economy (CRGE)
initiative to protect the country from the adverse effects of
climate change and to build a green economy that will help
realize its ambition of reaching middle income status
before 2025. Following the conventional development path
would, among other adverse effects, result in a sharp increase in GHG emissions and unsustainable use of natural
resources. To avoid such negative effects, the government
has developed a strategy to build a green economy.
Among the different sectors identified in CRGE, the industrial sector is expected to grown at a rate of 20% and
among the industrial sub-sectors cement industry will be
one of the fastest growing causing the vast majority (more

than 50%) of the industrial sector greenhouse emission in
Ethiopia. Of the identified industrial abatement potential,
around 70% is concentrated in the cement industry. Industry is the sector with the highest growth in GHG emissions
up to 2030. Under BAU assumptions, emissions will rise
from 4 Mt CO2e in 2010 to 71 Mt CO2e in 2030. The
Industry STC has identified and evaluated 37 abatement
levers for 12 industry segments, with a total gross abatement potential of 22 Mt CO2e in 2030.The vast majority of
the emissions growth and abatement potential is in the
cement industry, which has a gross abatement potential of
16 Mt CO2e. (CRGE)
GHG (CO2) emission from cement industry has two
sources namely from de-carbonation (calcinations) of the
limestone contributing 60% of the CO2 emission and from
combustion of fossil fuels (Coal) contributing 40% of the
CO2 emission. The CRGE initiative has identified a series
of initiatives that could help to increase the competitiveness of the cement industry by reducing production cost
and - at the same time - would yield significant environmental and health benefits among the identified initiatives
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“Increased share of biomass in the mix of energy for
production in cement” is mentioned boldly as an
initiative/strategy.
Besides more than 40-60% of the production cost to
produce cement is due to the fuel used for heat energy
required to burn cement raw materials to produce
clinker which is also the case in Ethiopian Cement
Plants. Currently the biggest six cement industries while
operating at full capacity shall consume more than 1
million metric tons of coal which shall be imported from
South Africa at a cost of 150 - 200 million USD.
Reducing the cost of the major production cost contributor will significantly reduce the production cost of cement which shall put the cement industries in Ethiopia
in a better stand in the current and future export market
competition.
Therefore this program/project which is in line with the
Government‟s long term strategy of becoming middle
income country by 2025 in a climate resilient and sustainable way is envisaging to utilize biomass as an alternative fuel in the biggest cement industries in Ethiopia
with the following main objectives;
 Reduction of Greenhouse gas emission (CO2) due to
coal combustion by 40%.
 Reduction of production cost of cement industries
in order to make cement affordable to the lowincome groups and in order to make the cement industries competitive in the fierce cement export
market and become source of hard currency.
 Improve and change the livelihood of the Afar pastoral and agro-pastoral community by alleviating
the problems caused by the invasion of prosopisjuliflora shrub to their range land and agricultural land.
 Reduction of hard currency the country expends for
importation of coal from South Africa by 40%.

April 2018
There are different alternative fuels in Ethiopia throughout the country which can be used as an alternative
green fuel in cement industry such us Sesame Stalk in
Tigray Region and Rice husk in Amhara region, Coffee
husk in Oromiya, Harar, South Ethiopia, Cotton Stalk in
Tigray and Afar, Chat Stalk in Harer, Aweday, Refuse
Derived Fuel (RDF) in the biggest cities such as Addis
Ababa, Diredawa, Mekelle, Bahirdar, Hawassa, Adama,
etc., Bamboo tree biomass in Benishangul and other
regions, prosopisjuliflora biomass in Afar and Somali
Regions. The above alternative fuels have been assessed
and the results are summarized in the Table-1 below. As
the study is requiring supplying sustainable and green
alternative fuel to all the biggest cement plants in
Ethiopia, most of the alternative fuels have been rejected
from the study due to distance and quantity, and seasonality; although some can be envisaged to be used for the
respective nearby plants only.
However, prosopisjuliflora biomass has been selected to
be the best due to its calorific value, its abundance, its
availability throughout the year, the biomass source site
is at a reasonable distance to almost all the biggest
cement plants (249-543km), the logistics suitability
(availability of railway transport in the future to all the
biggest cement plants). Therefore this study shall
specifically focus on utilization of prosopisjuliflora as
an alternative fuel in six biggest cement plants in
Ethiopia (Dangote, Derba, Messebo, Mugher, National
& Habesha Cement).
Table 1: Assessment of different alternative fuels

2. Discussion and Results
An alternative fuel in cement industry refers to fuels that
differ from today‟s conventional fuels. Conventional
fuels in today‟s cement industry context refers to Natural gas, Heavy Fuel Oil (HFO), Coal and Petcoke.
Alternative Fuels are categorized into Waste Derived
Fuels (WDF) such as; plastics, paper, used tire, sewage
sludge, Refuse Derived Fuel (RDF), Meat and Bone
Meal (MBM), etc. and Biofuels (Biomass Derived Fuels=BDF) which further is divided into Agri-Wastes
(Rice husk, Sesame Stalk, Coffee husk, Cotton stalk and
etc.) and Forestry (Prosopisjuliflora biomass, Bamboo
tree, and etc.).

ProsopisJuliflora is one of the invasive plant species
which is thorny, fast growing, evergreen/semi-evergreen
shrub or tree that grows in semiarid areas all over the
world, it produces a large green crown and develops a
deep and well-developed lateral root system; grows as a
shrub or tree on average 7 meters and occasionally can
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reach up to 12 - 15 meters in height. It usually has
thorns with varying thorn size reaching up to 5 cm.
Stems are up to 20 centimeters in diameter. It is drought
resistance, withstands adverse growing conditions,
adapts to almost all types of soil and widely varying
climatic conditions and besides it easily invades new
regions over great distances (given the ease with which
seeds are transported). The Afar Regional Government
produced a proclamation on prosopisjulyflora eradication through utilization which is in line with this study.

April 2018
ment shows that for prospoisjuliflora harvesting and
baling, a minimum of 43 million USD initial investment
is required. Each cement plants are also expected to
invest a minimum of 3.5million USD for prosopisjuliflora storage, shreding, conveying, dosing and feeding
facility. The manual de-rooting of some invaded lands to
avail back to the society is expected to be done by the
NGO‟s and the government offices by involving more
than 6000 employees.
Economic benefits such as cost saving for the cement
industries, foreign currency saving for the country, tax
income for the government and environmental benefits
(CO2 emission saving) are expected from this program
as can be seen on the summarized results table below
(Table 4). Moreover the project is expected to give
multifaceted socio-economic benefits such as job
opportunity to the local community, availing prospopis
free land to the local community and etc
Table 4: Expected Benefits from Prosopis Utilization

Figure 2:- Pictures of ProsopisJuliflora invasive shrub at Afar
and Oromia regions

Different prosopisjuliflora biomass harvesting, baling
and transportation options which are practiced all over
the world have been assessed and the most appropriate
one (shown on Fig 3) is selected considering different
factors.

Figure 3:Prosopisharvesting, baling and Transportation Process diagram

The study conducted to supply prosopisjuliflora biomass
to the above mentioned six major cement plants in
Ethiopia for substituting 40% of their energy require-

3. Conclusions and Recommendations
Utilization of prosopisjuliflora biomass as an alternative
fuel in Ethiopian cement industries by partially substituting 40% of the existing imported coal is expected to
benefit the environment by reducing the net greenhouse
gas (CO2) emissions to the environment, the cement
companies by cutting their energy costs, the society by
improving the livelihood of the pastoral and agropastoral community and creating job opportunity and the
country and the government as a whole by cutting and
getting the scarce hard currency which makes the game
Win-Win-Win.
Moreover the following recommendations are crucial
for the success of this project
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ESME Training and Consultancy Service
(A Company of the Ethiopian Society of Mechanical Engineers)

ESME Training and Consulting Service is the business unit of the Ethiopian Society of Mechanical
Engineers established on Tahsas 15, 2007 EC to give short term trainings to refresh the technical skill of
employees of local companies as well as to give technical consultancy service.
Since it started operation, ESME T&C has successfully given trainings to over 400 participants from different industries and institutions both from its regular course list as well as trainings tailored made to the
specific needs of companies.
The courses are delivered by highly qualified trainers who have wide teaching and industry experiences.
The trainings are prepared in such as way as to incorporate both basic theoretical knowledge and practical
aspects and they are also supported by teaching videos whenever available. The courses are interactive
where participants will have the opportunity not only to share their experiences but also bring up their
specific problems for discussion. Visits to selected industries and companies are also arranged.
The following regular trainings have been identified but trainings addressing specific needs can also be
arranged.
 Boiler Standard, Installation, Operation and Maintenance (ESME 001)
 HVAC Fundamentals, Installation, Operation and Maintenance (ESME 002)
 Fundamentals of Maintenance and Maintenance Management System (ESME 003)
 Hydraulic and Pneumatic Systems (Integrated Fluid Power System and Control (ESME 004)
 Occupational Health, Safety, Security & Environment -OHSSE (ESME 005)
 Pumps and Compressors Selection, Installation, Operation and Maintenance (ESME 006)
 Computer Aided Three Dimensional Interactive Application CATIA (ESME 007)
 Supply Chain Management (ESME 008)
 Mechatronics (ESME 009)
 ANSYS (ESME 010)
ESME T & C has also a consultancy wing to advise and solve the technical needs of companies in the
form of:
 Design works (Equipment, Factory layout, etc.);
 Technical trouble shooting;
 Technical specification preparation;
 Inspection of imported equipment & plants (technically assess the delivered machinery and
equipment meet the agreed specifications);
 Supervision of Installation and commissioning;
 Tender Evaluation
 Arbitration
 Various maintenances works etc.
Tel: 0116293480- 0911 6380 03; Fax: 011 629 25 16; P.O. Box: 16629
TIN: 0001765198-2; VAT Registration: 8575150010
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Participants: degree or diploma level technical staff at department, division or supervisory level in the area of training.

The training materials will be in English but
the delivery will be both in English and
Amharic.

The materials to be given to each participant can also be used as reference for future
use.

An MOU has also been signed with the
Addis Ababa Institute of Technology,
School of Mechanical and Industrial Engineering to use its workshop facilities for
practical demonstrations.

The trainings are prepared in such a way as
to incorporate both basic theoretical knowledge and practical aspects. The courses are
interactive where participants will have the
opportunity to share their experiences and
bring up their specific problems for discussion.

The courses are prepared and delivered by
highly qualified trainers who also have
wide teaching and industry experiences.

Industrial Pneumatic &
Hydraulic Systems
Maintenance and Trouble
shooting (ESME004-2)

Construction Equipment
Hydraulic & Pneumatic
Systems Maintenance and
Trouble-shooting
(ESME 004-1)

Energy Management
(ESME 003-3)

System (ESME 003-2)

Maintenance and Maintenance Management

Fundamentals of Construction Equipments

Fundamentals of Industrial
Maintenance and Maintenance Management System
(ESME 003-1)

HVAC Fundamentals,
Installation, Operation
and Maintenance
(ESME 002)

Boiler Standard, Installation, Operation, Safety
Maintenance
and
(ESME 001)

2010 EFY
SCHEDULE

የማይፈለግ
ውጤት

ቁጥጥርና
መከላከያዎች

የስራ አካባቢ

Compressor Selection,
Installation, Operation
and Maintenance
(ESME 006-2)

Pump Selection, Installation, Operation and
Maintenance
(ESME 006-1)

Occupational Health,
Safety, Security and
Environment
(ESME 005)

 Industrial Asset Management

...

 Equipment Life Cycle Analysis
 Supply Chain Management
 Decision Analysis

Industrial Instrumentation & Control
(ESME 010)

Fundamentals of Industrial
Refrigeration and Cold
Room System
(ESME 009 )

Computer Aided Three Dimensional
Interactive Application CATIA
(ESME 007)
ANSYS (ESME 008)

አስጊ
ሁኔታዎች

በደህንነት እንዴት እንሰራለን?

2010 EFY
SCHEDULE
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Cement Companies
 Should not directly be involved in biomass harvesting/collection, baling and transport; they need to
outsource the job to other companies specialized in
alternative fuel supply. They are only required to
invest in alternative fuel shredding; conveying,
dosing and feeding plant.

5. F.L.Smidth & co A/s, Cement manufacturing fuel preparation and Combustion theory, workbook for Messebo
Cement Plant , Volume 1 and Volume 2

 New entrant cement industries need to design their

8. CEMBUREAU (European Cement Association) Environmental Benefits of Using Alternative Fuels in
cement production, A life Cycle Approach.

Calciner size and ID fan capacity considering
biomass utilization in the future, moreover their
main burner should be multichannel burner which
can burn all kind of fuels including alternative fuels
( liquid, solid, gas).
 Need to exert their effort to exploit the benefits

from CDM, JCM & GCF financial schemes.
Government
 The coal price sometimes going down and
sometimes up which could make alternative fuels
non-competitive in terms of costs when it is low,
hence the government should provide attractive
incentives to both alternative fuel users-cement
companies and suppliers.

6. Innovations in Portland Cement manufacturing, CD
400.01 Copyright 2004 Portland Cement Association)
7. PREGA, 2005. Utilization of Alternative Fuel in Cement
Production

9. Mekelle City Integrated Solid Waste Management,
Promise Consult, 2006
10. Biomass production for Cement production, Opportunities in Ethiopia, Yisehak, Mulgeta and Yared, 2009.
11.Sustainable Power Generation (SPG) course note, 2007
12. Lomellina Waste to Energy plant (WTE), internet
document accessed on 04/02/11
13. Co-incineration of Municipal Solid wastes in Cement
Industry, international conference on sustainable solid
waste management, 2007

 Research and development need to be conducted

14. Predicting the quality of Refuse Derived Fuel (RDF)
from the characteristics of the municipal solid waste,
2nd conference on energy technology towards a clean
environment, 2003

(Technology Universities and Cement Industries
partnership).

