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ABSTRACT

This paper confers with a study and unfold to systé&c know how on how to furnish
Ethiopian universities with power using their owsuadantly available renewable energy
resources and to establish a project for the samgope. In pursuance of that, it was
conducted by collecting and analyzing relevant eeglired data like electrical energy
consumption, weather and site of the targeted uwsites while also rendering
comprehensive attention to other design standardsel as specifications of machineries.
The worst case design is thoroughly regarded hetbim design section for it is more
convincing with respect factor of safety in the mvsolar radiation falls below the annual
average and when there is a minimum amount of Biaggource. The simulation,
optimization and sensitivity analysis of the projecdealt by renewable energy tools of
HOMER software.

Foundation of the hybrid energy generating systesurfaced and actualized by making
estimation of solar and biogas resource at a gsiten The source data for AAUCNCSc
revealed that a mean incident solar radiation 8 &Wh/nf/day and a potential of about
24 tons of biogas resource per a day can be oetlecbnsidering safety factor for the
variation as per day to day and month to monthsbadie data collected for this study
further showed that the electrical energy demanthefsite was 104,870 kWh in the
design year (July 2012) in which a combinationha two systems are going to offset the
necessity. The assessment conducted revealeduthatt ¢he total of 104,870 kWh energy
needed close to 81% is furnished by and fulfilladthwbiogas energy generating system
while the remaining 19% of it is contributed by FV8ystem and yet 0.00492kWh/yr
(0.00%) is found to be excess which ought to blel &othe national grid .

Pursuant to the financial analysis of HOMER, giteresigned HPV/TBS and within an
optimum cost of electricityGOE) of 0.263 $/kWh, renewable fractioRKE) of 1 can be
obtained Generally, if and when the total cost of PV/T miedy the Biogas generators
and the converter are US$ 535,750.00, US$ 50,0G1A80JS$ 8,000.00 respectively. The
software further showed that in the emission amald72,041kg/yr o€0,, 18,099 kg/yr
SG and 7,939N0 can be removed if this renewable design of theitlydystem is to be

implanted instead of non renewable equivalent.
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CHAPTER ONE

1. INTRODUCTION

11 BACKGROUND OF THE STUDY

Electrical energy demand is escalating and enhgralinover the world on these days.
Likewise, there is also a growing awareness foewable energy resources in Ethiopia as
a result of rapidly increasing population and indak development [13]. Owing to the
stated fact, not only Ethiopia but also most caastiof the globe are diverting their
attention to utilize renewable energy resourcesoithe day to day demands of their
subjects intending and in view of satisfying to thigh stipulations of their increasing
population, the industrial growth as well as theréasing utilization of electrical energy.
There are also some limitations, like pollution dingited energy resources which must
be taken into account that compelled considerablmb®r of countries to look for
alternative and substitutes. To mitigate and adlievio any existed and potential energy
related problems, establishing a system which lkifon free and economically more
efficient is becoming vital. At present, the renéleaenergy resources like solar energy,
wind energy and biogas power plants have made gsiple to produce power

economically, which was previously available omiybig power plants [2].
1.1.1 Introduction to Biogas

It is common knowledge that biogas is a gaseougumaxof methane, carbon dioxide,
hydrogen and several other gases, produced by amaefermentation of organic
materials such as animal and human manure, le&wéss grasses, industrial wastes,
etc.[18]. The presence of methane in biogas lentheiproperty of combustibility which
makes it suitable for cooking, lightning and powgrprime movers. The technology for
the production of biogas, by anaerobic fermentatdnorganic materials which are
abundant, low cost and renewable in nature, isilseadailable. In fact, several thousand
biogas plants are already in operation in many ldpugg countries of the world.
However, wide spread generation and use of it dipdargely on the availability of
inexpensive and appropriate plant design, whichldcdae constructed with locally
available material and skills [18,19].In view ofetlsame, the thesis explains in detail

regarding the theory of biogas production, facftecing plant design and operation, as
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well as requirements and attributes which contebtd the optimization of energy

generation. Moreover, design of biogas utilizatidevices and their operational

requirements for lighting, cooking and as a fuel fsime movers have also been
included. Further use of biogas for electric geti@nausing gas engine is the core issues
of this study.

1.1.2 Introduction to Photovoltaic System

In actual terms the word photovoltaic is a setvad words with different meaning has
‘photo’ to mean light whereas ‘volt’ is to mean alecity. The combined meaning of the
term is a direct conversion of sunlight into elmity at an atomic level [18]. Some
materials display a property known as photoeleaiffect that causes them to absorb
photons of light and release electrons. Electrigtyproduced when sunlight strikes the
solar cell, causing the electrons to dislocate mma¥e around. The dynamic effect of
those electrons starts the creation of an electricent. The conversion of sunlight into

electricity takes place silently and instantly [25]
1.1.3 Hybrid PV/Biogas systems

Solar energy has the benefit of having a relatively cost and is highly abundant in

various and numerous locations. On the other haaekrergy has the advantage of
flexibility, ability to store and production of theal energy. In a location where both are
highly available, it is vital and prudent to stuithg possibility of combining them in order

to get the maximum and more efficient outcome. that purpose and in pursuance of
that the best solution can be Hybridization of Pithwiogas. This is because it combines
two energy sources at one that complement eachr, dibéh seasonally and diurnally

which overcomes their individual drawbacks. Durithgg day, the sun’s rays can be
harnessed by PV panels and the chemical reactsiteithe digester will be triggered by
the heat produced during the generation of elegtricy the PV panels to achieve

constant base load operation [34].

Constant base load or full load plants are typjcatiplemented as plant efficiency is

maximized and unit cost of energy is minimized [18pwever, solar energy could be

used to increase plant output during the day. mparison to a biogas-only system, solar

MSc Thesis: Gezahegn Abiti 2
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hybridization reduces biogas demand, thus improeimgrgy security and decreasing l:
required for farming ath storage

What is intended by the researcher to actualizélifidization of PV with biogas is ar
its schematic representation of the system is shovng. 1.1. The figure shows the m:

components of each of the biogas and PV systemshenflow of material as well a
energy in the system [3].

?‘FI\:_!\I(" DL

Ceneraior
T': i B Caridd e :-;-__,-
AC AC AC
Power Power | Power
] Battery
inverter | Chargsr
: )
solar pv ' !
solar | J  Valiage | i Lcrvaster
panal | Regulsts | o e
Ceontrel Pawer
Energy Unit L
Dump ¥ — Baltery
Mff"l-"!"irﬂﬂﬁl.ll
Cangrator e
| 10 Engne il *  Rectifier R YORIG Power
Regulator

Fig.1.1 Hybrid IV and Biogas Systems [25].

As it is shown in the figure of Hybrid PV and bisgaystem. The power sources a
considered as double while each electric power rgéive process is consider

separately. First, what happens during electricaivgy generation by PV system
examined.

Solar Charge .| Battery Inverter .| AC power
panel controller system il
v
DC power

Fig.1.2 Main components of PV system |

The solar radiation absorbed by the PV panels cbaldlirectly converted to electric

energy (DC power); on its way a charge controlterntols the uncertain voltage build t

MSc Thesis: Gezahegn Abiti
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In a bright sunny day the solar cells produce mwaoltage that can lead to battery

damage. A charge controller helps to maintain tdarize in charging the battery.

Basically, a battery is a device that stores gnéog later use. It is a combination of
electrochemical cells that can store chemical gnérgt has the potential to be converted
into electric voltage or, to put it simply; it is device that converts chemical energy
directly to electrical energy. And the last compuina this circuit is inverter, solar panel
generates DC electricity but most of the houselaold industrial appliances need AC
current. The function of an inverter is to convédreé DC to different AC levels. The
storage device or battery is used mainly for offl gystems. For grid-tied systems just
there is no need of battery or storage system sncgelus generation of electricity is

supplied directly to the main grid.

]c EH .nf ASrHEhF‘CI‘H:IHS i violta
w Genera tor Rectifier ge
FEgLLG T

=

Fig.1.3 Main Components of Biogas Power Generdgdygiem [22].

In the built biogas digester a lot of reaction sta@re undertaken to produce methane
which can run the designed IC engine or gas enggmerator set. The engine produces
mechanical power (rotation), and this rotationaltioro will be transmitted to the
electrical generator shaft with the aid of couplemd drives the electrical generator to
produce electricity. The rectifier converts an rai&ting current (AC) to direct current

(DC) to accumulate the DC outputs of both system@nie control unit (DC control unit).

1.2 STATEMENT OF THE PROBLEM

It is a fact that close to 90 % of the Ethiopiaac#iical energy supply is obtained from
Hydropower and the demand in it is still dramaticaicreasing from time to time [13].
Today’'s major energy problem both in world wide wsll as domestic is mainly

attributed to the shortage and inconsistency inplsupf energy required and the
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environmental side effects of its sources. Thesblpms can be mitigated or fully
alleviated by deploying renewable energy schemdsenWve look the energy demands of
Ethiopia, given to its fast growing rate, it is ifag with different energy problems
including but not limited to scarcity and insetyrfinterruption in supply of electricity)
of electric power in different sectors. The edumaai sector is one of the entities to which
such problems and challenges are witnessed. hivi®os that the number of universities
in this country is increasing in number, which tedncrement in the energy demand. On
the other hand within the same path this demandatabe met to all the universities
without instability in supply because of the incesrhof customers in the country basis
and the capacity of available energy generatingntplaSo these two grounds,
accompanied with the need for clean energy andd¢bkessibility of sufficient resources
of both biogas and sunlight, motivated to desigrhydrid PV and biogas energy
generating systems to power the university, tosasise main grid of the country as well

as to alleviate environmental side effects.

1.3 OBJECTIVE OF THE STUDY
1.3.1 General Objective of the Thesis

The overall objective of the study is to designyarid PV and biogas system for Addis
Ababa University College of Natural and ComputagioGcience (AAUCNCSc) so as to
contribute in comprehensive powering the entity aade or lessen energy consumption
related environmental problems and its side effaltiag with simulating and optimizing

the system using HOMER renewable energy software.
1.3.2 Specific objectives
Its specific objective includes the under mentiohatis not limited to it.

 Conduct a Study regarding the average monthictetity consumption
for a given or selected 1 year and the total cwstrred ;

* Proposes a PV or PV/T system specification frogivan manufacturer’s
catalogue that includes its DC rating and evaltiaesize of the system as
well as the necessity of its size ;

» Conduct survey to find out the proposed and selestiitable spot for
mounting the PV/T system as well as for installmggas digester system;
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 Recommend the approximate system size for thecgin;

» Estimate the cost of the PV or PV/T and biogasstaesystems.

» Perform a financial projection of return on inveetrh for the PV/T and
biogas digester systems; and

» Design the array of PV/T systems at/on the selesited

* Analysis of the hybrid system using Homer software.

1.4 MATERIAL AND METHODS

The research will use the following method to tfatesits objective in to concrete reality:

* Literature review;

* Collecting primary and secondary data which haveveamce with the
study;

* Design and analysis of the hybrid system manually.

» Sizing of main components of the plant.

» Selection of these components by comparing withvadgnt candidates on
the current market.

* Modeling and simulation of the hybrid system udimner.

1.5 SIGNIFICANCE OF THE STUDY

According to the world bank study, only 12% the miny's population is blessed to get
electrical energy access in the year 2010 GC [10;IHe growth of industrial sector
accompanied with the life style of its populatiorhigh is greatly reliant in using
electricity augmented the problem. Ethiopia is wetidowed with renewable energy
resources (solar, wind, hydro and geothermal). pbkcy framework for household
energy is set by the Ethiopian energy policy, thevirenmental policy and the
conservation strategy of Ethiopia, which addres&rgyn conservation and energy
efficiency in order to reduce the consumption oflfwood confirms the necessity of
designing and installation of energy generationesysusing renewable resources only.
The existing situation shows that biomass is thippmasource meeting the energy needs
of the Ethiopian households. It is used mainly ¢dooking applications on traditional
three-stone open fires. As the staple food in Filais highlands is Injera, nearly 50% of

the country’s primary energy consumption is usedtfopreparation mostly on traditional
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open fire stoves, wasting more than 90% of the ifueln unsafe and unhealthy manner.
The use of biomass for energy production is noy améfficient but can have harmful
effects on people’s health. Smoke emission regufiom indoor cooking can lead to
various respiratory diseases in poorly ventilatédhlens and goes along with a high risk
of fire [12].The same is true in educational seatspecially in universities. So this
research is intended to show and establish a betssr on how to use energy
economically, alleviate any prevailing problemsthe mitigation of the existing energy
problems particularly focusing on universities. 98 done by designing hybrid PV or
PVIT and biogas system in which Ethiopia is endowedoth of the resources and the

winning combination of the two is more effectivathseparate system [31].

1.6 SCOPE OF THE STUDY

This research aims to equip with a renewable endogyAddis Ababa University
particularly Collage of Natural and Computationalieédce. This institution is opted
because it has preferable location for the PV/Tepamstallation and it has paramount

biogas resource which makes it simple and lessrestyeto construct.

1.7 STRUCTURE OF THE THESIS

This research is organized in the following mani@rapter One deals broadly with the
introducing the current electrical energy supplpttlenecks in the supply and the
negative consequences of its consequences. Theeticab background and literature
reviews will be conducted on Chapter Two. The Nehdpter, Chapter Three will present
the data collection and data analysis. Chapter Sodedicated to designing and selection
of the equivalent component (material) which arailable in the existing market in
reasonable price. Modeling of the Hybrid systenmgisiOMER and the results of the
analysis along with further discussion on the rssuiill be presented in Chapter Five.
The findings of the thesis will be concluded andoramended through consideration of

the results will be organized in the final chaptdr the manuscript, Chapter Six.

MSc Thesis: Gezahegn Abiti 7



CHAPTER TWO

2. RELEVANT LITERATURE REVIEWS AND THEORETICAL
BACKGROUND

21 BIOGASSYSTEMS
2.1.1 Biogas energy

It is a type of alternative fuel which can be proeld from almost any type of organic
waste, from old feedstock to sewage. Composedeofises methane and carbon dioxide.
Biogas is produced by the bacteria that decompogana waste under anaerobic or
oxygen-free conditions. Biogas is a carbon-nedtral, meaning it does not contribute to
greenhouse gas levels and is a suitable replaceoremétural gas, which is a fossil fuel
and contributor to the greenhouse effect [2,7].ctgal applications of biogas include
generating electricity for the power grid, heatimgoking and creating steam power.
Biogas can be used in similar ways to natural gagas stoves, lamps or as fuel for
engines. It consists of 50-75% methane, 25-45%ocadoxide, 2-8% water vapour and
traces of @ N, NH; H, and BS. Compare this with natural gas, which containda0
90% methane [5]. The energy content of the gasrdipmainly on its methane content.
High methane content is therefore desirable. Aagertarbon dioxide and water vapor
content is unavoidable, but sulphur content musmib@mized - particularly for use in
engines. The average calorific value of biogasbigua 21-23.5 MJ/m3, so that 1 m3 of
biogas corresponds to 0.5-0.6 | diesel fuel or abddNh[32].The biogas yield of a plant
depends not only on the type of feedstock, but alsdhe plant design, fermentation

temperature and retention time [32].
2.1.2 Planning a biogas plant

Before building a biogas plant, there are differencumstances which should be
considered. For instance, the natural and agri@llttonditions in the specific countries
are as important as the social or the economic céspé&ailure or unsatisfactory
performance of biogas units occur mostly due tomlag mistakes. The consequences of
such mistakes may be immediately evident or may belcome apparent after several
years [18]. Thorough and careful planning is, tfeges of utmost importance to eliminate

mistakes before they reach irreversible stages.
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As a biogas unit is an expensive investment, iukhaot be erected as a temporary set-
up. Therefore, determining siting criteria for tetable and the biogas plant are the
important initial steps of planning. Moreover, aktension-service advice concerning
agricultural biogas plants must begin with an eatian of the quantitative and qualitative

energy requirements of the interested party.

