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ABSTRACT

High cost of energy is one of the magjor challenges facing tea sector in Kenya. In an
effort to address that challenge, a study was conducted to determine energy indicator
trends and indentify factors that affect energy indicators in nine tea factories in
central Kenya. Energy consumption data for five years was collected and analyzed.
Plant survey was carried out to establish sectiona energy requirements for a tea
factory. The potential of renewable energy utilization within a tea factory was also
studied. Biodegradable waste thermal potential was estimated based on the quantity
of waste produced while the monthly wind and solar data for Nyeri was sourced
from Renewable Energy Technology (RET) screen 4 software data base. RET screen
software was used to model and carry out financial analysis of the renewable
resources indentified in the tea factories. The results of the study show energy
intensities ranged from 32.40 MJ per kg Made Tea(MT) to 38.31 MJ per kg MT and
cost intensities from USD 163.05 to 214.72 per ton of MT. Sectiona electrical
energy demand were 36.7 %, 21.4 %, 24.9 % and 17 % for withering, processing,
drying and others respectively. Factors identified to affect energy indicator are on
production volume, capacity utilization, climatic factors, operationa factors, and
cost of energy as well as type, quality and mode of fuel wood storage. The levelized
cost of energy for Solar photovoltaic (PV), solar air heating, wind resource,
combined heat and power were USD 469.63 per MWh, USD 182.89 per MWh, USD
45.11 per MWh and USD 72 per MWh respectively. The study shows opportunities
for energy cost reduction through energy conservation and resource management
exist as well as renewable energy utilization as a viable alternative source of energy

for teafactories.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the study

The Kenya’s agricultural sector contributed about 25.3% of Gross Domestic Product
(GDP), employed about 80 % of rural population and accounted for about 60 % of
foreign earnings as well as 45 % of government revenue in the year 2013 (Price
Water Coopers (PWC), 2014). Tea which was introduced in Kenya from India by a
colonial settler in 1903 was first planted in Limuru before spreading to other parts of
the country (Gesimba, Langat, Liu & Wolukau, 2005). Over the years the tea sector
in Kenya has grown and currently employs 10 % of the Kenya population either
directly or indirectly in addition to enhancing rural infrastructure and living standards
of those living in tea growing areas (Kagira, Kimani & Kagwathii, 2012). Report by
Tea board of Kenya (2014), shows that in 2013, tea contributed 11 % of the GDP in
agriculture and 26 % of the foreign earnings that year. Therefore, the tea sector
remains an important sector in Kenya’s economy. However, tea sector faces a lot of
challenges such as low market prices and high production cost due to the high cost of

energy leading to low tea farmers earnings.

Currently, the aim of the Kenya government is to improve the living standards of her
citizens and any step that can maximize tea farmers’ returns compliments that goal. It
was therefore necessary to explore measures that could reduce tea production cost
without compromising on the quality of the product supplied to the market.
Processing of teainvolves; withering, cutting, fermentation, drying, grading, packing
and dispatch. In withering, green leaves are loaded onto the withering beds, at a
certain optimum loading rate. Draught is then forced onto the withering bed by a fan
impeller coupled onto an electric motor. During withering, process air is passed
through air to steam heat exchanger to raise its temperature while monitoring the dry
bulb temperature after conditioning to avoid scorching the green leaves (Jayatunge,
1999).



After withering, the leaves are then macerated by rotor vane(s) and thereafter cut
using the Cutting Tearing and Curling (CTC) machines. The CTC machines consist
of pair of rollers, arranged in three sets with rollers rotating at different speeds in
opposite direction. The cut withered tea leaves are fermented in Continuous
Fermentation Unit (CFU) machines and fed into tea driers where moisture content is
reduced to acceptable limits. Tea drying machines consist of drying chamber with
different temperature zones. The drier has fans for blowing in air, dampers to control
air flow rate, heat exchangers for conditioning drying air, plenum chamber, drying
chamber, exhaust section and cyclones. Finally teais graded, packed and dispatched
to the market. Therefore, tea processing is an energy intensive process consuming

either thermal or electrical energy or both energy sources.

1.2 Problem statement

The tea sector in Kenya faces energy related challenges like escalating energy costs,
unreliable and poor quality power. Moreover the cost of energy is a major expense
that determines the overall cost of production of tea. The returns to tea farmers
depend on production cost and prevailing market price. Factories in the same region
or localities have different energy intensities and hence different profit margins
leading to variations in the final payment to tea farmers. Most of the tea factories
have access to renewable energy resources such as solar, wind, biomass and biomass
waste, which can provide cheap alternative sources of energy for driving some of the
production processes. However, these resources have not been properly utilized and

exploited dueto lack of information. The aim of this study was to bridge that gap.

1.3 Purposefor the study

The research sought to analyze energy consumption trends and indicators in different
tea factories with a view of determining potential for use of the available renewable
energy resources. The study avails vital information that would guide investment
decisions on energy conservation and utilization of renewable energy in tea factories

in Kenya.



1.4 Resear ch objectives
1.4.1 Main objective

To study the energy consumption trends and the potential use of renewable energy

resources in tea factoriesin Kenya.
1.4.2 Specific objectives
1. To determine the energy intensity trends in different teafactories.

2. To determine the potential of different renewable energy sources available

within ateafactory.

3. To calculate specific cost of energy from different renewable energy

resources in the teafactory

1.5 Resear ch questions

The following questions guided the study:-
1 How does energy consumption vary from one factory to another?

2. What were the renewable energy resources available in tea factories and

their potential for use?

3. What is the specific cost of energy for different renewable energy

conversion technologies?
1.6 Justification

The available conventional sources of energy are expensive, unreliable and at times
of poor quality. According to Greening Tea Industry in East Africa (GTIEA) (2007),
cost of energy in KTDA managed tea factories accounted for 30 % of total
production cost with electricity cost alone being 17 % which trandated into between
USD 294,200 and USD 650,935 annually that was spent on electricity hills.



Furthermore, according to Kenyan Draft National Energy Policy (DNEP) (2014),
there are no guidelines on how to promote use of renewable energy resources
available in tea factories. Exploitation of these resources can improve energy mix;
reduce cost of production and eventually improve shareholder returns. The study
provides the necessary information that can be used by policy makers in charge of
tea factories when developing business strategic plans especially on energy
conservation, management and renewable energy exploitation. The other objective
was to establish the energy consumption trends and compare the energy intensities of

the selected tea factories located within the same geographical area.

1.7 Significance of the study

The information from the study will be very useful to policy makers’ especially
factory management and factory Board of Directors when making decisions on
energy conservation, energy management and renewable energy investment. Other
beneficiaries are statutory policy makers who are involved in the formulation of

regulation in Kenya.

1.8 Scope of study

The study profiled energy demand, end use and established levelized cost of energy
for renewable energy resources within smallholder tea sector factories.



CHAPTER TWO
LITERATURE REVIEW
2.1 Energy consumption trend in the world

Energy is a necessity for sustaining human lives. When energy cost increases more
money is directed to purchase energy. Over a long period, fossil fuel has been the
main source of energy mainly due to availability of conversion technologies which
are considered cheaper than for renewable energy sources. In Africa, countriesin the
North depend heavily on oil and gas, South Africa depends on coal whereas the rest
of Africa depends on biomass mainly for domestic use especially the rural population
(Karekezi & Kithyoma, 2003). However, studies show fossil fuel consumption has
negative environmental impacts hence; there has been a lot of interest in exploring
and utilization of environmental friendly renewable energy resources (Simion,
Blarke & Trifa, 2012). Projections by World Energy Council (2004) show world
primary energy consumption will grow by 60 % by the year 2020. In 2008, Africa
had the least generation capacity of 2.65 % in the world of which 30 % was
generation by South Africa (Osieni, 2012). This indicates most African countries

have low per capita energy consumption which affects development in the continent.

In Kenya, the Ministry of Energy (MOE) in 2011 reported that less than 15 % of the
population was supplied with eectricity and 48 % of the installed capacity was
from hydropower, 37 % from thermal, 13 % geothermal, 2 % from both wind and
cogeneration plants. Low per capita energy consumption and connection percentage
implies more resources should be directed towards energy generation projects in
Africa by the governments as well as private investors. In Kenya, energy sector like
in most Africa countries is characterized by high dependency on biomass, frequent
power outages; low access to energy and overreliance on hydropower and oil imports
(Kimuyu, Mutua & Wainana, 2011).



Studies show, on average in Kenya tea factories receive electricity from the national
grid 93 % of the time and the remainder generated by tea factories standby diesel
generators World Energy Council, 2004 (Nordman, 2014). These power challenges
resulted to a loss of about 9.5 % on production excluding the cost of damaged
equipments, meaning losses are higher (Mwakubo, Mutua, Ikiara & Aligula, 2007).
Considering the power supply challenges, unsupplied and growing population as well
as economic growth then demand for electricity in Kenya remains high. In order to
meet the demand, spur economic growth and fight poverty as well as attain vision
2030 Kenya should invest in renewable energy (Y uko, 2004).

Researchers have been focusing on renewable energy exploitation to meet the
growing demand of energy and to reduce reliance on the expensive fossil fuels but
studies show traditional power generators will still remain cheaper (World Energy
Council (WEC, 2004). Most countries in the world have been formulating policies
that promote investments in renewable energy. However, in East Africa there are
minima investments although the scenario could be different in future due to
untapped renewable energy potential (Yuko, 2004). Kenya government recognized
importance role renewable energy will play on her economy and introduced Feed in
Tariffs (FT) in 2008, which were reviewed once midterm to attract renewable

energy investments by private firms (MOE, 2010).

Through Kenya National Draft Energy Policy (KNDEP, 2014), cross cutting issues
hindering development and adoption of renewable energy were identified. These
include lack of awareness and information, financing mechanisms, trained manpower
for installations; designs not good for local conditions, lack of government policies
and coordination. In Kenya, lack of information about renewable energy, has been
singled out as a mgor obstacle, since renewable energy technologies are viewed by
policy makers as new and traditional technologies are preferred even where
alternatives exist (Y uko, 2004).



In order to promote renewable energy exploitation, the Ministry of Energy and
Petroleum in Kenya financed feasibility studies for 10 small hydro projects in tea
growing areas with cumulative power potential of 25 MW for KTDA to invest in
addition to the two sites that were financed through GTIEA programme (Kiral &
Shah, 2009). Tea factories in Eastern and Central Africa have shown alot of interest
to invest in renewable energy generation to reduce production cost and green house
gas emissions (GTIEA, 2007). Energy cost accounted for about 30 % of production
cost in KTDA managed tea factories (GTIEA, 2007) but the 30 % cost of energy
compared well to tea factories in India (Environmental Management Centre, 2012).
Although renewable energy does not guarantee 100 % reliability, firms should invest
in them to supplement traditional sources of energy so as to achieve better
productivity, economic growth and developments as well as improve social welfare
of the citizens (Osieni, 2012). It was, important to avail information about renewable
energy exploitation as a long term solution rather than short-term solutions like the

expensive fud oil.
2.2 Teaprocessing energy requirements

Tea processing involves; withering, rolling or cutting, fermentation, drying, grading,
packing and dispatch. Tea processing is manly a drying process that reduces
moisture content from about 83 % to 3 % of the fresh harvested green leaves (School
of Environment Resources Development, Asia Institute of Technology, 2002).
Therefore, tea processing is an energy intensive process that requires both electrical
and thermal energy at aratio of 15:85 respectively (Baruah, Khare & Rao, 2012). In
India, every kilogram of Made Tea (MT) required 3.5 to 6 kWh of thermal energy
and 0.2 to 0.5 kWh of electrical energy (Kumar, Velan & Sivasubramanian, 2004).
However, in Sri Lanka it ranged between 4.45 to 6.84 kWh/kg of MT and about 10
kWh/kg of MT in Vietnam (Baruah, Khare & Rao, 2012). In Sri Lanka the overall
energy intensity was about 22.4 MJkg MT of which 95 % was thermal and the rest
electricity (Jayah, Aye, Fuller & Stewart, 1999). A study by EMC in Indiafound out
fuel wood consumption to be 1.9 kg for every kg of MT compared to Tanzania of 3.6
kg for every kg made tea (Sheya & Mushi, 2000).