15. Refuse Derived Fuel, current practice and perspectives
(B4-3040/2000/306517/MAR/E3)

 Government and NGO‟s need to play an important

16. An overview of rendering industry, David L Meeker,
2010

role in de-rooting operation as it would create job
opportunity to more than 6000 persons and it shall
clear and make the invaded land ready for agriculture or forage which is believed to change the
livelihood of the community affected by prosopis
invasion.
 The regional and Federal government should plan

and coordinate on immediate utilization of the land
cleared from prosopis; otherwise it shall be reinvaded severely than it was.
4. References
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Ethiopia, Ethiopian Agricultural Research Institute,
Ethiopia.
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19. Lafarge, 2008, from waste to resource: Creating a sustainable industrial system, Lafarge press kit, http://
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20. Wright L, 2006, Worldwide commercial development
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INVESTIGATION OF BIODIESEL BLENDS IN AN
AUTOMOTIVE DIESEL ENGINE
Prabhakar. S1*, Haiter Lenin. A2, Anteneh Mohamed3, Seid Endro4, Lulseged Belay Addis5
1*

Associate professor, Mechanical department, Kombolcha Institute of Technology, WOLLO University,
Kombolcha-208, Ethiopia. Email: praba.rockson@gmail.com
2
Assistant professor, Mechanical department, Kombolcha Institute of Technology, WOLLO University,
Kombolcha-208, Ethiopia. Email: haiterlenina@gmail.com
3
Dean, Mechanical department, Kombolcha Institute of Technology, WOLLO University,
Kombolcha-208, Ethiopia. Email: anteneh67@gmail.com
4
Head, Mechanical department, Kombolcha Institute of Technology, WOLLO University,
Kombolcha-208, Ethiopia. Email: seidendro@gmail.com3
5
Mechanical department, Kombolcha Institute of Technology, WOLLO University,
Kombolcha-208, Ethiopia. Email: leulseged2020@gmail.com

Abstract - The world energy supply has relied heavily on non-renewable crude oil derived (fossil) liquid fuels out of
which 90 % is estimated to be consumed for energy generation and transportation. To go a long way in finding solutions
to future fuel needs the answer surely lies in Alternative Fuels. In this project esterified Jatropha oil is used as an alternate
fuel. A single cylinder stationary Kirloskar engine is used to compare the performance and emission characteristics between pure diesel and Methyl esters of Jatropha (MEJ) blends. In this project selection of suitable Methyl esters of Jatropha blend and selection of optimized injection timing for the blend is done. From this project it is concluded that among
all Methyl esters of Jatropha blends and diesel blends, 40% of Methyl esters of Jatropha and 60% of diesel blend (B40)
at 30º BTDC gives better performance and lower emissions nearing the diesel.
Key words- Methyl esters of Jatropha, Performance, Emissions, Injection timing.

I. Introduction
The World‟s energy demand is expected to grow at an
annual rate of 4.8 per cent over the next couple of
decades. Most of the energy requirements are currently
satisfied by fossil fuels - coal, petroleum based products
and natural gas. Domestic production of crude oil can
only fulfill 25-30 per cent of national consumption rest we
are importing from other countries. In these circumstances
biofuels are going to play an important role in meeting
Ethiopia‟s growing energy needs. The demand for diesel
is five times higher than the demand for petrol in
Ethiopia.[1,2,3,4] But the biodiesel industry is still in its
infancy. Ethiopia‟s current biodiesel technology of choice
is the trancesterification of vegetable oil. Ethiopia has
great potential for production of bio-fuels like bio-ethanol
and biodiesel from non-edible oil seeds. From about 100
varieties of oil seeds, only 10-12 varieties have been
tapped so far [5, 6, 7, 8]. Diesel forms nearly 40% of the
energy consumed in the form of hydrocarbon fuels, and its
demand is estimated at 40 million tons. Extensive
research has shown that Jatropha Curcas offers the

following advantages. It requires low water and fertilizer
for cultivation, not browsed by cattle or sheep, pest
resistant, easy propagation, high seed yield and ability to
produce high protein manure [9,10,11,12]. Jatropha
cultivation and install more transesterification plants
which will position
Ethiopia to meet 20 per cent of its diesel needs through
biodiesel [13,14,15,16].

II. TRANSESTERIFICATION OF
JATROPHA OIL
To reduce the viscosity of the Jatropha oil, transesterification method is adopted for the preparation of
biodiesel. The procedure involved in this method is as
follows: 1000 ml of Jatropha oil is taken in a three way
flask. 12 grams of sodium hydroxide (NaOH) and 200 ml
of methanol (CH3OH) are taken in a beaker. The sodium
hydroxide (NaOH) and the alcohol are thoroughly mixed
until it is properly dissolved. The solution obtained is
mixed with Jatropha oil in three way flask and it is stirred
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properly. The methoxide solution with Jatropha oil is
heated to 60ºC and it is continuously stirred at constant
rate for 1 hour by stirrer. The solution is poured down to
the separating beaker and is allowed to settle for 4
hours. The glycerin settles at the bottom and the methyl
ester floats at the top (coarse biodiesel). Methyl ester is
separated from the glycerin. This coarse biodiesel is
heated above 100ºC and maintained for 10-15 minutes
to remove the untreated methanol. Certain impurities
like sodium hydroxide (NaOH) etc. are still dissolved in
the obtained coarse biodiesel. These impurities are
cleaned up by washing with 350 ml of water for 1000 ml
of coarse biodiesel. This cleaned biodiesel is the methyl
ester of Jatropha oil. This bio-diesel of Jatropha oil is
being used for the performance and emission analysis in
a diesel engine. For the present work B20, B40 and B60
blends of Jatropha oil bio diesel are being used.

III. ENGINE AND EXPERIMENTAL SET UP
Test engine used in the experiment is a single cylinder
direct injection Kirloskar diesel engine. The Kirloskar
engine is one of the widely used engines in agricultural,
pump sets, farm machinery and medium scale commercial purposes. It is naturally aspirated water - cooled
four stroke diesel engine. The engine can withstand
higher pressures encountered during tests because of its
rugged construction. Further, the necessary modification
on the cylinder head and piston crown can be easily
carried out in this type of engine. A single cylinder,
water cooled, four stroke direct injection compression
ignition engine with a displacement volume of 661 cc,
compression ratio of 17.5:1, developing 5.2 kW at 1500
rpm was used for the present study. Variable load tests
are conducted for no load, 1.25, 2.51, 3.76 and 5.02 kW
power output at a constant rated speed of 1500 rpm,
with fuel injection pressure of 200 bars and cooling
water exit temperature at 6000C. The photograph of
experimental set up is shown in Fig.1

Fig.1 Experimental set up

April 2018
The method implemented in this work was varying the
injection timing. By advancing, the injection timing
from the standard value there is more time available for
mixture formation this can lead to better combustion and
improved engine performance. The engine has the standard injection timing 27˚ BTDC as recommended by
manufacturer which is also determined in the usual way
by observing the spill cut off of the injection pump. The
injection was advanced by changing the position of the
fuel injection pump with respect to the fuel injection
cam. Experiments were carried out by advancing 3˚ and
6˚ from the standard injection timing of 27˚ BTDC,
which gives the injection timing of 30˚ BTDC and 33˚
BTDC.
IV. RESULTS AND DISCUSSIONS
1. PERFORMANCE TESTING FOR VARIOUS INJECTION TIMINGS
Brake thermal efficiency
The Brake Thermal Efficiency of engine was decreased
with increase in amount of biodiesel blends is shown in
Fig.2, Fig.3 and Fig.4.

Fig.2 Brake Thermal Efficiency with respect to brake power-

Fig.3 Brake Thermal Efficiency with respect to brake power
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Fig.4 Brake Thermal Efficiency with respect to brake power

Fig.7 Total fuel consumption with respect to Brake power

When injection timing is increased the efficiency also
increases. This may be due to advancing the injection
timing, the combustion start earlier than for standard
injection timing. Hence more amount of energy available from fuel is utilized for engine power output. This
is the reason for the improved thermal efficiency of the
engine.

In the case of Jatropha biodiesel alone, the total fuel
consumption was about 12 per cent higher than that of
diesel. This may be due to higher specific gravity and
lower calorific value of the biodiesel fuel as compared
with diesel fuel. The calorific value of the Jatropha biodiesel was about 8 per cent lower than that of diesel fuel.
When injection timing is increased the total fuel consumption decreases.

1.2 Total fuel consumption
The Total fuel consumption of engine was increased
with increase in amount of biodiesel blends is shown
in Fig.5, Fig.6 and Fig.7.

2. EMISSION TESTING FOR VARIOUS INJECTION TIMINGS
2.1 Carbon monoxide (CO)

Fig.8 CO emission with respect to Brake power
Fig.5 Total fuel consumption with respect to Brake power

Fig.6 Total fuel consumption with respect to Brake power
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Fig.10 CO emission with respect to brake power

The carbon monoxide (CO) emission of engine was increased with increase in amount of biodiesel blends is
shown in Fig.8, Fig.9 and Fig.10. When injection timing is increased the CO also increases. At 30˚ BTDC
injection timing, the CO emission is maximum for B60.
At 27˚ BTDC injection timing the CO emission is minimum for B20, which is even less than diesel.

April 2018

Fig.13 NOx Emission with respect to brake power

The NOx emission of engine was increased with
increase in amount of biodiesel blends is shown in
Fig.11, Fig.12 and Fig.13. Probable reasons for increase
in NOx concentration by about 2 to 10 per cent from
biodiesel fuelled engine was due to higher oxygen level
in the fuel. When injection timing is increased the NOx
also increases. AT 33˚ BTDC injection timing the NOx
emission is maximum for B60.

2.2 Oxides of nitrogen (NOX)
3.3 Hydrocarbon (HC)
The Hydrocarbon (HC) emission of engine was increased with increase in amount of biodiesel blends
is shown in Fig.14, Fig.15 and Fig.16. When injection timing is increased the HC emissions also increases. This is due to poor physical properties, high
viscosity and surface tension affect the penetration
rate, maximum penetration rate and droplet size
which in turn affects the mixing of fuel and air.

Fig.11 NOx Emission with respect to brake power

Fig.14 HC Emission with respect to Brake power

Fig.12 NOx Emission with respect to brake power
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Fig.15 HC Emission with respect to Brake power

Fig.18 Smoke Emissions with respect to Brake power

Fig.16 HC Emission with respect to Brake power

Fig.19 Smoke Emissions with respect to Brake power

4.2 Smoke emissions

V. CONCLUSIONS

The variation of smoke with brake power is shown in
the Fig.17, Fig.18 and Fig.19. For all the blends, the
smoke increases with increase in brake power. The
experimental results clearly prove that the smoke
emissions decrease with advancing the injection timing, because of the higher combustion chamber temperature. At the same time NOx produced from the
engine and exhaust gas temperature are higher than
that of the diesel. The other possible reason is a diffusion combustion part becomes less significant and
thus smoke is lowered.

The following conclusions are made based on the
results obtained from both Experimental and Characteristics analysis of Methyl esters of Jatropha are listed
below,
1. For performance alone following statements holds
good
a. For B20, good efficiency is achieved (23.47%)
@ 30°BTDC
b. For B40, good efficiency is achieved (23.14%)
@ 30°BTDC
c.

For B60, good efficiency is achieved (21.88%)
@ 33°BTDC

2. For emission alone following statements holds good
For B20, less CO (.02 % vol) , HC (384 ppm),
Smoke (74.8 % vol) , Nox(555 ppm) emissions is
achieved @ 30°BTDC

Fig.17 Smoke Emissions with respect to Brake power

For B40, less CO (.02 % vol) , HC (386 ppm),
Smoke (75.8 % vol) , Nox (525 ppm) emissions is
achieved @ 30°BTDC
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c. For B60, less CO (.05 % vol) , HC (443 ppm),
Smoke (77.8 % vol) , Nox (505 ppm) emissions is
achieved @ 33°BTDC, and C02 (2.53 % vol)
3. For considerably better performance and fewer
emissions following holds good
a. B40 at 30°BTDC gives good efficiency(23.14%)
and less emissions , but slightly less efficiency
when compared to B20, however it over comes its
drawback in reducing emissions
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Assessing Factors influencing Urban Households’
Consumption of Firewood and Charcoal
Lilit Hailu
Bureau of Science and Technology Department of Research and Policy

ABSTRACT:- The study was conducted in Mekelle which deals with urban energy consumption choice with an objective;
to identify factors influencing urban household energy consumption choice. Both quantitative and qualitative approaches
were applied and multi-stage sampling technique method was done like purposive, stratify and lottery method
implemented. Major finding of the study that the dominant fuel sources were charcoal and electricity; followed by charcoal
and firewood, only a few households use electricity as main energy source. Households prefer to consume mixed energy
than shifting to single. This is due to limited power availability, lack of suitable modern stove that goes with Ethiopian
cooking custom, socio-cultural, house ownership; people living in private houses have no right to use electricity for
cooking activities. Households‟ income and education by themselves don‟t have that much influence on fuel choice
decision. Generally availability of clean alternative energy, house ownership, socio-cultural factors were main reasons to
stick on firewood and charcoal fuels. So to shift households from traditional to clean energy, it needs a multi-sectoral
cooperation.

1. Introduction
Energy is an essential element in the day to day people‟s
life. So, without energy the existence of life on earth is
impossible. People use energy for multipurpose activities;
transportation, manufacturing, power generation and
household consumption like cooking, baking, lighting,
boiling, etc. Now a day clean and sustainable energy can
be crucial to humans‟ better life and to a country‟s economic development (Worku, 2004; UNECA, 2014).
Worldwide 1.3 billions of people don‟t have clean energy
access and around 40% (2.7) billion of world population
depend on biomass fuel for cooking purpose. If strong
action is not taken and access of clean energy do not increase especially in less developed nations, the expected
goal may not be achieved by the coming 2030 (IEA,
2011).
Many 3rd world rural households are getting their energy
from fossil fuel of forest such as residue woods and woods
cut for other purposes. Whereas charcoal and firewood
supplies to urban dwellers is produced by cutting down
massive trees (Earthscan, 2010). So the continuous cutting
down of trees to fulfill urban fuel demand is the major
cause of deforestation worldwide especially in less
developed countries. Over 600 million people of SubSaharan African heavily depend on traditional energy
source. Countries like Sudan, Ethiopia, Kenya, Tanzania,
Mozambique, Zambia, DRC and Nigeria consume
traditional fuels on average over 75% and in these nations
availability of modern energy for household is not more
than 10% (Earthscan, 2010; IEA, 2011).