Then, the biogas-generating potential must be Edkd on the basis of the given

biomass production and compared to the energy deéniath the energy demand and the
gas generating potential, however, are variablas ¢annot be accurately determined in
the planning phase. Sizing the plant (digesterhgjder, etc.) is the next step in the

planning process. Information about the economauation of a biogas plant can be

found in the section on Costs and Benefits.
2.1.3 Typesof biogas plants

Depending on the method of feed, the following s/péplants can be distinguished [12,
18]:

* Batch plants

» Continuous plants

* Semi-batch plants
Batch plants: In this types of plant first the ditggs are filled and then emptied
completely after a fixed retention time. The madtvantage of this plant is each design
and each fermentation material is suitable for lpdiiiing, despite such plants require
high labor input. As a major disadvantage, theg-gatput is not steady.
Continuous plants are fed and emptied continuougigy empty automatically through
the overflow whenever new material is filled in.€eFafore, the substrate must be fluid
and homogeneous. Gas production is constant, ajigeththan in batch plants. Today,
nearly all biogas plants are operating on a cootisumode [18].Concerning the
construction, two main types of simple biogas @aran be differentiated:

* Fixed-dome plants

* Floating-drum plants
In developing countries, the selection of apprdpridgesign is determined largely by the

prevailing design in the region. Typical desigriasia are space, existing structures, cost
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minimization and substrate availability. The desigf biogas plants in industrialized

countries reflect a different set of conditions.
2.1.4 Working of biogas system

First of all the feed material is mixed with waterthe influent collecting tank. The

fermentation slurry flows through the inlet intoetldigester. The bacteria from the
fermentation slurry are intended to produce bidgawe digester. For this purpose, they
need time; time to multiply and to spread throughitwe slurry. The digester must be
designed in a way that only fully digested slurandeave it. The bacteria are distributed
in the slurry by stirring (with a stick or stirrirfgcilities). The fully digested slurry leaves

the digester through the outlet into the slurryage. The biogas is collected and stored
until the time of consumption in the gasholder. Tas pipe carries the biogas to the
place where it is consumed by gas appliances. Cmatie collected in the gas pipe is

removed by a water trap.
2.1.5 Biogas - Digester types

Biogas digester is the backbone of biogas energgrgéing system. It is the one and the
essential component where the main process of gngegeration takes place. It is
common practice to identify the whole system bytiipe of digester. The most important
types of biogas plants are [11]:

1 Fixed-dome plants
Floating-drum plants
Balloon plants

Horizontal plants

a b~ W N

Earth-pit plants
6 Ferro cement plants
Of these, the two most familiar types in developoogintries are the fixed-dome plants
and the floating-drum plants [28].
a. Fixed-dome plants

The costs of a fixed-dome biogas plant are relbtik@v. It is simple as no moving parts

exist. There are also no rusting steel parts amdeha long life of the plant (20 years or
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more) can be expected. The plant is constructeeérgnalind, protecting it from physical
damage and saving space. While the undergroundstdiges protected from low
temperatures at night and during cold seasonshswand warm seasons take longer to
heat up the digester. No day/night fluctuationdeshperature in the digester positively
influence the bacteriological processes. The caostm of fixed dome plants is labor-
intensive, thus creating local employment. Fixedadglants are not easy to build. They
should only be built where construction can be suped by experienced biogas
technicians. Otherwise plants may not be gas-t{glrosity and cracks).The basic
elements of a fixed dome plant (here the Nicarasigd®@ are shown in the figure below
[11].

Gas collecter,
Biogas fixed dome

automatic
overflow

Fig. 2.1 Fixed dome biogas digester[11].

A fixed-dome plant comprises of a closed, dome-stajpgester with an immovable, rigid
gas-holder and a displacement pit, also named 'eosgtion tank’. The gas is stored in
the upper part of the digester. When gas produat@mmences, the slurry is displaced
into the compensating tank. Gas pressure incredgieshe volume of gas stored, i.e. with
the height difference between the two slurry levélshere is little gas in the gasholder,

the gas pressure is low.

The digesters of fixed-dome plants are usually m@sstructures, structures of cement

and ferro-cement exist. Main parameters for thecehof material are [12]:

» Cost-effectiveness;
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* Technical suitability (stability, gas- and liquidhtness);
* Availability in the region and transport costs;
* Availability of local skills for working with the articular building material.

b. Floating-drum Plants

Floating-drum plants consist of an underground stggjeand a moving gas-holder. The
gas-holder floats either directly on the fermewtatslurry or in a water jacket of its own.
The gas is collected in the gas drum, which rises@ves down, according to the amount
of gas stored. The gas drum is prevented fromdilby a guiding frame. If the drum floats
in a water jacket, it cannot get stuck, even instnabe with high solid content. Floating
drum needs to be coated with paint in a constaetval to avoid rust. Additionally,

fibrous materials will block the movement of digastHence, their accumulation should

be avoided if possible which is difficult and cgstl

— Biogas
S
Floating drmum

=

/ . ™
Digestate
7
. -

Feed tank ]

Fig. 2.1 Floating-drum biogas digester [11].

—— Fermentation unit

2.1.6 Selection of appropriate design

In developing countries, the design selection temeined largely be the prevailing design
in the region, which, in turn takes the climaticoeomic and substrate specific conditions

into consideration. [12].

Typical design criteria are:

Space: determines mainly the decision if the fermenseathove-ground or underground, if

it is to be constructed as an upright cylinderoadorizontal plant.
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Existing structures may be used like a liquid manure tank, an empty diala steel
container. To reduce costs, the planner may neetljicst the design to theses existing

structures.

Minimizing costscan be an important design parameter, especidignwhe monetary
benefits are expected to be low. In this caseabile cover of the digester is usually the

cheapest solution. Minimizing costs is often oppa®emaximizing gas yield.

Available substrate determines not only the size and shape of mixihdpyti the digester
volume (retention time), the heating and agitatiemices. Agitation through gas injection
is only feasible with homogenous substrate and ya rdatter content below 5%.

Mechanical agitation becomes problematic above df#tnatter.
Components of Biogas Plants

* Influent collecting tank

* Inlet and outlet

» Digester

* Gasholders

» Gas pipe, valves and accessories
» Stirring facilities

* Heating systems

e Pumps

 Weak Ring

2.1.7 Digester Requirements

No matter which design is chosen, the digesterm@atation tank) must meet the

following requirements [18]:

Water/gas tightness- water tightness in order to prevent seepage lamdesultant threat
to soil and groundwater quality; gas tightnessriateoto ensure proper containment of the
entire biogas yield and to prevent air entering ithte digester(which could result in the

formation of an explosive mixture).
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Insulation - if and to which extent depends on the requireat@ss temperature, the local
climate and the financial means; heat loss shoaldnmimized if outside temperatures
are low, warming up of the digester should be fiatdd when outside temperatures are
high.

Minimum surface area - keeps cost of construction to a minimum and ceduheat
losses through the vessel walls. A spherical atrechas the best ratio of volume and
surface area. For practical construction, a heneisgdl construction with a conical floor
is close to the optimum.

Structural stability - sufficient to withstand all static and dynamaadls, durable and
resistant to corrosion

2.1.8 Deter mining the biogas production

The quantity, quality and type of biomass availdbleuse in the biogas plant constitute
the basic factor of biogas generation. The biogasdence can and should also be

calculated according to different methods appliregarallel [16, 17].

* Measuring the biomass availability
» Determining the biomass supply via pertinent-litera data
* Determining the biomass supply via regional refeectiata

* Determining biomass supply via user survey

It should be kept in mind that the various methofdsalculation can yield quite disparate
results that not only require averaging by the pdan but which are also subject to

seasonal variation.
2.1.9 Biogas Utilization

If the daily amount of available dung (fresh wejgistknown, gas production per day in

warm tropical countries will approximately corresgddo the following values [17]:

* 1 kg cattle dung 40 liters biogas

» 1 kg buffalo dung 30 liter biogas

* 1 Kkg pig dung 60 liter biogas

» 1 kg chicken droppings 70 liter biogas
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* 1 kg human manure produces 30 liters
2.1.10 Human excrements

In most cultures, handling human excrement is Idagi¢h taboos. Thus, if night soil is to
be used in a biogas system, the toilets in questimuld drain directly into the system so
that the night soil is fermented without pretreattn@he amount of water accompanying
the night soil should be minimized by ensuring thatvater taps or other external sources
drain into the toilet bowls, and cleaning/flushisigould be limited to rinsing out with

about 0.5 - 1 liter water from a bowl [5].

2.1.11 Conditioning of biogas

Sometimes the biogas must be treated/conditionéarebeitilization. The predominant
forms of treatment aim at removing water (Reductbthe moisture content), hydrogen
sulfide (Reduction of the hydrogen-sulfide contemt)carbon dioxide (Reduction of the

carbon-dioxide content) from the raw gas [19].

Efficiency: The calorific efficiency of using biogas 55% in stoves, 24% in engines, but
only 3% in lamps [16]. A biogas lamp is only ha#f efficient as a kerosene lamp. The
most efficient way of using biogas is in a heat-powombination where 88% efficiency

can be reached. But this is only valid for largestallations and under the condition that

the exhaust heat is used profitably.

22 FACTORS AFFECTING THE PERFORMANCE ANAEROBIC
DIGESTER

The metabolic activity involved in microbiologicahethanation is dependent on the

following factors [12].
2.2.1 Substrate Temperature

Anaerobic fermentation is in principle possibleviben 3°C and approximately 70°C.

Differentiation is generally made between threegerature ranges:

* The psychrophilic temperature range lies below 20°C

* The mesophilic temperature range between 20°C @rd 4and
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* Thethermophilic temperature range above 40°C.

Minimal average temperature: The rate of bactegiocll methane production increases
with temperature. Since, however, the amount oé faenmonia also increases with
temperature; the bio-digestive performance coulthhiited or even reduced as a result.
In general, unheated biogas plants perform sat@faconly where mean annual

temperatures are around 20°C or above or wheraubeage daily temperature is at least
18°C. Within the range of 20-28°C mean temperatges production increases over-
proportionally. If the temperature of the bio-masbelow 15°C, gas production will be so

low that the biogas plant is no longer economictdhsible.

2.2.2 Available nutrient

In order to grow, bacteria need more than justpplyuof organic substances as a source
of carbon and energy. They also require certainerainnutrients. In addition to carbon,
oxygen and hydrogen, the generation of bio-massginesjan adequate supply of nitrogen,
sulfur, phosphorous, potassium, calcium, magnesindha number of trace elements such
as iron, manganese, molybdenum, zinc, cobalt, smertungsten, nickel etc. "Normal”
substrates such as agricultural residues or mwali@gpwage usually contain adequate
amounts of the mentioned elements. Higher condamtraf any individual substance
usually has an inhibitory effect, so that analysesrecommended on a case-to-case basis

to determine which amount of which nutrients, iy astill needs to be added.

2.2.3 Cost efficiency

Optimizing the process parameters retention tipeeess temperature - substrate quality
- volumetric load determine, among others, the effgtiency of the biological processes.
But as each m3 digester volume has its price, mga&guipment can be costly and high
quality substrates may have alternative uses, th&t-lenefit optimum in biogas
production is almost always below the biologicatimmpim.

2.2.4 Substrateretention time

For liquid manure undergoing fermentation in thesaphilic temperature range, the

following approximate values apply:
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* Liquid cow manure: 20-30 days
» Liquid pig manure: 15-25 days
» Liquid chicken manure: 20-40 days

* Animal manure mixed with plant material: 50-80 days

If the retention time is too short, the bacterighna digester are "washed out" faster than
they can reproduce, so that the fermentation mabticomes to a standstill. This problem
rarely occurs in agricultural biogas systems.

2.2.5 pH value

The methane-producing bacteria live best underraketa slightly alkaline conditions.
Once the process of fermentation has stabilizegmuadaerobic conditions, the pH will
normally take on a value of between 7 and 8.5. foube buffer effect of carbon dioxide-
bicarbonate (CO2 - HCO3-) and ammonia ammonium (NHNH4+), the pH level is
rarely taken as a measure of substrate acids apdtential biogas yield. A digester
containing a high volatile-acid concentration regsia somewhat higher-than-normal pH
value. If the pH value drops below 6.2, the mediwili have a toxic effect on the

methanogenic bacteria.

2.2.6 Nitrogen inhibition and C/N ratio

For higher pH values, even a relatively low nitnog@ncentration may inhibit the process
of fermentation. Noticeable inhibition occurs atikogen concentration of roughly 1700
mg ammonium-nitrogen (NH4-N) per liter substratenitheless, given enough time, the
methanogens are capable of adapting to NH4-N caratems in the range of 5000-7000
mg/l substrate, the main prerequisite being thatattmmonia level (NH3) does not exceed
200-300 mg NH3-N per liter substrate. The raterofreonia dissociation in water depends

on the process temperature and PH value of thdratdslurry.

2.2.7 C/Nratio

Microorganisms need both nitrogen and carbon femakation into their cell structures.

Various experiments have shown that the metabotigity of methanogenic bacteria can
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be optimized at a C/N ratio of approximately 8-2hereby the optimum point varies

from case to case, depending on the nature oluth&trate.

2.3 PV SYSTEMS

2.3.1 Solar photovoltaic energy

Photovoltaic (PV) systems convert sunlight diretthelectricity. They work any time the
sun is shining, but more electricity is producedewtlthe sunlight is more intense and
strikes the PV or PV/T modules directly (as wheysraf sunlight are perpendicular to the
PV or PV/T modules) [24]. Unlike solar thermal tgyas for heating water, PV or PV/T
does not use the sun's heat to make electricisgednl, electrons freed by the interaction
of sunlight with semiconductor materials in PV of/P cells are captured in an electric

current.

PV or PVIT allows producing electricity without sei or air pollution from a clean,
renewable resource. A PV or PV/T system never aunf fuel, and it won't increase oil
imports. Installations of photovoltaic systems hatewn high growth rates around the
world as shown in fig 2.2. Nevertheless, most PVWPWT markets need considerable

governmental support to reach parity with prevaikectricity supply [25].
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Fig. 2.2 Growth rate of PV panel demand and it$ [2&

On the other side, highly economic but still smRWV or PV/T markets exist like in
Ethiopia, for instance. A sustainable market dgwelent of such markets often dominated

by small off-grid PV or PV/T solutions has to cafei several key success factors for
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rural electrification. Similar success patterns endbeen observed around the world:
adequate system design, training of installers and-users, financing, service and

institutional cooperation.

The energy demand in the world is steadily increasind new types of energy sources
must be found in order to cover the future demasise the conventional sources are

about to be emptied [23].

As one type of renewable energy source the phttedPV) cell, converts sunlight to
electrical current without any form for mechaniaal thermal interlink. PV cells are
usually connected together to make PV modules, istimg of 72 PV cells, which
generates a DC voltage between 23 Volt to 45 \tuit @ typical maximum power of 160

Watt, depending on temperature and solar irradid28].

The electrical infrastructure around the world @sé&d on AC voltage, with a few
exceptions, with a voltage of 120 Volt or 230 Vwitthe distribution grid. PV modules
can therefore not be connected directly to the, drit must be connected through an
inverter. The two main tasks for the inverter aréoad the PV module optimal, in order to

harvest the most energy, and to inject a sinusacigi@ént into the grid.

2.3.2 Solar cdll

The basic component of PV system is solar ceils hasically made of p-n junction of
different semiconductor materials like GaAs (GatliltArsenide) CIGS (Copper Indium
Gallium Diselenide) CdTe (Cadmium Telluride) a-Si:fiHydrogenated amorphous
silicon) which owns the property of photo eleceitect. The equivalent circuit of the PV
cell is shown in Fig 2. 3.

ID Ish
I <T> R VP\’Y

Fig. 2.3 Equivalent circuit of the PV cell
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The PV curves vary with solar isolation and modelaperature. Equation (1) and (2) are

used to describe the characteristics of PV array.

