(_/
NTMSCI 9, No. 1, 29-41 (2021) BISKA 29

http://dx.doi.org/10.20852/ntmsci.2021.412

Optimization modelling for environment pollution
mitigation as a result of energy activities in Tanzania

Regobert C. Ngeleja', Padmanabhan Seshaiyer* and Halidi A. Lyeme?

! Dar es Salaam Institute of Technology, Dar es Salaam, Tanzania
2Mathematical Science Department, George Mason University, USA
3Department of Mathematics, Muslim University of Morogoro, Tanzania

Received: 3 June 2020, Accepted: 27 December 2020
Published online: 21 March 2021.

Abstract: Energy is essential in supporting people’s daily lives and the continual quest for human development. Energy harvesting,
production, distribution, and consumption have major environmental implications some of which are negative and the other positive.
Insults include deforestation, land degradation and emission of GHG due to energy activities (harvesting, production and consumption)
which has harmful effects to the natural as well as human environment but the greatest important abuse from energy systems is the
repetitive and unintended release of pollutants. In this study the mathematical model for minimization of environmental pollutants
caused by energy harvesting, production and consumption were presented. The objective of our study is to provide a model solution
that will minimize the environment pollutant for Tanzania to achieve her development vision 2025 sustainably with clean and safe
environment. The problem is solved as a linear programming problem using Zimmerman modified method algorithm and yield the
solution by considering the fuzzy nature of the data in the model.
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1 Introduction

The increasing threat of global warming and climate change has focused attention on the relationship between energy
and environment. Throughout human history, most direct human energy needs are derived from combustion from solids
fuels, solid fuels require relatively advanced technology to be pre-mixed with air or otherwise ensure their complete
combustion [1].The airborne emissions of incomplete combustion products, such as carbon monoxide, particulates, and
volatile organic compounds, are increasing significantly as the need for energy increase.Energy use and supply is of
fundamental importance to society, and has made the greatest impact on promoting the development of the society and
the world at large. But due to the increase and the pervasive nature of energy related activities it has lead to different
environmental problems [2].

1.1 Energy Sector in Tanzania

Tanzania has various number of energy sources including solar, wind, biogas, natural gas, hydropower, biofuel, coal
reserves, wood fuel, and geothermal power. Among all these, the most exploited source is wood fuel since it is
considered both cheap and easily reached by the majority poor in rural and urban areas [3]. The energy balance of
Tanzania displays that biomass (in form of firewood, charcoal and agricultural waste) usage accounts for more than 90%
of energy consumption. Petroleum account for 8%, electricity for 1.2% and the remaining 0.8% coming from coal and
other renewable energies [4]. Petroleum is imported and the transport sector is the main consumer of petroleum products.
Currently, only 70% of the demand for petroleum is met. However natural gas, which is available, is to be the possible
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Fig. 1: The current energy balance in Tanzania

substitute for oil though the main hindrances of its use is basically capital and lack of technology to extract gas and use it
for various energy purposes [5]. There are also other indigenous substitute sources of energy that include coal, solar and
wind. Most of these sources of energy are not fully utilized and the main reason is lack of capital. Tanzania has 1,200
million metric tons of coal, which could make available energy for paper mills, cement industries, agriculture and
household consumption, and for generation of electricity. Wind and solar energy is another source of energy. Very little
attempt has been made to utilize this source of energy that could be a viable substitute source to reduce use of oil and
wood for heating purposes. Recently the country is investigating on the possibility of using nuclear power as a source of

energy [6].

Electricity is mostly generated from hydropower, which is disposed to draught effects, so some thermal power stations
have been installed. There are plans to connect with neighboring countries like Uganda and Zambia to the national grid

to increase the supply of electricity [7].

Tanzania‘s per capita electricity consumption of 46/KWh per year and it grows at the rate of 11% - 13%. Hence, the
government is inspiring investment to expand generating capacity, supply system and developing local sources of energy
[8]. Due to the fact that lack of access to adequate and viable supplies of energy affects as much as 90% of the population
of many third world countries. According to the World Bank report (2018), only 32.8% of the populations in Tanzania
have access to electricity, of which urban areas have more access (65.3%) to electricity and only (16.9%) for the rural
areas. Short of efficient, clean energy, people are demoralized in their efforts to involve effectively in productive
activities or to improve their quality of life [9].