Currently, deforestation in Ethiopia has resulted in growing
of fuel scarcity and higher fuel price in urban areas.
Environmental impact of urban fuel demand particularly
high dependence on fuel wood contributes to forest
degradation. Woodlands were cut down to supply fuel for
the growing urban population. This long history of urban
areas dependence on surrounding rural lands and the associated increase in population has aggravated the level of
deforestation. During 16th century 40% of Ethiopia‟s land
was covered with forest while today land covered by forest
is around 2.5% with 5% estimated rate of deforestation
annually (Zenebe, 2007). If this trend of deforestation
continues, 9 million ha might be deforested in 2010 to 2030
and national fuel wood needs will rise by 65% (FFE, 2010;
AFF, 2010). As the evidence of several studies, Ethiopia‟s
major energy sources are charcoal and firewood. As (Areya,
2012) stated that in the last fifty years firewood and
charcoal consumption increased annually from a million
tons to more than three million tons and from forty million
to one hundred million tons respectively. According
(Nyssen et al. 2007) result indicated in Tigray 74% of
charcoal and firewood energy purchased for household
consumption. In Tigray, urban dwellers contribute to
deforestation of hinterland areas. Deforestation leads to
diverse environmental impacts in Tigray region like
depletion of forest stock which led to energy scarcity,
agricultural land degradation, frequent drought and
desertification, ecological imbalances, etc.
According (Zenebe et.la, 2011) finding showed that about
80% of Tigray urban areas were using electricity. However,
only 20% were found adopted and used electricity for
baking „injera‟ using electric „mitad‟ only 10.73% dwellers
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use electricity for baking and cooking activities. Based
on these empirical evidences most urban Tigray households use electricity for lighting, TV, refrigerator and
charging purpose. Now a day due to high inflow migration and fertilities Mekelle‟s population becomes highly
increasing (FFE, 2010). This pushes to raise demand on
charcoal and firewood in the city. As (Samuel, 2003)
finding indicates that in Mekelle city consummation of
charcoal and firewood was 79% and 66% respectively.
Excluding the daily 100 loads of donkey of firewood
and charcoal sold door to door; every Monday and
Saturday more than 500 loads of donkey firewood and
charcoal entered to Mekelle‟s main fuel market centers
(World Vision, 2010). So, dwellers‟ of Mekelle city
dominantly use charcoal and firewood for daily cooking
purpose. If consumption of firewood and charcoal trend
doesn‟t stop and urban energy consumption pattern
doesn‟t shift to electricity and other renewable energy
sources; no doubt that forest degradation and environmental degradation problems of hinterland areas like
„Debri- Serawat‟ becomes serious and severe. A few
scholars studied on the issue of environment and energy
with emphasis on rural energy consumption pattern and
limited studies in urban fuel demand choice focused on
affordability (Bereket et al. 2002) and adoption of fuel
saving stoves by (Abebe and Koch, 2012).Therefore, the
study wants to investigate what determinant factors
influencing urban households' to stick on firewood and
charcoal than shifting to modern fuels.

2. Urban Energy Empirical Review
Energy ladder model is conceptualized with household
income. When income of households‟ increase then,
households‟ energy consumption switch from traditional
to modern and expensive energy type. This linear
relation process has households‟ stop to consume
biomass fuels and adopt clean energy as their wealth
level increases. Energy ladder model has three stages;
1st stage households with low income fully relay on high
smoking fuels, 2nd stage as income of households
increases households start to use less smocking fuels
like charcoal, 3rd stage as income of households highly
increases then that households‟ switch to more clean,
modern technological stoves and expensive fuel type
(Heltberg, 2003). However, many studies stated that in
less developed nations energy consumption trend is the
opposite of energy ladder model. As households‟ income rises, household choose mixed (biomass and
clean, low cost and high cost fuels depending on their
cooking habit, access, income and interests (Worku,
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2004; Tembo et al. 2015). This led to the concept of fuel
stacking or multiple fuel use as opposed to energy ladder model.
Household characteristics have either positive or negative correlation with demanding of household cooking
energy. Different studies held in different countries used
different models of data analysis indicates that
numerous socio-economic, accessibility and availability,
preference and cultural trend variables have been
recognized as being important in influencing households‟ energy consumption pattern. (Osiolo, 2009)
enhancing household fuel choice and substitution in
Kenya and (Mekonnen and Kohlin, 2008) urban cities
energy choice in Ethiopia result indicates that
households‟ head age has significant and positive effect
on traditional fuels consumption choice of households‟
at the same time age has negative effect on modern
fuels; old aged people have difficulty to adopt modern
energy. Household size: - as number of family increase
food preparation and cooking frequent increase than
families with small size. (Charles et la. 2006) on household‟s choice of fuel wood source in Malawi; used
multinomial probit model finding confirmed that household size was a very mandatory factor on household
traditional fuel choice. Educational level of households‟
head has an impact on energy choose. (Nyemb, 2011;
Tembo et la. 2015) found that household‟s head education level has a negative influence on charcoal consumption, implying that having a head with one more
level of education reduces charcoal consumption by 1%.
Income and price of fuel also a factor for many households as (Nyembi, 2011) an econometric analysis of
factors determining charcoal consumption in urban
Zambia; finding indicated that increase in average per
capita expenditure by 1% would increase the probability
of consuming charcoal by 0.0195%. According (Worku,
2004) in Woldia town and (Bezawit, 2015) in Addis
Ababa result indicated that households‟ hushing status
has significant impact on energy choose. People who
have their own houses and electric meters have full
rights to use electricity for cooking while people living
in rented houses don‟t have the right to consume
electricity for cooking activities and their energy
consumption decision depend on the willingness of
house owner.

3. Methodology and Description
3.1 Description of Study Area
The study was conducted in Mekelle which is the
capital city of Tigray region. Mekelle city is found
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783km away from Addis Ababa. The city lies between
longitudinal 39º28' to east and 13º29' latitude north with
2084 m above sea level of elevation. Total population of
the city was 271,562 out of this number male accounts
48.6% and 51.4% are female (CSA, 2012). Mekelle is
the most populated city in Tigray region and its residents involve in different economic activities; selling
firewood and charcoal is one activity. So, in the city
there are many people who rely on selling charcoal and
firewood. As a result, in Mekelle there are five large
firewood and charcoal market centers. Mekelle‟s
dwellers cooking style is similar with other Ethiopian
people cooking style that is at least once a week they
bake „injera‟ using either firewood or electric „mitad‟,
three times a day cooking stew („wet‟), making coffee
and boiling water and tea using charcoal.
3.2 Study Design
This study focused on the investigation of determinant
factors of urban dwellers‟ traditional fuel mainly
charcoal and firewood consumption. The study used a
combination approaches, quantitative and qualitative.
The quantitative approach used to analyze data collected
from households using structured questionnaires and the
qualitative approach used to analyze data collected from
key informants. To collect relevant primary data the
researcher used different tools such as structured
questionnaires, interviewed and focus group discussion.
The data collected at one point of time so it was a
cross- sectional survey type.
3.3 Sampling Technique and Sample Size
Multistage sampling technique methods were used to
select the survey area. In the first stage Mekelle city was
deliberately selected based on its urbanization rate,
population density and has many charcoal and firewood
market centers and vendors. Again out of the seven sub
cities of the city four sub-cities were purposively
selected based on their closeness to charcoal and
firewood market centers and retailers, access of electricity connectivity and people‟s life-style. The second
stage, stratify dwellers based on people who live in their
own houses and people who live in private rented
houses. Finally based on lottery method selected 120
households from each stratified. And 10 key persons.
Quantitative data analyzed using SPSS software and
description statistics used to analyze the frequencies,
means, Std. Dev and percentages of the variables
analyzed.
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4. Result and Discussion
Table1: Summary of statistics of variables considered in analysis
Variables

Mean

Age of household head

48.16

14.017

Family size

5.13

1.914

Income of household in ETB 2731.67
Education of household head Frequency

Std. Dev. Min Man

1473.667

26

21.7

Primary

12

10.0

Secondary

12

10.0

College and above

70

58.3

Own

86

71.7

Private rent

34

28.3

head

82
9

800

7300

%

Illiterate

Household
status

22
1

housing

Source own survey, 2017

Socio-Demographic:Usually households are headed by males, however, the
daily home cooking are done by females. So households‟ headed either by male or female don‟t have significance on fuel choice. Minimum and maximum age
of respondents was respectively 22 and 82 years old,
48.16 & 14.017 was the average age of respondents. As
table1 shows the maximum family number was 9 and
minimum family number was 1. According the statistical result most respondents were literate; only 21.7%
respondents were illiterate, 10% of them completed primary, respondents completed secondary school were
10% and 58.3% respondents have diploma and above.
Table1 indicates that, 71.7% of respondents live in own
houses whereas 28.3% respondents lived in rented
houses.
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Table2: Summary of cross-tabulation result
Explanatory variables type of energy source
Firewood
Charcoal
and charcoal & electricity
No
% No
%
Age HHs
23.33
22-45
14 11.67 28
21.67
46-82
37 30.83 26
Family size HHs
13.33
1-4
14 11.67 16
31.67
5-9
37 30.83 38
Education HHs
12.5
Illiterate
11 9.17 15
3.33
primary
8
6.67 4
3.33
Secondary
8
6.67 4
31
25.8
college and above 24 20.0
Housing Status HHs
39.17
Own
25 20.83 47
5.83
private rent
26 21.67 7
Income HHs
24.17
Low
20 16.67 29
17.5
Middle
15 12.5 21
3.33
High
16 13.33 4
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Electricity
No %
14
1

11.67
0.83

14
1

11.67
0.83

0
0
0
15

0.0
0.0
0.0
12.5

14
1

11.67
0.83

3
7
5

2.5
5.83
4.17

Source own survey, 2017

Households’ characteristics and energy choice:
Age of household head is likely to manipulate fuel
choice through developed loyalty, cultural believes and
familiarity with traditional energy therefore, old aged
people suffer to stop using firewood and charcoal and
adopt modern energy. Table2 indicated that out of 56
respondents aged between 22-45 years 28 of them used
charcoal and electricity and out of 15 households‟
electric users 14 of them were aged between 22-45
years, only 14 respondents depend on firewood and
charcoal, out of 64 respondents aged between 46-82
most of them preferred firewood and charcoal, one
respondent in this age range used electricity for daily
cooking. (Ossilos, 2009; Nyembe, 2011) finding was
attributed with this result. Households‟ with small
family number used electricity as main energy source
followed by mixed fuel while households with large
family number consumed more firewood and charcoal.
Similar finding of (Mekonnen and Kohlin, 2008)
determinates of households fuel choice major cities in
Ethiopian households with more members were more
likely to use charcoal and wood and less likely to use
kerosene and electricity. Education level matters on
energy consumption patterns; as householders‟
education level increase households‟ understanding on

traditional fuel and its consequence increase. As table2
showed that educated respondents chose charcoal and
electricity, however, many educated households also
used firewood and charcoal as main fuel source for daily
cooking purpose. This showed that being educated
alone could not be a guaranty for households to switch
to modern energy unless the households have their own
houses and access to electricity. So, this result contradicted with previous studies finding as one more level of
education charcoal consumption decrease by 1%
(Tembo et al. 2015).
As in table2 stated out of 86 respondents who own
houses, 47 respondents consumed charcoal and electricity and 14 of them used electricity for cooking activities
and the remaining 25 respondents relied on firewood
and charcoal; On the other hand, out of 34 respondents
who live in private house rent 26 of them were fully
dependent on firewood and charcoal fuels only one
respondent consumed electricity for cooking activities.
This is because people who live in rented houses have
no right to decide on electricity consumption. (Bezawit,
2015; Getamessay et al. 2015) in Addis Ababa finding
coincide with this result; energy consumption choice of
renter depends on the willingness of house owner
(landlord). Table2 indicated that most respondents who
had low income use mixed energy (charcoal and
electric, charcoal and firewood), a few respondents use
electricity as main energy source, many respondents
with middle income also prefer mixed fuel than single.
Households‟ with high income also use both traditional
and modern energy. Households with low income
consume electricity for cooking purpose at the same
time households with high income consume firewood
and charcoal as main fuel source. So, this showed
income has not influence on households‟ energy choice.
Having income without availability of clean energy was
nothing. This finding differs from previous findings
(Osiolo, 2009) in Kenya and (Nyemb, 2011) in Zambia
that household income was the major factor on energy
consumption pattern.
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Table3: Summary of statistics of variables considered in analysis
Variables

Mean

Std.dev Min. Max.

Reason for choosing firewood and charcoal
as main source than electricity;

Table3 shows that 34.09% respondents chose
traditional fuel due to frequent power interrupcharcoal and electricity
54
45.0
tion and haven‟t own electric meters, 25% of
them also used these fuels because of their
Charcoal and Firewood
51
42.5
landlord didn‟t allow them to use electricity,
Electricity
15
12.5
18.94% respondents chose firewood and
charcoal due to test preference usually old
HHs reason to use firewood and charcoal
people believe that food cooked in electric
Power interruption& haven‟t electric meter 45
34.09
stove and „mitad‟ don‟t test food as food
cooked with charcoal (Njiti and Kemcha,
Landlord don‟t allow to use electricity
33
25.0
2002), 17.42% of respondents was due to lack
Test preference
25
18.94
of suitable modern stove that goes with their
cooking custom and only 4.55% of them were
Lack of convenient modern stove
23
17.42
due to price being low. In Mekelle still there
Cheap price
6
4.55
are many houses without electric connection
and electric meter and households expected to
Monthly charcoal consumption in quintal
wait at least a year to get eclectic meter. Even
½ quintal
15
12.5
though households have own electric meter;
they suffered to use electricity as main energy
1 and 1/2 quintals
75
62.5
source because the power is too weak and
2 quintals
30
25.0
frequent power on and off. So, to cook somePrice of charcoal 100kg in ETB
452.69
22.225 400 520 thing it took many hours due to this many
respondents were forced to use traditional fuel
Average monthly electric fee in ETB
243.67
46.155 190 350
than electricity. (Worku, 2004; Nyembe, 2011;
Sources: own survey, 2017
Bezawit, 2015) finding associated with this result.
According to the analysis of data most respondents
Many Ethiopian urban households‟ use firewood and
consume 1and½ quintals of charcoal per month. Since
charcoal for cooking purpose. In the study area these
the average charcoal price for 100kg was
fuels are commonly used for domestic cooking. As
Birr that means most Mekelle‟s dwellers were spending
(Samuel, 2003) stated that over 50 percent of the overall
more than 600 Birr for charcoal expenditure monthly.
households‟ energy consumption is for baking „injera‟
Whereas, households those consumed electricity for
most of Ethiopian urban households use electricity for
their daily cooking activities monthly maximum energy
lighting and some households use for baking „injera‟.
expenditure was not more than 350 Birr.
Mekelle‟s dwellers use firewood and electricity to bake
„injera‟ and for cooking „wet‟ and making coffee use
Conclusion
charcoal as main fuel source. Table3 indicated, charcoal
and electricity were the main energy sources for 45%
This paper analyzed the factors that influence urban
respondents, 42.5% of them consumed firewood and
households‟ energy consumption in Mekelle city using
charcoal as main fuel source; only13.5% respondents
cross-sectional data collected from households. Both
used electricity for every cooking purpose. Most of the
quantitative and qualitative method were applied. In the
city‟s residents used charcoal for cooking „wet‟ and
study area most households relied on traditional fuels.
making coffee while electricity was used for lighting
Charcoal is the most common cooking energy source
and baking „injera‟ purpose. Only a few households
followed by electricity and firewood respectively.
used electricity for baking and cooking purposes. This
Almost all households used more than two fuel types
result is very well associated with (Samiel, 2003;
based on their different cooking tasks like, for „injera‟
Warku, 2004) findings.
baking households use firewood and electricity, charcoal
is the most popular fuel for coffee making and „wet‟
cooking. People prefer charcoal for coffee making task
Households main energy source