< Q(va+1pvRs)/ )
e AKT—-1

_ VpyHipyRs

Ly =1 — I, " 2.1
Pyy = Vo X Ly 2.2

Where: IPV is the PV module current (A), IL is thght generated current (A), lo is the
diode saturation current, q is the charge of ebecticoulomb), K is the Boltzmann's
constant (j/K), A is the diode factor, T is the mtatemperature (K), RS is module series
resistance (ohm), Rsh is module parallel resistgoben), VPV is the module output
voltage (V), and PPV is the extracted PV power ({&Kxab., 2010).

2.3.3 Power Curve and Maximum Power Point (M PP)

In between, there is one particular combinationcafrent and voltage, for which the
power reaches a maximum(indicated with the recti@ngrea in Fig. 2.3. The so-called
Maximum Power Point (MPP) represents the workingtpat which the solar cell can
deliver maximum power for a given radiation inténsiThe corresponding values of
VMPP and IMPP can be estimated from VOC and IStlésvs:

VMpp: (075 - 09) \QSC 2.3

||\/|pp = (085 - 095) 5!(; 2.4
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Fig. 2.3 Maximum Power Point (MPP)

2.3.4 Typesof Solar Cells

According to the type of crystal, solar cells astegorized as: Monocrystalline solar
cells, Polycrystalline solar cells, and Amorphouslas cells. Having efficiency in
laboratory scale 24, 18 and 13 respectively. Howéwar efficiency drops at production
scaleto 14 to 17, 13 to 15 and 13 5 to 7 respalgtiDuring operation higher reduction in
efficiency may happen because of different faclidesinstallation location (shading and
dirt) solar radiation intensity reduction moreovkre to the heat created under the PV
panels. Photovoltaics operate in a paradox—theg saslight to generate electricity but
suffer degradation in performance as they get hottéypical PV panel on a bright sunny
day will reach temperatures in excess of 110°Cs thn reduce efficiency by as much as

43% on a hot day or 0.5% for every 1°C temperatse

04
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Fig. 2.4 Effect of heat generated by PV panel ongr@eneration
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Standard PV Panels typically only convert 10-15%adaifr radiation into electricity and
the rest is dissipated as waste heat. In thisquaati project it is tried to lessen this heat
which can minimize efficiency of the PV system leplacing the PV only collector with
equivalent Photovoltaic thermal collector (PV/T)asccollector which have thermal unit
attached on it.

2.3.5 Solar energy in Ethiopia

Ethiopia is a landlocked country situated in therrHof Africa with a population
estimated at over 83 million by 2007. Its annugbydation growth rate of 2.5% ranks it
28th fastest growing of 229 countries in the warlderms of gross domestic product
(GDP) per capita [13].

It is rated 174th of 179 and in terms of human tmyeent index it is rated 169th of 177.
These numbers indicate Ethiopia as one of the pbareuntries in the world. More
country specific data can be found elsewhere [MYst Ethiopians live in rural areas
(84%) and only 1% of those have access to elggtrisievertheless, solar irradiation is
well above 2000 kWh/m2/y, ranging from 1,950 — B 6KWh/m2/y, providing an
excellent basis for PV (Figure 2.2). Due to its ditions, Ethiopia is an excellent
example for most of the least developed countnethe Sunbelt; hence several results
achieved for Ethiopia might be transferred to cagatcomprising more than 500 million
people around the world [13, 14].

PWiGEIS & European Communities 20071-2007
lﬁg Ecole des Mines de PansfArmines 2007-2007
ENDS Europa Technologios - MNutzungshedingungen

Dog Consi

L .- JI
750 1250 1750 2350 27e0 [kWiim’]
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Fig. 2.5 Global irradiation incident on optimalhlyciined equator-oriented PV modules in
Ethiopia [19].

Currently Ethiopia generates its power from its tvaydro power potential and
supplemented diesel power plants. 647 MW or 89%hef installed grid connected

capacity comes from hydro-electric power plants.

Economically feasible hydro-electric power potentsauld be up to 30 GW. Due to
seasonal rainfalls the generation capacity sigaifily depends on the amount of rain
water during the raining season. This results wgyoshedding during periods with low
water levels. Such periods regularly force the djitan Electricity Power Company
(EEPCo0) to cut off customers from power supply, reve the capital. Ethiopia has
launched construction of several new hydro-elecpoaver plants to prevent power
shortages and meet the demand growth [13, 33].

Ethiopia exhibits excellent prerequisites for arhed00% renewable energy supply.
Superb hydro and solar resources offer the chahesengwable energy supply in an
economically, ecologically and socially sustainablay. Such as PV-hydro potentials
have been already analyzed for Ethiopia and miggud ko utility-scale PV power plants
[13].

2.3.6 System sizing

The number of modules and the size of the battankbwires, controller, fuses, inverter,
etc. mainly depend on the amount of power you patonsume, and the amount of solar
radiation available at your location on a daily @ea@sonal basis. System sizing is usually
based on the maximum energy demand during the mohtlowest solar radiation
intensity. There are many books, manuals, and ctengoftware packages available that
detail system sizing procedures, and which progeleeral solar radiation data for many
regions of the country, as general rule, a onewdto-peak capacity PV array (with
single-crystalline modules), at around 100 squast {9.3 square meters) will produce

about 1 kilowatt (1,000 Watts) at solar noon otte@aicsunny day.

High energy and power demands and/or a low sokouree will increase system size
and costs. Sizing a PV system to operate high gattdads such as electric space and
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water heaters, electric stoves, and toaster ovelismake a PV system extremely
expensive. It is important to use energy effici@ppliances, such as compact fluorescent

lights, to reduce the electrical loads and systestsc[30].

2.3.7 Site selection

The following set of fundamental questions mustabnewered while selecting suitable
spot for installation of PV or PV/T system.

* Is the installation site free from shading by ngarkes, buildings or other
obstructions?

* Canthe PV or PV/T system be oriented for goodguerédnce?

* Does the roof or property have enough area to acumiate the solar array?

» If the array will be roof-mounted, what kind of fds it and what is its

condition?

The specific site where a PV or PV/T system willlbeated plays a crucial role in the
design and performance of the system. The amoupbwkr generated by a solar cell
depends upon the intensity of sunlight strikingaihd the amount of available sunlight

varies with latitude, climate, and local conditipasch as the presence of trees [26].

There are three factors responsible for variationthe amount and quality of sunlight
reaching the Earth. First, the Earth is round. 8dcat revolves around the sun in an
elliptical orbit. Third, the Earth rotates on aed axis. As the Earth is round, sunlight
strikes its surface at differing angles rangingrfr@o (just above the horizon) to 900
(when the sun is directly overhead). When the stays are perpendicular to the surface
of the Earth, they transmit the most energy. Whensun is low in the sky and its rays
are at a very low angle, they must pass througbnger portion of the atmosphere,

making the sunlight scattered, diffuse, and redydsenergy [23].

a. Shading

Photovoltaic arrays are adversely affected by isigadEven small shadows, such as the

shadow of a single branch of a leafless tree aamfsiantly reduce the power output of a
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solar module. Shading from the building itself daeents, attic fans, skylights, gables or

overhangs — must also be avoided [20, 29].

b. Orientation

In northern latitudes, by conventional wisdom PVdules are ideally oriented towards
true south. But the tilt or orientation of a roades$ not need to be perfect because solar
modules produce 95 percent of their full power whathin 20 degrees of the sun’s
direction. Roofs that face east or west may alscadmeptable. Flat roofs work well
because the PV modules can be mounted on framediltd up toward true south.

Optimum orientation can be influenced by typicaldbweather patterns [29].

c. Tilt

An increased tilt favors power output in the winéerd a decreased tilt favors output in
the summer. Nevertheless, it is recommended thauhas be installed at the same pitch
as a sloping roof, whatever that slope is, primdol aesthetic reasons, but also because

the tilt is very forgiving [29].
d. Roof Types

For roof-mounted systems, typically compositionngles are easiest to work with and
slate and tile roofs are the most difficult. Netetess, it is possible to install PV or PV/T
modules on all roof types. If the roof will neegblacing within 5 to 10 years, it should be
replaced at the time the PV or PV/T system is llestao avoid the cost of removing and
reinstalling the PV or PV/T system. Building intaggd PV or PV/T (BIPV) modules,

which can be integrated into the roof itself, miglet considered for new construction or
for an older roof in need of replacing. While BIRvoducts currently have a premium

price, costs are expected to decrease [16, 29].

2.3.8 Pandl sdlection

The heart of a photovoltaic system is the solarutedviodule costs typically represents
only 40-60% of total PV system cost and the resatdsounted by inverter, PV array

support, electrical cabling and installation [22].
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Many photovoltaic cells are wired together by tmanufacturer to produce a solar
module. When installed at a site, solar modulesvared together in series to form

strings. Strings of modules are connected in peradliform an array.

a Module Types

Rigid flat framed modules are currently most comnamd most of these are composed
of silicon. Silicon cells have atomic structuresatthare single-crystalline (Mono-
crystalline), poly-crystalline (multi-crystallingdr amorphous (thin film silicon). Other
cell materials used in solar modules are cadmidiorige (CdTe, commonly pronounced
“CadTel”) and copper indium diselenide (CIS). Somedules are manufactured using
combinations of these materials. An example is ia fiim of amorphous silicon

deposited onto a substrate of single-crystallihecs.

b Building Integrated Photovoltaic Products

PV or PV/T technology has been integrated intoingpfiles, flexible roofing shingles,
roofing membranes; adhesive laminates for metaldatg-seam roofs, windows, and
other building integrated photovoltaic (BIPV) pratst BIPV modules are generally
more expensive than rigid flat modules, but arecgrdted to eventually reduce overall

costs of a PV system because of their dual purf@de

24 SOLAR THERMAL SYSTEMS

Solar thermal energy can be interpreted as diresvaersion of the energy from solar
radiation to useful thermal energy. The heat isegated by the absorption of sun’s ray
through a dark coated material, called absorbeg.alisorber actually is a system of pipes
filled up with a heat transfer medium and the medflows to the collector to collect the
heat from sun’s ray and goes back to the hot vatee. In some systems, heat exchanger
is used to extract heat from the water-glycol nm&tthat is circulated in a closed circuit;
is called an indirect system. Other systems, irctvipure water is used as the heat transfer
medium, are called drain back systems. Use of veattils a requirement for sealed paths
and protection against corrosion, just as in thésukar collectors. Using the sun’s energy

to heat water is not a new idea [28].
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2.3.9 PV/T collectors

PVIT collector is a combination of photovoltaic (P\and solar thermal (T)
components/systems which produce both electricitd &eat from one integrated
component. PV systems turn on average less thano2@§é sunlight into electricity. The
remainder is turned into heat. Utilizing this urga@d energy is the general concept for
hybrid systems. By circulating a fluid, which waixtract heat from the PV modules,
module temperature is decreased and hence, perioerd the PV modules increases.
Furthermore, in cases where heating is requirettaeed heat from the PV modules
serves as a second benefit along with the increpseidrmance of the PV module.
Domestic hot water heating, air heating in veriblatsystems, pool heating can be
counted among these cases, where combining a Rffiaicvand Thermal collector

makes most sense in terms of efficiency and pedaoa [31, 32].

Another advantage of combining the photovoltaic #mermal system is that total area
requirement of a PV/T collector is around 40% Ig&#\, 2007) compared to photovoltaic
and thermal collectors with the same total capaditycases where available area is
limited and maximum utilization of the availableasp is desired, PV/T collectors shine
as the better alternative. It is also suggestedRNVAT collectors are aesthetically more

appealing compared to a combination of thermal@ratovoltaic collectors [25, 22].
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Fig 2.6 Efficiency of the PV/T and thermal unitdéterent irradiation and water flow
rate 0.17 ml/s [32].
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2.3.10 Demonstration of the System

Solar energy can be made useful by photovoltaits aghich generate electric power
directly. Solar thermal panels can be utilized todoice heat energy [4]. A system is
suggested to convert a large portion of this enertyyelectric energy. The hybridization
of the two schemes provides distinct advantagesaraas cost, the small demand of the
land area and installation are concerned [5]. TRerdrawback of the system is that the
overall efficiency of the combined system will baaler than that of standalone system.
A simple diagram describing a basic structure mashin fig. 2.3[6]. The thermal part
consists of transparent plastic layers having llinner walls and working medium is
made circular. Under the plastic layers, silicootplioltaic cells are joined and insulated
thermally. The sunlight enters through the plastigers and the working medium
produces electricity in the solar cells. The heag¢rgy is absorbed by both working
medium and plastic layers. Thermal insulation iespnt under the silicon layer. To
increase the system operating temperature, ani@ulitglazing cover is necessary (like
that of the usual solar thermal collectors), buegults in a decrease of the PV module
electrical output from the additional absorptiontleé solar radiation.Fig.2.3 shows the
cross section of the two basic PV/T module designg, without (PV/T UNGLAZED)
and a second with the additional glazing (PV/T GIEAY. These systems use flat heat
exchanger with pipes for the circulation of watedahave also thermal insulation to

avoid thermal losses from the non-illuminated sysside.
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Fig. 2.7 Cross section of the PV/T experimental et@{R3].
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23.11 PV/T solar collector types

There are several types of PV/T collectors and #reyclassified with respect to the fluid
used, shape of the collector and whether it's natisgl into a building or not.
Furthermore, existence of glazing on the colletdoanother factor that distinguishes a

PV/T collector’s characteristics.

Liquid type PV/T collectors, air type PV/T collecso concentrating PV/T collectors and
building integrated PV/T collectors are the fouifatient types of PV/T collectors [22].

For simplicity, here the two main types of PV/Tleotors will be discussed.

2.3.12 Liquid typeflat PV/T collectors

In this type of PV/T collectors, water or a mixtwkewater (i.e. water-ethylene-glycol) is
circulated through the collector to extract heatrfrit. Using a liquid-PV/T collector is
advantageous if there is a demand for hot wateat Biructure allows convenient
integration on a building, usually rooftops. Furthere, hot water may be stored in an
external tank for a period of time. Its drawbacknaginly leakages. However, these can be
prevented by robust construction and by using weiigylene-glycol mixture [30, 31].

PVIT collectors may either be glazed or unglazed.extra layer of glass on top of the
photovoltaic cells results in less heat losses gméter thermal performance, whereby
reducing electrical performance by some extenttdute reason that photovoltaic cells
perform worse in higher temperatures. Unglazedidiqype flat — PV/T collectors have
higher electrical performance and lower thermafgrerance compared to glazed ones
because of greater heat losses and resulting lopexating temperatures. It can be stated
that in order to achieve higher thermal performargtazed- and for higher electrical

performance, unglazed liquid type flat PV/T colt@stwill be the correct choice.

Below, a figure representing a liquid type Flat ¥/ P collector and two commercial

collectors, one glazed and the other unglazedbearbserved.
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Parts and Components

Fig.2.8 Liquid type Flat — PV/T collector

2.3.13 Solar reflectors

Considering PV/T solar systems installed on hoti@bbuilding roof they are usually
placed in parallel rows, keeping a distance from mw to the other in order to avoid PV
module shading. It is suggested to place statioftargliffuse reflectors, as shown in Fig.
2.5 from the higher part of the modules of one towhe lower part of the modules of the
next row. This installation increases solar inpuat the PV modules almost all year
resulting in an increase of electrical and thermatput of the PV/T systems. The
suggested diffuse reflectors don’t contribute tectical efficiency drop, as they provide

an almost uniform distribution of reflected soladiation on PV module surface [29].

TORIFNSTAL

Fig.2.9 PVI/T reflector
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CHAPTER THREE

3. DATA COLLECTION AND ANALYSIS

All the data used in the analysis of the projed discussed in this section. The data
required throughout this can be categorized asil lmetrological data, load profile of the
study location and project site related data schvailable area for installation of system

components, number of population, number of catedeand lounges.