1.2 Improving Access to Energy in Tanzania

As a result of significant population growth (presently 44 million, projected to rise to 55 million for the next 5 years, of
which only 10.5% is connected to the national power grid at present) and continued economic growth (real GDP for
2012 was 7.04%) Tanzania?s energy demand is projected to grow by between 5 and 8.5% per year for the next 5 years.
To surplus this energy demand Tanzania’s power sector needs significant new investment to develop greater power
generation diversification and upgrade and expand the transmission and distribution network. Knowing the importance of
energy in the development process, Tanzania completed a policy for ensuring obtainability of reliable and reasonably
priced energy supplies and their use in a rational and viable manner in order to support national development objectives
[10].
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Chances for new power generation are rich, such as by hydropower generation, gas and coal which are expected to
increase. Tanzania calls for establishment of a well-organized energy production, transportation, distribution,
procurement and end-use systems in a sustainable manner [11].

1.3 Energy and Environment

The development of science and technology has altered the world in countless ways. It has, on the other hand led to
developments of environmental problems that threaten man and nature. For the duration of the past two decades, the risk
and reality of environmental problems have become more evident. Increasing evidence of environmental problems is due
to a mixture of quite a lot of factors, the leading factor being energy, in the whole process of harvesting, production and
consumption [12]. The environmental impacts have grown dramatically as world populations? raise, many faster than the
average of 2%, the need for more and more energy is worsen. Improved lifestyle and increased energy demand and the
wealthy developed economics, which comprise 25% of the world?s population, consume 75% of the world?s energy
supply [13]. In recent times, environmental concerns have prolonged to land degradation (soil erosion), deforestation and
hazardous air pollutants [14]. The world?s energy consumption today is likely to be 22 billion kWh per annum.
Approximately 6.6 billion metric tons carbon equivalent of green-house gas (GHG) emission are released in the
atmosphere to surplus this energy demand [15]. About 80% is due to carbon emissions from the combustion of energy
fuels. By [16] because of energy?s ubiquity and size, energy activities (harvesting, production and consumption)
influence almost every category of environmental insult and impacts as seen in the relational diagram below:

Environmental pollution

Fig. 2: Relationship between energy activities and environment

2 Model formulation

2.1 Problem identification

As there is rapid growth in global population and industrialization and the rate is constantly growing the energy demand
will also increase proportionally then getting the energy we need to disturb our environment in many diverse ways [17].
Some energy sources have a greater impact than others, so in order to meet the mankind?s need in terms of environment
safety one should find the way that will change the composition of energy system in Tanzania in such a way that it does
not affect the environment. Different energy activities yield significant number of negative effect to the environment and
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these effects are emissions of air pollutants like sulphur oxides SO,, nitrogen oxides NO, and carbon dioxide CO,
together with land degradation (Deforestation) [18].

Therefore, minimization of the environment pollution caused by different energy activities as the energy demand
increases is the purpose of this study. The output will allow Tanzania to realize her development vision 2025 in
environmental friendly manner.

2.2 Variables and their description

Variable Description

aj Is the environmental impact caused by harvesting of type ' j’ energy
bj Is the environmental impact caused by productio of type ' j' energy
Ccj Is the environmental impact caused by consumption of type ' j’ energy
X; Is harvesting type 'i”” energy
Y; Is production type 'i”” energy
Z; Is consuption type 'i” energy
F Total pollution amount produced by all types of energy harvesting, production and consumption
o Comfedence degree
u Membership degree
1 Type of energy
J Number of available energy’s harvesting, production and Consumption respectively
N Maximum number of the sum of available energy’s harvesting, production and consumption respectively
M Maximum units of energy available
Ry Total energy harvesting
R Total energy production
R3 Total energy consumption
P Energy harvesting and GDP increase
P, Energy production and GDP increase
P Energy consumption and GDP increase
01 Energy harvesting and emission of GHG
O Energy production and emission of GHG
03 Energy consumption and emission of GHG
U, Energy harvesting and deforestation
U, Energy production and deforestation
Us Energy consumption and deforestation
2.3 Modeling

The linear model for minimization of environment pollutant is as given below;
Minimize environmental negative impact

m
Y (a;Xi+bYi+c;Z))

Mszz
]

m
i=1,
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subject to;