Frequency

%
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believing that charcoal is the only convenient fuel with
traditional clay pot and cultural coffee ceremony. The different cooking customs forced households to use diversified
fuels. Households‟ cooking energy choice influenced by
socio-economic factors like households‟ age, family size
and house ownership were among the major factors which
influenced households fuel choice. Unlike previous
literature, household income and education by themselves
didn‟t have that much effect on households‟ energy choice
decision. Among socio-cultural households test preference,
cooking custom and practice and believe influenced
households to stick on traditional fuels. In general, limited
availability and power capacity of electricity, lack of
suitable modern cooking stoves that go with Ethiopian
cooking customs, house ownership status and socio-cultural
factors were among the major factors that influenced urban
households‟ fuel choice and make households energy
transition so slow. Based on the finding further investigation is recommended why landlords prohibit their renters to
use electricity for daily cooking activities.
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A CASE STUDY ON
“GREEN TECHNOLOGIES IN ETHIOPIA:
CHALLENGES AND OPPORTUNITIES”
BY ALEMAYEHU TILAHUN (M.A).
APRIL: 2018/ ADDIS ABABA /ETHIOPIA

Abstract:- The purpose of the study is to assess green technologies in Ethiopia: challenges and opportunities. To attain these objectives,
the study employed more of exploratory survey methods. The data were collected from primary and secondary sources. Data gathering
instruments used were: interviews questions, observation checklists and document analysis.
Data analysis part data presentation, analysis and interpretation were done. Major questions in the study conducted were: responses in
relation to challenges and opportunities, Ethiopian government body community perception about green technologies in Ethiopia, main
challenges and opportunities encountered in implementation of green economic system and corrective measures to be proposed to improve implementation of green economic system.
The findings of the research was summarized based on the facts found from the organization through the research that green technologies
in Ethiopia were continuously delivered as training in short and medium terms. It was clear from the findings that the green technologies
in Ethiopia were seen as an important element for the wide range of improvements in green economy challenges and opportunities.
Green technology is the application of the environmental science and technology for the development and application of products,
equipment and systems to conserve the natural resources and environment, as well as to minimize or mitigate the negative impacts on the
environment from human activities.
The renewable energy technology (RET) industry in our country Ethiopia is young and growing. Solar and biomass are among the
biggest RET markets, with solar PV based on foreign technology and biomass mostly based on domestic technology and knowhow. The
foreign components of both RE and EE technologies derive mainly from China, and to a lesser extent from India.
Foreign technology needs to be better adapted to African requirements and African technology needs to be updated. Energy costs are a
significant cost factor for many agro-industrial industries, and only companies have adopted sophisticated EE measures. The main reason
for this is that the system of innovation for energy efficiency is weakly developed.
Ethiopia faces the twin challenge of developing stronger economies through measures such as expanding energy supply, increasing
agricultural production and improving transportation systems, while also playing an active role in global efforts to reduce greenhouse gas
emissions. If not well managed, there might be trade-offs between these two important objectives in nations‟ pursuit of sustainable
economic growth.
Green technologies are to be adopted for their greenness or social inclusion benefits, but for their economic benefits. Certain
technologies and areas provide such benefits. In the case of agriculture are higher yields from green biotechnology, electricity from renewable sources allowing farmers to pump water for irrigation and better processing of agricultural produce. In areas with geothermal
heat and good conditions for creating hydropower stations, RE is potentially cheaper, thus giving it an advantage over fossil fuel-based
power. The Green Revolution can be realized in Ethiopia with RE by enhancing the energy supply to and increasing labor productivity in
the agricultural sector. Energy savings in energy-dependent industries will produce economic benefits through lower energy costs.
This study will investigate the status of renewable energy and energy efficiency technologies and conditions for use in the case of
Ethiopia by looking at markets for renewable energy technologies (RETs) in Ethiopian leather industries as research data on RET
suppliers and on the use of EEs in the industrial products processing industry that will be taken as a sample.
The study was underpinned by the desire to better understand the markets for RET and EE and possible models for technical cooperation
based on an assessment of the need for technical assistance from the perspectives of African companies.
This is because of a technological transformation that includes the use of renewable energy (RE) and energy efficiency (EE) technologies is an essential element of a green growth strategy aimed at reducing industry‟s carbon intensity. The study of RETs will investigate
RET markets and diffusion, while the study on the adoption of EE technologies focuses on micro-, small and medium-sized enterprises
in sampled Ethiopian industry sub-industries. The research will contain finally findings, conclusion and recommendation.
Key Words: green technologies in Ethiopia, opportunities, challenges, green economy
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1. INTRODUCTION
1.1 BACK GROUND of the STUDY
Green technology is one that has a "green" purpose. By
green we do not mean the color. Green inventions are
environmentally friendly inventions that often involve energy efficiency, recycling, safety and health concerns,
renewable resources, and more. The world has a fixed
amount of natural resources, some of which are already
exhausted or ruined.
For example - household batteries and electronics often
contain dangerous chemicals that can pollute the
groundwater after disposal, contaminating our soil and
water with chemicals that cannot be removed from the
drinking water supply and the food crops grown on
contaminated soil. The risks to human health are great.
Therefore, the need of the hour is that every investor
should think green. They should know that green
inventions and clean technologies are good business.
These are fast growing markets with growing profits.
From the view point of consumers they should also
know that buying green inventions can reduce their
energy bill and that green inventions are often safer and
healthier products.
The term "technology" refers to the application of
knowledge for practical purposes. The field of "green
technology" encompasses a continuously evolving
group of methods and materials, from techniques for
generating energy to non-toxic cleaning products.
The present expectation is that this field will bring
innovation and changes in daily life of similar magnitude to the "information technology" explosion over the
last two decades. In these early stages, it is impossible
to predict what "green technology" may eventually
encompass. The goals that inform developments in this
rapidly growing field include.
1.2 STATAMENT of the PROBLEM
Technology is application of knowledge to practical
requirements. Green technologies encompass various
aspects of technology which help us reduce the human
impact on the environment and create ways of sustainable development. Social equitability, economic
feasibility and sustainability are the key parameters for
green technologies. Today the environment is racing
towards the tipping point at which we would have done
permanent irreversible damage to the planet earth. Our
current actions are pulling the world towards an
ecological landslide which if happens would make
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destruction simply inevitable. Green technologies are an
approach towards saving earth.
Thus both its positives and negatives need to be
investigated. Green technology uses renewable natural
resources that never depletes. Green technology uses
new and innovative energy generation techniques.
Green nanotechnology that uses green engineering and
chemistry is one of the latest in green technologies. One
of the important factors for environmental pollution is
the disposal of waste. Green technology has answers to
that as well. It can effectively change waste pattern and
production in a way that it does not harm the planet and
we can go green. Among the possible areas where these
creations and growth are expected to come from include
green energy, organic agriculture, eco-friendly textiles,
green building constructions, and manufacturing of
related products and materials to support green business.
Because this is but new to the industry, it is also
expected to attract new customers who will see the
many advantages of using green technologies in their
homes and others. Besides other forms of green
technologies, in field of generation of energy are done
by solar power and fossil fuel.
These have no adverse effect on the planet and it won‟t
replenish. So, future generation can also benefit from
them without harming the planet. This paper focuses on
the advantages of green technology and the benefits that
can be accrued out of it
(Http://www.granthaalayah.com, Dec. 20/2017)
1.3 OBJECTIVE of the STUDY
To assess green technologies in Ethiopia: challenges
and opportunities and recommend remedies to the
problems and exploit the opportunities.
2. LITERATURE RIVIEW
2.1 Definitions and concepts
To achieve sustainable living on this planet, conventional technologies may no longer able to tackle
emerging environmental issues arising from wasteful
energy policies, overuse of resources, water supply
shortages, climate change, global warming and
deforestation. Advancement in science and technology
has contributed to the development of emerging green
technologies that might help to solve some, if not all, of
the environmental issues that we are facing. As we
move towards technological advancement, we will be
positively affected with the new economy. This section
discusses emerging green technologies that will drive
our economy in the near future in Ethiopian case.
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2.2

Theoretical Framework

Green technology has no history which isn't to say that it
has no past. Far from being a recent phenomenon, many
countries have been trying to go green for decades.
Modern society nowadays ended up being based on the
idea of cheap, inexhaustible energy from fossil fuels, a
decision we're living to regret. "The fossil-fueled
economy of the twentieth century had a tendency to
pave over alternatives to itself, leaving only curious
hints of worlds that might have been," writes Alexis
Madrigal in his excellent new book, Powering the
Dream: The History and Promise of Green Technology.
"Green technology has been a viable set of technologies
for more than one hundred years but, regardless,
supplies little of America's energy." (Website, Jan,
2018, P. 1&2)
Land degradation threatens millions of our citizens with
poverty. It is an opportunity because it motivates to use
our country‟s huge renewable energy potential in the
development of our economy. That is why Ethiopia has
developed its Climate Resilient Green Economy
Strategy to transform it by 2025 from its present LDC
status with agriculture as its main economic sector and
annual per capita greenhouse gas emission of 1.8 tones
to a lower middle income status with industry as its
main economic sector and with zero net carbon emission
(Website Dr.Tewolde Berhan 2000, P. 5).
2.3 Empirical Frameworks
The renewable energy potential includes hydropower,
geothermal power, wind power and solar power. For
Ethiopia, green growth is a necessity as well as an opportunity to be seized (Website Dr.Tewolde Berhan
2000, P.5)
 EXAMPLES OF GREEN TECHNOLOGY SUBJECT AREAS: - Energy: Perhaps the most urgent
issue for green technology, this includes the development of alternative fuels, new means of generating
energy and energy efficiency.
Environmentally preferred purchasing: This government innovation involves the search for products whose
contents and methods of production have the smallest
possible impact on the environment, and mandates that
these be the preferred products for government purchasing.
Green chemistry: The invention, design and application of chemical products and processes to reduce or to
eliminate the use and generation of hazardous substances (Website, Jan. 11, 2018 p.1)
Green nanotechnology: Involves the manipulation of
materials at the scale of the nanometer, one billionth of a

April 2018
meter. Some scientists believe mastery of this subject is
forthcoming it will transform the way that everything in
the world is manufactured. "Green nanotechnology" is
the application of green chemistry and green engineering principles to this field (Website, Jan. 11, 2018 p.1)
 DIFFERENT TYPES of GREEN TECHNOLOGY:
Green technology covers a broad area of production
and consumption technologies. The adoption and use
of green technologies involves the use of environmental technologies for monitoring and assessment,
pollution prevention and control, and remediation
and restoration. Monitoring and assessment technologies are used to measure and track the condition of
the environment, including the release of natural or
anthropogenic materials of a harmful nature.
Prevention technologies avoid the production of environmentally hazardous substances or alter human
activities in ways that minimize damage to the
environment; it encompasses product substitution or the
redesign of an entire production process rather than
using new pieces of equipment. Control technology
renders hazardous substances harmless before they enter
the environment. Remediation and restoration technologies embody methods designed to improve the condition
of ecosystems, degraded through naturally induced or
anthropogenic effects.
 DIFFERENT TYPES OF GREEN TECHNOLOGY
PRODUCTS: Green technology products are items
which factor environmental awareness into their
design and use. Green technologies products aim to
reduce waste, cut pollution, and even diminish fossil
fuel use. Some of the major types of green technology products include energy creation products, green
chemicals, sustainable or recyclable products, and
technology that run on alternative energy.
Products that help create alternative energy, such as
solar panels and thermal heating discs, are some of the
most important green technology products used in
everyday life. Solar panels, which can be installed on
homes, apartments, and commercial buildings, use the
sustainable heat of the sun to charge solar batteries,
which can be used for electricity instead of traditional,
non-sustainable sources like gas.
Thermal heating discs, which are used in swimming
pools, suck the sun's rays in and radiate them over the
pool's surface, providing an alternative means of heating
that avoids fossil fuel use. Green chemicals are important in many green technology products. These products
aim to create the same effects as toxic, polluting
chemicals, while reducing risk of poisoning and
environmental harm.
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Green chemical products include home cleaning agents
made out of coconut and glycerin, insecticides that use
orange or peppermint oil instead of toxic chemicals, and
even green laundry detergent that can reduce water
pollution.
Sustainable and recyclable green technology products
help increase the life cycle of consumer material. These
products may include cell phones made from plastic
water bottles, appliances rebuilt from scrap metal, and
even recyclable laptops. Green technology products that
use sustainable and recyclable materials often advertise
their involvement in recycling initiatives; consumers
shopping for a new cell phone or laptop may wish to
inquire about specific models that use recycled
materials. Solar powered charging devices for phones,
laptops, and portable appliances are also popular green
technology products. By converting everyday products
to alternative energy power sources, green technology
can help reduce fossil fuel use and help users cut energy
bills.
 APPLICATIONS of GREEN TECHNOLOGY in OUR
LIFE SOLAR ARRANGEMENT
One of the best known examples of green technology
would be the solar cell. A solar cell directly converts
the energy in light into electrical energy through the
process of photovoltaic. Generating electricity from
solar energy means less consumption of fossil fuels,
reducing pollution and greenhouse gas emissions.
REUSABLE WATER BOTTLE: Another simple
invention that can be considered green is the reusable
water bottle. Drinking lots of water is healthy. Reducing
plastic waste is great for the environment. Hence, trendy
reusable water bottles that you can refill yourself are
health-promoting, eco-friendly, and green.
BUILDING WITH GREEN TECHNOLOGY: Green
buildings use a variety of environmentally friendly techniques to reduce their impact on the environment.
Reclaimed materials, passive solar design, natural
ventilation and green roofing technology can allow
builders to produce a structure with a considerably
smaller carbon footprint than normal construction.
These techniques not only benefit the environment, but
they can produce economically attractive buildings that
are healthier for the occupants as well.
The chief benefit of building green is reducing a building‟s impact on the environment. Using green building
techniques can also reduce the costs associated with
construction and operation of a building. Green ventilation techniques involve open spaces and natural airflow,