Studies show fuel wood ratio depends on the moisture content, fuel wood tree
species and duration of storage after harvesting which should be six months
minimum (Erkkila & Alakagas, 2008). Moisture content of fuel wood varies from 25
% to 45 % wet bulb (Jayah, Aye, Fuller & Stewart, 1999).

In Kenya, thermal energy for tea processing was derived from fuel wood and heavy
fuel oil whereas éectricity was sourced from the national grid and standby generator
sets in case there is power interruption. In Kenya 70 % of the energy needs are
derived from fuel wood (Githiomi & Oduor, 2012) compared to 92 % of final energy
in neighboring Tanzania, and projections show fuel wood will be a major source of
energy even in future (Sheya & Mushi, 2000).

Studies show firmsin Africa, loose 77 hours of production time every month due to
power quality factors (Osieni, 2012). In Kenya as per Kenya Institute for public
Policy Research and analysis (KIPPRA) (2007), firms lose about 9.5 % of the total
output due to power outages. Asaresult thereisalot of interest in energy efficiency
and conservation so as to reduce cost of energy. There are severa merits of using
energy efficiently such as reduced investments in energy infrastructure, low

dependency on expensive fud oil, increased profits and environmental conservation.

Studies show in tea processing, electricity saving of about 23 % could be achieved
by controlling air flow rates for withering fans to an average of 0.567 m® per minute
per kg green leaves (Botheju, 2013). That was achieved by adjusting the withering
fan pitch angles and loading density of 26.9 kg/m? of green leave (Botheju, 2013).
Results from a study carried out in a broiler processing plant in Georgia and
Alabama USA show energy consumption by a plant depends on plant location,
climatic conditions, technical and engineering characteristics of the plant as well as
operating procedures and practices employed (Jones & Lee,1978). However, energy
indicators are aso determined by type of energy source, production levels,
production conditions and energy input (Jekayifa & Bamgoye, 2008) as well as
quality and plant efficiency which depend on the equipment used (Kumar, Sujatha &
Thyaragajan, 2012). Under-utilization of plant leads to energy loss since base load of
energy remain the same irrespective of the quantity processed by the plant.



Further, another study found out that low machine efficiency and down time resulted
to high energy use (CIPEC, 2006) implying Overall Equipment Effectiveness (OEE),
a product of plant availability, quality and performance; indicate plant utilization
levels compared to its optimum capacity measures plant performance and energy
efficiency of the plant. It was established that the world class average overall
equipment effectiveness for manufacturing plants is about 85 % (Glova, 2012).
Energy conservation is hindered by lack of information and awareness, lack of co-
ordination standards, lack of funds, research and development (SERD, 2002). Studies
on energy consumption and energy indicator trends was carried out to avall
information to guide in planning, monitoring energy use as well as energy

conservation and management.

2.3 Renewable energy exploitation status

2.3.1 Overview of global renewable energy use

Renewable energy is the energy derived from natural resources like solar, wind,
tides, geothermal, hydro and biomass. According to US department of renewable
energy in the year 2012 alone, 23 % of the electricity generated globally was from
renewable energy resources. The low renewable energy generation capacity was
confirmed by another study carried out in Africa showing that although there are
substantial renewable energy resources they remain unexploited, and they can play a
major role to the continent’s energy sector when exploited (Karekezi & Kithyoma,
2003) especialy for off grid electrification in rural areas of Africa (Kirchner &
Salami, 2014). According to world energy council projections, by the year 2030
energy from renewable energy sources will have increased by 34 % with major
contributors being wind and solar sources at 17 % and 16 % respectively. Twidell
and Weir, (2006) argues for that to be realized, availability of renewable resource,
end user requirements, environmental impacts and cost of energy should be taken
into consideration when harnessing the resources. A study by Dale (2013) show
wind being cheap to exploit followed by concentrated solar power and then solar

photovoltaic.



However, in terms of growth according to Renewable Energy Network (REN),
(2012), from the year 2006 through 2011, solar PV was the fastest growing
technology followed by solar thermal and wind power. Therefore, renewable energy
resource exploitation depends on its available potential, geographical location and
market availability. In Kenya, tea factories have potential for renewable energy and
no evaluation has been carried out. The present study aims at bridging the gap.

2.3.2 Biomass energy utilization

Biomass covers forestry grown agricultural crops, trees, plants, organic wastes,
agricultural, agro industrial and domestic wastes (Balat & Aya, 2005). Unlike other
renewable energy resources, biomass can produce heat, power, chemicals i.e. solids,
gases and liquids and available continuoudly if harvested sustainably (Karekezi, Lata
& Coelho, 2004). Utilization of biomass has several benefits like job creation,
reliable source of energy, source of income and infrastructure development in rural
areas (Gumartini, 2009). Studies show biomass consumption vary from country to
country but higher in poor countries (Karekezi, Lata & Coelho, 2004) compared to
developed countries where biomass accounted for about 35 % of primary national
energy requirements (Balat & Ayar, 2005). However, in developing countries like in
Asia (excluding China) and Africa, biomass consumption accounted for about 30 %
and 48 % of world biomass consumption respectively (International Renewable
Energy Agency (IRENA), 2012). In sub-Saharan Africa about 90 % to 98 % basic
national energy needs are supplied by biomass (ldiata, Ebiogbe, Oriakhi &
Lyalekhue, 2013).

In Kenya, fuel wood consumption levels were about 70 % of the total national
energy needs (Githiomi & Oduor, 2012) and was inadequate since a deficit of 57 %
existed (Mugo & Gathui, 2010). But Balat and Aya (2005), reports about 50 % of
rural populations in Africa, depend on biomass as fuel source. However, biomass
consumption in Kenya was lower compared to Ethiopia of 92 % of the energy needs
(Guta, 2012). Studies show bhiomass combustion efficiencies in developed countries
are better and regulated especially on emission standards which lacks in developing
countries (Gumartini, 2009).
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Projections show that in Kenya, fuel wood will be the main source of energy
although policy formulation on its utilization remains a challenge despite its role in
the economy (Githiomi & Oduor, 2012). This projection compare well with
Gumartini (2009) which show that world annual fuel wood utilization by year 2020
will be about 2 billion m® of fuel wood annually.

Organic wastes defined by Kitani, Junbluth, Peart and Ramdani (1999) as materials
from plants aready collected with low or no value have uniform characteristics is
another source of energy. However, its properties depend on the moisture content,
guantity and seasonal availability. Wastes generated depend on product being
processed and production technique employed (Ndubuisi, Uchechi & Ougeke, 2014).
A study carried out in atea factory in India found quantities of tea waste generated
depends on leaves quality, withered leaves moisture content during processing and
condition of the processing machinery (Environmental Management Centre (EMC),
2012). Another study found tea factories in the Eastern bloc of Turkey produced 20
% of the annual MT as wastes (Uzun, Apaydin, Ozbay & Putun, 2010). However,
Manskar (2007) reports tea wastes from a tea factory as 2 % of the black tea
produced of which 0.3 % of the wastes could be reused to produce by-products.
Another study found total solid biodegradable waste produced from a tea factory in
Kenyato be 0.01 % of the MT produced (QOirere, 2011). Although solid tea waste has
high calorific value of 16.19 MJkg it remains un-utilized as a source of energy and
little literature on tea waste gasification, pyrolysis and carbonization was available
(Esin, Ates, Ozbay & Eren, 2010). Solid contents (dry matter) play a major role
during biogas production, and more amount of water means less biogas production
(Seadi, Rutz, Prassl, Kottner, Finsterwalder & Volk, 2008). According to EIA
(2012), co-digestion of various feed stocks ensures stable process and can produce a
balanced biogas. A study in Kenya recommended utilization of organic wastes by tea
factories to reduce energy costs (Murunga, 2012). However, this study did not
guantify bio-waste energy but established caloric values of sawdust, briquettes, tea
fluff, wet manure and immature wood to be 25.03 kJ per g, 20.24 kJ per g, 21.67 kJ
per g, 23.57 kJ per g and 21.35 kJ per g respectively.
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However a study in United States by Stilwell, Hoppcock and Webbner, (2010) found
energy from waste water accounted for 0.1 % to 0.3 % of the tota energy
consumption compared to high electricity consumption by those waste treatment

plants.

There are several methods of extracting energy from biomass as pointed out by
International Energy Agency like combined heat and power, a proven, cost effective
and reliable technology (Heat, 2008). Studies show waste heat utilization through
Combined Heat and Power (CHP) technologies, savings of 20 % and 40 % of
electrical and heat energy for a tea factory respectively can be achieved
(Rudramoorthy, Kumar, Velavan & Sivasubramarian, 2004). However, a study by
Gao, Lamtrakul and Kristsanawonghong (2014), show 10 % to 20 % savings of the
overal primary energy demand could be realized. The high energy savings can be
attributed to the high efficiency of CHP of about 76.5 % compared to 60 % of the
convectiona plants (EIA, 2012). However, United States department of energy
(1999) reported efficiencies above 90 %. The best technology for maximizing energy
content extraction from biomass is through gasification (Muzee, 2012). Further,
Humley et al., (2014), found gasification efficiency to be greater than 17 %
compared to electricity generation using anaerobic digester gas. Through
gasification, specific fuel wood utilization for tea drying of 0.4 kg fuel wood /kg MT
was achieved resulting overall fuel wood consumption reduction by more than 50 %
(Rudramoorthy, Kumar, Velavan & Sivasubramarian, 2004).

There are severa cogenerations technologies in the market such as steam turbines,
gas turbines, combined gas or steam cycle and diesel engines. However, gas turbines
are the most efficient because they produce more electricity per unit of fuel
compared to say steam turbines (MoE, 2011) a fact confirmed by US Environmental
Protection Agency study report of 2011 on CHP. Dueto low electricity to steam ratio
required for tea processing, steam turbine topping cycle which produces electricity
first is better than bottom cycle which first produces thermal energy (Rudramoorthy
Kumar, Velavan & Sivasubramarian, 2004).
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A study by Rudramoorthy, Kumar, Velavan and Sivasubramarian (2004) shows,
with a 4.5 ton/hour boilers operating at a pressure of 2.4 N/mm? and output
temperature of 300 °C, 250 kVA of electricity can be generated but levelized cost of
energy was not established which this study aimed to establish. But according to
International Renewable Energy National Agency (IRENA), (2012), levelized cost of
energy for biomass generated electricity ranged between USD 660 to 1860 per kWh
at a capacity factor range of between 45 % to 65 % and plant availability of 85 % to
90 % with feedstock accounting for about 40 % to 50 % of that cost. But, US
department of energy (1999) reports lower LCOE of USD 500 to 1000 per kWh for
all CHP technologies except for fuel cell with capacity factors of 25 % to 70 % and
better availability of 90 % to 98 %.