31 GATHERED DATA SETS

3.1.1 Load assessment

The energy demand in the university can be categgrin to household load and
industrial loads. Household loads include lightingsclass rooms, library, dormitory,

offices, fans, air conditioners and others. Theugtdal loads are the consumptions of
energy by variety of machineries and equipmentabibtatories, workshops, kitchens,

water pumps and others. The monthly consumptighetiniversity is given in Table 3.1.

3.1.2 Consumption (load data)

Table 3.1: Monthly electrical consumption of theilémsity data for the year 2012GC

Month E@rr?]y Consumption Cost [Birr]
January 100,883.00 77,602.31
February 102,644.00 78,956.92
March 79,955.00 61,503.85
April 96,566.00 74,281.54
May 100,800.00 77,538.46
June 102,666.00 78,973.85
July 104,870.00 80,669.23
August 66,395.00 51,073.08
September 116,232.00 89,409.23
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October 86,425.00 66,480.77
November 79,976.00 61,520.00
December 96,574.00 74,287.69
Total 1,133,986 872,296.9

(Source: Addis Ababa University 6 Kilo Campus)

Seasonal Profile
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Fig.3.1 Monthly energy consumptio8durce: Homer softwaje

As it can be clearly seen from the above figurks,monthly energy consumed by
the institution uneven from month to month. In thenth September the maximum
amount of electrical energy was consumed wher&@sninimum load was in the
month of August. From observation made on Septenalsat is the start of winter in
Ethiopia, the institution admits a large numbemefv (fresh) students as it is the
starting time of teaching learning. Contrarily ongist some of the students leave
the campus residence by different reasons likedsatival, re admissions and even
by complete dismissal. So since the main consurhéneoelectrical energy is the
institution dwellers particularly students the aion in their number can directly

affect both the generation and consumption of teetcal energy as the university
is concerned.
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Fig.3.2 Daily energy consumption profilgource: homer software resplt

Figure 3.2 is the result of the homer software gisive monthly energy consumption
in which homer prorates to hourly basis. From ilgare it can be pronounced that
the minimum power requirement in a specific dag lie the time interval of 1am to
4am and 12pm to 3pm this ensues because most pbfuations in the campus are
passive at those times. Unlike to this, in the tgap of 6am to 12 am and 5pm to 11
am the maximum amount of load come about since ofdsie kitchen activities are

done now moreover students are highly engagedbamdsory works also.

32 RENEWABLE ENERGY RESOURCE DATA

3.2.1 Biomass r esour ces

Table 3.2 the average amount of waste collected the five cafeterias each month of a

year

Month Amount of Waste Collected(ton) Remarks
January 63.00 Normal Teaching Learning Activies
February 57.20 Normal Teaching Learning Actives
March 56.50 Normal Teaching Learning Actives
April 56.00 Easter Holiday
May 60.00 Normal Teaching Learning Actives
Jun (Only MSc and Summer Students

33.00 are to be had in the campus)
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July (Only MSc and Summer Students
24.00 are to be had in the campus)
August Decrease in the Number of Staffs
20.00 available inside the Campus
September  18.00 Normal Teaching Learning Actives
October 57.23 Normal Teaching Learning Actives
November 57.00 Normal Teaching Learning Actives
December 57.50 Charismas Holiday(Ethiopians)
Sum 559.43
Average 46.62

(Source: Direct Interview From Cafeteria ManagenmsdAnternet Exploration For
Related Case Studies [14].)
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Fig.3.3 Total Biomass Resourcgource: Homer Software)

Although there is no readymade recorded data #rathount of available biomass
resource from the kitchen and cafeterias for thudysdirect site survey information
and related studies from published papers were useful to have reasonable
assumptions. One of the biomass resources is thelgimns in the campus. The
gross number of population including other sta#rtistudents can be estimated as
6200 as per the information obtain from the ingtu registrar. But for this study
about half of the figure (3,500) populations arasidered to be technically active to
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deliver the biomass resources (human manure ané)uiiom the total amount of

people living and working in the university. Thgssoples are as well supposed to

be served by the cafeterias available in the camaruds

3.2.2 Meteorological data

The metro data retrieved and recorded for thisishea® using the instrument called

Pyranometer SP-Lite and CMP3.This device can reeartgkty of weather related

data items at once. For this particular paper tlostmecessary data like relative

humidity, wind speed, ambient temperature and galdiation of Addis Ababa are

collected which are recorded for each fifteen nesunterval. About 35,000 data

sets are collected for each items discussed abiove gear 2012 GC taking it as a

design year which is random selection since themoi significant yearly changes

of these items. Since analyzing the 35,000 datadsdifficult it is reasonable to
select the design month more conveniently the deday (July 25,2012GC).

Table 3.3 Metrological data of the year 2012GC

Time(min) RH(%)| Vu(m/s)| TL°C)| I(W/m?) | Time(min) | RH(%)| V.(m/s)| TL°C)| I(W/m?)
12:00:00 AM 88.5 0.86 14.2 0.5 06:00:00 AM 90 1.32 13.8 0.6
12:15:00 AM 89.1 0.21 13.4 0.5 06:15:00 AM 90 1.1 13.8 0.7
12:30:00 AM 90 0.06 13.4 0.5 06:30:00 AM 90 5.81 13.2 0.9
12:45:00 AM 90 0.6 13.3 0.5 06:45:00 AM 90 2.34 11.5 2.7
01:00:00 AM 90 0.64 13 0.4 07:00:00 AM 90 1.23 11.5 6.3
01:15:00 AM 90 0.06 12.8 0.5 07:15:00 AM 90 0.47 11.5 9.2
01:30:00 AM 90 0.4 12.5 0.5 07:30:00 AM 90 1.77 11.5 14.7
01:45:00 AM 90 0.06 12.5 0.5 07:45:00 AM 90 2.13 11.7 33.3
02:00:00 AM 90 0.55 12.7 0.5 08:00:00 AM 90 1.54 11.8 68.8
02:15:00 AM 90 0.7 12.7 0.5 08:15:00 AM 90 15 12 86.5
02:30:00 AM 90 2.68 12.7 0.5 08:30:00 AM 90 2.98 12 70.9
02:45:00 AM 90 0.68 12.7 0.5 08:45:00 AM 90 1.5 12.2 78
03:00:00 AM 90 0.65 13.2 0.5 09:00:00 AM 90 1.3 12.3 114.8
03:15:00 AM 90 3.3 13.5 0.6 09:15:00 AM 90 1.61 12.7 156.7
03:30:00 AM 90 1.57 13.5 0.5 09:30:00 AM 90 2.15 13.1 201.7
03:45:00 AM 90 0.91 134 0.5 09:45:00 AM 90 2.77 13.2 210.9
04:00:00 AM 90 1.36 13.5 0.5 10:00:00 AM 90 2.02 13.4 163
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04:15:00 AM 90 2.96 13.4 0.5 10:15:00 AM 90 1.87 13.6 181.8
04:30:00 AM 90 2.61 13.5 0.5 10:30:00 AM 90 3.38 14.1 220.2
04:45:00 AM 90 2.46 13.5 0.5 10:45:00 AM 90 4.08 14.8 372.9
05:00:00 AM 90 2.69 13.6 0.5 11:00:00 AM 90 4.86 15.8 469.6
05:15:00 AM 90 2.99 13.4 0.5 11:15:00 AM 90 5.86 16.5 596.1
05:30:00 AM 90 3.48 13.7 0.5 11:30:00 AM 90 5.39 16.7 565
05:45:00 AM 90 2 13.8 0.5 11:45:00 AM 90 4.92 17.1 381.2
12:00:00 PM 90 4.07 16.] 330.8 06:00:00 PM 90 1.42 19.1 108.5
12:15:00 PM 90 4.01 17.7 499.6 06:15:00 PM 90 2 18.2 38.3
12:30:00 PM 90 5.55 17.8 338.2  06:30:00 PM 90 0.84 17.7 16
12:45:00 PM 90 5.63 18.¢ 802.¢  06:45:00 PM 90 0.06 17.4 2.3
01:00:00 PM 90 491 19.8 199.9 07:00:00 PM 90 0.33 17.2 0.7
01:15:00 PM 90 6.25 19.4 303.2 07:15:00 PM 90 0.67 17.2 0.6
01:30:00 PM 90 5.23 19.¢ 355.8 07:30:00 PM 90 3.92 16.8 0.5
01:45:00 PM 90 6.33 19.¢ 426.Y  07:45:00 PM 90 3.24 16.3 0.5
02:00:00 PM 90 4.74 18.8 205.2  08:00:00 PM 90 0.06 15.9 0.5
02:15:00 PM 90 5.65 18.4 200.Y 08:15:00 PM 90 0.41 15.7 0.5
02:30:00 PM 90 4.32 18.4 104.2 08:30:00 PM 90 0.2 15.6 0.6
02:45:00 PM 90 3.79 18.3 101.8 08:45:00 PM 90 0.06 155 0.5
03:00:00 PM 90 5.78 17.1 73.4 09:00:00 PM 90 0.06 15.2 0.5
03:15:00 PM 90 4.97 16.4 79.2 09:15:00 PM 90 2.17 15.7 0.6
03:30:00 PM 90 5.39 16 65.7 09:30:00 M 90 3.02 16.1 0.5
03:45:00 PM 90 3.46 15.4 67.2 09:45:00 PM 90 6.19 16 0.5
04:00:00 PM 90 3.23 15.¢ 66.7 10:00:00 PM 90 6.68 14.9 0.5
04:15:00 PM 90 2.63 15.7 53 10:15:00 M 90 0.42 14.5 0.5
04:30:00 PM 90 1.02 15.8 50.2 10:30:00 PM 90 2.17 14.1 0.5
04:45:00 PM 90 0.61 16.] 61.6 10:45:00 PM 90 1.3 13.7 0.5
05:00:00 PM 90 2.31 16.¢ 94.1 11:00:00 PM 90 0.06 134 0.5
05:15:00 PM 90 1.65 17.] 110 11:15:00 PM 90 0.06 13.5 0.5
05:30:00 PM 90 2.17 17.¢ 110.11) 11:30:00 PM 90 0.06 12.9 0.5
05:45:00 PM 90 1.98 18.1 131.*) 11:45:00 PM 90 0.83 13.6 0.5
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3.2.3 Data from different Literatures and International Scientific Journals

Table 3.4 Facts and Figures About Biogas

Correspondence

Unit Quantity of Biogas and Methane
with other fuel

1 m3 Biogas 5.0 — 7.5 KWh total energy content
1 m3 Biogas 50 — 75 % methane content
1 m3 Biogas 1.9-3.2 KWhel
1 m3 Biogas ~ 0.6 liters oil equivalent
1m?3 Methane 9.97 KWh total energy content
1m?3 Methane 3.3 - 4.3 KWhel
1m?3 Methane 1 liter oil equivalent
CHP Electrical Efficiencies 33 -45%
CHP Thermal Efficiency 35-56 %
CHP Total Efficiency 85 —90%

(Source: Giz Module 5: Basic Design Parameters Aoaerobic Digestion (Ad) /
Biogas Power Plants (Bruno Wilhelm)
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CHAPTER FOUR
4. DESIGN AND SYSTEM SIZING

41 HYBID BIOGASAND PV/T SYSTEM SIZING

This section discusses about the details of thegs while going through a complete
Biogas and PV/T systems designs for Addis Ababaréfrity Collage of Natural Science
(AAUCNCSC). It describes how each step of the madhagy described in the previous
section is implemented starting with identificatiohDC equivalent demand, determining
the type and the size of gas engine, generatoervaimp, PV/T module, inverter, gas
pipe, pipes valves, accessories and other on gsigtrm components by comparing from
different trusted manufacturers or suppliers abéglan the current market.
Assumptions based on Literatures
1. 1 kg of human excreta =0.078wf biogas [4])
2. Gas production rate from food waste = 0.0%kan [4]
3. Retention time = 40 days, selected because prengeatconsidered in the
project.
4. Ratio of manure and water 1:1dilution
5. Heat content of methane= 38.13 M3/m
6. A cubic meter of methane has an energy value afitab® kilowatts- hours
(9.97 kwh). Therefore, biogas with a content oRb®nethane has an energy
value of about 5.5 kWh per cubic meter [33].

4.1.1 Estimation of Energy Generated from Biogas System.

Amount of Biogas obtained from waste of kitchen aodfeterias’ leftover food

From the data collected, the five cafeterias caalyce about an average of 1.503 ton each
day. From the total amount waste collected, 70% isfbiodegradable and the remaining
is non-biodegradable which accounts 30%. Therefthre,total mass of biodegradable
solid wastes (peel of potatoes, onion, can sugHr,etc) per month can be calculated as
follows:
Total mass of biodegradable waste = 6/ kg/month
= 32,633.358 kg/month
=1,052.7 kg/day
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and the total mass of non-biodegradable waste:
= 0.3x46, 619 kg/month
=13,985.7 kg/month then dlady average
= 466.2 kg/day

Daily volumetric flow rate ¢bin cubic meter per month

Total mass of biodegradable waste

Sa= 4.1

Density of food waste

32,633.358kg/month
1160kg/m3

= 28.136°%month thus the daily average will be
= 0.94 Hday
4.1.2 Amount biogas obtained from human manure (toilets)

A. Amount of biogas generated from human manure

The number of effective population living in thergaus is estimated as=3,500

The amount of manure per day (d) =1 kg/day/adultAaserican Journal of Energy
Engineering 2014; 2([14]: 16-22 19 and 0.4 kg/dayween 10 to 15 ages but it are
obvious that university students in Ethiopia areally above 17 years old. Therefore, the

total amount of human waste per day=1x3,500=3, 500al.

__ Total mass of manure waste

Sq =

4.2

Density of human waste

__3,500kg/day
~ 1000kg/m3

=3.5 nt/day

B. The amount of biogas generated from human urine

Amount of urine per person per day=1.L/day = 0.08Irherefore, the total amount of
urine waste per day=1Lx3,500=3,500 L/day =3.5 m3/da

MSc Thesis: Gezahegn Abiti 40



Design of Hybrid Photovoltaic, Thermal and Biogas Power Plants to Power
Ethiopian Universities

C. Total amount of waste collected (TW){m

TW=Waste obtained from food + Waste obtained frommeu+ Waste obtained from
human manure = 0.94%day+3.5 ni/day+3.5 n/day

= 7.94 n¥day
From past experience the inhabitants of the carflpel water at the end of toilet use.
The consequence of this action makes the subgtvaigas resource) wet. As a result,
applying one to one dilution ratio is reasonablachieve the required solid concentration
that accounts 8%. Therefore, 4.44day of water is supposed to be added in the solid
substrate so as to obtain 1 to 1 dilution. Theeefmolume of the daily charge S
=12.38n7/day.
Note that as per the design, hot water is expeitdok delivered to the all the toilets
throughout the campus so as to be flashed at tHeokmise. The hot water helps the
bacterial regeneration in the biogas digester witih enhance higher yield of biogas
fuel. This mechanism (hot water flashing) is praabsbecause the surrounding
temperature of the selected site is too low to fegtanum digestion.
The volume of the digester (slurry) (VD) is definasl the product of the volume of the
daily charge (9§ and hydraulic retention time (HRT).The volume dbfjester = Total

waste per day x retention time/ density of wastena retention time.