April 2018
reducing the need for traditional air conditioning and
preventing many of these problems.
NATIONAL BENEFITS for ENERGY GENERATION:
Power generation is another sector where green technology might create surprises. Distributed generation
technologies e.g. solar PV, biogas production, wind
power etc. have practically proven that they can provide
more employment opportunities to people and can be
applied to provide energy solutions to communities in
remote areas successfully.
In some middle-income countries people have used alternative green power generation technologies and have not
only fulfilled their own energy needs but have also in
some developed countries sold their energy to the grid
thereby making significant income; also people sell the
electricity generated by their household Photovoltaic
panels to the national network and in rare cases may end
up charging money from the utility instead of paying. In
this way a person not only helps him or herself but also
helps the nation by actually contributing to the national
power generation and thus proves to be an asset rather
than a liability to the society.
BENEFITS TO THE RURAL AREAS: Green technologies
have had great impact on communities of the areas where
they have been implemented. Provision of bio-gas plants
to rural households has empowered communities and has
increased their productivity. Same has been the case with
distribution of solar lights through certain programs. It is
clear that people have benefited from it by not only using
the outputs personally but also by trading it.
GREEN CHEMISTRY: Green chemistry, also called sustainable chemistry, is a philosophy of chemical research
and engineering that encourages the design of products
and processes that minimize the use and generation of
hazardous substances. It aims to avoid problems before
they happen. As a chemical philosophy, green chemistry
applies to organic chemistry, inorganic chemistry, biochemistry, analytical chemistry, and even physical chemistry. While green chemistry seems to focus on industrial
applications, it does apply to any chemistry choice. Click
chemistry is often cited as a style of chemical synthesis
that is consistent with the goals of green chemistry.
GREEN NANOTECHNOLOGY: Nanotechnology
involves the manipulation of materials at the scale of the
nanometer, one billionth of a meter. Some scientists
believe that mastery of this subject is forthcoming that
will transform the way that everything in the world is
manufactured. "Green nanotechnology" is the application
of green chemistry and green engineering principles to
this field.
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CHALLENGES TO GREEN TECHNOLOGY ADOPTION
Generally, green technology is more expensive than the
technology it aims to replace, because it accounts for the
environmental costs that are externalized in many conventional production processes. Because it is relatively
new, the associated development and training costs can
make it even more costly in comparison with established
technologies. The perceived benefits are also dependent
on other factors such as supporting infrastructure,
technology readiness, and human resources capabilities
and geographic elements. Adoption and circulation of
these technologies can be constrained by a number of
other barriers. Some may be institutional, such as the lack
of an appropriate regulatory framework; others may be
technological, financial, political, cultural or legal in
nature (Website, Jan. 11, 2018 p.1)
2.4 CONCETUAL FRAMEWORK
AN EXAMPLE of WASTE WATER THREATHMENT
MECHANISM: As ozone is highly unstable and it reverts to oxygen soon after it is produced, it has no residual disinfection effect as chlorination does.
To provide residual disinfection capability, postchlorination is still being practiced in many treatment
plants. To complete the water treatment process, the last
step of treatment is fluoridation with an objective of
preventing teeth decay of the population.
Fig 1, WATER TREATMENT PROCESS

Source: Department of Environmental Engineering, Faculty of
Engineering and Green Technology, UniversitiTunku Abdul Rahman,
Malaysia.

3. RESEARCH METHODOLOGY
This unit was concerned with the main principles of
research methodology and the adopted research methods
for this study. It clarifies the research method based on:
types of data and data collection instruments and techniques, methods of data analysis and ethical consideration.
In order to attain the objective of the study and answer
the research questions the study adopts an exploratory
research strategy. The research was conducted on Ethiopian case.
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3.2 Types of Data and Data Collection Instruments
and Methods of Data Analysis
In this researched type of data used was secondary data
were used from reports as well as web sites. Data that
has already been collected for some other purpose
perhaps processes and subsequently stored are termed
secondary data there are main types of secondary data
documentary servers and those from multiple source. In
order to strengthen the result and findings of the study
the researcher examined different articles, university
journals, academic books, different reports and website
as secondary data.
To reach on important facts, the researcher provided
explanation to the challenges and opportunities of green
technology in Ethiopia. The datum was collected and
the secondary data were analyzed by using exploratory
research method.
4. MAJOR FINDINGS, CONCLUSIONS AND
RECOMMENDATIONS
Consumer demand for green technology products is on
the rise. Government customers are increasingly
mandated to purchase green where available, and the
spectrum of products covered by such provisions is
growing. As for business customers, if they demonstrate
a return on investment in green products, then demand
will materialize. Here, the greatest opportunities are in
products that reduce energy consumption. Even so, a
growing number of business buyers can be expected to
be motivated by nothing more than the desire to be
perceived as supporting environmental sustainability.
So change is coming. The green in technology products
is being installed in the R&D phase. Products are being
reconfigured to use fewer hazardous substances, require
less shipping material, operate on less energy and
promote end-of-life recycling. So in terms of environmental sustainability, the technology industries are
embracing change. They are changing to avoid negative
consequences or to meet green demand or to achieve
both. Whatever their motivation, they are incontrovertibly shifting toward green.
MAJOR FINDINGS: Ethiopian government embraces
inclusive green growth and green economy since
commitment was critical in implementing since it has
been demonstrated through the adoption of GTP and the
CRGE.
The challenges in implementation of the strategy are
many, including financial sustainability and sustaining
the momentum commitment in the implementation
process, particularly through institutional stability.
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The performance and development of these sectors have
been affected by frequent restructuring. For example,
the energy sector was under the Ministry of Mining and
Energy until it merged with the water sector to form the
Ministry of Water and Energy. Likewise, the forestry
sector has been repeatedly separated, merged with or
incorporated into other departments within the Ministry
of Agriculture or re-established as a stand-alone
institution.
These frequent institutional restructurings usually affect
professional commitment and can result in high staff
turnover, disintegration of information databases and
discontinuity of planned activities, and limited
awareness, knowledge and technical capacity.
Furthermore, financial sustainability of the projects is a
significant obligation to the Government, as well as to
the people of Ethiopia. For instance, increasing electricity generation from renewable energy sources to secure
domestic consumption through rural electrification and
regional markets is capital- and technology-intensive,
requiring an estimated budget allocation of more than
$150 billion. The correct valuation of the final products
will be critical for achieving financial sustainability, and
ensuring social inclusiveness of the resulting benefits.
CONCLUSIONS: For Ethiopia, green growth is a necessity and an opportunity because it must arrest land
degradation that threatens millions of our citizens with
poverty. It is an opportunity because it motivates to use
our country‟s huge renewable energy potential in the
development of our economy. That is why Ethiopia has
developed its Climate Resilient Green Economy Strategy to transform it by 2025 from its present LDC status
with agriculture as its main economic sector and annual
per capita greenhouse gas emission of 1.8 tones to a
lower middle income status with industry as its main
economic sector and with zero net carbon emission.
Companies realize that going green is in their best
interest, both in terms of public relations and reduced
costs. Manufacturers today aim to improve energy
efficiency by creating designs that minimize power
waste and reduce emissions. Companies reduce the
amount of toxic waste materials in the manufacturing
process by using recyclable materials and offering to
recycle old products.
The renewable energy potential includes hydropower,
geothermal power, wind power and solar power.
RECOMMENDATIONS: In view of the above, the report
recommends the following:
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(a) Acknowledging the importance of GTP androgen
with regard to the development aspirations of Ethiopia as they provide the most coherent framework for
attaining various goals, including fostering inclusive
green growth for building a green economy.
(b) Harmonizing regional development plans with the
national strategies embodied in GTP and CRGE.
This action will be critical for the success of the
inclusive green economy agenda.
(c) Taking stock of community and regional projects, as
they are instrumental in empowering
communities and have the potential to foster inclusive
green growth in a way that provides wider social benefits if they are implemented through collaborative efforts
between the government and development partners on
one hand, and between the partners and stakeholders on
the other. Projects that have technology development
and transfer as component of implementation are likely
to have the greatest impact.
(d) Carefully planning large-scale projects that are likely
to affect a large population so that they supply to the
various needs of the population. Adequate consideration must be given to the potential impacts, such as
resettlements and displacements, and welfare
policies, so as to balance infrastructure development
with social progress.
(e) Evaluating and monitoring the governance of the
various inclusive green growth projects under GTP
and CRGE to ensure that the projected benefits
trickle down to the intended constituents of society.
(f) Training and upgrading of skills, which is critical
aspect in innovation, technological development and
transfer, and in up-scaling projects. Involvement of
women and young people from the onset of project
design and implementation could help in promoting
social inclusion, transfer of knowledge and skills
development.
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Design and Manufacturing of Small Scale Essential Oil Steam
Distillery for Better Energy Utilization
Tazebew Dires, Solomon Tesfaw, Hanamariam Getnet, and Mehary Kahsay

Abstract :- Essential oil industry is an agro-based industry, which involves cultivation and distillation activities and can be
manufactured using different methods. Proportion of different essential oils extracted by steam distillation is 93% and the
remaining 7% is extracted by the other methods and uses thermal energy in the extraction process. Due to the availability of
different aromatic plant leaves in Ethiopia, essential oil is becoming the main source of raw material for industries like, Soap
Industries, Perfume industries, Pharmaceutical industries, Cosmetics industry.
Steam distillation uses thermal energy in the extraction process and is a well-known technology method. A steam produced in a
satellite station (boiler) and fed to the still where the bio-material will be boiled to extract the oil inside and the required oil
extract cooled in the condenser. Density difference method is used to separate the liquid mixture (water and oil) in the separator. Because of the satellite nature of the boiler, thermal degradation of oil is avoided which is common problem in other
production methods. The thermal energy supply can be controlled according to the type of oil to be distilled. The existing
essential extracting steam distillatory has a high amount of energy loss in the steam generator and in the waste water after the
oil is separated. The objective of this study was to design and manufacture prototype of steam distillatory equipment. Secondary data was collected literature review referred from internet. Solid work 2015 soft-ware was used to prepare part drawing
and assembly drawing and hand calculation was used to analyze force, strain, stress, etc.
The developed essential oil extraction plant was tested by eucalyptus leaves, the results revealed that, the amount of essential
oils obtained by steam distillation 0.188 kg oil or 15.5 ml per batch of essential oil in 10 kg of Eucalyptus leaves with total volume of 20L water. The total cost of the plant is Birr 12,332.
The results also showed that increases in volume of Essential Oil with increase in temperature by keeping time of heating as
constant. On decreasing the pressure we can extract Essential Oils from various plant materials at relatively less temperature
and within less time of heating. The energy losses were also reduced by recycling the waste water (hot) to the boiler and using
improved (insulated) biomass stoves.
Key words: Essential Oil, steam distillatory, Energy, waste, aromatic plants

I. Introduction
Essential oils are distilled volatile oils of plants materials that
have strong aromatic components. These aromatic substances are made up of different chemical compounds that
occur naturally in the plant. For example, alcohol, hydrocarbons, phenols, aldehydes, esters and ketones are some of the
major components.
Among all types of plants in the world, only about 700 plants
are considered aromatic, and therefore, they are all significant for the production of essential oils. Besides the limited
source of supply, the small amount of essential oils that are
contained in each aromatic plant makes it even more
valuable [5].
Essential oils and plant extracts are the basis for the natural
flavor and fragrance industry worldwide. They are extensively used globally for food flavoring, fragrances,
aromatherapy and pharmaceuticals. The worldwide market
for essential oils has been estimated at US$2.6 billion, with
an annual growth rate of 7.5% [4].

In order to get the best quality and quantity of essential oils,
extraction procedure seems the key-controlling step. Factors
such as types of plants, chemical make-up of oil, and location
of oil within the plant are to be considered prior to the extraction. Choosing a proper extraction method is also important
as well.
Essential oil industry is an agro-based industry, which involves cultivation and distillation activities and can be
manufacture using different methods. Distillation (steam
distillation, hydro-distillation, and water distillation), carbon
dioxide extraction, cold pressing and solvent extraction are
the methods used in the production of essential oils. These
different methodologies have different impact on the quality
of oil produced. Taking a matrix of the above technology
characterizations and experiences, steam distillation has been
the best method for optimum conditions.
Steam distillation uses thermal energy in the extraction process and is a well-known technology method. It is also the best
way for energy efficiency which is one of the main costly

Ethiopian Society of Mechanical Engineers (ESME)

- 31 -

Journal of the 22nd Annual Conference
inputs in the essential oil industry for mass production
[2]. Proportion of different essential oils extracted by
steam distillation is 93% and the remaining 7% is extracted by the other methods. A steam distillation system is relatively uncomplicated. A source of energy,
different materials like fuel wood or fuel oil could be
used for different type of aroma plants as the same time
in this paper use Eucalyptus leaves to extract essential
oil [2].
II. Essential Oils
Essential oils are distilled volatile oils of plants materials that have strong aromatic components. These
aromatic substances are made up of different chemical
compounds that occur naturally in the plant. For example, alcohol, hydrocarbons, phenols, aldehydes, esters
and ketones are some of the major components. Among
all types of plants in the world, only about 700 plants
are considered aromatic, and therefore, they are all
significant for the production of essential oils. [1].
For instance, essential oil of Eucalyptus occurs in the
leaves and the stems; for cymbopogon sp. (tejsar),
menthe spp. (nana), Cymbopogoncitratus (lomisar),
Spearmint occur in the leaves, for Clove in the bud, for
Lemon and Orange in the peel while for Rose merry and
Jasmine, odoriferous substances occur in the flowers.
There are major and minor constituents in essential oils,
but the different percentages of each constituent give
each oil its own unique characteristic [8]. Most essential
oils are only slightly soluble in water, but completely
soluble in organic solvents such as benzene and alcohol.
They have characteristic odors and are flammable.
However, the only type of essential oil of interest to this
paper is the Eucalyptus oil.
A. Eucalyptus trees
Eucalyptus is increasing in importance globally,
because many species of eucalypts have the ability to
improve conditions in treeless areas. In Ethiopia, its
divergence had increased in 1980s and then slows
down. In many places, eucalypts have helped to raise
people‟s livings standard by providing several end uses.
Eucalyptus leaves contain essential oils which, if
emitted rise the bush to create the characteristics distant
blue haze of the Australian landscape, eucalyptus oil is
highly flammable and bush fire can travel through the
oil rich air of the tree crowns with an explosive power
that can hardly be controlled[5].
B. Eucalyptus essential oils
Eucalyptus oil has a cooling and deodorizing effect on
the human body, cure for fever and malaria. For the
respiratory track, it helps in curing coughs, bronchitis,
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asthma, throat infections and catarrhal conditions.
Eucalyptus oil is also used in very small quantities in
food supplements especially sweets, cough drops and
decongestants. It also has insect repellent properties and
is an active ingredient in some commercial mosquito
repellents [1].
III. METHOD AND MATERIALS
i. Data collection methods: Data collected by secondary
data method such as, Literature review.
ii. Data analysis: data analyzed by Use several mathematical equations, standards, logics, scientifically
derived formulas etc. Design of the components based
on the requirement and express the components by
CATIA V5 including the assembled drawing.
iii. The Materials: includes: Measuring instruments,
(T-square, tri square, steel ruler, protractor and tap
rule), sheet metals, Rectangular hallow section
(RHS), Ferro, circular hallow pipe, pressure gauge,
gate valve, elbows, flasks, drilling, cutting, work
bench bending, joining, welding, and painting
materials.
IV. DESIGN OF THE PLANT
The steam distillation process for the extraction of
essential oils from plant material consists of four basic
parts: Steam generator or boiler, still or stripping
chamber, Condenser and Oil separator.
The steam generation unit was designed as cylindrical
tank with a conical top cover. It is to be fired by using
wood fuel stove. This unit is connected to the stripping
chamber (still) via a 0.28m diameter galvanized pipe
and a control valve is fitted in between to control the
flow of steam from the unit to the stripping chamber.
The stripping chamber, which is also cylindrical in
shape with conical top covers, has two openings. The
topmost opening is for charging the raw material, while
the down opening is for discharging raw material after
stripping. Both the steam generation unit and the steam
generator housing were fully lagged with sawdust
(sagatura) to minimize the heat loss to the surrounding
and enhance boiling efficiency. Top cover of the
chamber is connected to the condenser through a fully
lagged galvanized pipe for the escape of steam from
chamber to the condenser. The condenser is to condense
the vapor coming from the chamber, which is basically
a combination of water and traces of oil. Cooling water
is introduced into the condenser to facilitate the condensation process inside the condenser. Whereas, the
decanter is for the collection and separation of the
condensate (i.e. oil from water). The overall size of the
plant is 1.86 m high by 2.95 m wide by 0.5m deep.
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10 kg of the raw material per batch M= 10 kg.
The volume of the container for the plant material,
V 

m



= 0.025 m3 = 25 L (2)