In western Kenya, sugar factories have CHP plants with a cumulative generation
capacity of 36.4 MW (Y uko, 2004). In central part of Kenya, Bidco oil refineriesin
Thikatoo have a2.2 MW CHP plant (Spenomatic, 2014).There was no CHP in small
holder tea factories in Kenya, although the factories use fuel wood and are located in
rural areas where biomass is available. The study aim was to establish viability of

CHP to maximize on the energy resources available.
2.3.3 Solar resource potential in Kenya

Kenya is located along the equator where there is adequate radiant energy from the
sun which is the most important parameter when exploiting solar resource
(Broesamle, Mannstein, Schillings & Trieb, 2001). Kenya receives adequate Direct
Normal Irradiance (DNI) of 6 kWh per m? throughout the year and good for
electricity generation and solar therma applications (Ministry of Energy, 2011).
However, the minimum DNI should be about 5 kWh per m? for solar concentrating
system to be economically viable (Asian development bank, 2013). A minimum
DNI of 4 kWh per m? is good for small PV installations and 5 kWh per m? for large

installations like solar thermal plants (Hammar, 2011).
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Figure 2-1 below shows annual direct normal solar radiation in various parts of

Kenya

s
Three years annual average dally total sum of DHE KWhin*2 day

Figure 2-1 Annual direct normal solar radiation in variouspart of Kenya
(Theuri & Hamlin, 2008)

2.3.3.1Solar Photovoltaic (PV)

Solar PV uses photons from solar radiation to produce electricity which not only
depend on intensity of radiation but duration of sunlight hours, prevailing weather
conditions and storage capacity (Duffie & Bekham, 2013). The type of module
affects electricity production because studies conducted in Serbia show CdTe solar
modules to be the best for electrical energy generation but when leaked they are
harmful to the environment (Chanel, Agrawal, Sanjay & Mathur, 2014).
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However, multi-crystalline modules have better efficiencies of about 13 % to 13.5 %
compared to thin film modules which have efficiency range of 6.5 % to 7 %; they
require less space (Asian Development Bank, 2013) and degrade by 2 % per year
(Chu & Mesein, 2011). Operation and maintenance costs for PV systems are 1 % of
the initial costs and major cost of PV was the module which accounts for 50 % to 60
% of the system capital costs but vary from country to country depending on volume
of sales, profit margins expected by dealers, maturity of the marketing infrastructure,
duties, taxes and competition levels (Woodruff, 2007). Cost of PV module ranged
between USD 0.75/W and USD1.1/W with capacity factor range of 10 % to 25 %
(IRENA, 2012). That capacity factor compared well with 16.5 % to 26.1 % for a 5
MW PV plant in Iran and 27.6 % to 33.7 % for a 10MW PV plant in Egypt (Chand,
Agrawal, Sanjay & Mathur, 2014). Studies in Germany show there are higher
capacity factors and that high solar irradiance results to lower Levelized Cost of
Energy (LCOE) for solar PV (World Energy Council, 2013).

In Kenya, scanty information on PV for industrial application however, Uhuru farm,

in Timau, 230 km north of Nairobi installed a 72 kW solar PV plant with the
estimated return on investment of 5 years and Williamson tea estate in Kericho, Rift
valley had commissioned Azimuth power to install 1 MW solar PV installation
(Azimuth power, 2014). Other companies in Kenya that have shown interest to
utilize solar energy are Sameer Africa a tyre manufacturing firm, cement
manufacturer Bamburi, and snacks and spices manufacturer tropical heat which
intends to supplement current sources of energy (Kenya Renewable Energy
Association, 2013).

2.3.3.2 Solar thermal

Solar thermal technologies trap thermal energy from the sun, and concentrate it by
solar collectors or mirrors to a fluid. The fluid which can be air or any other fluid
absorbs that heat and transfers the heat to a point of use. Solar thermal collectors are

categorized as low, medium, or high temperature collectors.

15



Examples of low temperature collectors are unglazed flat plate collectors used for
swimming pool heating but can also be used as air collectors for agricultural low
temperature applications such as crop drying. Medium-temperature collectors are
flat-plate collectors, enclosed in an insulated case, with single or double glazing and
used for heating water or air for residential and commercial use. The unglazed
collector, solar pond, flat plate and evacuated collector can generate heat output
temperature in the ranges of 40 °Cto 60 °C, 60 °Cto 90 °C, 60 °C to 80 °C and
200 ° C to 500 ° C respectively depending on solar radiation (Garud, 2008). High
temperature collectors have absorber plates, heavy insulation, and enhanced
temperature capabilities and have a sun-tracking system .They are good for steam
generation for industrial applications and power generation. A study carried out by
Alinta energy in 2014 in the port of Augusta found parabolic trough, power tower
and linear Fresnel collectors technically viable. A parabolic trough can generate heat
output in the temperature range of 100 °C to 500 °C, linear Fresnel 100° C to 250°C;
parabolic concentrator range of 100 ° C to 150 ° C and parabolic dish collector can
achieve temperature range of 300 ° C to 1000 ° C (Garud, 2008). These temperature
ranges are within tea factory applications such as tea drying that require hot air
within temperature range of 90 ° C to 140 ° C and 32 °C for tea withering
(Palaniappan & Subramanian, 1998). Therefore, the temperature ranges by Garud
(2008), show solar can be used for supplying hot air required for tea processing
either partialy or fully but that depends on cost. However, auxiliary air heating
system was found necessary for supplementing solar air heating in order to produce
high quality teas because of variability of solar radiation and steady uniform
temperature required for tea drying process (Swaramoorthy, Mohamed &
Galahiyawa, 2003). Studies show, solar air preheating systems are viable when
supplementing the existing industrial heating systems athough the percentage of the
total process heat supplemented unlikely to be more than 30 % and viability of solar
air heating depends on the cost of fuel being replaced (Rawlins & Ashcroft, 2013). In
India, results from roof mounted solar air heaters which have been operational in
some tea factories show with an average of five solar heating hours per day better
specific fuel consumption from 0.932 to 0.71 kg per kg MT was achieved, a saving
of 25 % on fuel (Palaniappan & Subramanian 1998).
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However, savings of between 25 % to 34 % have been achieved (Swaramoorthy,
Mohamed & Galahiyawa, 2003) and Rudramoothy, Kumar, Velavan and
Sivasubramarian, (2004) argues 50 % fuel savings can be redlized for every m? of
solar collector preheating 160 kg/day of air to about 75° C on a sunny day. Parabolic
dish was the best technology that was recommended by Asian development bank
(2013), for Karnataka and Tamil Nadu small stand alone off grid power systems.
Although small and standalone solar applications are cheaper for process energy
requirements (VILAR(ED), 2012) they are uneconomical compared to large
Concentrated Solar Power (CSP) plants of more than 10 MW in size due to
economies of scale (Rawlins & Ashcroft , 2013). Cost breakdown for a parabolic
trough as per United States department of energy (2011), was solar field 31 %,
thermal storage 17 %, power plant 13 %, contingency 7 %, engineering, procurement
and construction 12 % and land 3 %. Levelized cost of parabolic trough power
plants, with thermal storage capacity of about 8 hrs at a direct radiation of 2,000 to
2,500 kWh per m* was 0.139 to 0.196 Euros’kWh in Germany (Kost et al., 2013). In
Cdifornia operation and maintenance (O&M) for concentrated solar power ranged
USD 0.04/kWh to 0.025/kWh, insurance 0.5 % to 1 % of the capital cost and
capacity factor of 18 % to 35 % (IRENA, 2012). This information on renewable

energy lacksin teafactories in Kenyawhich this study aimsto avail.
2.3.4 Wind resource potential in Kenya

Energy extracted from wind depends on the prevailing wind speeds and it involves
installation of a wind turbine to converts the kinetic energy in the wind into useful
energy either mechanical or electrical energy. Wind strength vary (Table 2-1) and an
average value for a given location does not alone indicate the amount of energy that
can be generated but that also depends on other factors like wind speed distribution,
air density, rotor size and technical design of the turbine.
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Table 2.1 Wind resour ce classification

o . Wind power density
ClassNumber  Description  Wind speed (m/s)

(W/m?)
1 Poor 0-4.5 0-90
2 Margina 45-55 90-165
3 Moderate 5.5-6.5 165-275
4 Good 6.5-7.5 275-425
5 Very good 7.5-85 425-615
6 Excellent >8.5 >615

Table 2.1 Showswind resour ces classification (Nordman, 2014)

In Africa it has been a challenge when exploiting wind resource partly due to low
wind speeds, lack of technical skills, lack of information and awareness (Karekezi &
Kithyoma, 2003). Feasibility studies carried out in North Africa show wind energy as
a good source of electricity but in East Africa little information was available on
medium to large scale wind assessments (Nordman, 2014). In Kenya (Figure 2-2) the
best wind potential areas are Marsabit, Samburu, parts of Laikipia, Nyeri, Ngong
hills and Meru North (MoE, 2011) and similar results have been reported by Theuri
and Hamlin (2008).

World wind energy association (2014), report shows about 73 % of Kenya total land
area has wind speed of more than 6 m/s at a height of 100 m which includes 29 % of
the tea factories in Kenya where wind resource can be exploited. For example Meru
County has a power density of 355 W/m? at awind speed of 6.3 m/s but has not been
exploited due to wind turbines transportation challenges and limitation of selling
electricity directly to consumers (Nordman, 2014). The cost breakdown by
European wind association (2009) for a 2 MW wind turbine was 75.6 % turbine
cost, 8.9 % grid connection, 6.5 % foundation, 3.9 % land rates, 1.5 % electrica
installation, 1.2 % financia costs, 0.9 % road construction and 0.3 % control system.
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Figure 2.2 showswind power density at height of 50 m above ground level in

Kenya
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Figure 2.2 Wind power density at height of 50 m above ground level in Kenya
(Theuri & Hamlin, 2008)

However, according to IRENA (2012), wind turbine alone accounted for 65 % to 84
% of the total costs, civil works 17 %, and grid connection 9 % to 14 % and
construction cost 4 % to 16 %. Other costs such as roads, control systems accounted
for 4 % to 10 % of the capital costs and operation and maintenance 20 % to 25 % of
the levelized cost of energy (IRENA, 2012). However, Oileveira and Fernandes,
(2011) reports operation and maintenance cost to be 5 % to 8 % of capital costs and 1

% to 2 % of other renewable technologies.
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In Kenya, studies show cost of wind to be high compared to Europe due
transportation and instalation equipments cost (Economic consulting, 2012).
Levelized cost of energy for Meru county turbine was estimated as USD 0.156/kWh
which was below diesel and grid eectricity of 0.202/kwWh and USD 0.173/kWh
respectively (Nordman, 2014) compared to a wind project in Nigeria of USD
0.493/kWh to USD 0.606/kWh at a capacity factor of 21 % to 28 % (Ahmed, Bello
& Habou, 2013).

2.3.5 Renewableenergy projectsappraisal

A project is defined as the smallest, unique, separate planned investment financed
that is implemented separately and utilizes scarce resources for a specific period of
time to create socio-economic return of goods and services (Glendary, et al., 2008).
Therefore, projects should be evaluated because they utilize scarce resources and the
resulting information assists during decision making (Oliveira & Fenandes, 2011)
especially for forecasting purposes (Afonso & Cunha, 2009).