Fill volume of digester[m3]

4.3

Hydraulic retention [day] = Substrate mput(n?/day]

Vp= & x HRT
= 12.38nYdayx40 days
= 4952 m

Total amount Biogas produced
Gas produced from food waste per day = amount ofl fivaste per day x its gas

production rate
=1,052.7 kg/day x 0.05
= 52.6 fiday
Gas from human waste per day = No of populatioreste/per day x its gas production
= 3,500x1 kg/day x 0.078
=273 m
Gas produced from total waste per day = 52.6 m3+233
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= 325.6 nMYday
4.1.3 Theamount of electrical energy produced from the biogas resource

The energy available from a biogas digester isrgwe[4]:

E=nXHy X Vp 4.4
Wheren is the combustion efficiency of burners, boilegenerators etc. (~ 60%).In this
thesis, the biogas generator (Gen-Set) HGGM1250g@dBrand is selected depending
on the result of optimization result of homer saftes which owns an efficiency of 42 %
Hpis the heat of combustion per unit volume bioga&sFavJ m® at 10 cm water gauge
pressure, 0.01 atmosphere) ands/the volume of biogas. Alternatively:

E=nXHnuXfmXVp 4.5

where H,is the heat of combustion of methane(38.13MJ/m3,B&MVB, at STP) the two
constants are used alternatively as per the forrauldesigner requires and fm is the
fraction of methane in the biogas. As from the digg f should be between 0.5 and 0.7,
but increase fm to nearly 1.0. From the manual ljeragtical) analysis performed above
288.38nivolume of biogas is obtained daily basis.
The volume of biogas is given by:
V=cxm, 4.6
Wherec is the biogas yield per unit dry mass of wholeuin{®.2 — 0.4m3 kg-1 ) and mo is
the mass of dry input.
From the above equation (4.5) the amount of enprggluced daily will be:
E=0.42x38.13MJ/fx0.65x325.6 m
=3,389.32MJ
1kWh=3.6MJ which implies 3,389.32MJ equals t®oHdd.5kWh.

42 DESIGN AND SIZING OF BIOGASDIGESTER

Among the various types of digesters discussedheniterature review section, in this
section fixed dome Nicarao a continuous feed (disgrhent) digester is selected, because
it is plant are relatively cheap. It is simple nsting steel parts and hence a long life of

the plant (25 years or more) and the construcBamderground which can save space and
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maintain digester temperature [12]. After selectimg type of digester, the retention time,
which is a key parameter in determining digestae,siis chosen to maximize the
percentage of production of biogas. From stangmedtice of biogas digester design
Sixty days is chosen as the minimum amount of fionesufficient bacterial action but in
case of bio digesters with pre heating system lomgtntion time can make enhanced
biodegradation [14].

The basic elements of a fixed dome plant are showime figure below.
Cross-section of a digester:

Ve

\

A

Fig.4.1 Basic elements of a fixed dome plant[62].

a) Volume of gas collecting chamber z V
b) Volume of gas storage chamberg V
¢) Volume of fermentation chamber £ V
d) Volume of hydraulic chamber =V

e) Voia of sludge layer =¥

Total volume of digesV =V¢+VystVi+Vs
Geometrical dimensions of the cylindrical shapesbbhs digester body:

i

|
N
I

B f2
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Fig.4.2 Cylindrical shaped biogas digester body [32
For structure stability and efficient performantired dome digester is expressed by the

following correlation [7, 8].

From the previous calculation the total volume s tigester is obtained to be 492%8m
So from this stand point the size of different paof the biomass digester can be

calculated as follows.

The following formulas are obtained from the abstandard assumption.

Ve =0.05V=24.64m3 4.7

Vs=0.15V=73.92m3 4.8
Ves+Vi=80%V, Vi=0.8V-Vg 4.9
Vags=Vy 410

Vgs=1/2(Vyst Vi+ VS)K=1/2(Vgs+[0.8V-Vgs] +Vs)K from equation
(4.3),2Vgs=(0.8V+0.15V)K=(0.95V)K where K =0.4 fathiopia[13].

Therefore,
V=99.23n1=V,,
V=295.01n

43 GEN-SET SIZING AND SELECTION

Sizing and selection of Gas engine-generator seh{&et)is a one of the fundamental
procedures while going through the design and ldagi study of biogas energy

generation.

The biogas generator is supposed to work aboutuéshaf a day with a minimum power
capacity of 418.3 kW. So it can be sound if we pase a biogas generator with a
capacity of 500 kW and efficiency of more than ¥sgent to have safe design. In this

respect about ten biogas generators has beenesklanti compared. Among the ten
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suppliers of biogas generator one of them has bBiered for analysis with the help of
Homer software by considering the cost, efficienagd availability of relevant

information or specification on online search.

Googol (JTA3240SG2) is the best fits with resptctits power capacity, cost and
availability. The detail specification and comparistable of this appliance and other
contestants are attached at the end of the th&sisek B-1)to be used as a reference
during purchase. All the other components' dimerssiand specification are left to be
calculated during construction based the selecig®l cndition counting different

modifications.

Per the above detail analysis, the total electecargy consumption of the university on
the selected design month is 104870kWh per montichnis equivalent to 3,382.9kWh
per day. Since only less than half of the enesgyuirement of the institution is met by
biogas energy to encompass sufficient and persisieatrical energy in the campus
additional energy generating system has to be derei. In this respect PV system is the
best option as it is available in integrated forithwhermal collectors system (PV/T). The
availability of the two collector systems in comp&arm is required because they can
have a win- win combination with the biogas genegasystem. While the working fluid;
water circulates through the pipes of the PV/T nhesluit can extract the undesired heat
generated under it. The efficiency of the PV or P¥iodule is rises significantly due to
the removal of heat. Unlike to its miserable effectto the PV/T system, the heat energy
is crucial for biogas digesters especially for sitéke ours, because it facilitates

biochemical reaction which leads to more rate ofbs generation.

Hence a PV/T system which can generate a minimur@3d.7kWh and more because the
plant is intended to supply (sell)power to the mgiiid during excess generation and buy
if there exist deficiency. Assume that the tota&célical energy demand of the institution
is to be fulfilled by energy generated from the P¥lstem only. That is considering the
biogas generating system as a backup (auxiliaty. Sizing of all the components of the

system depends on this basic hypothesis.
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44 SOLAR-THERMAL (PV/T) SYSTEM SIZING

4.4.1 Power Consumption Demand

At this stage the total watt-hrs per day for thadi@and the total watt-hrs per day needed

from the PV Module are calculated [2].

A. Total watt-hrs per day for the load: On the dasmonth, July 2012, 104,870kWh of
electricity has been consumed [2]. The total wadtdper day for the design month is
104,870kWh /31days = 3,382.9 kWh/day.

B. Total watt-hrs per day needed from the PV ModuM the previous power
consumption was in terms of alternating current Y&{&ctricity but a PV array produces
only direct current (DC) electricity. So an inverie assumed to be used to convert the DC
to AC. Thus the total W-hrs needed per day forltizel is the total W-hrs from the PV

module (DC equivalent demand) reduced by the ievefficiency [2].

The selected inverter efficiency is 98.7% .Theref@C equivalent energy demand (DC
kwh) = AC kWh minverter

DC kWRE22EWh/Aay _3 457 5kWh/day

0.987

4.4.2 PVIT array sizing

To find out the sizing of PV array, the total pes&tt produced needs to be known. The
peak watt (WP) produced depends on size of the Bduie and radiation of site location.
The radiation of site location is expressed undeeren called Sun-Hrs. Sun hours is
defined as the equivalent number of hours per dat, solar irradiance equaling 1,000
W/m?, which gives the same energy received from suridssundown. Sun hours only

make sense because PV panel power output is ratiedhwadiation level of 1,000W/m

3].

To calculate the total peak watt needed from theaR'sly we divide the monthly average
daily consumption in plane of PV array by the super day of that specific month. The

sun hrs per day of a month is calculated as folldarsthe design month:
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Sun hrs/day = Monthly average daily radiation iar@ of PV array (kWh/ffday)
/ 1IkWper nf

July sun hrs/day = 3.66 kWhffday / 1 kW per rh

July sun hrs/day = 3.66 hr/day

Therefore the total peak watt needed from the R&ydor the month of July is:
Total peak watt needed from the PV array = 3,42KBklay / 3.66 hr per day
Total peak watt needed from the PV array = 936.5kW

It can be seen that the month of July demandsitteest kW power. The total peak watt
power is increased by 20% [4] to account for misoeous losses due to the presence of
dirt on the modules, mismatch and wiring lossessTihe total Peak watt power from the
PV array = 936.5kWx 1.2

Total peak watt needed from the Pya= 1,123.8 kW
4.4.3 Inverter sizing

As discussed in the sub section power consumptenadd an inverter is used in the
system where AC power output is needed. The irgdutg of the inverter should never be

lower than the total watt of the load [2].

In this analysis since it was difficult to go thgiuthe nature of every load on the site
higher value of loading factor, 0.85 is considefext it's assumed that 85% of the load

operates at a time.)

Thus the inverter size is:

Inverter size(kW) = Total peak watt needed fromPhearray x0.85
=1,123.8 kWx0.85
= 955.23 kW or greate
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45 SYSTEM COMPONENT SELECTION, SITE CONDITION AND
POWER CIRCUIT ARRANGEMENT

This section tries to make the above design prcby using items (PV/T modules,
Inverters and other accessories) that are bothieadly competent and cost effective.
Also an attempt has been made on how to arrangéeths described above in a workable

circuit by considering the available area on the. si

Thus first we put the items considered for compari® a summary table considering the
most important technical and cost parameters. Werput the site condition (available
space on the site for our consideration) accordmgny visit on the site. Finally we
compare and choose the most competent combinafioemms and power circuits
depending on price and efficiency of items and labé useful area on the site. Therefore
the items considered with the summarized techmicdl cost parameters and the observed
site conditions will be discussed hereatfter.

451 PV /T Modules

| tried to look in to different brands of PV/T mdds, all being most reputed ones as
PV/T technology is still on the rise and | choosause those items that are well proven.
For many suppliers of PV/T modules some of whicle summarized below are

considered and compared for this thesis depenteofoliowing criteria:

Efficiency--- Best efficiency modules are chosentfe set system volume

Price or cost --- Wide range of price values arasatered to allow flexibility Rated
voltage --- a voltage level that fits the systeritage is considered

Short Circuit current --- A short circuit currengviel that fits the available charge
controller is considered

The summarized table can be put as follows. Ddtihnical data sheets and cost
references for all brands are attached on Appefdix

It can clearly be seen that the brands selecteel giwide range in terms of efficiency,
price, watt per module and other important parareetut since we are in the constraint
of space for installation it would be logical tolesg# a PV/T module having higher
efficiency and reasonable price. Therefore SYFDnuidel SYFD-250W efficiency
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18.5% and price range of 0.65 - 0.75 USD PV/T meslig selected for this project. The

detail specification of this Module is attachedtbae Annex B-1.
4.5.2 Inverter selection

The following ten brands of on grid inverters amnpared with respect to different
criteria. All the inverter Works in the Temperatuamge of -25 to 600C (Annex B-3)

45.3 Site conditions

A site visit was conducted to identify suitable amdor implementation of the project
inside the college of Natural Science facility. Tdrgerion’s used to select a suitable spot

are:

* A place not occupied or planned to be used forrgihgposes

» Aflat surface on the roof or ground

* Aninclined plane facing south perpendicularly

* A place with no or little amount of shading

A place owing Optimum space for both the biogad BV systems so as to

minimize wiring and piping costs

Accordingly only few suitable spots were identifiedide the college of Natural Science
because most of the roofs don’t face south ratBéru§p to 1500 apart from south. All
areas on the ground are few in terms of area amddy occupied for car parking and

recreational area filled with plantations producangnificant shading.

46 THEORETICAL AND PRACTICAL MEASUREMENT OF USABLE
AREA

From direct survey of the project site there is wbd,200 m2area comfortable for
installation of PV/T system both on roof top andtiea ground.

In general three spots have been identified toultatde for our project with a total area

of 7,200n% The details are put as follows:

l. On the roof of lecture hall and toilet =1,600 m
. On the roof of NBH 1 building=2,000"m
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[l Marshal building fresh man(statics dept sinet)=0,60

V. Free space in front of Marshal building =1,800 m

V. free space(car parking) in front of NBH buildingdastraight to it=800r
Total free area for installation 200 m?

So the amount covenant size of the site is the mamstraint to select components and
the system at all. In the previous section a Pv@date SYFD-250W which takes less
area(1.6 M) , higher efficiency (18.5%)and higher cost (0&ttywas selected by
considering that scarcity of installation area.

Fig.4.3 Sample photos of selected useful dimensbtise site

4.6.1 Power circuit arrangement

In this section we will discuss how items selecta circuit configuration is done on a
step by step basis. For college of Natural Scieoee the area we have is very limited
we picked PV/T Modules with high efficiency andat@lely high price in combination
with moderate efficiency and lower area coveragentthe PV/T modules listed in the
above section, SFYD with model SYFD-250W havingcefhcy of 18.5% is selected for
this particular project. | expect the gain in @#fitcy to compensate part of the cost

increment we incurred from other brands.
4.6.2 Sizing of PV/T Modules
The number of PV modules is determined from thi®¥ahg expression
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No modules= PVpeak power 4.11
Peak power of the module
Where PVpeakx power=>PVareaXPSIX1py 412
EL
PV area = GinxnpvxTCFxnout 413

Where Gin — monthly average daily radiation in plaoEPV array
nout -the grid side (output side of the inverter)
TCF - temperature and irradiation correction factor.

EL- Daily Electrical energy consumption of the sik&vh)

PSlis the maximum radiation intensity taken to be M0®?® and
the peak power of thkested module is 250Wp [25].

3,758.78kWh

PV areasmm—

mZ__ 0.185%0.94X0.92
day

=6,597.5 m

PVpeak power = PVareaxP§lx
= 5,937.2x1000W/nfx0.18
=1,187.5kW

Now it is simple to calculate the total number ajdules in the system

Total No modules (NMt) = EVpeak power 4.14
Peak power of the module
=1068790.0 W /250 W
NMt = 4275.16

= 4,275modules

Therefore, NMt = 4275PV/T Modules
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No of modules in parallel (NM is equal to maximum in put current into the

inverter divided by maximum current of the modul@speak power.

NMp = e 4.15

_ 1,200A

8.14A

=714; 147 modules can be taken in parallel

No of modules in series implies that the divisidntlte peak power (Pp) of the

system by the product @fn,Vm,NMp and .

NMs = Pp 4.16

NinvxVmxNMpXxIm

1,232,400W
0.987%x30.72Vx147x8.14A

= 33.87
So, 34 modules (strings) can be considered inserie

The next step is to identify the number of circuiggiuired to implement on grid PV
system for AAUCNCSc with a total capacity of 1,183V

Note: A circuit is one complete set of on grid P\fYGwer generating system components

such as PV array, inverter and others that contieetsun energy to AC electric power.

Then the amount of watt power to be supplied by@reeiit is identified:

Wp from one ckt = Wp of PV/T module xJ0f parallel array in a ckt
Wp from one ckt = 250W x147 = 36750W=36.75kW
No of ckts for the project = DC equivalent demand/ it one ckt
No of ckts for the project = 1,123.8 kW/ 36.75kW =58
An approximate value of 31 is taken as a workinigea
Inverter size kW = Total watt power from one PVagrckt x 0.85

= 36.75 kWx0.85

= 31.24 kW (a single inee capacity)
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Total area required for one circuit is then caltadaby adding areas of the PV/T array
area for one circuit and are of inverters one d@rand multiplying the result by 1.1 to
include the area for thermal system componentgpantps. PV/T array area for one ckt =
Wp from one ckt/ conversion efficiency of the P\fibdule (in w/m2)

PV array area for one ckt = 36750W/(185\f)m 198.65m
Total Area per ckt with inverter = (198.68mx1.1=218.5 rh
Total Project area = Area per ckt x NbCkts
198.65m2x31
= 6,158m

47 THERMAL SYSTEM ANALYSIS

The PV panels receive energy from the solar irramdaconverts some of it into electricity
through the PV effect and the rest is transfornméd heat. The objective of attaching the
thermal panel underneath the PV cell is to rema/enach heat as possible in order to
increase the efficiency. The heat extracted from BV panels must be reused using
thermal systems. Hereunder the undesired heat ewbtgined from the PV panels will

be mainly used for heating water, which in advanaa be used as an input for the

designed biogas digester.