Amount of water in the plant material,
Mw= moisture content (%)*mass of plant material
= 6 Kg of water (3)
Amount of Oil in the plant material
Fig.l: Schematic diagram of the extraction plant

V. Energy Analysis
The key point for energy modeling is modeling the
property of the plant inside the still. By assuming a
given mass of plant material has some moisture inside it
and considering the oil yield of the plant material, the
amount of energy required to liberate the essential oil
will be estimated, so that the amount of steam required
will be known.
According to their local availability and their world,
market class three eucalyptus species aromatic plants
are selected and the calculation is performed based on
the main components available in the plant materials.
Eucalyptus sp. (bahirzaf)
Table 1: Eucalyptus species temperature and pressure [2]

Latent heat of vaporization of oil components
The latent heat of vaporization of oil components can be
calculated by the following equation;
L

 2.3Rd (log p )
d (1 / T )

= 12440 cal. (1)

For Eucalyptus sp., by considering the basic component
1, 8-cineole (26.2%)
Since mol. wt. of 1.8-cineole is 154, then its latent heat
is,
= 80.8 cals per gram
L=80.8*4.2 = 339.36kJ/kg
Then by considering these data, the amount of steam
required to liberate the essential oil can be calculated as
follows:
Moisture content of the plant material = 55%-60%
Yield of Eucalyptus Citrodora:
Max = 1.88% , Min = 0.66%
Specific heat capacity of plant material,
C  0.85

cal
kJ
 3.57 o
g oC
kg C

Mass of the plant material in the still: The stripping
chamber (still) was designed to process a maximum of

w
) *mass of plant material (4)
w

(Moil) = Yield (

= 0.188 kg of oil
Latent heat of Vaporization of oil and water
The amount of energy required to vaporize the oil,
Eoil= Loil * Moil= 63.8 kJ (5)
To calculate the energy required to vaporize the water,
at one atm. Pressure, the latent heat of vaporization for
water is = 2257.1 kJ/kg.
The amount of energy required to vaporize the water is,
Ewater =Lw* Mw=13542.6 kJ
Heat gained by the plant material,
= 2677.5 kJ (6)
Hgained=
Then the
total amount of energy required,
Etotal = Eoil + Ewater + Hgained= 16283.9 kJ (7)
The amount of steam required,
Temp.
(oC)
85

Temp.
(oK)
358

99.3

372.3

110

383

Msteam =

1/T

P(mmHg)

Log (P)

2.79*1
0-3
2.69*1
0-3
2.61*1
0-3

9.82

0.99

19.1

1.28

30.35

1.48

= 6.086 kg, taken as, 10 kg, (8)

The total volume of the steam generator tank will be,
Vtank= 20 L.
Energy loses fluid flowing from boiler to still
Major energy losses: The viscosity causes loss of
energy in the flows, which is known as frictional loss or
major energy loss and it is calculated by the following
formula;
From Darcy-weisbach formula
The loss of head, hf =4f L V2 / (2gD)= 27.3 m
Bending in pipe:
The head loss due to bending equation is
hb=k (V2 /2g) = 0.35 m (9)
Therefore, a total of fewer amounts of lose.
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A. Steam generators design
There are numerous types of boilers that can be used as
steam generators, some which are heated vats of water
that generate saturated steam, while others are industrial
boilers that can be made of varying capacity and
sophistication. The boiler for steam distillation of
essential oils should capable of producing a saturated
steam at a pressure of 1 atm.
The steam generation unit was designed to take 20 liters
of water, as this quantity will be enough to exhaust the
1O kg raw material charged into the stripping chamber.
The diameter of the boiler is taken 0.35m; volume of
water to be used is known and that density of water
being 1000kg/m3.
Height of the unit was determined from;
h

= 0.102 m. say, 0.2m (10)

These are the fittings, which are mounted on the steam
generator for its proper and safe functioning. Pressure
gauge, Safety valve, Flow control valve, Pressure
reducing valve
Analysis of wood stove
The wood stove is rectangular in section and generally
consists of a combustion chamber, a top section and a
base. The hearth of the combustion chamber is made of
clay the outside of which is encased in a mild steel
casing. The grate or fuel bed is at the base of the
combustion chamber. The base of the stove consists of a
door for loading fuel wood into the combustion
chamber, and it also has a chimney to remove the smoke
from the combustion Based on the choice of a domesticsize stove, the following parameters are selected for the
design: height of the combustion chamber, hc= 500mm;
width of combustion chamber, w = 400mm and depth d
= 400mm a stoichiometric Air/Fuel ratio, A/F = 6.1 kg
air/kg fuel.
For an actual air supply which is 20% in excess of
stoichiometric, actual air/fuel ratio, A/Factual = 7.32 kg
air/kg fuel.
Combustion Air Inlet
The burning rate, m", of a typical fuel wood based on
mass loss rate is between
The mass of wood burned per second may then be
expressed as,
The actual air supply rate corresponding to the mass
burning rate can also be expressed as,
(11)
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Volume rate of air supply,

The area of air opening,

is related,
(12)

For an air opening being rectangular in section with a
vertical dimension, h = 100mm, and a horizontal dimension, l = 108.69mm.
B. Design of the still (Stripping Chamber)
The most critical parameter in the design of the still, or
number of stills to be serviced is the steam capacity of
the boiler. If the amount of steam necessary to displace
the oil, and the oil content is known, then the size of the
boiler should be able to be determined.
The design of the stripping chamber basically involves
the determination of chamber volume and height, the
diameter of the chamber used is 0.28m.
Volume of the chamber,
= 0.025m3(13)

V=

chamber height, h was determined as:
= 0.406 m, says, 0.45 m

Pressure drop across the packed bed,
]Using
the velocity –head concept approx velocity drop can be
obtained as:
)=0.00221/gc(14)

where, V = mass velocity 0.0094 Kg/s..
C. Condenser (Heat Exchanger) Design
The steam containing essential oil vapor leaves the still
and passes into a condenser by way of tube. Some sort
of gauze or screen is often fitted at the mouth of the tube
to prevent plant material being blown over into the
condenser. In the condenser, the vapors are cooled and
condense. It is important that condensation is complete
or oil may be lost by evaporation. A more efficient type
of condenser is the multi-tubular type in which a series
of coil tubes are mounted inside a cylindrical jacket
through which cooling water is passed.
Flow to the shell
Volume flow rate, Q=V*A=2.51*10-4 m2 (15)
Mass flow rate,
= 0.7455kg/s (16)
Flow inside tube
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The recommended speed of steam in pipelines is 80
ft/sec (24.5) m/sec

Pt = 1.25d0 = 1.25*403 = 503.75mm
Bundle diameter,=
3.06 m, Where,

the mass flow rate: ṁc = 0.01414 kg/sec
Total number of tubes taken is to be 20.
Energy and thermal balance
Since the steam is saturated gas, it has latent heat of
condensation and sensible heat rejection
Q v =L*ṁ =31.914kw, Where L= latent heat of
vaporization (2257) kj/kg

K1 is constant = 0.215
Shell diameter, Ds =(bundle diameter, Db)+(clearance)
= 3.20 m
Reynolds number to check the flow is laminar or
turbulent,
=31.795*105 Rs=31.795*105(25)
Rs=
hence, Rs  2300 the flow inside the tube is turbulent
For turbulent flow, use nulsent number,

Sensible heat reduction, Qs= ṁc Δt =3.545 kw, Where,
ΔT= Tf - Ti = 600c
The total amount of heat energy released is,
Qt= Q v + Q s= 35.46 kW (17)
thermal balance
Amount of heat released by steam = Amount of heat
absorbed by cold water,
Q steam=Q water, or Q v +Q s= Q w = ṁc ΔT (18)
where: C = specific heat capacity of water at mean
temperature = 4.183
Change in temperature, ΔT=
=11.4 0c, then final
0
temperature, ΔT = Tf –Ti = Tf+ 25 c, Tf = 36.4oc, The
raw water is heated at this temperature
Shell side
Log mean temperature,
LMTD=

=33.640C (19)

Measure of temperature efficiency of the exchanger,
= 0.164 (21)1.85145,0.09688
S=
True temperature difference,
Tm= Ft Tlm= 20.830c, where, (22)

From the correction Table of hot fluid versus cold fluid,
Average value of heat transfer coefficient, Uass was
taken from the table as 300 W/m 2°C.
= 5.674 m2 (23)

Area of one tube, at length of tube in the shell,
38cm, At=
= π* 0.4*0.38= 0.4775m2 of tubes,
Number of tubes,
Nt=

= 20451.8

Convection Coefficients,
ho=

= 1.27*105w/m2 , (26)

out side heat transfer rate
Tube side:
Mass velocity in tube side,
Gt =

= 0.0094 Kg/ ms, (27)

where, At= no of tubes *
Reynolds number to check the flow is laminar
Or turbulent, Rt=
=10.836  2300
Hence, the flow inside the tube is laminar,
=2303.51

w m2k

And hio = hi

id
od

(28)
s, where, h‟fg=hfg+
=1785.3

3 8cpt s  t w 

w m2k

Then the clean over all heat transfer coefficient, Uc =
=1762.5

w m2k

(29)

Then dirty factor for resistance is taken to be Rf =0.0003
for city water
Over all heat transfer coefficient is Ud,
1
1
R 
w m 2 k (30)
U
Uc , U d = 1 1 5 2 . 9
f

d

We know that: Q=Ud A Tm lm , where;
Tm lm is log mean temperature [5].

= 0.6192

Heat transfer area, A =

=

Use, hi=0.555

Dimensionless correction factors:
Ratio of shell - side and tube - side fluid temperatures,
= 5.26 (20)
R=

Ft =

Nu=

= 11.88 , say 12. (24)

Tube pitch for equilateral tube arrangement,

The area then; A=

= 0.10 m2

Then the total surface area will be
A=  * id * L (31)
The length of the tubes, L=
= 0.95 m, say
1.0 m of tube length is required
D. the separator ( Decanter or Settler)
Once the oil and water vapors have condensed, the oil
droplets must have time to coalesce. This is done in the
oil separator; Oils separate from water according to their
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density because they are immiscible or only sparingly
soluble. If their density is less than 1.00, then they will
float and are called “lighter than water” oils, whereas if
their density is greater than 1.00, then they will sink and
are referred to as “heavier than water” oils. Most of the
oils from herbaceous plants and leaves are lighter than
oils,
Some constants used in the decanter design such as
density of dispersed phase (i.e. eucalyptus oil), pd was
found to be 823.16kg/m3, that of the continuous (heavy)
phase (i.e. water), c is 1000kg/m3; acceleration due to
gravity, g=9.81m/s2 and viscosity of the continuous
phase, µc is 1Ns/m2. Then, diameter of the decanter vessel, d was taken the half of the boiler, which is hold the
amount of water that comes from boiler 0.25m.
Interfacial area,
= 0.0491 m2
The decanter vessel height,
= 0.5 m
droplet diameter, dd used for the design was 150 µm.
Settling velocity of the dispersed phase droplets,
= 2.16mm/s (rising) (32)
Residence time of droplets in the dispersion band,
=
= 231.5sec.(4min.)
Velocity of oil phase,
= 0.432 mm/s.
Entrained droplet size,
= 0.07µm. (33)
Height from datum to light liquid overflow,
0.45 m(34)
Position of the interface (height from datum to
interface),
0.25 m(35)
Height from datum to heavy liquid overflow,
=0.49m.(38)
VI. FABRICATION AND ASSEMBLY OF THE PLANT

The components of the plant designed such as steam
generation unit, stripping chamber, condenser and
support frame were fabricated and assembled to obtain
the plant. An assembly of the fabricated plant is shown
in Fig.2 below.