The two types of project appraisal are; economic appraisal which is more relevant
for public funded projects and financial appraisal for commercial projects (Pierce,
2007). Renewable energy projects financia appraisal not only assists the investor to
establish financial viability of the project but also strengthens lenders confidence that
view renewable energy projects as risky ventures. Therefore, identification of all
expenses and revenues related to projects lifetime should be established when
carying out project financial analysis. Renewable energy technologies costs
comprise of investments costs, development costs, feedstock cost, operation and
maintenance costs (Kirchner & Salami, 2014). When carrying out financial appraisal,
rate of inflation is factored in the analysis because it affects project sustainability and
economic viability of the project but interest rates, debt repayments, tax liabilities
should be estimated at the time they are incurred whereas depreciation, should be
ignored (Hubner, 2008). In capital investments, discounted cash flow methods are
preferred rather than non discounted cash flow methods (Afonso & Cunha, 2009) and
project(s) are considered viable when discounted benefits exceed discounted
investment costs (Brzozowska, 2007).
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Methods that are used to establish viability of a renewable energy project are life
cycle costing, levelized cost (LCOE) method, and cost to benefit analysis method,
internal rate of return, simple payback period and overall rate of return method. But
according to Alinta Energy (2014), LCOE has been used by reputable bodies like
IEA and National Renewable Energy Laboratory (NREL) to discount total life costs
back to the base year so as to compare different renewable projects. According to
world energy council (2013), LCOE is the revenue that the project should earn per
MWh for that particular project to break even excluding subsidies, cost for
connecting to the grid and any other support mechanism. LCOE of renewable energy
technologies has been declining and as a result about 50 % of the new power
generated worldwide was from renewable energy resources (IRENA, 2012).
However, when calculating LCOE assumptions such as stable interest rates,
exchange rates, electricity prices stability, no government incentives and taxes over
the lifetime of the project are made (IEA, 2012) but subsidies and cost of grid
connection should be excluded (World Energy Council, 2013). Further, according to
IEA, (2012) contingency and scrap value used should be about 5 % and 20 % of the
initial renewable installations investment respectively although no country has ever
reported 20 % scrap value but 5 % of the construction cost used purposes of financial
analysis. Competitiveness of any renewable energy projects depend on the specific
investment, operating and maintenance costs, investment lifespan, renewable
resource potential available, cost of feedstock’s and financing conditions (Kost et al.,
2013).Hydro power has been the cheapest renewable source of electricity with wind,
biomass and geothermal electricity cost being below or same level with fossil fuel
electricity but solar PV dlightly above fossil fuel technologies (Kirchner and Salami,
2014). However, Woodruff, (2007) argues that there is no cheap renewable
technology but the cost depends on local resource availability and conditions.
Therefore, any renewable energy investor should carry out both pre-feasibility and
full feasibility study to screen these projects and get an indication whether set
objectives would be achieved since the cost of renewable energy depend on
individual project and can change due to technological advancement and economies
of scale (Oliveira& Fernandez, 2011).
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Renewable energy investors face chalenges like high cost of debt, high interest
rates. For example cost of debt in India, was between 10 % to 14 % compared to 5 %
to 7 % in United States and that debt cost depends on country perceived risks
(Nelson, Shrimali, Goel, Konda & Kumar, 2012). According to Nelson, Shrimali,
Godl, Konda and Kumar (2012), total finance cost of a project depends on cost and
duration of debt, as well as return on equity by equity investors. In India renewable
energy resources like wind and solar are adequate, construction, variable cost and
labour costs are low but due to financing costs, renewable energy cost higher than in
Germany and United states (Nelson Shrimali, Goel, Konda & Kumar, 2012). Another
study by Allen consulting group in Australia (2013), cautions on financial anaysis
results which should not be taken to mean financial viability of a renewable project
since a detailed resource assessment should be carried out. Ballantine, Galliers and
Stray, (2012), indentified the challenges encountered when carrying out project
financial appraisal as lack of right information, lack of knowledge and organizational
problems. Therefore, the parameters that determine levelized cost of renewable
energy are capital costs, including operation and maintenance costs resource
available, technical factors such as characteristics of the wind turbine, debt duration,
discount rates used and interest rates (IRENA, 2012).
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Study location

The study was undertaken in tea factories under Kenya Tea development agency in
in Nyeri and part of Muranga Counties which had 9 factories. There are seven
administrative regions in Kenyawith a population of 54 tea factories but due to their
geographical location and cost considerations, focus was mainly on region two. The
administrative office of the region located in Othaya, Nyeri County which is 145 km
from Nairobi the capital city of Kenya.

Table 3.1 shows the co-ordinates of the factories and their codes that were used in

the study.

Table 3.1 Geographical location of the selected tea factories

No Factory Code  Latitude Longitude

1 Githambo F1 -00 43’ 44°’N 36053’36°’E
2 Kanyenyaini F2 -0040° 46°’N 36054°56°°E
3 Gatunguru F3 -00 38" 19N 36054’2’E
4 Kiru F4 -0037° 11N 36053’20’E
5 Chinga F5 -0036° 6" N 36053’50"°E
6 Iriaini F6 000327 39.3° S 36054°36°°E
7 Gitugi F7 00031’ 04’ S 36052’29’E
8 Gathuthi F8 00029’ 27’ S 36053’38"’E
9 Ragati Fo -0023° 29 N 3709’ 33’E
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Figure 3.1 showsthe study area map that indicates the location of the tea

factories.
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Figure 3.1 Study area map (Google M aps, 2015)
3.2 Research design

Five years processed tea data, electricity, fuel wood, fuel oil and diesel consumption
including corresponding cost was obtained from 9-tea processing factories in Nyeri
and part of Muranga County in central Kenya (Table 3.1). The period covered was
from June 2009 to June 2014 on monthly basis. The data represented about 17 % of
small scale holder tea factories operating in Kenya. Data on energy was converted to
common energy units by using conversion coefficients from literature review. Data
on factors that influence energy indicators among the factories was collected for
analysis to study any relationship. Bio-degradable wastes data was collected from the
sampled tea factories in that region and energy potential estimated. Wind and solar
regime data was extracted from Renewable Energy Technology (RET) screen
software data base and trended against monthly made tea volumes.
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Plant survey to collect data for financial analysis was carried out at Iriaini tea
Factory to estimate energy requirements for a tea factory. Primary data on factory
end use thermal and electrical energy requirements was used to size and carry out the
financial anaysis of the renewable technologies. Financial and technical analysis
assumptions were collected through literature review but the author made own

assumptions (Appendix V1).
3.3 Sample design

For purposes of this study, due to financial considerations and time, convenience
sampling was used to sample area of this study from the 7 regions under Kenya Tea
Development Agency management. Iriaini Tea factory was selected for plant the
survey, wind and solar resource assessment since the data from RET screen was for

Nyeri county. Biodegradable primary data was collected from sampled tea factories.
3.4 Data collection method and procedure

Monthly made tea quantities, electricity, fuel wood, fuel oil and diesel consumption
as well as cost secondary data was obtained from 9 tea factories in Nyeri and part of
Muranga County in central Kenya. The period covered was 5 years from June 2009
up to June 2014 and all monthly energy consumption, cost of energy and production
records for the period under study were complete. Data on factors considered to
influence energy indicators was a so collected from among the factories for analysis.
Also primary data on bio-waste on weekly basis for the month of August 2014 was
collected from sampled tea factories within the study area. Primary data on the
various bio-wastes which included waste water (effluent) and sewage from staff
houses was collected. Wind and solar irradiance data by American space agency
NASA was obtained from RET screen version 4 software data base. Primary data
was collected for sawdust wastes produced when billeting fuel wood. A plant survey
was carried out to estimate the sectiona energy requirement for a tea factory at
Iriaini tea factory between 4™ and 6" of September 2014. Cost of the viable
technologies for purposes of carrying out financial analysis was sourced from a firm

inIndia
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3.5 Data processing and analysis

Data was collected, coded, analyzed using Excel spreadsheet and RET screen
version 4.0 software. Annua consumption for each source of energy was determined
including percentage share for each source of energy as percentage of the total
energy consumption and cost. Energy intensity and specific energy ratios were
caculated to determine the energy utilization pattern for each factory. Also
comparison was made between energy indicators and factors causing intensity
variations. Bio waste data collected was aso coded and analyzed using Excel
spreadsheet. Energy potential for each bio-waste was determined including
percentage contribution share of energy for each bio waste as percentage of the total
thermal energy requirements using conversion factors from literature review.
Sectiona energy requirement was determined from the plant survey data collected.
Wind and solar secondary data was analyzed by trending and comparing it with MT
production levels on monthly basis. Renewable energy financial analysis was carried
out using RET screen version 4 software and various assumptions were made
(Appendix V1). All the data and results obtained was summarized and presented in
form of tables and figures. The findings obtained were used to make conclusions and
recommendation(s) about energy indicator trends, factors causing indicator variations
and use of renewable energy resources available within teafactories in Kenya.
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CHAPTER FOUR
RESEARCH RESULTS AND DISCUSSIONS
4.1 Energy consumption trendsin tea factories

There are various sources of energy consumed by the tea factories such as fuel wood,
fuel ail, diesel and electricity from the national grid. Also various sections within the

teafactory have different energy requirements.
4.1.1 Analysis of energy consumption in tea factories

Table 4.1 shows 5 years average energy consumption and energy indicators for the
9 selected teafactories. Energy data analysis for each year is presented in appendix |
to V. For puposes of carrying out the analysis it was assumed that all electrica and
thermal energy consumed goes directly to production. Therefore energy intensities
indicated ignored any form of energy losses. To facilitate comparison the following

conversion coefficients were used for the puposes of the analysis:

Electricity 1 kWh = 3.6 MJ, Fuel Oil (HFO) = 40.28 MJ/Litre, Diesel = 41.40
MJ/Litre, Wood 1 kg = 14.40 MJ (Engineering tool box, 2015). Density of wood was
taken as 541 kg/m® giving 7790 MJ per m® of fuel wood. 1 USD equivalent to Ksh
85. Diesdl and furnace oil was converted into the equivalent electricity and fuel wood
respectively. From the analysis (Table 4.1) the average energy intensities ranged
from 32.76 MJkg MT to 38.31 MJkg MT and average energy intensity was 34.87
MJkg MT. Cost intensity ranged from USD 163.05 per ton MT to USD 214.72 per
ton MT with an average of USD 190.73 per ton MT. Other energy indicators like
specific fuel wood ratio ranged between 0.384 per ton MT to 0.475 per ton MT per
ton fuel wood and specific electricity ratio ranged 590.06 kWh per ton MT to 798.73
KWh per ton MT. The total specific therma energy requirements in India and Sri-
lanka ranged from 4.45 kWh/kg MT to 6.84 kWh/kg MT and about 10 kWh/kg MT
in Vietnam and specific electricity ratio for these three regions ranged from 0.58
kWh/kg MT to 0.80 kWh/kg MT which compares well with study results ( Baruah,
Khare & Rao, 2012)
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Table 4.1 Tea processing 5-Y ear s aver age ener gy consumption analysis from
July 2009 up to June 2014

Factory code F1 F2 F3 F4 F5 F6 Fr F8 F9

Annual Made Tea
414 400 376 398 343 3.09 262 3.09 320

('000) (Ton)
Electricity energy

562 577 682 606 733 816 654 590 582
(MJ) (%)
Diesdl energy

102 122 106 061 076 043 062 058 081
(MJ) (%)

Fuel wood energy
86.82 903 921 8775 9019 9133 9211 935 87.73

(MJ) (%)
Fuel ail energy

6.55 2.69 0.00 5.58 1.71 0.08 0.73 0.00 5.64
(MJ) (%)
Energy intensity

3500 37.2 3300 38.31 32.76 33.46 32.4 3277 3744
(MJkg MT)
Cost intensity

1934 1910 185 214.7 201.0 172.5 179.3 1631 206.7
(USD/Ton MT)
Electricity ratio

6450 723.0 722.0 709.9 736.7 798.7 644.6 590.1 689.6
(KWHh/ Ton MT)
Fuel wood ratio

0.42 0.41 0.48 0.38 0.47 0.47 0.48 0.47 0.39
(Ton MT/Ton wood)

4.1.2 Energy types and proportions

Figure 4.1 shows the region average share of energy resources for tea manufacturing.
The share of each source of energy varied from factory to factory whereby
electricity, diesel, fuel wood and fuel oil ranged from 5.62 % to 8.16 %, 0.43 % to
1.22 %, 86.82 % t0 93.52 % and 0 % to 6.55 % respectively.
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The main sources of thermal energy were fuelwood and fuel oil which averaged
89.93 % and 2.88 % respectively for the period. Electricity sources were supplied by
standby diesel generator(s) and electricity from the national grid which were 0.82 %
and 6.37 % respectively. Therefore, energy proportion for tea processing in the area
under study was 92.81 % thermal and 7.19 % electrical energy which compared
well to 80 % to 85 % thermal energy supplied from fuel wood in Sri- Lanka, 15 %
from fuel oil and 15 % to 20 % electricity from the grid (Jayah, Aye, Fuller &
Stewart, 1999). The same study found out that in Vietnam, thermal energy

consumption accounted for 80 % and electricity 20 %.