To recap, the hot water, as per this paper, is fmetie following purposes in the campus
residence.
1. As an input in the biomass digester. uses tedpag biochemical
reaction.
2. For use in the cafeterias: to be as an inpdifiarent cooking and boiling
processes.
3. For residential use: that is for any kind of leouse like washing, shower

and others related purposes.

4.7.1 Thermal energy demand

Estimated load calculation

Load calculation is necessary for the service haiew(with or without storage) models.
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The actual load is calculated as the energy redjuireating up mains water to the
specified hot water temperature. If VI is the reqdi amount of water and Th is the
required hot water temperature, both specifiedheyuser, then the energy required Qload

is expressed as:
Qroad= Cpp VI(Th' Tc) 4.17
Where;

Cp is the heat capacitance of water (4,200 (JRY)f its density (1 kg/L), andgTis the
cold (mains) water temperature,£Qis prorated by the number of days the systemasd us

per week.

Before starting the mathematical analysis, the amhof thermal energy demanded by
each division mentioned above is estimated asvislid-irst the amount of thermal energy
demanded by the biomass generator is calculatedndem on the amount of water

required for dilution of the biomass slurry eacly da per the design of biomass system.
From the information developed on the section afghs design the amount of water
required to have 1:1 dilution ratio is about 6r8%day.

Second category of consumer is that of cafetefiagre are about five cafeterias and
lounges in the campus in which the thermal eneamnsemption mainly concentrates for
cooking, which is the daily activity about thremés a day. It is too difficult to state the
exact consumed amount each day because of théNiriam number of consumers each
day. For this study assumptions are made from aimp#per works and observation taking
the number of population in the university residen&s it was taken in the section of data
analysis and design sections the number of actipellptions are about 3,500.So from the
previous works [28], for preparation of meal perso@, about 4.5 liters of water is
required each day. From this amount, if half o iassumed to be required as hot and the
remaining as it is, 2.25 liters of hot water ishi® demanded each day for one person.
Therefore the total amount of hot water requira itlay can be assumed to be 7,875 liter.
At last the amount of hot water required for resitd use is mainly for showering which
is expected to be 20litres per person per day [32].15,000.00 liter of hot water is

required for showering each day considering thadvierage a person takes shower in 3
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days interval and half of the population wants celder instead of the hot one. Finally, it
can be clearly known that the daily demand volurihkad water on the design site is the

sum of the three: 29.815mer day.

48 THERMAL MODELING

Before starting thermal modeling, it is reasonatdediscuss about factors affecting
thermal energy production from the PV/T panels. sehtactors are categorized in to two,
natural (environmental) and manmade or design paintiew. Here in this paper, the
natural factors are mainly discussed because thsge significant effects on the output of

both the thermal likewise the electrical energydouciion of the hybrid system.
4.8.1 Environmental Variables

A number of environmental variables have to beldated from the weather data supplied
by the user (or copied from the RETScreen Onlineather Database). The values to
compute are the monthly average daily irradiancehénplane of the solar collector, used
to calculate collector efficiency and solar enecgltected; Cold water temperature, used

to determine the heating load the system has td. mee

4.8.2 Solar Radiation

Solar radiation is an electromagnetic wave emiktgdhe Sun’s surface that originates in
the bulk of the Sun where fusion reactions contgdrogen atoms into helium. Solar
energy is quite simply the energy produced direbtfythe sun and collected elsewhere,
normally the Earth. The electromagnetic radiatimel(iding visible light, infra-red light,
and ultra-violet radiation) streams out into spaceall directions. Only a very small
fraction of the total radiation produced reachesHharth. The radiation that does reach the

Earth is the indirect source of nearly every typerergy used today [26].

The potential amount of radiation that can reaehditrface is determined by its location
and time of the year. Due to differences in thetmysof the sun, the potential radiation
differs at various latitudes and in different seesadlhe actual solar radiation reaching the
evaporating surface depends on the turbidity ofath@sphere and the presence of clouds

which reflect and absorb major parts of the radraj9].
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Radiation reaching the Earth’'s surface is altergdabnumber of factors, namely the
inclination of the Earth’s axis and the atmosph#rat causes both absorption and

reflection (albedo) of part of the incoming radoati

34000 Upper Atmosphere Reflection
Atmospheric Wind

Absorbtion 0.06 Eneray
31000

g

5000
Surface Reflection

162000

Solar

Radiation 0.01 Solar Energy

Surface 0 Ocean Thermal
86000 38000 Heating ﬁ Gradient
Surface Incident 21000 Evaporation
Scattering \ 0.36
\—) 90 Photosynthesis Hydroelectric

Fig.4.4 Solar radiation exergy flow diagram (units TW). Shaded surfaces
represent natural exergy destruction; arrows reptdsuman use for energy services
[31].
Solar radiation can be divided into two componebtsam or direct radiation, which is
radiated from the sun to earth surface directly] diffuse radiation, which is reflected
and/or scattered by small matter in the atmospbach as clouds or water drops, then to

the earth surface.

4.8.3 Earth-Sun angles

Solar Time

In solar energy study there is an important disiomcbetween standard time and solar
time. Solar time is a time based on the apparegulanmotion of the sun across the sky,
with solar noon the time with the sun crosses teeidran of the observer Standard time
is described on longitudes and is dependent orstdredard meridian for each country.

The relation between solar time and standard thmmin is given by [33].
Solar time = Standard time + 4(Lst - Lioc) +E 417

Where: - Lst is the standard meridian for the Idoak zone (GMT+3, for Addis Ababa)
Lloc is the longitude of the location in questi@8'(42', for Addis Ababa)
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E is equation of time in minutes, accounts for shaall irregularities in day length that
occur due to the Earth’s elliptical path arounddba. The equation of time used here, in
minutes, comes from Spencer (as cited by Igbal3)t88.8minute for 25th July, i.e the
design day)

E=229.2(0.000075+0.001868C0sB-0.032077SinB-0.01€¢6%$3B-0.04089Sin3B 4.18

The equation of time as a function of each dayhef year is shown in Figure 4.5,
minimum and maximum irregularities occurs at Februs8 and maximum at June 2

respectively[25].

20

Equation of time [min]
o [&]
\
o]
po—_,
I

AN \
N/ -
\/

50 100 150 200 250 300 350 400
Nth Day of the year

Fig.4.5 Equation of time E in minutes as a functdulay of the year

Hour Angle (w)

One of the most important solar angle used to tiiis the earth's revolution with
reference to its polar axis is the hour anglgHour angle can be described as the angular
distance measured between the meridian of the viewd the meridian whose plane
enclose the sun as shown in the Figure 2.6. Whesuh gets to its highest point in the
sky or when it becomes overhead, the hour anglerbes zero at solar noon (12:00). The

hour angle increases by 15 degrees every hour.
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to Sun rays

Sun rays
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Fig.4.6 Solar angles on the earth globe [4]

Hour angle is given by the following equation.

w= (ST-12) x15°

Where: ST is solar time

Declination Angle )

In the earth’s globe, the plane that comprisesetimth’s equator is called the equatorial

plane.

The declination angel can be known by pinchingna between the center of the earth
and the sun. The angle between the pinched lingrendarth's equatorial plane is called

4.19

the declination angled) as shown in Figure4.6. The earth’s equatoriah@haill inclined

23.450t0 a line pinched between the earth and when the earth’s northern part of

earth’s revolving axis is liable toward the sun ebhis around June 21.During this time it

is observed that the noontime sun is at its maxirpomt in the sky and the declination

angle §) attain positive 23.45These condition called summer solstice which teHks

beginning of summer in the Northern Hemisphere.

284+N
365 )

O = 23.45sin (360
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Since July is selected as a design month, the nuoflaay in this month is 15 from the

standard table which is attached on the appendby(C-

So the result of mathematical analysis shows tieteclination angle for Addis Ababa is
21.20.Variation of declination with day of the yeashown in Figure 4.7.

0.5

0.4

0.3

0.2

0.1

declination angle(radian)
Q

(1] 50 100 150 200 250 300 350 400
Nth day of the year

Fig.4.7 Declination angle as a function of dayhaf year

Solar altitude angle &)

The angle specified between the ray from the suh arhorizontal plane enclose the
viewer is named as solar altitude angle. The eguédtr the solar altitude angle)(is

given in Equation (4.21) below.
Sim= sinasing+c0sicosuCcosp 421

The sun’s altitude can be illustrated in terms leé solar zenith angledZ), which is

basically the complement of the solar altitude angl
0,=90° -a (degrees) 4.22
This gives the equation for the solar altitude ariglbe

Cog),= SindSinp+CosicosuCOSH 4.23
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Additionally, because of the sun-earth angle concye solar radiation received at the

earth's surface varies on hourly, daily, or month&gis. Hourly variation is due to the

motion of the sun from east to west, and also dubé presence of clouds, whereas daily
variation and monthly (seasonal) variation is duéhe position of the sun. Longitude and

latitude give the location of a place on the eartlirface. The sun comes overhead twice a
year in the tropical belt. Ethiopia is in the equet region which is probably the most
favorable region for solar energy. According to tinelings of this work, disregarding the
rainy season, July and August, the average dailgtidun of sunshine is approximately 8-
10 hours [27].

Solar radiation, known as extraterrestrial radmtibh, on a horizontal plane outside the

atmosphere, is given by equation 4.24.

_ 24%3600

Ho=———Gjc (1 + 0.033cos %) (cos@cos6sin!)s + I

T
180

sin®sin6) 4.24

Where:
Gs=Solar Constant=1376W/m
N= the day of the year
8= monthly mean solar declination, degrees
Q<= sun set hour angle, degrees
@=latitude of location, degrees
Ho,=monthly mean daily extraterrestrial radiation barizontal surface,
MJ/n?.day

Then, average daily radiation is then broken dawo hourly values. This is done with

the formula from collares-pereira and rabl for glbloradiance.

—=| 7 Cosw—Cosg

I=H 4.25

24 sin!)s—%o.(zsxcos.(zs

I= hourly mean total radiation on horizontal suefalelJ/nf.h

H= monthly mean daily total radiation on horizontatface, MJ/m.h.day
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Q = hour angle, degrees
Since the sun advances fifteen degreemserhour the hour angle can be express as:
Q =15 Degrees X (Time - 12)
Qs= Sunset hour angle give as
Qs+~ Cos-1[-tamp tand]

The maximum possible sunshine hour is gagn

2
N:E X __(25 4.26
4.8.4 Estimation of Ambient Temperature

The ambient temperature can be estimated by ubmgihusoidal ambient temperature
model which is based on the variation of maximum Banimum ambient temperatures in
a day [ketjoy, 1999].

B0-| Tmax + Toin) Tonax = Tmin)Sin (335t )| 4.27
Where:
Tap) = ambient temperature at time, t
Tmax= mMaximum ambient temperature of the day
Tmin= minimum ambient temperature of the day
St = h-9
H = considered time in unit of hour

The result of the above calculations of angulaatlion of the selected site is summarized
in the following table.

Table 4.1 Summary of Solar Geometry Calculations

Quantity Simplified Expressions(resultsConditions

Local Solar time(Lst) | Lt+1.783 Et=-5 ,N=198

Solar Declination§) 212

Solar Altitude@) A=Sin-1[0.05657+0.9208ca$ | ® =9"02'

Hour Angle@) Q = 15x(Lt-12) Q varle§ with respect td._t
of the site

Sunset Hou Cos-1[-tand tanA]=93.5°

Angle(Qs)
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Hourly Solal =162.97(Cos» +0.061) Varies with respect tQ

Radiation(j)

485 Thermal Modeling of Hybrid PV/T Water Collector
The following subjects are supposed to be addrassihis subtopic

» Evaluation of solar radiation and ambient tempeeatu

» Comparison of the metrological data with the matairal formulae.

* Formulation of the data obtained from metro station both hourly average
solar radiation and ambient temperature of theyssite using mat lab software
by curve fitting method.

* Calculating the amount of thermal output, electricatput and the outlet
temperature of RPV/T collector using mat lab software.

* Summarizing the overall working of the solar theksystem

The following consecutive plots are obtained byerting variables in the result of the
previous summary table(4.1).sequences of calculatiare done regarding the site

geographical locations as an input.

A. Comparison Hourly Variation of Average Solar Rexdion
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Fig.4.8 The variation of solar radiation computedrly for one day a) shows the hourly
average solar radiation from metrological data lves the deviation on the
ground of the standard formulas and the geograploication of the site.

B. Comparison variation of hourly average ambieminperature
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Fig.4.9 Variability of ambient temperature in &% hours of a day, from metrological data and
standard formulas respectively

C. Formulation of metrological data using Mat labucve fitting methods
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Fig.4.10 Standardization metrological solar radiatiata using Matlab
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Fig.4.11 Standardization of metrological ambientperature data using
Matlab.

49 THERMAL AND ELECTRICAL OUTPUTS

Following Dubey And Tiwari [34], For N identical bectors partially covered by pv
modules connected in series, the outlet fluid tewmtpee at the end of'feollector can be

given as,

TfoN

_AFRA(aT) (1_KKN
mCg 1-Kg

AFRUL (1-K N
GRS e ( — ) Taey + TeKen 4.28
Wherg | y=-4.86f+122.89t-332.69

Tn=-0.0190f+0.6460t+10.7701

Ky FAmUL 4.29

mpCp

Note the parametric values to calculateke give on the annexc-2.
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4.9.1 Electrical Output

The electrical output generated by proposed hyfinwtovoltaic thermal biogas can be

evaluated by the following expression

Baily = i1 Mm [[AmXN 4.30

i : Tron+TFi
Where,,=1mo[1-B(Tf — Te)], T = %

Nmo =0.12 and3=0.0045

4.9.2 Thermal Output

The rate of thermal energy available from the psapiohybrid photovoltaic thermal
biogas plant can be obtained as:

q,=m¢C¢(Tron — Tf1) 4.31
For a set of design and climatic parameters, otdfaperature of nth collector and slurry

temperature has been calculated using MATLAB saftwa

358

!

TfolN

0 20 40 6-0 80 100 120
Number of PVIT Module

Fig.4.12 The outlet temperature of RV/T Collector using Matlab Software
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410 RESULT AND DISCUSSION

Hourly variation of solar intensity on the PV/T ledltors has been calculated by using Liu
and Jordan formula and compared with the collentettological data. The metrological
weather data has been further manipulated using IMMBT software so as to reach on
standard governing equation for further analysi mwodeling of the system. As it can be
observed from plots of the data, the hourly vasiatdf both solar radiation and ambient
temperature seems to be down ward parabolas. Deygeow this hypothesis and from the
previous works like [65] the quadratic polynomiah&tion of the form AX+Bx+C) is
considered to fit the data collected. The analigsimade with the help MATLAB software
and (=-4.86t'+122.89t-332.69 and {[4=-0.0190f+0.6460t+10.770) are obtained for
solar radiation and ambient temperature of thegieday 28 July 2014GC respectively
as shown on figure 4.10 and 4.12.

Fig. 4.9 shows the variation of solar intensityd aambient air temperature with time.
Fig.4.12 gives the variation of outlet temperatisoen N" collector and slurry temperature
during 24 hours period of day and night. The caoedfits heat transfer and other standard
values are attached on the appendix 4.28 .thisdighows that peak slurry temperature
also increases with increase of number of collscthre to increase of thermal energy
provided by PV/T collectors to the slurry. It issaloved that there is not much variation in
peak slurry temperature {Js,) after 100 numbers of collectors and hence themyoh
number of collectors for a design and climatic paters under consideration is about
100.