VII. TESTING OF THE PLANT
The procedure for testing the plant involves ensuring
that the plant is in good condition and this could be
initiated by closing all valves that are supposed. The
boiler tank was filled with clean water and the stove was
put on and burns the wood and the starting time was
recorded. The leaves were prepared, weighed on a scale
and charged into the stripping chamber. When the
thermometer reading on the boiler reads 100°C, and
steam pass through pipe to the stripping chamber (still),
the effectiveness of the steam generation unit was
monitored to ensure its ability to generate steam rapidly
and that of the stripping chamber by its ability to strip
the leaves effectively. The condenser vents were also
monitored. The water on top of the condensate was
drained thus leaving the oil in the separating funnel. The
oil collected was put in a bottle and closed. The process
above was repeated until no oil was observed in the
condensate. The time from starting the stove to when no
more oil drops was recorded as the maximum extraction
time. The procedure was repeated for other batch runs,
each time recording the maximum extraction time and
the corresponding quantity of oil collected. From the
tests carried out, from 10 Kg leaves the plant extracted
only 15.5 ml of eucalyptus oil for 78 minutes run.
VIII. COST ANALYSIS
Cost is a major factor that determines the materials to be
used as well as the method of fabrication to be used in
the manufacture of an item. Hence, it is very vital to
ensure that the cost of the finished item is moderate and
affordable. The total cost incurred in the cause of
developing the designed extraction plant consists of
machine cost, material cost, and labor cost. The
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overhead cost was taken as 20% of the total materials
cost. The total cost incurred is:
Total Production cost = (Labor cost + (machine cost +
material cost))= 2000 + 11,312 = 12,312 Birr, which is
appropriate for micro enterprise that have capital of less
than Birr. 100,000 it creates good job opportunity.
IX. CONCLUSION
The Eucalyptus oil yields and quality obtained by the
operating parameter subjected to the leaves at the
pressure of 1atm. and temperature of 1000c were found
to be the optimum operating pressure and temperature
respectively.
The amount of essential oils mathematically obtained by
steam distillation 0.188 kg oil or 15.5 mL per batch of
essential oil in 10 Kg of Eucalyptus leaves with total
volume of 20L water.
The plant for extraction of essential oil from eucalyptus
leaves was developed. The total cost of the plant is Birr.
12,332. The total cost of product sale is appropriate for
micro enterprise that have below Birr. 100,000 capitals
it creates good opportunity for their work.
To increases volume of Essential Oil with increase in
temperature by keeping time of heating as constant. On
decreasing the pressure we can extract Essential Oils of
different plant materials at relatively less temperature
and within less time of heating.
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ABSTRACT:- The demand for never ending consumption of non-renewal sources of energy for every day needs has been a
concern and a threat to our human civilization, which in recent times has significantly been addressing for alternatives. The
approach for greener technology and renewal energy hence are undoubtedly becoming an indispensable source to reinstate
the continuity for resources.
This paper presents the feasibility study, design analysis, simulation and implementation of solar energy, by designing a flat
plate solar water heater and energy storage for small scale water heating applications in Debre Berhan City. A phase change
material vis-a-vis paraffin wax installed within a small cylinder made of aluminum has been used for solar heating storage.
The amount of solar incident light for different times of the year were reviewed and referred from the available published
literatures for Debre Berhan city. The stored solar heats are extracted by allowing water to pass through a storage unit from
a storage tower, which are completely insulated to prevent any loss of heat. The transfer of heat takes place from the phase
change Material to the water, which are then transferred for various applications. By measuring the temperature of the
phase change material and the heat transfer fluid (water) at different sections, the temperature distribution of paraffin wax
and water with respect to time can be ascertained. The results are encouraging with the capacity of heating 75-80 liters of
water at 80 oC with 6-7 hours of heat collection from a single solar flat plate having dimension of 2 meter by 1.5 meter.
Keywords: Flat plate solar heater, phase change material, thermal energy storage, paraffin wax
1. INTRODUCTION
Solar energy has always been a viable option for the energy
problems faced by the world. In many parts of the world,
direct solar radiation is considered to be one of the most
prospective sources of energy. Many researchers all over
the world are in search of new and renewable energy
sources [1]. Solar energy is the radiation resulted by
nuclear fusion reactions in the sun.
This radiation can be directly converted into heat for
various heating applications. Basically the solar water
heater applications composed of two major components.
These two components are a solar collector and a thermal
energy storage unit. The solar collector collects the solar
radiation and heats the water. Both the solar radiation and
the residential water heating demands are time dependent
and do not match each other. The selection of a TES
system for a particular application depends on many
factors, including storage duration, economics, supply and
utilization, temperature requirements, storage capacity, heat
losses and available space [2]. Thermal energy can be
stored in the form of sensible heat or latent heat. The latent
heat thermal energy storage method is suitable for solar
water heating because of the capability of storing a large

amount of energy as a phase transition at a constant
temperature. Phase change materials (PCMs) are latent heat
thermal storage materials. They store energy in the process
of changing from solid to liquid state. PCMs store heat as
sensible before attaining its phase change temperature and
then heat storage continues as latent at constant temperature. Generally, Phase change materials (PCMs) for TES
are materials supplying thermal regulation at particular
phase change temperatures by absorbing and emitting the
heat of the medium through active and passive systems.

Fig. 01: Processes in a general Thermal Energy Storage (TES)
system
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A complete Thermal Energy Storage (TES) process
involves at least three steps: charging, storing and
discharging. Thermal energy storage through PCM is
capable of storing and releasing large amounts of
energy. The system depends on the shift in phase of the
material for holding and releasing the energy. Figure 01
and 02 shows the processes in a general Thermal
Energy Storage (TES) system, and different types of
thermal storage of solar energy respectively.

April 2018
or air at temperatures less than 80°C.
The solar domestic hot water system uses the sun‟s energy collected by a flat-plate solar collector as shown in
Fig. 03, and stored by thermal energy storage device
which contains phase change material (paraffin wax)
transfers the heat to water. The system (Fig. 04) then
draws upon this reservoir when you need hot water in
household.

Fig. 03:Flat plate Solar Collector

Fig. 02: Different types of thermal storage of solar energy

2. SOLAR WATER HEATING SYSTEM
A typical household, during non-sunshine period,
requirement of water for one person is around 20 liters
and hence the total requirement for a family having four
people will be around 80 liters. The flat-plate collectors
can be designed for applications requiring energy
delivery at moderate temperatures using both beam and
diffuse solar radiation and requiring little maintenance.
They are mechanically simpler than concentrating
collectors. The major applications of these units are in
solar water heating, building heating, air conditioning,
low to medium temperature liquid heating and industrial
process heat. In flat plate collector the absorbing surface
is approximately as large as the overall collector area
that intercepts the sun's rays.
A typical flat-plate collector is an insulated metal box
with a glass or plastic cover (called the glazing) and a
dark-colored absorber plate. These collectors heat liquid

Fig. 04: Functional components of the solar water heater system

Latent heat storage (LHS) is based on the heat absorption or release when a storage material undergoes a
phase change from solid to liquid or liquid to gas or vice
versa. The heat storage capacity (Q) system with a PCM
medium is given by [1]

The first term represents the heat transfer from the heat
storage to the heat transferring fluid before the PCM
solidification. The second term represents the energy
released during phase change and the last term
represents the sensible energy transferred from the solid
PCM to the heat transferring fluid.
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When the energy is stored or released by increasing or
decreasing the temperature of the storage material
respectively, it is considered as the sensible heat storage. The amount of thermal energy stored is dependent on the temperature change in the material (Table.
01) mass of the material, m (kg) and its heat storage
capacity
and can be expressed as: [1]

Where,
T1 and T2 are the lower (initial) and upper (final)
temperature levels between which the storage system
is operating.

but not that much significantly far from the average
value. And the design has to be based on the higher load
or lower supply temperature.
=1.0387KJ/s
This is the amount of heat collected from the collectors
per second. Therefore, for 6 hr‟s we have 22458.4 KJ/s.
From the relation 1 litter of water equals with 1 kilo
gram of water. We have for
requires
1.0387 KJ/s of heat.
Therefore, to boil 1L of water at 80oC or 353k requires
280.73 KJ/s of heat. Hence for 80L of water at 80oC the
amount of heat required is 22458.4 KJ/s. The relation
between the heat required and volume of water has been
depicted in Fig. 05.

Table 01: A list of selected solid – liquid materials for
sensible heat storage [1]
Material

Fluid type

Temp. range
°C

Density
(kg/m³)

Specific heat
(J/kg K)

Rock

Solid

20

2560

879

Brick

Solid

20

1600

840

Concrete

Solid

20

19002300

880

Water

Liquid

0-100

1000

4190

Calorie
HT43

Liquid (Oil)

12-260

867

2200

Engine oil

Liquid

Up to 160

888

1880

Ethanol

Organic liquid

Up to 78

790

2400

Proponal

Organic liquid

Up to 97

800

2500

Butanol

Organic liquid

Up to 118

809

2400

Isotunaol

Organic liquid

Up to 100

808

3000

Isopentanol

Organic liquid

Up to 148

831

2200

Octane

Organic liquid

Up to 126

704

2400

Fig. 05: Amount of heat required to volume of water in litter

The useful energy output of the collector must be
greater than the load needed to be stored. So we can
estimate the minimum area required to bring the water
to temperature of 80oC. For locally fabricated collectors
the useful energy output is recommended to be 1.2
times the required load to take in to consideration the
manufacturing in accuracy and un expected heat loss.
Then the useful energy output
= 1.246KJ/s
Where:
Where
is the average transmittance-absorptance
product for a given hour and IT is the average incident
solar radiation of Debre Berhan

The load is the heat energy required to heat up the water from the supply temperature to the delivery or exit
temperature. Actually the load varies since the supply
temperature varies throughout the day. At the shiniest
hour of the day the supply temperature of the water is
higher since it is heated up in the tank by direct sun
ray. At this time the required load is somewhat lower

When the beam fraction is high,
is close to
So
it is reasonable to use beam radiation only since for
most of the time Debre Berhan is under clear sky. Useful energy gain by the collector is highest when beam
radiation is high, and as an approximation when IT data
are available, the following can be assumed to be:
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Latitude
Longitude
Elevation
Heating design temperature

̊N
̊E
m
O
C

Cooling design temperature

O

Earth temperature amplitude
Frost days at site

O

205
209
230
255
257
269
3227
10

0.0

42
38
14
10
5
4
132
17.7
17.7
18.5
19.5
20.5
21.5
21.5
3.5
2.9
2.4
2.3
2.8
3.0
3.0
80.4
80.5
80.4
80.4
80.4
80.4
80.4
5.16
5.18
5.81
5.86
6.01
5.95
6.0
16.3
16.4
17.3
18.0
18.4
18.7
18.8
July
August
September
October
November
December
Annual measured at(m)

82.2
82.0
73.1
52.2
43.1
40.7
57.5

320
310
237
1
1
13
24.8
23.1
19.7
2.9
3.1
3.7
80.3
80.4
80.4
6.69
6.32
5.71
54.0
63.5
79.7

287
298
350
3
1
0
23.3
25.6
26.4
3.1
3.1
3.0
80.4
80.3
80.3
6.20
6.53
6.52
39.2
36.6
43.1

Atmospheric
pressure
Kpa
Relative
humidity %
Air
temp.
in OC

20.8
19.9
17.6

Climate data
location
11.6
37.8
1985
11.35

March
May
June

Unit

19.5
20.9
21.6

Table: 02: Atmospheric science NASA surface meteorology and solar
data center energy RET Screen datalatitude11.6 / longitude37.8

Month

From (b this for black chrome on Ni plated steel
sheet  = 0.95; and n   Therefore (b = 0.77.
and av   The value of is the average incident solar radiation which has been obtained for Debre
Berhan, Ethiopia from Renewable Energy Technology
(RET) screen of NASA as shown in the Table02 and 03

January
February
April

Cooling
degree days
o
Cd
Earth temperature
O
C

For given tilt angle of 11.6o the incidence angle in case
of diffused from sky is 59o. Therefore, the effective
incidence angle of isotropic diffuse radiation and
isotropic ground-reflected radiation on sloped surfaces
and ratio of solar absorptance and solar absorptance at
normal incidence for a flat black surface. From
Beckman et al. a/an = 0.92 and   .

Wind
speed
m/s

For determining the angle of inclination, it has been
established that the tilt angle for vertical is 90 degrees
and horizontal is 0 degrees. This inclination angle will
play a vital role in determining the performance during
the seasons. If the angle is steep, a better relative performance during the winter is achieved when the sun is
at a lower angle. A great strategy for application is that
it requires a maximum collection performance in the
summer. However, for the best annual average performance, the rule of thumb is to tilt the collectors at an angle
equal to the geographical latitude. So the collector tilt
angle  for Deber Berhan is 11.6o

Daily solar
radiation horizontal
KWh/m2/d

Angle tilt of solar collector

Heating
degree days
o
Cd

Where a/an is the ratio of solar absorptance and solar
absorptance at normal incidence for a flat black surface,
an is the absorptance of the plate at normal incidence and
 is the transmittance respectively.
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Therefore, the solar energy absorbed by the collector has been calculated as

C

26.70

But the peak solar hour is 6 hrs/day so, the resulting
solar power is

C
Days

15.59
0

Incorporating the loss efficiency, the total loss
coefficient (UL) is given by UL = Ut +Ub+Ue

Table 03: Incident solar radiation for Debre Berhan from RET screen
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Where: Ut is the top loss coefficient, Ub is the back loss
coefficient and Ue is the edge loss coefficient respectively. In the above calculation, N = number of glass
covers = 1; g= emittance of glass (0.88); p= emittance
absorber plate= 0.09, for black chrome on Ni plated steel
sheet; Ta = ambient temperature (K) = 13oC; hwi= wind
heat transfer coefficient,
and σ = stefan boltzman constant
respectively
Insulation material
Analyzing the insulation zone in the solar collector, the
conduction heat transfers between the insulation and the
absorber and the radiation between the insulation and
the surrounding ambient are vital in selecting insulation
material. The energy loss through the bottom of the
collector is represented by two series resistors, R3 and
R4, where R3 represents the resistance to heat flow
through the insulation and R4 represents the convection
and radiation resistance to the environment. It is usually
possible to assume R4 as zero and all resistance to heat
flow as due to the insulation. Thus, the back loss coefficient Ub is approximately
where k and L are the
insulation thermal conductivity and thickness, respectively. Table 04, entails various properties of the
insulation materials.
Table 04: Insulation materials and their thermal conductivity

Material
Foam, polystyrene
Fiber glass
Wool felt
Paper

Thermal conductivity
0.033
0.0395
0.05
0.06
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significant heat loss may occur from the edge of each
module. But the edge loss for collector area of 1 m ×2
m, the edge losses would increase to over 5%.
Therefore,
The collector area has been calculated for a specification
of Tam =85 Co = 358k and Ta=13 Co = 286k as
Using the above collector area, considering the length of
collector plate is 2 m, width of collector plate is 1.32 m.
The collector ef- ficiency can be calculated by using
53.6%
Where; Cp is the Specific heat capacity of water =
and I is the average incident solar radiation of Debre
Berhan respectively
Thermal properties of glass cover such as transmittance,
reflectance, and absorptance are functions of collector
performance. Therefore, the choice of collector glazing
material should focus on increasing transmittance and
reducing reflectance and absorbance. Generally, when
increasing glass thickness, transmittance and convective
losses decrease, while reflectance increases and vice
versa. It has been concluded that 3mm glass thickness
gives high transmittance (low reflectance) and high
convective losses; however, its performance is much
lower as compared to 4 mm as shown in Fig.06. The
5mm and 6mm glass thicknesses gave low transmittance
(high reflectance) and low convective losses and therefore gave poor performances compared to 4mm glass
thickness. Therefore, 4mm glass thickness gave optimal
transmittance and convective losses, and hence is the
best glazing thickness for flat plate solar collector. [9]

With all the considerations the Fiber glass has been
considered as the insulation materials for the present
study. The optimization is between cost, availability and
efficiency. Therefore,
.
For most collectors the evaluation of edge losses is
complicated. However, in a well-designed system, the
edge loss should be small so that it is not necessary to
predict it with great accuracy.
Thus, edge losses for well-constructed large collector
arrays are usually negligible, but for small arrays or
individual modules the edge losses may be significant. If
the individual collectors are not packed tightly together,

Fig. 06. Performances of solar collectors with different glass thicknesses.