Furnace oil Elf‘-itra‘-}“}-’
2. 88% B.37%:
Dicsel lor
il generators
v - 0.82%

: Tuel wood / ’
89.93%

Figure 4.1 Proportions of different energy sourcesused in tea factories

The main source of energy for tea factories was fuel wood with a share of 89.32 %
of the overall energy requirements compared to the national fuel wood contribution
of 70 % (Githiomi & Oduor, 2012), 92 % in Tanzania ( Sheya & Moshi, 2000) and
90 % to 98 % in africa (Idiata,Ebiogbe,Oriakhi & Lyalekhue, 2013). That large share
of energy supplied by fuel wood shows when utilized efficiently the overal energy
intensity achieved could be lower. According to economies of scale, the factory with
the highest average production like F1 teafactory of 4,138.32 tons of processed tea
should have the least energy and cost intensity compared to F7 tea factory whose
production was the lowest at 2,624.61 tons of processed tea.
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However that was not the case because the factory with the highest production had
higher energy intensity at 35.0 MJ per kg MT compared to 32.4 MJ per kg MT for
the tea factory which had the least production.

4.1.3 Tea processing energy cost analysis

Table 4.2 shows the average unit cost of energy over the period for various sources
of energy. From Table 4.2, the cost of diesel consumed by standby generator was
USD 0.09 kWh compared to electricity from the national grid of USD 0.15/kWh.
Fuel oil was quite expensive at USD 0.05/kWh compared to fuel wood cost of USD
0.0V/kWh which was 6.24 times more expensive than fuelwood. The high cost
explains why most factories shifted from utilization of fuel oil to fuel wood as source

of thermal energy (Figure 4.10).

Table 4.2 Average unit cost of energy used in tea processing from July 2009 up
toJune 2014

Energy source Electricity Fuel oil Fuel wood Diesel

Unit cost ( USD/kWh) 0.15 0.05 0.01 0.09

Figure 4.2 shows fuel wood, electricity, diesel and fuel oil cost share as 37.84 %,
51.34 %, 3.95 % and 6.86 % respectively. It shows electricity from the national grid
as the most expensive source of energy for a tea factories as shown in Table 4.2.
Figure 4.1 shows electricity accounted for only 6.37 % of the total energy
requirement during tea processing but 51.34 % of the overal energy cost (Figure 4.2)
and 17 % of the total production cost (GTIEA, 2007). Therefore, main determinants
of cost intensity achieved was electricity from the national grid and standby
generators since unit cost per unit of energy from these sources was higher compared
to the thermal energy sources. Any improvement in the specific electricity utilization

can result to production cost reduction for ateafactory.
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Figure 4.2 shows the average cost breakdown for each energy cost source

I'urnace oil
6.86%

Fuelwood

37.84%

Diesel for
CGenerators
3.95%6

Figure 4.2 Proportion of energy cost by sourcein tea processing

4.1.4 Annual energy intensity trendsfor teafactories

Figure 4.3 shows 5-year’s annual energy intensity for period from June 2009 to June
2014.

50

Fnergy intensity (MJ/kg MT

F1 k2 k3 E4 F5 Fé6 E7 8 K9
Factory code
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Figure 4.3 Annual energy intensity trendsin tea factories
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It shows factory F1, F2, F4 and F9 have higher energy intensities compared to the
other factories. It shows energy intensities varied annually and from factory to
another, although these factories are located within the similar geographical area.

4.1.5 Monthly energy intensity trendsfor tea factories
Figure 4.4 shows the average monthly energy intensity trends for the different tea
factories. The factories exhibit increasing energy trends from January up to July and

similarly from October to November.

The figure shows the average monthly energy intensity trends for the different tea

factories.
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Figure 4.4 monthly energy intensity trendsfor the different tea factories
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4.1.6 Seasonal specific energy ratio variations

Figure 4.5 shows monthly fuel wood and electricity specific energy ratio analysis
over the 5 years period. It shows energy indicators vary from month to month and
there was a pattern in some months over the period.Tea production depends on the
prevailing weather and during low crop season the green leaves received for
processing have little surface water. Like the months of August and September there
was low therma energy demand. Thereforethere was high electricty ratio during
low crop season compared to fuel wood ratio because of the fixed electricity load

independent of processing levels.

The Figure below shows monthly fuel wood and electricity specific energy ratio

analysis awell as energy intensity over the 5 years period

Fuel wood ratio x 102 kg MT/m?
Electricity ratio x 10-"kWh/kg MT
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Figure 4.5 Monthly energy intensity trendsin tea processing
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4.2 Factor s causing ener gy indicators variations

Energy indicators vary from factory to another as seen from the analysis in Figure

4.3, Figure 4.4 and Figure 4.5 considering that these tea factories are within asimilar

geographical area. Energy indicator variations can be attributed to the following

factors:

4.2.1 Production volume

Figure 4.6 shows monthly variation between production and energy intensities for

the period. The energy intensities varied with production volume and it’s not

constant throughout the year. It shows when production was very high the energy

intensities were low which can be attributed to economies of scale.

The figure below shows the variation of production volume with energy

intensity.
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4.2.2 Climatic factors

Figure 4.7 shows the relationship between monthly ambient temperature, relative
humidity (source; RET screen) and 5 years average monthly energy intensity during
the study period. It shows that the energy intensities varied with relative humidity

and air temparature. High relative humidity resulted to high energy intensities.

The ficure below shows the relationship between monthly ambient temperatures
relative humidity
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Figure 4.7 Variation of energy intensity with ambient conditions
4.2.3 Diesel consumed by standby generator

Figure 4.8 shows the relationship between electricity specific ratio and cummulative
share of energy from diesel consumed by standby generators installed in the area of
study. It shows that when the share of energy from diesel consumed by generators
was high, the specific electricity ratio was high too. The monthly average power
failure for the area of study was 41.1 hrs compared to Africas’ average of 77 hrs per
month. From the analysis diesel consumption accounted for 0.82 % of the factory

energy requirements (Figure 4.1) and 3.95 % of the energy bill (Figure 4.2).
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Figure shows the variation of specific electricity with standby diesel consumption
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Figure 4.8 Variation of specific electricity with standby diesel consumption

Power failure(s) affect plant efficiency of a tea factory due to processing
interruptions which prolongs processing hours eventually affecting energy indicators

4.2.4 Cost of different sourcesof energy in tea processing

Figure 4.9 shows five years fuel oil consumption and cost per litre trend of fuel oil.
It shows the cost per litre of fuel oil increased from USD 0.46 to USD 0.83 in five
years which was an increase of over 80.4 %. The figure aso shows that as the price
of fuel oil increased its consumption reduced from an average of 6.59 % to 1.21 %
over the period and there was zero utilization in some months. This implies the high

cost of fuel oil discouraged its consumption.
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The figure below shows the trend of fuel consumption in the region and cost from
July 2009 up to June 2014
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Figure4.9 Variation of fuel oil consumption and fuel oil cost

Figure 4.10 shows analysis on fuel wood from July 2009 up to June 2014, which
shows that fuel wood consumption and cost per ton increased gradually by 5.39 %
and 7.18 % respectively. The increase in fuel wood consumption confirms that in
future fuel wood will still be the main source of energy (Githiomi & Oduor, 2012).
That increase in fuel wood cost can be explained by the law of supply and demand
since factories shifted from fuel oil utilization which was 6.24 times more expensive
to a cheaper source (Table 4.2). Fuel wood consumption accounted for about 90 % of
the tea processing energy requirements. A similar case reflected in India and Sri
Lanka where fuel wood was the main source of thermal energy (Baruah, Khare &
Rao, 2012). It means that fuel wood impacts greatly on the energy intensities
achieved by tea factories. Figure 4 .9 and Figure 4.10 shows energy cost being a
major factor considered when determining the source of energy to use for tea
processing. Fuel oil being 6.2 times more expensive than fuel wood (Table 4.2)

impliesits consumption results to higher cost intensity.
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The figure shows the variation of the quantity of firewood consumption with price.
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Figure 4.10 Variation of fuel wood consumption and cost
4.2 5Effect of operational factorson energy intensitiesin tea processing

Air flow rates data used for withering green leaves and the overall energy ratios of
electricity were also analyzed for al the 9 factories (Figure 4.11). Figure 4.11 shows
electricity ratio was affected by airflow rates used in withering green leaves during
tea processing. Tea factories with high airflow rates had high electricity specific
ratios. Studies have shown an average airflow rate of 0.01 m%s per kg green leaves
as the optimum in Sri Lanka and power saving of 12 % to 32 % was achieved at a
loading density of 26.90 kg/m? of green leaves by adjusting pitch angles of the
withering fans (Botheju, 2013). The same study found at loading rate of 26.9 kg/m?
and airflow rates of 0.011 m® /s per kg green leaves electricity specific ratio for
withering of 0.24 kWh per kg MT was achieved (Botheju, 2013). Withering section
energy utilization records for F2, F3 and F4 factories for different days selected for
year 2011 to 2012 was analyzed as shown in Table 4.3.
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Figure shows the variation of air flow rates with specific electricity ratio

0.85 0.60
E—* L (.55
= 075 A T
2 L._\- e
gl 0.50 =
Z 065 s E
o = =
A‘g 0.60 - kﬂ 0.45 %
£ 055 / \\ 040 2
= =
£ 050 e
25| 35

0.45

0.10 : . : 0.30

F5 F8 F3 F1 F7 F6 F2 F3 F9

Factory code

8- kWh/kg MT =#=m*3/kg GI.

Figure4.11 Variation of air flow rateswith specific electricity ratio for different

factories

From table 4.3, it was evident that when no steam was utilized for when withering
green leaves , at a loading density range of 19.26 to 26.90 kg/m? the electricity
specific ratio ranged from 0.26 kWh/kg MT to 0.93 kWh/kg MT. But with steam
application at loading density range of 16.27 kg/m® to 26.90 kg/m? electricity
specific ratio ranged from 0.26 to 0.73 kWh/kg of MT. These results show mode of
operation of energy consuming equipments affects energy intensities. Therefore, the
analysis show loading density, airflow rates and steam application duration during
withering process affects specific electricity ratio. Therefore, low airflow rates and
no steam utilization prolong withering time and when coupled with low loading rate

results to higher specific electricity ratio leading to higher cost intensities.
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Table4.3 Variation of electricity ratio with loading density and steam

application
Code Parameter No steam application Steam application
Electricity ratio
026 093 0.27 031 072 063 073 0.32
(KWh/kg MT)
F2 Loading density
3 2442 2195 16.6 17.8 16.57 16.57 16.57 24.42
(kg/m)
Electricity ratio
049 055 051 046 026 033 026 0.32
(KWh/kg MT)
F3 Loading density
3 269 269 269 269 269 23.02 23.02 21.95
(kg/m)
Electricity ratio
076 081 0.76 0.74 044 056 068 0.32
(KWh/kg MT)
F4 Loading density
(kg/?) 19.26 19.26 19.3 19.3 19.26 19.26 19.26 21.95
m

4.2.6 Overall Equipment Effectiveness (OEE)

Figure 4.12 shows the overall equipment effectiveness and energy indicators

relationship over the period for the 9 tea factories.
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Figure4.12 Variation of the specific energy ratioswith OEE
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It shows that low OEE results to high energy intensities. Low OEE prolongs
production time resulting to lower production rates. The average OEE index for 9 tea
factories of 62.6 % low compared to world class OEE index of 85 % (Glova, 2012).
Study buy (Kumar,Sujatha & Thyraggjan, 2012) and CIPEC (2006) show plant
efficiency and down time respectively affect energy indicators. Tea factories can
reduce energy cost intensity by matching production machinery to improve

production rate and adopting high maintenance practices to reduce downtime.

4.2.7 Effect of conversion factor on energy specific ratio

Figure 4.13 shows the relationship between conversion factor and specific energy
ratio which vary from factory to factory. From the analysis, low conversion factor
results to low specific eectricity ratio and high fuel wood ratio. It shows that when
the weather was dry conversion factor was better and this is the period when leaves
had less moisture content hence steam consumption lower over that period meaning
low steam demand.