R <R
Dy > di
Uk 2w
Ok > g
R 2 1y
Xi(t) >0
Yi(r) >0
Zi(t) >0

'i’ Represent energy units, 'k’ represent energy processes (Harvesting, Production and Consumption)

Where F is the total environmental impact produced by all types of energy harvesting, production and consumption
aj,bj and c; are pollution produced by energy harvesting, production and consumption respectively X; represent
harvesting of type 'i’ energy, Y; represent production of type i’ energy Z; represent consumption of type 'i’ energy, i=
Type of energy, D represent the lower compound GDP growth, U is a lower compound deforestation increase, Q is a
lower compound GH G emission, R; is the amount of energy harvested, R; is the amount of energy produced, Rj is the of
energy to be consumed.

In a real situation, decision makers do not have precise and comprehensive information related to decision criteria and
constraints [19]. In our case of the environmental pollutant minimization problem the collected information does not
behave crisply and they are typically fuzzy in nature. Then the fuzzy approach is used to solve the environmental
pollutant minimization model.

As the relevant data are uncertain and we lack the original data source, data are obtained by logical reasoning by
considering what is real happening and the experts? judgments and thus, the data are quite fuzzy, called fuzzy numbers.
Therefore, in order to minimize environmental pollutants, we have;

m
Z (an,'—Fiji—FCij)
i=1j=1

Min F =

(ngE

We can write the above function in matrix form as given below

X1

X6
1
MinF =lay...as b)...bg ci...c6)

Yo
21

<6

Where (aj...ag by...bg c...ce) are the positive values which represent negative environmental impacts (pollution)
contributed by each energy unit in every energy ‘s process. In this study by considering the proportional of the trend of
production, consumption and harvesting the pollutant of eachenergy’s activities are as summarized in the following
expression:
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Min Fi =a; (1 —a)x; +ax;)+ax((1 —ot)x2+ axa) +az((1 — a)xz + oxz) +aa((1 — o) xs + axs)
+as((1 — a)xs + ouxs) +ae((1 — a)xe + 0txe) + b1 ((1 — 0)y1 + ay1) + b2 ((1 — &)y2 + ay2)
+b3((1 — a)ys + 0tys) +ba((1 — @)ya+ atys) +bs((1 — &t)ys + ays) +be((1 — )ys + ays)
+e1((1— )z +ozi) +e2((1— o)z + 0z2) +e3((1 — a)z3 + 0z3) + ca((1 — a)za + azq)

+es((1—a)zs +azs) +c6((1 — a)z6 + 0z6)

2.4 Objective constraints

(a)

(b)

(©)

(d)

O]

Energy harvesting constraint

The harvesting of energies that has the greater impact to the environment like coal, biomass and oil must not exceed
the harvesting of other renewable energies like natural gas, Renewable (wind, solar, geothermal) and electricity in
order to reduce the negative effects caused by these energies x; + x5 +x¢ —x2 —x3 —x4 < O0.

Energy production constraint

The production of non- renewable energies and energy which produce a huge environmental effect to the environment
like in its production process like coal, oil and biomass must be smaller than production of renewable energies like
natural gas, wind, solar and electricity in order to reduce the environmental effects y; +ys +ys —y2 —y3 —y4 <O0.
Energy consumption constraint

The consumption of energies that has the greater impact to the environment like coal, oil and biomass mast be less
than the consumption of other renewable energies like natural gas, wind, solar and electricity in order to reduce the
negative effects caused by these energies to the environment z; +z5+26 —22 — 23 — 24 < 0.

Multiple GDP growth from various energy processes

The energy demand in Tanzania is increasing very fast as the population increase and the individual and nation
introduces different activities (industries, investments) for their development, sectors like agriculture, small and
medium industries and domestic uses. This will considerably raise energy processes to counteract the situation and
thus increase number of goods produced for consumption, provision of market for several goods and a significant
increase of tax payers due to different activities taking place in the same process and thus lead to alternation of GDP
in every energy process. According to [20] for Tanzania to move from low income countries to middle income
countries as one of the goal of Tanzania development vision 2025 it should have the average annual GDP growth of
8%. Then the GDP produced by all energy?s processes should be greater than or equal to this annual average.