Heat exchanger
The PCM based heat exchanger has to be incorporated
with solar water heater and an n-hexacosane PCM
material having the following properties as shown in
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table 04 at room temperature have been used for our
system.
Table 04: Properties of n-hexacosane
Melting point temperature(K)
Density(ρ) (Kg/m³)
Thermal conductivity(k) (w/mk)
Latent heat of fusion (L) (KJ/kg)
Heat capacity (Cp) (kJ/kg.k)

353
770
0.21
257
2.85

A tube in shell type heat exchanger is the simplest
choice of heat exchanger as the incorporation of phase
change material is also easy in this type of exchanger.
The phase change material is incorporated in the tube
side of the heat exchanger and the heat transfer fluid
(HTF), which is water in this case, flows from the shell
side of the heat exchanger. The amount of heat energy to
be stored, during summer season the average temperature at which the water is available in the tanks is around
13-31oC. Hence, amount of heat required to carry out the
above transition or the amount of energy needs to be
stored (Qs)
Therefore, incorporating the mass of PCM
Hence approximately 24kg of PCM needs to be incorporated in the heat exchanger.
The cylindrical water tanks made up of mild steel
material will be subjected to internal pressure due to the
water inside them. The pressure is generally taken to be
uniformly distributed over the internal surface of the
tanks. If the wall thickness is equal to or less than 1/20
of the internal diameter, the vessel is said to be thinwalled; otherwise, it is taken to be a thick-walled vessel.
Mild steel sheet has been used for hot and cold water
tank with yield strength
and thickness.
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The thickness of insulation is used to minimize the heat
loss for affixed temperature difference (Tw - T) between
the inside of the pipe and the flowing fluid far away
from the pipe.
(Tw - T) is the driving temperature difference for the
pipe. An optimum insulation thickness would be
associated with the value of „r‟ that minimized Q’ or
maximized Rtot.
Therefore, the efficiency of TES device can be calculated as:
Where:
T= Temperature difference of PCM
Now assuming the inner radius of storage tube to be increased by 5mm, the heat variations has been evaluated
as shown in table 05 and Fig. 07
Table 05: Heat loss with insulation thickness
r3 (mm)
155.34
314
325
335
345
355

Rcond.(mk/w)
354.2
13.64
13.639
13.634
13.63
13.62

0.01044
3.2257
3.230
3.232
3.234
3.236

Rconv.(mk/w)
0.1083
0.0553
0.0516
0.0502
0.0487
0.0473

Fig. 07: Heat loss versus insulation thickness

The total conductive thermal resistance in the cylindrical
wall is defined as:[11]
4. CONCLUSIONS
And the heat flow per unit length Q’ is given by:

This presents paper evaluates the feasibility of the solar
water heating system in Debre Berhan city by designing
flat plate solar water heater and energy storage for small
scale water heating applications. It has been concluded
that the solar incident light is capable for water heating
system up to 75-80 liters of water at 80oC from a single
solar flat plate having dimension of 2 meter by 1.5
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meter. The overall heating capacity of 53% has been
achieved for the heating system which is very encouraging. However, the efficiency of the heating system can
be further attained by minimizing the sealing losses as
well as by increasing the absorption of the solar radiation. Also the incident solar light can further be enhanced by implementing more than one plate which will
further increase the overall solar absorption capacity.
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ABSTRACT :- Global warming is a critical and a major issue which plagues the environment not only in Ethiopia but all over
the Globe, which are directly or indirectly the results of human activities. The alarming rate of pollution created by waste
dumping has been a huge concern especially in developing countries like Ethiopia where the waste management facilities are
not facilitated properly. The present work envisages solving some of the problems of dumping of waste paper material by
proposing a machinery mechanism for recycling the waste papers and also optimizing the characteristics of the recycled paper
for better strength applications.
All paper products are basically made of natural pulp, which are inherently the by-product of natural wood, bamboo and other
forest products, which its usage overtime would impacts deforestation significantly. In Ethiopia sufficient amount of waste raw
papers goes unused due to lack of proper machinery and marketing networks, wherein, causes not only environmental problems but also loss in country‟s economic values as new paper imports are still significantly high as compared to indigenously
manufactured recycled paper. The design focuses on a simple mechanism with helical blade cutter driven by an electric motor
for recycling raw papers into fine chaffs. The fine recycled chaff papers are then processed with sodium sulfide and sodium
hydroxide in a circular container for pulp formations. The pulps are then matrix with natural hemp fiber by using epoxy propyl
trimethyl ammonium chloride as the bonding agent for further strength characteristics. The results are promising as the
processed papers are capable of holding a weight of 5 kg for a rectangular box having a dimension of 140*250*300 mm
(width, length and height respectively).
Keywords: Paper recycling, natural hemp fiber, sodium sulfide, sodium hydroxide, epoxy propyl trimethyl ammonium chloride
1. Introduction
Composite materials based on fibers of natural polymers,
such as wood cellulose fibers, recently attracted much
attention due to their remarkable environmental and
economic advantages.
The supply of paper in Ethiopia is dominated by imported
products. The only paper producing factory in Ethiopia is
Ethiopian Pulp and Paper Share Company which is located
at Wonji. This factory has a production capacity of 8,00010,000 tones, annually. Due to the limited production
capacity of the country's sole producer of paper, the country
imports a large quantity of paper from oversees (Table 01).
Table 01: Paper Supply in tones
Year
1988
1999
2000
2001
2002
2003
Average

Domestic
7,486
10,420
5,143
6,144
7,719
6,683
7,266

Import
20,313
160,612
413,432
100, 302
32,216
35,926
127,132

Total
27,802`
171,032
418,565
106,446
39,935
42,609
134,398

As can be seen from Table 1, the 1998/2003 average annual
domestic production of paper was 7,266 tons while in the
same period 127,132 tons of paper have been imported which
means the average total supply of paper during the period
under consideration was 134,398 tons per annum, of which
only about 5% was locally produced. Supply of paper has
shown a leap in the three years (1999-2001) and returns back
to the under 50, 000 tones level in 2002. Excluding the leap
years, the average annual total supply remains 36,782 tones
with an annual growth rate of 8.8%. Applying this annual
growth rate, the current effective demand for paper is
estimated at 46, 359 tones.
Fiber reinforced resin laminates, such as carbon Fiber
reinforced plastics (CFRP), are widely used in aerospace and
other applications because of their favorable strength-to
Weight ratio. These composite laminates may be fabricated by
laying up multiple plies of unidirectional reinforcing fibers
held in a resin matrix, commonly known as prepreg. The plies
in the layup may have differing Fiber orientations arranged in
an order that results in the required laminate strength and
stiffness for a particular application. In aircraft skins, the
composite laminate may comprise groups of plies respectively
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having reinforcing Fibers oriented at 0, +45, - 45 and 90
degrees relative to a reference axis, with the majority of
the plies being +/- degree plies. Although the number of
plies in the laminate may vary at different locations along
the Wing, the angular orientation of the plies may be
substantially constant over the length of the Wing, and
therefore not fully optimized to match performance
requirements at individual locations on the Wing. The use
of these differing ply orientations allow the composite
laminate structure to better resist ben- ding, shear,
torsional and bearing loads for a given application, but the
use of constant orientations of the plies may result in a
skin that is heavier than desired for a particular
application. [1].
The stress transfer in a composite depends largely on fiber
orientation, stress concentration at the fiber ends, fiber
length, interfacial shear strength and compatibility between fiber and matrix [2]. The moisture absorption by
composites containing natural fibers has several adverse
effects on their properties and thus affects their long-term
performance. Figure 01 and 02, graphically illustrates the
relationship between strength/stiffness and the cross-ply
Fiber orientation angle 

April 2018
Fig.02: Illustration of a graph showing the relationship between
strength/stiffness and cross-ply angle.[2]

2. Paper Recycling Process
The first process of paper recycling is converting waste
paper in to paper pulp through a mechanical process, by
which the waste papers are sent to a helical blade grinder
which break the paper in to small chafe that cause pulp
formation. The pulp is filtered to remove any foreign
objects. The paper pulps are then converted into small
piece of paper through a chemical process in which the
paper pulps are treated with a chemical solution in huge
vats called digesters. The small chaffs are fed in to the
digester and boiled at high pressure in a solution of
sodium hydroxide and hydro sulfide. The small chaff of
papers is dissolved in to pulp in the solution then the pulp
is sent through filters to the next stage. The second stage
called is beating, in which the pulp is put through a pounding a squeezing process inside a large tube where the pulp
is subjected to the effect of machine beats. Finally, in
order to convert the pulp in to paper the pulp is fed or
pumped giant, into an automated machine. The common
type is called the four drier machines. Pulp fed in to a four
drier machine on a moving belt of fine mesh screening.
The pulp is squeezed through a series of roller with a
suction device below the belt that drains off water. The
paper then moves to the press section of the machine
where it is pressed between rollers of wool felt. The paper
then passes over a series of steam heated cylinder to
remove the remaining water and moister content.
Finally, the dried paper is wound onto large reels, where it
will further process with hemp fiber for better applications. Figure 03 and 04 shows the general schematic
procedure and the functional flow chart of recycling waste
paper process.

Fig 01:Illustration of an exploded, perspective view of several
individual plies of the composite laminate[1]
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Fig 03:General procedure of recycling waste paper

Fig.06:Cross ply orientation

Fig.07: Lamination of paper with fiber ply
Fig 04:Process flow chart

The chemical reaction of starch that are used in recycling
stage for making pulp to paper web with 2,3-epoxypropyl
trimethyl ammonium chloride (EPTMAC) is govern by
the following chemical formula

The fiber lamina as shown in Fig.07 has been bonded together by using a 2,3-epoxypropyl trimethyl ammonium
chloride (EPTMAC) as the bonding agent (Fig. 08). The
governed chemical formula is given by

pH10  12
STARCH  EPTMAC  CATIONICSTARCH
40  500 C
3. Fiber Orientation and Bonding
As the waste paper losses its physical and chemical
property as compared to the new manufactured paper it
needs additional method for enhancing the characteristics.
The fiber laminate includes unidirectional fiber orientation
as shown in Fig. 05,which optimized the properties of the
paper by resisting bending and torsional loads along the
axis of packaging load. However, the most favorite orientation of the fiber that can enhance optimum strength
along the axis of the load was the laminate with cross-ply
orientation fiber (Fig. 06)

Fig.08:2,3-epoxypropyl
trimethyl
(EPTMAC) is used as bonding agent

ammonium

chloride

The final laminated fiber-paper are then tested for its
feasibility and strength characteristics by making a paper
bag as shown in Fig. 08 and 09 with a dimension of 140
x250 x 300 and further analyzed by real time simulation
by using CAD software.

Fig.05: Unidirectional ply Orientation
By using the above fiber orientation as explain above a cross ply
orientation at the bottom or base of the bag is preferred for the
present study.
Fig.09: Paper bag processes
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4. Results and Discussion
The mechanical properties of the paper and fiber which has
been processed and its characteristics have been ascertain by
analysis and the final paper properties predicted is given in
table 02 and 03
Table 02: Mechanical properties of Hemp fiber

Hemp

Fig.10:Final paper bag

Den
sity

Young‟s
Modulus (GPa)

Tensile
Strength (GPa)

Elongation at
break (%)

1.47

17-70

368-800

1.6

The details characteristics results of the paper bag with a
dimension of 300*350 mm (L x H) with +20% tolerance of
the bag has been summarized below
Table 03: Mechanical properties of recycled paper

Property
Typical value
Grammage
g/m2
Grade
Recycled Paper
40 - 50
Size
40-50gsm
300*350 mm
5-6.25 g
Thickness
Grade
μm
Recycled Paper
60 - 80
Moisture
Grade
%
Optimized paper
37.5 - 47.5
Strength Properties
Bursting Strength
Grade
KPa
Optimized paper
750-1000
Bending Resistance/ Stiffness (Lorentzen &Wettre)
Grade
Bending Moment Stiffness (mNm)
MD
Optimized paper
37.5
Typical Tear Resistance Values after
Grade
Optimized paper
Tensile Strength
Tensile Properties of some paper grades after
Grade
Tensile Strength (kN/m)
MD
CD
Optimized paper
9
4.5
Typical Tensile Index Values after
Grade
Optimized paper
Wet Strength
Grade
Optimized paper
Poisson‟s Ratio
Grade
Optimized paper
Young‟s Modulus (GPa)
Paper
Grade:

Resonance Length Stiffness (mNm)
MD
CD
380
170

CD
16.5
Elmendorf Tear mN
1000-1500

Breaking Length (KM)
MD
CD
18.5
9
MD (Nm/g)
225 -300

Stretch (%)
MD
5.5

TEA (kJ/m2)
MD
CD
9
65

CD (Nm/g)
-

Dry Tensile Strength (g)
3250
Vxz
-3.8
Before
2-4
Recycled Paper=40-50 gsm
Optimized paper=70-80 gsm
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Wet Tensile Strength (g)
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Vyz
-0.4
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5. Conclusion
It has been concluded that the paper optimization
method improves the mechanical property of paper for
better strength and utility. The processed papers can be
used for packaging and varied purpose which has the
load capacity up to 5kg. Further, the quality of paper
can be increased by adding easily available chemicals
like epoxy propyl trimethyl ammonium chloride, starch,
bleaching powder, talcum powder, sodium hydroxide,
spraying hydrophobic and so on for further resistance of
moisture content etc. However thermodynamic analysis
of the fiber-paper as well as the fiber orientation can be
viewed further for enhancement of the properties of the
paper.
REFERENCE
[1] Ajay Thakur et-al, 2007., “Design and Fabrication of Compact Paper Recycling Machine‟‟
Recycling machine, vol.8,pp 70-74
[2] Max U. Kismarton, Renton, WA (US), 2013
“Optimized Cross-Ply Orientation in Composite
Laminates the Boeing Company” United States
Patent Publication no, Pub NO :2013/0330503
PP 1-6.
[3] N.P.G. Suardana et-al, 2010. “Mechanical
Properties of Hemp Fibers and Hemp/pp
composites: Effects of Chemical Surface Treatment” Properties of hemp fiber,vol.11., pp 1-8
[4] Tuula Estlander et-al, 1997., “Occupational Allergic Contact Dermatitis from 2,3-epoxypropyl
trimethyl ammonium chloride(EPTMAC) and
Kathon.” Starch Modification, pp. 191-194
[5] Hannan karlssson, 2007., “Some Aspects on
Strength Properties in Paper Composed of
Different Pulps.” Paper Machine, ISSN 14038099, pp 5-21
[6] R.S.Khurmi, J.K.Gupta., 2005., “A Textbook of
Machine Design” Ram Nagar, New Delhi110055

Ethiopian Society of Mechanical Engineers (ESME)

- 51 -

LIBYA OIL ETHIOPIA LIMITED
Tel: +251 114 404040 /424242
Fax: +251 114 423017
P.O. Box: 3174
Addis Ababa

We are committed to meeting all your lubricant needs by providing you with quality and
technical support that you may require.
At OiLibya, we offer a full range of automotive, industrial and special purpose oils for
numerous applications. Our products meet the most critical equipment builder specifications around the world. These products are readily available through our service
stations and our distributors.