Conversion factor has an effect on the overall energy intensity, when it was high,

energy intensities were low trangating to low cost intensity.
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Figure 4.13 Relationship between conversion factor and specific energy ratio
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4.2.8 Effect of firewood type and management on specific ratio

Figure 4.14 shows the relationship between firewood storage, fuel wood specific

ratio and energy intensity.

1.8 45
S 1.6 - 10
i
o 1.4 315
= 1.2 30
o -
= 1.0 25
= 0.8 20

iz
Energy intensity(M]/kg MT)

T'irewood util
Storage capacity (m?)

0.2

0.0

F1 F2 F3 F41 E5 F6 Fr F8 F9

Faclory code

B | irewood sheds capacitly =—#=—Average kg M1 /kg I'wood  =—e=—lincrgy intensity

Figure4.14 Relationship between firewood stor age, fuel wood specific ratio and

energy intensity

The figure shows that factories with the least storage capacity had high energy
intensities. Inadequate storage compromises fuel wood quality especially during wet
weather eventually affecting specific fuel wood ratio. Studies have shown for fuel
wood to be well cured it must be stored for at least six months in an enclosed and
well aerated place.

Data from July 2013 up to July 2014 from F3 which had separate records for
different types of fuel wood consumed was selected and analyzed to establish the
effect of fuel wood type on energy intensity (Figure 4.15). The figure shows that the
type of fuel wood consumed affects specific fuel wood ratio. It shows when more
softwood was consumed specific fuel wood ratio decreased and vice versa for
hardwood. Therefore, different fuel wood types have different energy content which

affects the overall energy intensity achieved.

42



The Figure shows a comparison between fuel wood type and specific fuel wood ratio
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Figure 4.15 Comparison between fuel wood type and specific fuel wood ratio

Figure 4.16 shows analysis for data was collected from five factories F2, F3, F6, F7
and F9, based on their production levels, optimum fuel wood stocks to last for six
months was estimated based on their specific fuel wood ratio. Figure 4.16 indicates
shows as fuel wood stock levels decreased, fuel wood ratio reduced and energy
intensity increased. It indicates on an average there was 10.15 % fuel wood deficit
meaning fuel wood had inadequate time to cure. The factory with highest fuel wood
deficit had high energy intensities. Therefore, from the analysis fuel wood storage
capacity, type of fuel wood, stock levels al affect specific fuel wood ratio and

eventually overall energy intensity achieved by that tea factory
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Figure shows variation of energy intensity with fuel wood deficit
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Figure 4.16 Variation of energy intensity with fuel wood deficit

4.3 Plant survey

During the day of plant survey a 4.5 ton wood Pac boiler, fuel wood fired of design
operating pressure of 100 kPa was in operation. Fuel wood used to fire the boiler was
about 0.3 m long. The moisture content of fuel wood measured with probe moisture
tester was 23 % and feed water temperature was 80° C.

4.3.1 Withering section energy requirement

Ultrasonic flow meter model No TDS 100H, (Appendix XVII b and c) was used to
measure steam demand by measuring flow of makeup water into boiler (Appendix
XVII a). The boiler generated 0.61 kg/s of steam on average at pressure of 800 kPa.
There were 22 withering troughs which were in operation trandating to steam
requirement per withering trough of 0.03 kg/s at a reduced pressure of 450 kPa by a
pressure reducing station.



Therefore, thermal energy requirement for withering in a tea factory depends on the
number of withering troughs on use at any given time. Anemometer (Extech, model
AN100) was used to measure air velocity that averaged 9.28 m/s. The cross sectional
area of the fan casing was 0.98 m? giving an average air flow rate of 9.09 m?s.
Taking a loading rate of 26.9 kg/m? (Botheju, 2013), and trough area of 31.23 m?
translates to 0.01 m%/s of air per kg green leaves which compare well with 0.01 m%/s
per kg (Botheju, 2013). Hannah, model H1 145 thermometer was used to measure
ambient air temperature which was 15.0 °C and after preheating the temperature after
the heat exchanger increased to 19.0 °C which was low compared to the optimal tea
withering requirement of 35 °C (Palaniappan & Subramanian, 1998).

4.3.2 Drying thermal energy requirement

There were two fluidized bed tea drying (FBD) machines, (J.F McCloy model); in
use during survey time of a design capacity of 0.17 kg/s MT and another 0.11 kg/s
MT. The cumulative steam generated and consumed by the two driers was 5,238 kg
for a period of 1.31 hours at generation pressure range of between 800 kPa to 900
kPa bars.

Fuel wood consumed by the boiler weighed 1,532 kg at moisture content of 20 %,
drier combined throughput was 0.36 kg/s MT and moisture content of made tea was
3 %. From the survey measurements, 4.1 kg of steam was required to produce 1 kg
of MT which compares well with a study in Indiathat showed 4.473 kg of steam per
kg of MT (Manskar, 2007) but 1.38 kg per kg MT in Sri Lanka which manufacture
mainly orthodox teas (Barua, Khare & Rao, 2012). The specific thermal drying
energy requirement of 4.76 kWh/kg of MT was within the range that was achieved
by Indian tea factories of 3.5 kWh/kg of MT to 6.0 kWh per kg of MT (Kumar,

Velavan & Sivasubramanian, 2004) but was higher than the minimum.

4.3.3 Tea processing thermal energy requirements

There were 68 withering troughs with combined stream load demand of 1.9 kg/s.
The three FBD driers had a combined drying design capacity of 0.44 kg/s MT
tranglating to 1.82 kg/s of steam.

45



Taking steam application for withering of 2 hours and drier operating time of 16
hours then, from the results thermal load ratio for drying and withering ignoring any
losses was 93.88 % and 6.12 % respectively compared to 85 % to 15 % in India
(Baruah, Khare, & Rao, 2012).

4.3.3 Sectional eectricity load requirement in tea processing

The figure shows teafactory electricity load distribution
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Figure 4.17 Electricity load distribution in atea factory

The Figure shows sectional electrical energy requirements with highest section
demand being withering, processing, and drying at 36.7 %, 21.4 %, 24.9 % compared
to India 15.4 %, 45.32 %, and 35.5 % respectively (Manskar, 2007). Electrical
demand for fermentation, sorting, and lighting were 3.7 %, 3.2 % and 1.2 %
compared to 3 %, 2 % and 2 % respectively in India. However, in Sri Lanka which
processes mainly orthodox teas which require tea leaves of lower moisture content,
withering electrical energy requirements was about 55 % (Baruah, Khare & Rao,
2012). The maximum electrical load when al electrical facilities are operated in Iria-
ini tea factory was 1025 kVA at power factor of 0.8. However, from secondary data
analysis the actual maximum demand recorded was 600 kVA which indicates plant

facilities were not operated all at once at any given time.
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4.4 Renewable energy utilization potential in tea factories

Results from data analysis of the various renewable energy resources that were

identified within teafactories are presented and their estimated energy potential.
4.4.1 Biomass utilization potential

Biomass sources identified in a tea factory were biodegradable wastes generated
from factory operations and fuel wood if sustainable. Biodegradable wastes included
tea waste, sawdust, sewage and waste water.

4.4.1.1 Teawaste

Table 4.4 shows monthly tea fluff and withering sweepings data for the period July
2013 to June 2014 analyzed ranged between 6,640.26 kg to 10,469.94 kg and 708.64
kg to 1,117.35 kg. That variation in tea waste generation was due to leaf quality,
withered leaf moisture content during processing and condition of the machinery
(EMC, 2012). Tea fluff ranged between 0.13 % to 0.22 % and withering sweepings
0.015 % to 0.54 %. A study in Sri Lanka in the year 2002, by School of
Environment Resources and Development of Asia Institute of technology found 0.1
% of MT produced was tea waste and ranged from 2 % to 4 %. The results compared
well with 2 % of tea solid wastes generated in India (Mansakar, 2007).

The quantity of tea wastes generated varied from factory to factory similarly energy
potential. Therefore, taking the average withering sweepings and tea fluff of 0.027 %
and 0.22 % of MT produced respectively and cumulative production M T for one year
(July 2013 up to June 2014) and calorific value of tea waste as 16.2 MJkg (Esin,
Ates, Ozbay & Eren, 2010), then estimated energy potential from tea waste by
gasification range between 127,292 MJ to 183,984 MJ per annum representing 0.101
% to 0.125 % of annual thermal energy needs.
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Table 4.4 shows the average tea fluff (Appendix XVII d) and withering sweepings
generated

Table 4.4 Annual Tea waste quantity

Withering sweepings

Factory Fluff (kg) (kg)
F1 10,469.94 1,117.35
F2 10,111.82 1,079.13
F3 9,508.98 1,014.79
F4 10,063.75 1,074.00
F5 9,051.66 965.99
F6 7,808.72 833.34
F7 6,640.26 708.64
F8 7,814.38 833.95
F9 8,104.96 1,117.35
4.4.1.2 Sawdust

The weight of a cubic metre of eucayptus and pine was 608 kg and 556 kg
respectively (Appendix XVII g). Fuel wood was billeted (Appendix XVII h) into
three pieces of equal length, sawdust generated was 4.99 kg and 7.01 kg for
eucal yptus and pine fuel wood respectively (Appendix XVII €). The results confirms
another study carried out in Serbia by USAID, in 1999 where it was concluded
residue sawdust produced depends on tree species and the results for hard broad
leaves sawdust generated was 8 % and 7 % for soft broad |leaves trees. The sawdust
generated from this study of 1.04 % was within the range of 1 % to 3 % reported by
another study in India (FAO, 1995). Therefore taking the average sawdust generated,
fuel wood consumed from July 2013 up to June 2014 for the area of study, and
caorific value of sawdust as 20 MJkg then sawdust energy potential range from
1.44 GJ to 2.68 GJ per annum which was 1.47 % to 1.68 % of the tota annual

thermal energy requirements for ateafactory.
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4.4.1.3 Energy from sewage

Table 4.4 shows weekly volume of sewage discharged from factory F1 and F5 that

were sampled for one month.

Table4.5 Weekly sewage discharge

Factory Week 1 Week 2 Week 3 Week 4
F1 (m°) 356 289 429 397
F5 (m°) 134 116 135 108
Daily average (m°) 35.0 28.9 40.3 36.1

The Table shows the average volumes of sewage discharged ranged from 28.93 to
40.29 m® per day, varied weekly and from factory to factory Taking the volume of
sewage generated from 2013 July up to 2014 June, sludge total volatile solids as
57.74 kg/m?®, biogas produced per m® of sewage as 0.525 m® /kg of volatile solids and
methane content of the biogas as 65 % with heating value of 37.78 MJm?® (Abeeku &
Arthur, 2010), then annual thermal biogas energy potential from sewage ranges from

3,575 GJt0 5,626 GJ or 3.39 % of annual thermal energy requirement of tea factory.

4.4.1.4 Waste water

Table 4.6 shows the average daily waste water discharged after cleaning factory F1
and F5 that ranged from 16.42 to 21.40 m® per day and varied on weekly basis,

Table 4.6 Weekly waste water discharge

Factory Week 1 Week2 Week3 Week4  Daily average
F1(m°®) 132 148 154 122.5 21.40
F5 (m°) 112 106 109 100 16.42

Assuming waste water generated to be proportional to MT production then 1.40 M3
and 1.33 m® waste water generated from F1 and F5 respectively. Therefore, the
results compared well with those of a study carried out in teafactories in Indiawhich
ranged from 0.11 per ton MT to 3.85 m® per ton MT (Mansakar, 2007).
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The estimated energy potential from waste water was 19,637 MJ per year which was
0.01 % and compares well with a range of 0.1 % to 3 % (Stilwell, Hoppcok &
Webber, 2010) of the annual thermal energy requirements. The low energy could be

dueto low solid levels in waste water.