Using SPSS software we use the linear regression analysis to find the relationship between energy harvesting,
production and consumption and the GDP then we have

0.5x1 4+ 9x3 — 12405x5 +0.01xg — 3y + 163.3y, +26.4y3 — 62.7y4 — 17129y5
—5y6 —4.521 — 19.620 —2.473 + 34924 — 575 — 0.62¢ > — 16722

A compound deforestation increase from various energy processes

The increase of energy processes (Harvesting, production and Consumption) results tothe increasing demand of
energy in the country that led to deforestation. The main considered factor here are the areas where the energy
processes are taking place and sometimes the trees are used directly in these processes in some energy unit. The
study consider energy harvesting as the only energy process that largely lead to deforestation in Tanzania and ignore
the rest of the processes because their contribution to deforestation is very small which is approximately to be zero.
By [21] the average annual deforestation rate is 1.93 percent Then the multiple deforestation should be less or equal
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®

(@

(h)

®

to this increased deforestation in order to reduce the negative impacts that are the result of deforestation.

x < 1763
296y1 — 17740y, + 597y3 — 37764 — 177590ys + 126y, < 134806

A compound GHG emission from various energy processes

Based on the significant increase energy demand and the fact that the three energy processes of different energy
unit lead to the production of greenhouse gases thus the increase of the energy processes will automatically lead
to the increase of production of greenhouse gases in different stages as energy is processed. The lower compound
GHG emission considers the emission caused by all kind of energy in the separate energy process. By [22] the
average annual emission rate of Greenhouse gases in metric tons is 0.1. Then the multiple GHG emission through
the different energy processes must be less or equal to this average amount of GHG emission that has negative effect
to the environment. Then

2x1 + 56x3 — 1560x5 + 0.0042x5 < —920
2y1 + 11y + 56y3 + 4y4 — 1905y5 — 0.0782ys < —1597
0.122 —2.872 +0.2323 — 1.4924 +0.5625 +0.032¢ < 543

The constraint of total energy harvesting

This constraint includes the sum of all annul energy harvested considering the lowest limit and its upper limit when
energy is only for basic use and when energy is extended to the economic growth and development respectively. Thus
for the proper economic growth that will support both industrial and domestic activities there is a strong need for
the sufficient energy harvested to carter the need for proper development then the total energy harvesting should be
greater or equal to the average annual energy harvested amount of energy needed in the given period of time. The
average total energy harvesting is 22414.3 units of energy. Then;

X1+ X2 +x3+x4 +x5+x6 > 224143

The constraint of total energy production

The total energy production is the annual sum of all energy production with it lower and upper limit. Thus for
the proper economic growth that will support both industrial and domestic activities there is a strong need for the
sufficient energy production to carter the need of proper development then the total energy produced should be greater
or equal to the average annual energy production needed in the given period of time for the proper economic growth.
The total energy production should be grater or equal to the estimated amount of energy demand projection in the
year 2025, the expected energy demand by the year 2025 is approximated to be 3800MW [23], then:

Y1 +y2+y3+ya+ys+ys > 3800

The constraint of total energy consumption

This is the total annual energy use, and its possible range from the lowest possible capacity (lower limit) to the
highest demand (upper limit). Thus for the proper economic growth that will support both industrial and domestic
activities there is a strong need for the sufficient energy consumption to carter the need for proper development then
the total energy consumption should be greater or equal to the average annual energy consumption needed in the
given period of time for the proper economic growth. The average annual sum of all energy consumption is 24769.8
units of energy.

2 +2+23+24+25+26 >24769.8
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Also the total energy consumption should be equal or less than the available energy (energy produced), then:

L1+ +3+u+5+26 <y +y2+y3+ys+ys+ys

This is equal to;
Zitntatutistie—yi—y2—y3—y4a—ys—y6 <0

(j) Boundary constraint As we reduce the effects to the environment as a result of energy activities we need to incorporate
clean and renewable energy to the general composition of energy system in Tanzania. Then the study suggest that the
harvesting, production and consumption of clean and renewable energies like Natural gas, Renewable (Wind, solar,
geothermal) and electricity should be at least 20% of the total energy then;

X2,X3,X4 > T474, y2,y3,y4 > 8259 and z5,73,24 > 1268

(k) Non-negative constraints

X;(t) >0, Y;(t) > 0and Z(r)