The energy production can be categorized in to themal and electrical. Both the
electrical and thermal energy generation from P&tllectors are influenced by the initial
and final (outlet) temperature of the fluid (waitethis case)

411 WATER PUMP SIZING AND SELECTION

4.11.1 Water Pump Selection

A centrifugal type of water pump of brand DellenPl@ and model CPM-100 having

maximum head of 16 meter, maximum discharge ofminhland capacity of 0.25 kW is
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selected for this specific project. The basic datéo select this pump from varieties in the

market are as follows:

It has optimum head which confidentially balance pequirement. As per the analysis
made some of the selected site for installati@enaar the roof of three and / or four story
buildings. In order to transport the water abovis ttory roof, a pump with higher
capacity is a must. Based on the information okthiinom civil engineers and architects,
buildings constructed for teaching/learning purgoéaniversities’) may have 1.75 to 2
meters height on each floor. So taking the maximuetue for safe design in to
consideration the four story building can have 8L meters including the balancing
structure made to fix the PV/T panels. Therefohe, Dellent CPM pump can fit in all

aspects of the requirements set as per the design.

4.11.2 Water pump energy consumption

The following basic analyses are made to estimateenergy demand of the selected

pump.

Discharge (I/min) = required volume of water pee aay/hours the pump is busy (hr/day)
hours the pump is busy (hr/day) =required volumeatier per one day/ discharge ( I/min)

= 29.815'dhay/70 I/min, 1 day=24 hrs and m1000 liter
= 7.1556 hrs perag d

So, the amount of electrical energy consumed pgrigsl@stimated as = capacity of the
selected pumpx estimated working hours of the day

= 0.25kwx7.1556 Hes/
=1.7889 kWhr/day &.4659kwhrs/month (the number of days

in design monthly331)
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Table 4.2 Monthly electrical energy consumptiortha pump CPM-100

Energy

Consumpti Energy

on Cost Consumption Cost
Month (In KWh) (Birr) Month (In KWh) (Birr)
January 55.46 42.6 July 55.5 42.9
February, 51.9 39.9 August 55.5 42.6
March 55.5 42.6 September 53.7 41.3
April 53.7 41.3 October 55.5 42.6
May 55.5 42.6 November 53.7 41.3
June 53.7 41.3 December 55.5 42.7

412 HEAT TRANSFER IN PIPES

The water which absorbed heat from the undernedthhh® PV/T panels will be

transported through pipes to biogas digesters &ility areas wherein there exist heat
transfer from the pipes to the air (environmentjaunding them. Generally the heat may
be transferred in three different modes: conducti@nsfer of heat as a result of
molecular motion and the subsequent transfer aétiarenergy. This is predominant in
solid materials and in static fluids. Convectiom flow of heat as a result of macroscopic
movement of matter from a hot to a cool region eadlation transfer of energy in the

form of rays or waves or particles.

Any surface which is hotter than its surroundingk lwse heat. The heat loss depends on
many factors, but the surface temperature andziésase dominant. Putting the insulation
on a hot surface will reduce the external surfareperature. By insulation, the surface
will increase on circular pipes or vessels, butrilative effect of temperature reduction
will be much greater and heat loss will be reduced.
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D2

D3

1

U=
D
D3xIn (D—g) 1

T
2Xkinsulation hout

Where, k- amount of heat inside the pipe
Hour amount of heat outside the pipe
KinsulationIS the thermal conductivities of insulation

Heat loss per one meter of insulated pipe is:

|Q

L=HXD3XUX(TIn_Tout)
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CHAPTER FIVE
5. SIMULATION AND OPTIMIZATION

5.1 INTRODUCTION

The homer micro power optimization model is a cotapmodel developed by the U.S.
national renewable energy laboratory (NREL) to stssi the design of micro power
systems and to facilitate the comparison of povegregation technologies in a wide range
of applications. Homer models a power system'’s jghy®ehavior and its life-cycle cost,
which is the total cost of installing and operatihg system over its life span. Homer
allows the modeler to compare many different desigtions based on their technical and
economic merits. It also assists in understandimcuantifying the effects of uncertainty
or changes in the inputs. A micro power systemsgsiem that generates electricity, and
possibly heat, to serve a nearby load. Such amystay employ any combination of
electrical generation and storage technologiesnaayg be grid-connected or autonomous,

meaning separate from any transmission grid.

Homer performs three principal tasks: simulatioptimization, and sensitivity analysis.
In the simulation process, homer models the perdoca of a particular micro power
system configuration each hour of the year to dater its technical feasibility and life-
cycle cost. In the optimization process, homer $wes many different system
configurations in search of the one that satidfiestechnical constraints at the lowest life-
cycle cost. In the sensitivity analysis processmémo performs multiple optimizations
under a range of input assumptions to gauge tleetsfiof uncertainty or changes in the
model inputs. Optimization determines the optimalle of the variables over which the
system designer has control such as the mix of coemts that make up the system and
the size or quantity of each. Sensitivity analysps assess the effects of uncertainty or
changes in the variables over which the designembacontrol, such as the average wind
speed or the future fuel price [30].

5.2 ABOUT THE DESIGN SITE

Addis Ababa, a capital of Ethiopia is the largasy of the country with population of
3,384,569 according to the 2007 census. The cigewgraphically located at located at
coordinates: 9°48’'N 38°4424"E. It has a subtropical highland climate with tenapere
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differences of up to 10 °C (18 °F). The high elewaimoderates temperatures year-round,
and the city's position near the equator meanstémperatures are very constant from

month to month.

The highland climate regions are characterized fyywvanters. During this season the
daily maximum temperatures are usually not more 2&°C (73 °F), and the night-time
minimum temperatures can drop to freezing. Thetstaomy season is from February to
May. During this period, the difference between dagtime maximum temperatures and
the night-time minimum temperatures is not as gesatluring other times of the year,
with minimum temperatures in the range of 10-155C-59 °F). At this time of the year
the city experiences warm temperatures and a pleaamfall. The long wet season is
from June to mid-September; it is the major wirdeason of the country. This period
coincides with summer, but the temperatures arehnhmeer than at other times of year
due to the frequent rain and hail and the abundahaoud cover and fewer hours of
sunshine. This time of the year is characterizedidrk, chilly and wet days and nights.
Autumn which follows is a transitional period bebmethe wet and dry seasons. In history
the highest record temperature was 32 °C (90 °Ryuau 27, 1996, while the lowest
record temperature was 0 °C (32 °F) on Novembef 239 [13,14,20, &30].

521 College of Natural and Computational Sciences (CNACSc)

CNACSc is one of the main numbers of branches oA was establishment before 50
years through various stages of development. Cilyretihe college comprises eight
departments, two schools, two institutes, and tmeéidisciplinary programs offering
undergraduate and postgraduate degrees. The calagecupied by different buildings
like dormitories, libraries student cafeteriasffstafeterias different lounges class rooms
in which the total population which comprises studelecturers of with different titles,
security guards and other staffs dwelling inside tdampus is estimated to be around
6,200 [33].
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Fig.5.1 Site Plan of CNACSC

Studies show that variety of renewable energy nmessulike solar, wind, biomass and
others are available in Addis Ababa as a city an@NACSC as project site. From these
the two resources solar and biomass are potenaallyndant and their combination has
promising output. The average solar radiation oe tiorizontal surface is 5.69

kwh/m?/day and on average 198.7 tons of biomassuress can be collected each
month.

The other main reason in favor of the two renewabbource as a couple, is the side
effect that setback the energy generation of thee(salar PV system) can be the remedy
to the existing shortcoming the remaining. MoreoWeey require less space compared to
the others in that the solar (PV/T) modules camnbegrated with the existing buildings
likewise underground construction is possible fog biogas digester which can cause
greater result by keeping the digester temperabigber. The tariff of electricity in
Ethiopia is 0.567 birr/kW (equivalent to 0.0263%/kW) at the moment, which is much
cheaper than the average international price (wWisiebhy export of surplus electricity is
feasible), but the EEPCo is very willing to havestable supply so that it is open to
flexible negotiations on the conditions, includithg tariff [30, 33 & 34]
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53 SIMULATION USING HOMER SOFTWARE
5.3.1 Load Profile and Design of Hybrid System

In the design of renewable energy systems befaeetecution of the design on to the
ground simulation is a bridge to clarify and imagwhat will happen in the future in
each hour or minute or second of the coming y&an® of the basic requirements in the
simulation of renewable energy is the electricargg consumption or load profile the
design site. The load can be in any form or typshsas electrical, thermal or deferrable,
continuous in any form which can necessarily b&exkby electrical energy as an input.
In this thesis since two systems are going to layaad as one, the load profile mainly
focuses on the electrical load which is consumethbydwellers, the thermal load which
is supposed to be consumed by the biogas digestkrthee deferrable load which is
intended to be in use by pumps and other un spdcifhnachines in which the
consumption is not regular or continuous. As itried to cite in the subsequent sections
the main purpose of integrating the PV/T systenmaisystem that generates biogas is to
have optimum temperature of the substrate in thgds digester so the thermal load here
is not served by the electrical energy directlyeasd the water is heated by the by product
of the PV system when it circulates through theepimside the PV/T panel. Therefore in

this section of simulation the thermal load is going to be analyzed.

The primary load or energy consumption pattern liswaries daily and monthly of the
year. The following figure (fig.5.2) shows the loptbfile of the design month and it is
assumed to be same throughout the year since wasstdesign method is pursued. The
homer simulates the operation of a hybrid systermbiing energy balance calculations
for every 8760hours in a year [32]. The annual peakl is considered as 349 kW with
primary energy of 3.4 MWh/day in the project areégure 5.3 shows how the load varies
in each months of a year.
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The hybrid system consists of solar PV/T and biogeserator with the total power
generation capacity of 2.1MW. The simulation comgids diagram which is generated

by homer software is shown on the following fig(skeleton).
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Fig.5.4 Schematic Represents the Load and Compoetected

From figure 5.4, it can be observed that the biegenerator and the PV/T panels feed
electrical power to the AC and DC buses and thevexer is used to alter the dc
electrical power generated by the PV/T panel ihtodesirable ac electrical power which
can be feed to the ac bus. The grid here usesafiashions one it can take (purchase) the
generated power from the plant when there is exgeasration of power than needed,
likewise the grid may serve as power wholesalernminere exist energy demand from
the consumer side, in this case the university. Cipacity of buying and selling of power

both from the grid and consumer is determined Withhelp of net metering system.

Another basic requirement as an input for simulatising homer is cost of system
components. These costs include the initial or lpasmg cost of components; the homer
provides simulation results of hybrid system fotimal system design according to the
sensitivity analysis [32]. This software preserite bptimized results categorically for
different sensitivity parameters like amount ofesaldiation and biomass resources. The
resources which are required for optimal systemigdeare long term global solar
radiation data, available biomass resource, loadil@rof the selected area, technical
specifications and cost of the proposed hybridesgstconstraints, controls, type of load

dispatch strategy and others. The latitude and itotg of the selected area are
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considered as 978'N and 38°424"E respectively with annual average wind speed of
3.02 m/s, average solar radiation of 5.2 kWh/m2/dde following figures fig.5.5, 5.6
and 5.7 represent the categorized optimizationltrethe overall optimization and the
sensitivity analysis respectively.

The homer simulates all the systems in their rdspesearch space for each of the
sensitivity values. In this paper various optindizaodel of hybrid system are designed
by the simulation software for a variation of saladiation of the selected site, and price

deviation of biomass resource.

As it has been described above the designedtenisr about 955.23kW and more, so a
couple of 500kW grid tie EASO00KTL inverters with ehcapital cost of about
4,000.00USD each including all other costs isnttwst suitable per the comparison result
of this thesis. The inversion efficiency of thigtpaular inverter is also tremendously high
(98.7%) when compared to the other brands. Thelddtahe inverters considered as

candidate for selection are prepared at the etigeafnanuscript (annexes).

The second item of the system is biogas enginergenmeset. About ten generators have
been selected for the comparison purpose as hdsns on the annex A-2.From those
gen-sets HGGM1250 model is considered for the strari because this generator
matches with the size of the designed generat@hawn on the design and sizing of

biogas plant section.

As it is discussed above 1 kW, SYFD-250W PV/T paseonsidered for the simulation.
The price of 1kW PV/T panel is about 700 USD [18].total cost of one kilowatt PV/T
panel is 1500 USD including all other costs in éddito the price of the module. Here
the labor cost and the O&M costs are given peraur Bo as the laborer is assumed to
work for eight working hours, an average of 15 emgive days and the O&M is
considered for one year or 8760 hours.

Replacement costs, the cost incurred for operatim maintaining during failure of the
installed system and other miscellaneous costs lékers for installation, mounting,

wiring, materials for additional fittings etc.
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Per the online survey of the current market, d#fifér components of the energy

generating system, plenty of sizes with varietyt€@se considered and compared on the

criteria such as cost, size (dimension), efficienmgpacity and reputation, simplicity of

operation and maintenance. The following summaryadsic components the hybrid

system (PV/T module, biogas generator and invewtbig¢h can take the share of the lion

in the consideration of system’s initial and othests which are supposed to be incurred

during installation of the system are summarizedhim following successive tables to

make the task of simulation simple.

Table 5.1Cost Breakdown for 1kW Model SYFD-250W PWanel

Parameter Unit Of Measurement Value
Capital Cost uUsD 700.00
Replacement Cost USD 500.00
Operation and Maintenance Cost USD/h 0.000899
Life Time Years 20
Mounting USD 5.00
Others Hardware Cost
Labor cost to fitf USD/h 15

As it is discussed above 1 kW, SYFD-250W PV/T paseonsidered for the simulation.
The price of 1kW PV/T panel is about 700 USD [18ETtotal cost of one kilowatt PV/T
panel is 1500USD including all other costs in additto the price of the module. Here

the labor cost and the O&M costs are given peraur Bo as the laborer is assumed to

work for eight working hours, an average of 15 @mgive days and the O&M is

considered for one year or 8760 hours.

Table 5.2 Cost Breakdown for 1000 HGGM1250 Biogas&sator

Hardware, Installation)

Parameter Unit Of MeasuremenYalue
Capital Cost uUsD 50,000.00
Replacement Cost uUSD 40,000.00
Operation And Maintenance Cogt USD/h 0.098
Life Time Years 15

Others  (Wiring, Mounting USD/h 2.5
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The second item of the system is biogas enginergtmeset. About ten generator have
been selected for the comparison purpose as hdsis on the AnnexA-2.From those
gen-sets HGGM1250 model is considered for the strari because this generator
matches with the size of the designed generat@hawn on the design and sizing of
biogas plant section.

Table 5.3 Cost Breakdown for 500kW grid-tie EA50QKIfiverter

Parameter Unit of Measurement  Value
Capital Cost USD 3,000.00
Replacement Cost USD 2,200.00
Operation And Maintenance Cogt USD/h 5.7410
Life Time Years 15

Others (Wiring, Mounting USD/h 1.27
Hardware, Installation)

As it has been described above the designedtenisr about 955.23kW and more, so a
couple of 500kW grid tie EASO00KTL inverters with ehcapital cost of about
4,000.00USD each including all other costs isrttust suitable per the comparison result
of this thesis. The inversion efficiency of thigtpaular inverter is also tremendously high
(98.7%) when compared to the other brands. Theld#tahe inverters considered as

candidate for selection are prepared at the etigeafnanuscript (Annexes).

Table 5.4 Dellent SCM Centrifugal Water Pumps atekSPipes

Parameter Unit of Measurement Value
Capital Cost USD 5x60=300.00
Replacement Cost USD 200.00
Operation and Maintenance Cost USD/h 1*10-4
Installation and Mounting Labor Cost USD/h 0.5
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54 DISCUSSION ON THE SIMULATION RESULT AND OUTPUT
ANALYSIS

The homer provides simulation results of hybridteys for optimal system design
according to the sensitivity analysis [32]. Thidtaare presents the optimized results
categorically for different sensitivity parameteike amount of solar radiation and
biomass resources. The resources which are reqglaremptimal system design are long
term global solar radiation data, available bioma&source, load profile of the selected
area, technical specifications and cost of the gged hybrid system, constraints, controls,
type of load dispatch strategy and others. Théuldei and longitude of the selected area
are considered as 948"N and 38°424"E respectively with annual average wind speed
of 3.02 m/s, average solar radiation of 5.2 kWAtday. The following figures, fig.5.5, 5.6
and 5.7 represent the categorized optimizationlttethe overall optimization and the

sensitivity analysis respectively.