4.4.1.5 Proportion of bio-energy potential by source

Figure 4.18 shows the estimated thermal energy from bio-waste found in a tea

factory.

Sawdust , 1.56%

Waste warter,

0.01% Sewase, 3.39%

Tea waste,
0.11%

Figure 4.18 Proportion of bio-energy potential by source

It shows the main sources as sewage and sawdust at 3.39 % and 1.56 % of the total
thermal energy respectively. The cumulative thermal energy potential from bio-

wastes was 5.07 % of the total factory thermal energy requirements.

4.4.2 Solar and wind utilization potential

Figure 4.2 shows the main sources of electrical energy as that from the national grid
or in-house diesel generators whereas thermal energy sources are fuel wood and fuel
oil. The two sources demand depends on the volume of tea processed among other
factors that affect energy indicators variations as was identified by this study.
Therefore, understanding the relationship between production, wind speeds and solar

irradiance was important for sizing of the renewable energy systems.
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4.4.2.1 Solar irradiance

a)Average daily solar irradiance

Figure 4.19 shows the average daily direct normal solar irradiance trend for Nyeri
County from RET screen data base as 5.78 kWh per m? per day which compares
well with an average Direct Normal irradiance (DNI) of 6 kWh per m? per day by
the MoE, Kenya (2011).
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Figure 4.19; Monthly solar irradiance for Nyeri County

It shows the lowest irradiance recorded was in the month of November and was high
in the months of February and then September. It shows solar radiation as a variable
energy source which implies, solar energy can be used for supplementing existing
energy sources of energy. The solar resource available in Nyeri County shows that
potential for solar thermal and PV utilization exists. The solar resource is
economically viable since Asian development bank (2013) recommends a minimum
of DNI of 5 kWh per m? per day and the average was above apart from for the month
of November. The figure indicates that when solar irradiance was low, average daily
thermal load consumption was high and from earlier analysis over the same period

(Figure 4.7) elecricty ratio was high compared to fuel wood ratio
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b) Comparison between factory electrical load and solar irradiance

Figure 4.22 shows a comparison between factory electrical load and solar irradiance.
From the figure there is close correlation between solar irradiance and average daily
power consumption
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Figure 4.20 Comparison between factory electrical load and solar irradiance

It shows that when solar irradiance was high (February and March, September and
December) electrical consumption was aso high and when solar irradiance is low
power consumption is aso low. This is advantageous since the more the exploitation
is closer to demand the more feasible and economical for the system.

4.4.2.2 Wind utilization potential

From wind map of Kenya wind potential for area of study range from 275 to 425
W/m? at height of 50 m above ground level (Figure 2.2).
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a. Comparison between wind speed and production (M T)

Figure 4.23 shows wind speeds analysis at a height of 10 m with production levels. It
shows that when wind speeds are high i.e. February to April and June to September
production was low. The Figure shows during high peak seasons the wind speeds are
high and low during low production season. This shows wind resource can be
harnessed to supply or supplement the base electrical requirements making the
investment economical.

Production x 10* kg
(%]
=
Wind speed m/s)

Jan Febh Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

e Production(kg MT)  =——=Wind speed m/s
Figure 4.21 Comparison between wind speed and M T production

b. Comparison between electricity consumption and wind speed

Figure 4.24 shows a comparison between wind speeds at height of 10 m and
electrical consumption. The Figure shows that when wind speeds are high electricity
demand was low and varies from month to month.
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Figure shows comparison between wind speeds with electrical consumption
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Figure4.22 Comparison between wind speed and electrical consumption

Both Figure 4.23 and Figure 4.24 show there is relationship between production and
electricity consumption in tea processing. This is an important factor that should be
considered when carrying out sizing of a renewable project.

4.4 Renewable energy utilization financial analysis

Financial assumptions made for the purposes of carrying out the financial analysis
were obtained from literature review sources as well as researcher assumptions.
Results obtained from objective one and two of this study (Appendix V1) is also
used for sizing the proposed system. The data was required as part of inputs into the
RET screen software version 4 for purposes of carrying out energy modeling and
financial analysis.

45.1 Solar Photovoltaic

The mono crystaline silicon solar panels were selected and resulting to area of
4,166.9 m? with an efficiency of 14.4 % at capacity factor of 13.68 % which was
within capacity factor range of 10 % to 25 % (IRENA, 2012). The annua €electricity
delivered to the load with a one axis tracking was 726.83 MWh (Appendix VI1I).



The capital cost used was USD 2.0 Million for a 600 kW per day solar PV plant
giving an equity payback period of 4.7 years, simple payback period of 9.0 years
and cost ratio benefit of 13.18 (Appendix VIII). The resulting levelized cost of
energy was USD 469.63/MWh at a capacity factor of 13.68 %. Although solar PV
LCOE was higher compared to cost of electricity from the national grid of USD 150
per MWh it compared well with Western Europe and United States of USD 90 to 397
per MWh at a capacity factor of 18 % to 29 % and USD 139 to 449 per MWh at a
capacity factor of 16 % to 27 % respectively with tracking (World energy council,
2013).

45.2 Solar thermal

A transpired collector plate with one axis tracking could heat 18,500 m® of air per
hour to a temperature of 145° C. The solar collector area was 30,912 m?, heater fan
flow rate was 36 m> per hour per m?, efficiency of 16.9 %, absorptivity of 0.9 and
performance factor of 1.0 (Appendix 1X). The capital cost of the solar air heater was
USD 12.0 Million. When displacing fuel oil with solar air preheating, equity and
simple payback period was 5.3 years and 10 years respectively with a positive cost
benefit ratio of 13.15 (Appendix X). Payback period results, compared well with a
payback period of 3 years where fuel savings of 20 to 30 % for tea processing was
realized (Palaniappan, 2009). The levelized cost of energy was USD 182.87 per
MWh. However it was uneconomical when displacing cheap fuel wood, because
equity payback period was high at 23.4 years with a negative net present value and
cost benefit ratio of -1.33. The results show, fuel price being displaced has an impact
on the levelized cost of energy (Rawlins & Ashcroft, 2013). The resulting LCOE
when displacing fuel oil compared well with regions such as Spain, United States
and Australia. In those regions LCOE for solar thermal ranged USD 109 to 239 per
MWh at capacity factor range of 12 % to 21 %. Also it was USD 87 to 145 per MWh
in India and China at capacity factor of 11 % to 20 % but without tracking and with
tracking LCOE was USD 139 to 449 per MWh at a capacity factor of 16 % to 27% in
United States (World energy council, 2013). Also, the results compared well with
USD 194 per MWh for a solar parabolic trough (Lazard, 2014).
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4.5.3Wind

A power wind turbine rated 650 kW was selected and the cumulative losses assumed
was 3.4 % with resulting capacity factor of 34.4 % (Appendix XI1). The capital cost
was USD 1 Million. From the financial analysis, equity and ssimple payback period
was 2.3 years and 4.3 years respectively with a positive cost benefit ratio of 5.35 (
Appendix XIII). The LCOE was USD 45.11 per MWh which compared well with
USD 51 to 259 per MWh in Chile (Bloomberg, 2011) and other countries like United
states where LCOE was USD 61 to 136 per MWh, India USD 47 to 113 per MWh
and Europe of USD 71 to 117 per MWh (World energy council, 2013).

4.5.4 Combined heat and power

A 650 kW combined gas turbine cycle was selected with availability of 90 % which
operated on multiple fuels of which 99 % fuel wood, 1 % from both biogas and tea
waste combined (Appendix XIV and XV). The capital cost for the CHP (gasification
plant) used was USD 4 Million. Equity payback and simple payback period was 3.7
years and 7.6 years respectively with a positive cost benefit ratio of 42.96 (Appendix
XVI). The LCOE was USD 72 per MWh which compared well with gasification
plantsin United States and Western Europe of USD 50 to 140 per MWh at a capacity
factor of 80 % (World Energy Council, 2013) and in Chile of USD 35 to 175 per
MWh (Bloomberg, 2011).
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 Introduction

This chapter covers conclusions and recommendations, commencing with the energy
indicator trends and factors causing energy indicator variations among tea factories.
Also the section covers renewable energy resources identified complete with their
potential and levelized cost of energy when exploiting those resources.

5.2 Conclusions

The study trended energy indicators and identified factors that cause energy indicator
variations. Energy indicators vary from factory to factory and month to month. The
ratio of thermal to electrical energy was 92.8:7.2 respectively. Average energy and
cost intensities range from 32.40 MJkg MT to 38.31MJkg MT and USD 163.05 to
214.72 per ton of MT respectively. Also the average electricity and fuel wood ratio
specific ratios ranged between 590.06 kWh per ton MT to 798.73 kWh per ton MT
and 0.384 MT per ton to 0.746 MT per ton of fuel wood respectively. The estimated
cumulative thermal energy potential from bio-wastes was 5.07 % of the total factory
annual thermal energy requirements. Potential for solar and wind utilization exist but
varies from month to month. The thermal load distribution for drying and withering
ignoring energy losses was 93.88 % and 6.12% respectively. Also sectiona
electrical energy demand for withering, processing, and drying was 36.7 %, 21.4 %,
24.9 % respectively and others was 17%. The levelized cost for solar PV, solar air
heating, CHP and wind was USD 469.63 per MWh, USD 182.87 per MWh, USD
72.00 per MWh and USD 45.11 per MWh respectively. The analysis s how solar air
heating more economical when displacing fuel oil rather than fuel wood which was

cheap.
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The study shows energy intensities, specific energy ratios and cost intensity vary
among tea factories. Energy indicator variations show potential for energy
conservation and efficiency improvement exists in Kenyan tea factories. Factors that
cause energy indicator variations include production levels, capacity utilization,
environmental factors, energy source cost, type and quality of fuel wood and
operation decisions. The results compared with those from previous studies in other
industries and provide a good guidance when setting energy indicator targets,
implementing, monitoring and evaluating energy efficiency programmes. There is
renewable energy potential that can be utilized to supplement the existing sources of
energy and is viable although levelized cost of energy vary from resource to another.
However, cost of fuel being displaced determines LCOE of the renewable energy of
that resource. The results of this study will assist during decision making process
especidly on energy conservation as well as energy management, renewable
resource exploitation and further detailed investment studies.

5.3 Recommendations

1. Similar study should be conducted in other tea growing regions and other

industries to compare the results

2. Experimental demonstration models to be conducted within tea factories for

renewable options identified through this study.

3. A study to co-digest the feedstock found within a tea factory should be

carried out to determine the actual thermal potential.