3 Mathematical analysis

Using Zimmermann modified method as analyzed in the papers by [24] and [25], we solve the multi-objective linear
programming problem as a single objective linear programming problem by using any linear programming algorithm,
considering only one of the objectives at a time The mathematical multi-objective optimization model in the real plane
may be presented as follows

We want to find X = (x1,...,%,), Y = (V1,...,yn) and Z = (21, ..., 2n)

So that

m n
MinF =YY (a;X;+b;Y;+c;Z;)
i=1j=1

subject to;

Dy > dy,
Uk > uy
Ok > gk
Ry >n
Ry>n
Ry >r3

We assume the variables set of X,Y and Z and the objective constraints Dy, Uy, Oy and Ry, are in fuzzy domain and they
are the triangular numbers we use them in the transformation of the original problem, which is a fuzzy problem, into a
clear linear programming problem.

3.1 Zimmermann modified method algorithm

In the paper by [24] they analyzed five important steps to follow when using Zimmermann modified method to solve
problem and in our case we will customize it as given below ;

© 2021 BISKA Bilisim Technology



=
NTMSCI 9, No. 1, 29-41 (2021) / www.ntmsci.com BISKA 37

Step-1. Define the membership function corresponding to the variables X,Y and Z.

Oifx,'<ﬁ
Xi —

Xi . _
if xi <xi <X
Xi—Xo T

Lif xi > x;

nuxi(X) =

0if yi <yi

N if yi <yi <Jyi
Yi—Yi

Lif yi > i

:u)’i(Y) =

OifZi<§

Zi—7Zi . _
! lﬁa<m<a
i—z

lifzi>7z

He; (Z) -

Step-2. Use o — cut to make the fuzzy system to crisp and use general method to solve the system.
That is for any

o€ [0,1] o€ [0,1] o< [0,1]
fi—xi:a y'i—yi:a Z_i_Zi:a
Xi— X Yi—Yi %=z

Step-3. Using this @ — cut we transform the original linear programming problem, which is a fuzzy problem, into a clear
linear programming problem by introducing the parameter o.
Modifying the given objectives the objective function now become;

Min F = ZZa,X+ZZb y+zzc,

i=1j= i=1 j= i=1j=

On transforming the fuzzy into a clear linear programming equation we can write a;, b; and c; in the following

aj= {ﬂ;aj;a_j} b= {ﬁ§b/’;b_/} and cj = [ﬂcj;c_/}

Then using the triangular fuzzy number rule the formula and applying difuzzification method the linear
programming problem becomes;

Min F = (i iajx, a (i

i=1 j=1 i=1 j=1 g i=1j=1

6 6 6 6 6 6
(ELem-a(EEmmeEEom))

i=1j=1 i=1j=1 i=1j=1

where o € [0,1]. Then we consider the objective constraints and follow the same defuzzification procedure of

Dy 2>di, Uc 2w, Ok 2 qi, Ru 2r, R >, R3 >3
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Step-4.

Step-5.

Dy, Uy, Ok, Ry are triangular fuzzy numbers then, —Dy < —dj and since it is a triangular fuzzy number we will
have —D; = [—@; —dk;—c?k] Introducing the parameter o then the above function can be transformed into
—Dy < —dy — a(dy—di) a € [0,1]. This is equal to; Dy > di + o (dx —di) o € [0,1]. Now using the same
method the diffuzzification of other constraint will be;

Uy > i+ o (uy — i) o € [0,1]
Ok > g+ 0t (qx— qk) @ €[0,1]
R = At o(rc—R) a€l0,1]

The distribution of parameter a provide the way of measuring possibility and reliability of decision risk in
order to achieve equilibrium compromise between target value and possible value. The value of « it turns the
complicated fuzzy linear programming problem into a clear problem.

By putting & = 0 and ot = 1 we obtain the lower bound X;,Y;,Z;, and the upper bound X;,¥;,Z; of the optimal
solution of this linear programming problem.

Get the optimal solution of the linear programming model by average of the lower and the upper bound of the
solution. Similarly, by taking the average of the point we get the point where optimal solution will exist.

3.2 Model optimization

We want to find X = (x;,x2,X3,X4,%5,%6), ¥ = (yi,¥2,¥3,Y4,Y5,¥6) and Z = (z;,22,23,24,25,26) S0 as to Minimize the total
pollution load (MtCO0,e¢) as a result of energy production, harvesting and consumption.