The HOMER simulates all the systems in their respecearch space for each of the
sensitivity values. In this paper various optindizaodel of hybrid system are designed
by the simulation software for a variation of saladiation of the selected site, and price

deviation of biomass resource.

Censtivity Feaults - Optimization Results ‘

Sengiivity vanables

Primary Load 1 (Kwh/d)| 4300 +| Global Solar (Kwh/né/d){ 30 v| Biomass Resouce [t/ 100 =

Diuble click an 2 spstem below for smulation resuls.  Cateqorzed O Overal  Ewpot. | Defals.. |

Zifl *tﬁ P | Label | Conv.| Gnd Intial Operating Totdl COE | Ren. | Biomass| Label
A (W) | () | (W) | (kW) | Captdl | Cast($i] NPT [($wh]| Frac | [ | (o)

AFGT . 00 100 100§ AW SR 00D 100 181 7

Fig.5.5 Categorized Optimization Result of the Hgt8ystem
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Fig.5.6 Overall Optimization Result of the Hybrigistem
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Fig.5.7 Overall sensitivity analysis result of tHgbrid system

The sensitivity analysis has been made with sertgitivariables solar radiation(
5.19,5.0,4.54.0, 3.5 and  kWHikd), in biomass resource potential
availability(199,190,170,150,100 t/d) (0.00,0.158)0.20,0.25), and cost of biomass(if
any)(0.00,0.5,0.75,1.0 and 1.5 $/t).

variation
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A total of 876 sensitivity cases are examined fachehybrid system configuration. The
first two columns indicate the amount and vari&pibf renewable resources solar and
biomass respectively. The third and fourth shovsnaiss feedstock price estimation and
its carbon content. Interest rate and projectdie indicated in the next columns five and
six. The columns seven to ten indicates the presehgrid, solar PV, biogas generator,
and converter, respectively. The fifteenth, sixteeseventeenth, eighteenth, nineteenth,
and twentieth columns show initial capital costeigting cost, net present costRC),
cost of electricity COE, US$/kWhand renewable energy fraction. Except the coluains
biomass carbon content interest rate and projdet the results optimization and

sensitivity analysis are same.

According to the simulated results, the hybrid egstomprised of 1,111.5 kW PV array,
a 1000kW biogas based generator and addition t0 kW0 converters is found to be the
most feasible system with a minimum total net pnesmst (NPC) of 540,962.00USS$,
COE of 0.023 $/kWh and a renewable energy fraction.00 Wwhich is shown in fig.5.9.
Figure 5.9 shows simulation results of generatedtectity by PV, biomass generator and
the grid excess electricity after meeting locadloemand, un-met load, capacity shortage
and renewable fraction for the most economicallgsiiele system applicable for the
projected area. According to the simulation resths un-met load is 0.00 kwWh and
excess electricity generation is about 0.0492 k\Waltyost zero. This excess electricity is
about 0.0 % of the total generated electricity frdme designed hybrid system. The
minimal excess electricity is obtained because flant sells most of the generated

electricity to the national grid.

Figure 5.8 represents the emission of differenegaliring electricity generation from the
projected hybrid. Here since both the energy geimgraystems have renewable nature
with 1.00 renewable fractions, it is reasonableobserve insignificant amount of air

pollutants. Moreover negative emission values fanbon dioxide, sulpher and nitrogen
oxides shows promising combination of the two reslgd@ energy generating systems
regarding environmental conservation. Contrarily3Kdlyr carbon monoxide and

insignificant amount of particulate matter incluglion burnt hydrocarbons are expected

per a year because there is no system as effeseb®0%.
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Fig.5.8 Emission Analysis of the Hybrid System

Fig.5.9 shows the biogas generator and the PV gewegnergy production shares. As per
the simulation result the PV generator contribuimabout 19% and the remaining 81 %
of electrical energy is contributed by the biog&heyator. Likewise from the energy
generated by both the PV and biogas generator $G#oicated to meet the ac load of the

consumption and 84% is going to be sold to theonatigrid.
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Fig.5.9 Simulation Results of Generated Electrifiityn Hybrid System
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Fig.5.10 Overall Cost Summary of the Projected ltly/Brystem

Fig.5.10 describes the overall cost summary opthat components and the system. As it is cledrby on the figure the costs are mainly
concentrate on PV, biogas generator and convet®mnegative costs are returns, the cost experleogrid is negative implies 2,438,861US$
profit is attained from the power sold to the mgiiid. The initial capital cost of PV, the biogasigeators and the converter are US$535,750.00,
US$50,000.00 and US$ 8,000.00 respectively. Tred itwitial capital of the system is therefore, then of the initial capital cost of the
components which is 593,750.00US$.
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Fig.5.11 Cash Flow of the Hybrid System

The figure 5.10 presents the cash flow summaryrdoog to the net present value whereas the figuté Bepresents the cash flow summary
according to the annualized cost of the overallesys Basically figure 5.10 and 5.11 representtlezall cost summary of the projected hybrid
system which is essential for economic feasiboityany system. The operating cost, fuel cost anelileed cost of electricity generation are also

included in the simulation result.
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Fig.5.12 Payback period of the proposed Hybridesyst

Fig.5.12 shows the simple payback period of thégdes system. It is one of the key indicators oficial viability. It is the number of years
required for the initial cost of the project to&d for out of annual savings. The payback peoioithis particular project is 24.9 years which is

almost at the end of the life span of the projébe payback period analysis here is done withoosidering incentives for renewable design.

and without exempting government tax.
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CHAPTER SIX
6. CONCLUSION AND RECOMMENDATION

6.1 CONCLUSIONS

The electricity generation of Ethiopia greatly eslion conventional fuel sources despite
the base case system in the country is hydropovweatws too expensive to install dams
that can power all over the country. The existeoicsufficient water source for power
generation is also unanswered challenge. On ther bnd, there is insignificant use and
little awareness of renewable sources for eletyrigeneration even if the country is
blessed with renewable sources like solar, wind lsindas which can be utilized as an
alternate means for large scale electricity germraGiven to the stated fact and in order
to provide electricity in the off-grid remote andral areas, decentralized or grid
interactive hybrid electricity generation systenm dg a suitable option. In view of that,
the study in hand focused and paid a due atteatiout the design and cost analysis of a
3.1 MW hybrid power system with utilization of ldceenewable resources integrating
with the national grid. The monthly average soladiation varies from 3.66 to 5.87
kWh/mf/day whereas the average annual wind speed vades 3.1 to 4.1 m/s of the
selected location for the hybrid system. Like mastal areas of Ethiopia the selected
location for hybrid system has ample resourcesiods and sufficient solar radiation
which can be utilized for electricity generationhefe is a high amount of potential
availability of biogas resource in universitiess AAUCNCSC about 559.43 tons biomass
per year can be collected only from cafeterias loimthe campus. In addition to this
about a volume of 10 ¥rbiomass resources can be obtained each day frdetstoi
Generally abou?7556,231kWh/yr electrical energy can be harnessed from the total
biomass resource. This can cover about 87% peofeshergy demand of the site. The
remaining need is met by the integral of photovoleand thermal systems. This grid tied
hybrid system is designed to be properly used antdldy function for areas where the
annual average energy demand is considered as BWHRG with peak load demand of
349 kW and load factor of 0.379. The initial coktlee PV and Biogas systems is around
593,750 US$ with unit energy selling price to b@2@$/kwh. Hence the payback period
as per simulation result is around 24.9 years. Bbehere is no financial frame of
reference for payback period to categorize a désgmllation of any system to be
economically viable and infeasible the exaggerat@mber shows the considered hybrid
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system is not feasible or economical . The maimseaof letdown of the project is high
cost of PV panels, biogas engine generator and otlaén components in addition the

minimal electricity tariff of the country which subsidized by the government.

6.2 RECOMMENDATIONSAND FURTHER WORKS

In the research being conducted hybrid PV/T anddscsystems are being considered and
studied. As it can be easily observed the thermtgration with the photovoltaic
modules has a better merit in extracting the umeddieat generated in the PV modules.
The thermal system uses water as a cooling ageichwlas dual function both in cooling
(remove the unwanted heat) and heating water ftr bmmmass in the digester and hot
water for kitchen use, shower as well as for otf@ne use functions. But based on what |
have learned from the research being conductedvé hearned that more amount of
energy can be collected from solar radiation ifyyge reflectors is used incorporated with
the PV/T collector and thereby | strongly recommeine same given to its profit and

benefit.

Unfortunately due to high initial cost of the hybsystem the return from the investment
is too late when compared to other systems, soidemsg the biogas system only for
heating purpose in which the institution is aisoneed of it for different activities will be
other option. Likewise using this project can befukin order to provide electricity in the
off-grid remote and rural areas, since remotelraraas of the country are unluckily
failed to be connected with the national grid dwe the high expansion cost of

transmissions and partly due to failures to thé&itistion network of national grid system.
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ANNEXES

Annex A: Tables

Annex A-1: Standard Biomass Digesters dimensions

For volume For geometrical dimensions
Ve<5%V D=1.3078 X V"
Vs < 15% V V=0.0827 D’
Vgs + Vi = 80% V V,=0.05011D°
Vgs =V Vs =0.3142D?
Vgs =0.5(Vgs +V;+Vs)K R=0.725D
Where K = Gas production rate per R.=1.0625D
3 —
m” digester volume per day. fy = D/5
For Bangladesh K = 04 fo =D/8 ,
m>/m>d. S;=0911D
S, =0.8345 D?
Annex A-2: Comparison of different Biogas Gen-Sedrigls
SN Rated Power| Rated Rated Speed
Brand
Name Model Cost($)
(KW) Voltage(V) Current(A) (RPM)
1 Yuchai | 30gf 30 380/220 54 5,500 1500
2 High Ht4100d 25 400/230 38 5,105 1500
Tech
3 Googol Jta3240sg2 800 480v Adjustablet81 325,000 | 1200
4 Googol | Hggm1250 1000 415/240 1739 50000 15(
5 Vovac Vr120gfz 120 400 216 30000 1800
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Annex A-3: Comparison of different PV/T Modules Bds

No Module Material
PV/T Module Model Watt Frame | Efficienc vmp (V) Isc
Manufacturer Power(W Area(nf | y (%) (A)
)
1 MWPVT- M_(?nocrystalllne
200 200 2.00 Silicon
Sekisui 20.40 54.70 6.46
2 SYFD- Monocrystalline
SYFD 200W 200 1.20 >18.50| 4536 571  Silicon
3 KPV215M- Monocrystalline
SUNTECH 60 260 1.64 15.62 38.1 9.14 Silicon
4 Millennium MIL-PV- 320 2.32 14.2 44.2 9.94 Monocrystiling
Electric 320W texture and
antireflective
5 SYFD- Monocrystalline
SYFD 250W 250 1.6 >18.00 30.72 8.5p Silicon
Annex. B Manufacturer Specification Hybrid Systewn@ponents
Annex B .1 Specification of SYFD-250W PV/T Module
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Maximum Power (Wp) 250Wp

Maximum Power Voltage (V) 37.80

Maximum Power Current (A) 5.29

Open Circuit Voltage (A) 45.36

Short Circuit Current (A) 5.71

Cell Efficiency (%) 18.50%

Number of Cells (pcs) 72(6x12)

Size of Cell (mm) |125><125

Size of Module (mm) 1580x808x%35

Weight Per Piece (kg) 16

Junction Box Type PV-JB001(TUV)

|Frame (Material,Corners, Etc) |Aluminum
|-4o---+85

|Temperature Range

Standard Test Conditions:1000W/M2 Am1.5 25'c

Specifications

MSc Thesis: Gezahegn Abiti
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800kW 1000KVA Biogas Engine Electric Generator $ale 60hz
Jta3240sg2 Gas Engine 12 Cylinders V Type
Alternator Marathon

800kW 1000kVA Biogas Engine Electric Generator$ate 60hz

Engine Model JTA3240SG2
Rating Speed RPM 1200
Frequency Hz 60
Generator Output (Cop) kw 800
Power Factor 0.8

Gas Engine Parameter

Engine Output (Cop) kw 842
Air Ratio A 1.7
Configuration 12 Vee
Displacement L 53.1
Bore mm 170
Stroke mm 195
Compression Ratio 12:1
Piston Speed m/s 7.8
Number of Flywheel Teeth 218
Fly wheel House Size SAEO00-21
System Parameter

Oil Capacity L 180
Max. Allowed Oil Temperature °C 110
Oil Pressure Warning kPa 300
Oil Pressure Shutdown kPa 200
Coolant Capacity For Engine L 100
Max. Coolant Warning Temperature °C 93
Max. Coolant Shutdown Temperature °C 97
Max. Intercooler Outlet Temperature °C 40.5
Flow of Coolant Pump (JW) ms/h 39
Flow of Coolant Pump (Liter) ms/h 36
Max. Exhaust Temperature °C 453
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Exhaust Flow kg/h 4370
Exhaust Flange Diameter mm 1x250
Charging Alternator Capacity A 55
Starting Voltage \Y, 24
Thermal Balance

JW Coolant Heat +8% kW 422
CAC Intercooler Heat +8% kW 67
Exhaust Heat up to 120°C +8% kW 442
Energy Input kw 1956
Electrical Efficiency % 40.9
Mechanical Efficiency % 42.9
Thermal Efficiency % 44.2
Total Efficiency % 85.1
Gas Consumption MJ/kWh 8.80
Generator Parameter

Generator Model MX-800-6
Generator Prime Output kw 880
Generator Efficiency @ 0.8pf 95.3%
Genset Dimension

Length Mm 4500
Width Mm 1600
Height Mm 2200
Genset Weight Kg 10500

Annex B .3 Specification East Brand Inverter of MbEAS00KTL

Technical Data EAS00KTL
Max Dc Voltage 900vdc
MPPT Voltage Range 450~820Vdc
Max Dc Power 550kWp
Max Input Current 1200A
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Nominal Ac Power 500kW

Nominal Ac Voltage 220 Vac

Nominal Frequency 50hz/60hz

Power Factor 0.9(Lagging)~0.99(Leading)
Max Efficiency 98.7%

Net/Gross Weight 2000kg/2100kg

Annex B .4 CPM Centrifugal Water Pump.

Fob PriceUs $ 20 80 / Piec

Place of Origin: Zhejiang, China (Mainland)

Brand Name: Hanghai CPM Centrifugal Water Pump
Model Number: CPM Series Centrifugal Water Pump
Theory: Centrifugal Pump

Structure: Single-Stage Pump

Usage: Water

Power: Electric

Standard or Nonstandard: Standard

Fuel: Electric

Working Conditions

Max Temperature of fluid up to +80°C
Max Pressure 10bar,

Max Ambient Temperature up to 40°C

MSc Thesis: Gezahegn Abiti

97



Design of Hybrid Photovoltaic, Thermal and Biogas Power Plants to Power
Ethiopian Universities

Power
Q.max
Hp kW | (L/min)  H.max(M)| Pipe dia LxWxH(mm)
Type
CPM-100 0.33 0.25 70 16 1"x1" 310x170%x235
Annex C
Annex C-1: Standard Parametric Values.

Parameters Values

U+ 66 Wm K !
1, 924 Wm K1
Uer S 1028 Wm K
Ko 0.033 Wm 'K
K 0.033 Wm 'K
Klawbs 204 Wm T
.o 0.003 m
L+ O 0005 m
h, S7.75 Wm 'K
heo 45 Wm KT
hg 300 Wm 'K
h S00 Wm 'K
Ol O.70 — 085
Clp 0.8
TNse 0.09
Bsc 0.9
To 0.95
m 0.01 kg/'s
Ce 4190 Jkg 'K
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