4.  Further financial analysis by varying financial parameters and by sourcing
prices from different technology suppliers on available renewable energy
resources should be carried out to prepare arange of LCOE for the renewable

resources within the tea factory in Kenya.
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APPENDICES

Appendix | :Energy Data Year 2009/2010

Item description F1 F2 F3 F4 F5 F6 F7 F8 Fo
Annua MT ('000 tons) 4.27 4.35 3.84 3.62 3.46 3.00 2.42 2.74 3.25
Electricity energy (%) 6.16 6.32 7.02 6.37 7.78 14.06 6.30 6.61 5.68
Diesdl energy (%) 0.93 1.53 1.39 0.91 0.95 0.76 0.79 0.76 1.00
Fuel wood energy (%) 7525 8283 9159 8380 88.18 85.18 9162 9263 84.25
Furnace oil energy (%) 17.66 9.32 0.00 8.92 3.08 0.00 1.29 0.00 9.08
Energy intensity
3476 36.84 30.08 3828 3084 3318 3384 2817 40.76
(MJIKG MT)
Energy cost (O00USD)  731.84 733.85 45193 62221 46289 35748 30096 27423 5747
Cost intensity
17147 168.79 117.68 171.93 133.92 11917 12435 10021 177.0
(USD/TON MT)
Electricity Ratio
684.22 803.06 70292 773.92 74845 1365.75 666.49 577.18 756.0
(KWHY/ ton MT)
F.W ratio (Tons
0384 0391 0524 0376 0.498 0510 0453 0553 0.350
MT/TON F.Wood)
Appendix I1: Energy data year 2010/2011
Item description F1 F2 F3 F4 F5 F6 F7 F8 F9
Annua MT ('000 tons) 4.07 3.82 341 3.85 3.08 2.68 2.29 2.58 2.70
Electricity energy (%) 6.62 7.44 7.66 6.92 7.69 8.74 6.24 6.58 5.63
Diesel energy (%) 0.93 0.92 121 0.62 0.61 0.78 0.74 0.71 0.52
Fuel wood energy (%) 8256 87.63 9114 84.68 8858 9047 9184 9271 91.66
Furnace ail energy (%) 9.89 4.00 0.00 7.77 311 0.00 1.18 0.00 219
Energy intensity( MJKG MT) 326 3318 31.63 3353 316 3052 325 2957 3657
Energy cost (‘'000USD) 785.66 681.93 605.20 760.27 61255 481.93 383.44 387.25 431.57
Cost intensity (USD/TON MT) 193.06 17858 177.61 197.47 1989 179.89 167.56 150.07 159.72
Electricity Ratio (KWH/ ton MT) 683.37 770.76 778.62 70248 729.15 807.54 629.53 599.14 607.65
F.W ratio (TonsMT/TON F. Wood) 0439 0457 0500 0434 0484 0522 0472 0526 0424
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Appendix I11: Energy data Year 2011/12

Item description F1 F2 F3 F4 F5 F6 F7 F8 F9
Annua MT (‘000 tons) 4.09 3.94 3.91 4.16 3.62 3.33 2.76 3.59 3.61
Electricity energy (%) 4.57 4.13 6.29 5.40 6.75 6.39 6.13 5.62 6.12
Diesel energy (%) 1.37 1.29 0.76 0.42 0.65 0.14 0.32 0.52 0.92
Fuel wood energy (%) 94.02 9457 92.95 89.93 92.60 93.47 93.48 93.85 87.17
Furnace oil energy (%) 0.05 0.00 0.00 4.25 0.00 0.00 0.07 0.00 5.79
Energy intensity(MJKGMT)  36.98 43.39 35.09 41.12 33.39 35.31 33.82 33.25 35.54
Energy cost ('000USD) 760.90 837.26 735.60 1010.39 707.71 586.94 523.71 628.72 859.46
Costintensity (USD/TON MT)  185.98 212.75 187.98 242.93 195.68 176.03 189.52 174.92 238.14
Electricity Ratio (kWh/ ton MT) 606.57 650.27 68544 663.6 684.82 640.07 605.03 566.47 692.49
FW (TonsMT/TON F. Wood) 0.415 0.352 0.442 0.359 0.467 0.437 0.456 0.462 0.415
Appendix IV: Energy data year 2012/13
Item description F1 F2 F3 F4 F5 F6 F7 F8 Fo
Annual MT (‘000 tons) 4.79 443 4.32 4.79 3.85 3.51 3.05 3.44 3.32
Electricity energy (%) 507 522 684 646 740 559 742 536 59
Diesel energy (%) 097 1.05 1.15 0.65 0.98 0.24 0.68 0.44 0.68
Fuel wood energy (%) 9392 9373 9201 8834 9162 9417 9183 9421 87.19
Furnace oil energy (%) 0.04 0.00 0.00 4,55 0.00 0.00 0.07 0.00 6.17
Energy intensity( MJKG MT) 3537 3728 3226 3333 3243 3539 30.75 37.9 36.33
Energy cost (‘O00USD) 893.37 92347 94747 92490 86599 670.14 638.94 672.39 682.94
Cost intensity (USD/TON MT)  186.49 20851 219.15 192.89 224.74 190.89 209.68 195.35 205.86
Electricity Ratio (kWh/ ton MT) 593.21 648.75 715.83 65852 754.89 573.14 691.77 6099 670.04
F.W(Tons MT/TON F. Wood) 0.434 0413 0486 0447 0486 0433 051 0404 0.403
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Appendix V: Energy data 2013/2014

Item description
Annual MT ('000 tons)
Electricity energy (%)
Diesel energy (%)
Fuel wood energy (%)
Furnace oil energy (%)
Energy intensity( MJ/KG MT)
Energy cost (‘O00USD)
Cost intensity (USD/TON MT)
Electricity Ratio (kWh/ ton MT)

F.W(Tons MT/TON F. Wood)

F1

4.79

5.07

0.97

93.92

0.04

35.37

893.37

186.49

593.21

0.434

F2

4.43

5.22

1.05

93.73

0.00

37.28

923.47

208.51

648.75

0.413

F3

4.32

6.84

1.15

92.01

0.00

32.26

947.47

219.15

715.83

0.486

F4

4.79

6.46

0.65

88.34

4.55

33.33

924.90

192.89

658.52

0.447

F5

3.85

7.40

0.98

91.62

0.00

32.43

865.99

224.74

754.89

0.486

F6

351

5.59

0.24

94.17

0.00

35.39

670.14

190.89

573.14

0.433

F7

3.05

7.42

0.68

91.83

0.07

30.75

638.94

209.68

691.77

051

F8

3.44

5.36

0.44

94.21

0.00

37.9

672.39

195.35

609.9

0.404

F9

3.32

5.96

0.68

87.19

6.17

36.33

682.94

205.86

670.04

0.403
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Appendix VI: Technical and financial assumptions

No Description Technology /item Value Source
1  Avalability CHP 90% Wright et., al
wWind 20 years
2 Life span Solar PV and CSP 25 years IRENA ,2012
CHP 40 years
Construction Solar PV ,So!ar thermal
3 period and wind 12 months Lazard ,2014
CHP 36 months
Wind, Solar PV,CSP and 0.5% capitd
. Insurance CHP investment IRENA ,2012
. Wind, Solar PV,CSP and 5 % of capitd
Contingency CHP investment EIA, 2010
10 % capital Ahmed et., d
5 Scrap value Wind investme_nt 2013
5% capital e A o012
Solar PV,CSP and CHP investment '
6 Fuel Heat rate 14,200 Btw/KWh Lazard, 2014
Condensate inlet own
7 Temperature temperature 80 degrees
Air temperature range 35°Cto145°C  Own
8 Rate Fuel escalation rate 16.80% Own
Jayakumar,
9  Solarinsalaion SOoPe 30 2009
Azimuth 0 Yueta
Inverter efficiency 85%
Discount rate 12% Own
Interest rate 6% Own
10 Financial Inflatior! rate 5.70% KNBS, 2013
Debt ratio 65% Own
Loan term 8 years Own
Depreciation Not considered Own
Electricity USD 0.15/KWh
11 Cost Fue oil USD 0.0512/KWh Own
Fuel wood USD 0.0082/KWh
Government incentives None
12 Others Interest and exchange rates Stable Own
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Appendix VII: Solar PV energy model
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Appendix VIII: Solar PV financial analysis

RETScrezn Financial Analysiz - Power project

Fin cters Tearly cash flows
General Iniial costs Year  Prem eyt Cumuativz
Fuel eret saralzron mate % 18 3%)] | Fesashiliy stury 8% 5 a0t | @ §
Infizfion rate % 57%| | Deveicpment ¥ § x0000) [ € -70,583 - B
Digcourt rate % 120%] | Engireerirg 5 3 TesT | 1 50480 it
Frijact life i 25| | Fower system % 3§ TAB | 2 35,208 3
1
4
1ves and grants 5 4
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Diat zm o il 1074535
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08 $ 88q|| 12
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Effecfive income ta rz2 % [islit payments - 8 ws $ o5 1 2343020
Loss camdorwant? o[ [ Total annual costs H Z3a8e0(| 1€ 2745522
Dieareciation method Declining balance| 17 3203533
Hafyaarne- year1 B ‘feg| |Perindic costs (credits) 18 3751385
Dieareciafion ta bas's ] it 4302 304
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Cnd of projec: 1 e - coat $ 00080 A 5907 455
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Appendix I X: Solar thermal energy Model

RETScreen Energy Mode! - Heating project
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Appendix X: Solar Thermal Financial analysis

RETSercen Financial Analysis - Heating project
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Appendix X1: Wind Energy model

RET3creen Energy Model - Powsr project
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Appendix XI1: Wind load design
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Appendix XI11: Wind Financial analysis

RETSecreen Financial Analysis - Power project

Financial parameters 5ts and savingsincome summary Yearly cash flows
General Year  Preda Ater-ta Cumulative
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W i
Dyt payments W 4 ki
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n
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|GHG reduction incomz 1]
Nez GHG reduction COo2r U Financial viability
7 GHG reducton - 20 43 ooz 0 Prata [37- equity %
Pre-a |54 - 3ssels %
Afzraz IRN - ecuity & 231
Afzrdax IRR - assels % N.%
Simpe payback W 43
Customer premivm income (rebata) u] Ecuity payback. W 23
et Present Vahie (NFV) } 1,531,943
Arnual life cycle savngs ShT 218483
Fene-Cnst (R ralin F AR
Diabit servize coverage 23|
(GHE recuction eost i o reouckon
[Other income [cost) [u]
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3000000
8
g 2000000
£
E 3000000
L3
H
H
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i .
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RETScreen Energy Model - Combined heating & power project

Appendix XIV: Combined Heat and Power energy model

O Show afematie Lnits

Selec oparaling straizgy

Power ca: Tllowing - Wil edracion

Proposed case power aysiEm
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Fuel
consLmption - Fuel
Fuel typs Fuz! mix it consumplion  Fuel rate-unit  Fuel rate Fuel cost
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% AN KL ETR 0
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Hea: etz BukWh 14,200
He recovery sficiency % 0%
Fladd raquired Guh ]
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Duct iring Yes
Duct firing hezting capacity W
Hezing capacly affer duct firng i
Stezm turbine
Jparating prasure o
SafLration temaeratre G T80
Supemhzated temperaiure i [ T8
Stzem fiow Foh T
Enthalpy klkg 27i8
Entropy sl [
Extraction part es
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Evaction kgh EX
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Temperatuz G 180
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Enthalpy klkg 2788
Treoeical seam raz (TSR gth 14808
Back pressure 137 [ f[1]
Temperatu= Y i1
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Stzem e [3T) efficeney % ®
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Eizerieity debverad b load Mdh 146 €%
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Fud rate - base ezse hefing sstem Mvh 551
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Operating sirateqy W¥h W¥ih MWh WWh Wik }
Tl power zape Tedracion T THT T ] i
Pl power zapacity - with e 146 b 61 508 508458 3%
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Appendix XV: Combined Heat and Power Load and Network

FThuon L N g - Comad g s gt

e Lo e
T it cm 2 eeOLT
e sy P
P g i iy i
i i g ™
o — ; ey o L
iy [l [l ) TR [y 0
il i m b [ #H
- ] u iz i
& b L i i
iy i iy §
A8 1 'l e M
b ] o " ]
Al K ] gt i
i ¥ E] et W
i ] i e B
ot [ # carts w
BisTE T i h B
AT [ TRy e Tl T |
S m i i - £ m
e e i
e e
Ta—— ] g - T
i i s il ot Fitpud i e e gl
u a
I im | —
i ! ]
= #
L L um I s
" i 4 iy ] re
u w I—
= um
"= i =t g, e B T —
s o o A e, o R R ——g—t | -
—- —g—t
oW M B W B W W W W W e e
Fijaind i i e i
e Ly Tk i [Faas s v T Ty
i LTy G o 7] i i il t
T e -] ey L] ]

85



Appendix XVI: Combined Heat and Power Financial analysis

RETScraen Financial Analysi

jul paramelers

Combined heating & power project
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Appendix XVII: Field photos

b) Ultrasonic [low meter clamped
onto hot water pipe

: e) Wood sawdust -
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Appendix XVIII: Field photos
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g) Firewood weighment before h) Billeting fuel wood

i) Fluid bed drier temperature indicator

Withering trough
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