Min F =a;((1 — a)x; + axy) +az((1 — a)xz + oxz) +a3((1 — a)x3 + axz) +as((1 — 06)xs + 0txq)
+as((1 —a)xs + oxs) +ae((1 — &)xe + otxe) + b1 ((1 — o)y1 +ay1) +b2((1 — &)y2 + ay2)
+b3((1 — at)y3 + 0y3) +ba((1 — a)ya + tys) + bs((1 — &)ys + ays) + be (1 — &)ys + 0tys)

+ei((l—a)zi+azi)+e((1—a)zz+az)+c3((1 — a)zz + oz3) + ca((1 — @)za + 0tz4)
+es((1 —a)zs +ozs) +c6((1 — )26 + az6)

Subject to the above inequality constraints.

4 Numerical results

Then, following Zimmermann modified method algorithm, using mat lab we solve the optimization problem and as we
change the value of o results are as follows;

Table 1: Optimal Solution when ¢ =0

Energy Harvest Energy Production Energy Consumption

Variable | Value Variable | Value Variable Value
X1 0 Y1 0 21 0
X2 7474 2 8259 2 1887
X3 7474 y3 8257 3 1887
X4 7474 V4 8259 Z4 21617
X5 269 ys 309 5 0
X6 0 Y6 0 26 0
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Table 2: Optimal Solution when o =1

Energy Harvest Energy Production Energy Consumption

Variable | Value Variable | Value Variable Value
X1 0 V1 0 2] 0
X2 7470 V2 8256 22 1896
X3 7470 v3 8254 23 1264
X4 7470 V4 8256 24 21608
X5 268 Vs 308 Z5 0
X6 0 Y6 0 26 0

Hence the Optimal solution that minimizes the pollution load to the environment occurs at the variable values as displayed
in the table below;

Table 3: General solution for minimization of environment pollutants

Energy Harvest Energy Production Energy Consumption

Variable | Value Variable | Value Variable | Value
X1 0 Y1 0 21 0
X2 7472 2 8258 22 1892
X3 7472 3 8258 23 1576
X4 7472 Y4 8263 24 21613
X5 268 Vs 309 Z5 0
X6 0 Yo 0 26 0

5 Analysis of results

The linear programming problem presented above with the aim of minimizing environment pollutants has been solved by
mat lab following the Zimmermann modified method algorithm. The optimal values of the decisive variable that minimizes
the environment pollutants from different energy activities X = (xy,...,x¢), ¥ = (y1,.-.,¥6) and Z = (z1, ...,z ) shown in the
section above are presented graphically as shown in the figure bellow; The result shows the enormous decrease of various
energy activities (harvesting, production and consumption) that has large environmental effects like coal, Biomass and
Oil. There is however the significant improvement of energy activities from renewable and clean energies that are natural
gas, renewable and electricity. This energy structure composition gives the wide margin for improving the Tanzania?s
energy structure to stop depending on the biomass (Wood fuel and charcoal) and oil and considerably let the renewable
and clean energies take over in order to reduce the effect caused to the environment.

6 Conclusion

This work has introduced the mathematical model for minimizing environment pollutants as a result of different energy
activities specifically energy production, harvesting and consumption. The problem has been considered as a linear
programming problem that account for minimization of environmental pollutants. The Zimmerman modified method has
been employed in order to expedite the solution of such model. The result discussed in this study will be the doorway for
Tanzania to realize her development vision 2025 sustainably with the clean and safe environment.
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o’ OPTIMAL ENERGY STRUCTURE FOR REDUCTION OF ENVIRONMENTAL POLLUTANTS
B | | | | | | | T
oL Electricity i
ELS - -
S (Rt U Bty Renetatle, MBS iy
S :
05 .
0
2 4 6 8 10 12 14 18 18
Energy harvesting Energy production Energy consumption

Fig. 3: Optimal energy structure composition for reduction of environmental pollutant

We therefore would like to stress importance of bringing the outcome of this study to the attention of those who are
responsible for environment issues in order to improve the ways and methods they are using to protect the environment.
It is important this knowledge to be communicated to the people of Tanzania as they are the primary stakeholders when

comes to energy utilization. We also encourage decision makers to use the studies like this when making decision for the
good reason of achieving the goals of Tanzania development vision 2025.
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