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ABSTRACT

Renewable energy sources like solar, wind, biomass, hydropower, geothermal and ocean
resources are considered as a natural option for generating clean energy. But the electricity
generated from solar and wind is less than the electricity generated by fossil fuels, In spite
of that, electricity generation by utilizing PV cells and wind turbine increased rapidly in
recent years. This thesis is about analysis of Biomass & Solar PV based hybrid power
system for a building. Comparison of hybrid energy system consists of biomass and solar
energy with single sourced power system like Biomass and Solar is the main focal point of
this work. Enough electricity will be produce by the hybrid system to power up an entire
building by processing MSW using direct combustion technique and utilizing solar energy
by using Solar PV panels, also added designing of the hybrid power system using
renewable energy sources, load analysis for an entire residential building, software analysis
for this micro-grid optimization working by Homer Pro software. Moreover, waste
management are also within the scope of this thesis along with the Schematic diagrams of
the system. This thesis also added designing of the hybrid power system using renewable
energy sources, load analysis for an entire residential building, software analysis for this
micro-grid optimization working by Homer Pro software. The desired hybrid system is
designed to provide approximately 70- 80% of energy from the biomass, 20% from solar

PV and the remaining will be reliant on main grid line.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

The perception of hybrid power plant is new in Bangladesh. On other hand this energy for
producing electricity are exploit developed countries for a long time. Biomass energy grant
substantial advantages over other renewable energy. Since Bangladesh is an agronomic
country, agricultural crop residues, municipal solid waste and animal manure and which
the major origin of Biomass energy system and the unlimited power of solar from sun are
abundant in here also. So biomass and solar both will serve as the potential renewable
energy sources in Bangladesh and there are huge prospect of these energies to reduce
energy crisis in the country. Biomass is a biological matter composed of living, or recently
living organisms, which can be burned or broken down by anaerobic and aerobic digestion
to produce energy. In a simpler ways the word biomass is a kind of material which derived
from plants and crops which use sunrays to grow and it includes plant and animal
materials. Wood from forests, leftover material from agricultural and forestry processes,
and different kinds of organic industrial, human and animal wastes [1] are the example of
biomass. The global renewable energy Biomass energy has rapidly become a vital part and
account for an ever-growing share of electric capacity worldwide. It acts as a sustainable

renewable energy which can be used again and again to meet up the consumer demand [1].

The system is all about renewable energy generation system. In the system biomass, solar,
and grid electricity is connected in a synchronized way. The present generated electricity
in Bangladesh is not enough to reduce load shedding. There is a huge disparity between
the peak demand and the generated electricity. This situation can be lessen by renewable
sources.

1.2 Motivation

Bangladesh has acute electricity problem. Our daily life is hampered by Load shedding.

The Current Production of electricity is not enough to prevent load shedding. Between

The peak load demand and the actual produced electricity there is a huge difference. This

difference can be minimized by establishing renewable energy sources like biomass, Solar

©Daffodil International University 6



based plant. Therefore the idea of this thesis is to dig into the possibilities of biomass and
Hybrid energy for individual residential building.
1.3 Aims and objective

e To increase the power generation.

e To possibilities of Hybrid energy generation in Bangladesh.

e To use MSW for green environment.

e To proper use of solar System.

e To enhancement the efficiency of power generation.

1.4 Report Formation

Chapter 1: The primary idea was given about hybrid generation system. This chapter also
describes the motivation, aims and objectives of the thesis. The thesis outline is also

described in this chapter.

Chapter 2: This chapter described the history of the biomass and solar energy system.

Also the earlier research on it.

Chapter 3: This chapter described the concept of hybrid power generation by solar and
biomass. And also described Installation of PV Panels, Conversion power, and Electricity
Production.

Chapter 4: This chapter direct combustion technique has been discussed with Combustion

and Cooling process
Chapter 5: In This chapter proposed generation model has been discussed with grid model.

Chapter 6: In This chapter proposed power plant model has been shown with Existing

Design

Chapter 7: In This chapter methodology of this model has been discussed and also load

calculation has been shown.

Chapter 8: In This chapter the simulation, result, grid used, time serious plot Power

Production & Consumption has been shown.
Chapter 9: In This chapter comparative analysis has been shown.

Chapter 10: Conclusion.

©Daffodil International University 7



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

Bangladesh has big problem of electricity. Load shedding is an exquisite problem that
frustrate our daily life. The present production of electricity is not enough to prevent load
shedding. Between the peak load demand and the actual electricity generation there is a
huge difference. This scenario can be minimized by establishing renewable energy sources
like biomass, Solar based plant. Therefore the idea of this thesis is to dig into the

possibilities of biomass energy for individual residential building.

2.2 concept of hybrid power plant

Hybrid power plant concept is short of new in Bangladesh. Bangladesh is far away from
the energy sector but other developed countries are utilizing this for producing electricity
for along time. Over other renewable energy Biomass energy offers substantial advantages,
it reduce dependency on fossil fuel and it is abundant, renewable and clean energy. Since
Bangladesh is an agrarian country, agricultural crop residues, animal manure and municipal
solid waste which are the major sources of biomass energy system. There is a huge prospect
of this energy to minimize energy crisis in the country. Biomass will serve as one of the
potential renewable energy sources in Bangladesh.

This thesis explains the imitations, advantages, objectives, motives, theories, previous
researches and future scopes related to biomass energy system. Finally the results are
discussed at the end. Building construction cost, area, vibration of the turbine etc. are
because this is the architect and the civil engineer concern. In Our Country Government
declared to provide power to all by 2020 at a reasonable and affordable price. Sustainable
social and economic development depends on adequate power generation capacity of a
country. Except to increase the power generation there is no other way for development.

One of the important strategies adopted as part of Fuel Diversification

©Daffodil International University 8



Program is Improvement of Renewable Energy. Govt. is looking for various Renewable
Energy resources for achieve this target. Renewable Energy has a very small contribution
to the total generation under the existing power generation of Bangladesh. The Renewable
Energy exceeds more than 1% till now. on developing Renewable Energy resources to
improve energy security and to establish a sustainable energy regime alongside of
conventional energy sources Government is giving priority. Government has already
announced "500 MW Solar Power Mission" to increase the use of Renewable Energy to
meet the increasing demand of electricity.

Availability of renewable energy sources in Bangladesh are

I.  Solar power
ii.  Biomass
iii.  Wind power
iv.  Tidal power
v.  Wave energy
vi.  Waste to electric energy

vii.  Biogas

Biomass sources can be classified in many ways, for example by origin, or by different

characteristics and properties. [3] Biomass can be divided into:

©Daffodil International University 9



2.3 Biodegradable Waste

Bio-waste is describe as biodegradable garden and park waste, food and kitchen waste from
households, comparable waste from food processing plants, restaurants, caterers and retail
premises. It does not bring in manure, sewage sludge, forestry or agricultural residues, or
other biodegradable waste such as paper or processed wood and natural textiles. It’s also
eliminate those by-products of food production that never become waste.[4] The list of

biodegradable wastes as follows:

e Leaves/Falling Leaves.

e Flowers

e Kitchen waste (wet).

e Animal or Human excreta.

e Seedless fruit.

e Handmade bags.

e Dead animals or Human beings.

e Wood.

e Wires without coating.

e Vegetable Scraps.

e Papers.

e Some forms of plastic made from ingredients such as corn starch.
e Paper Towels/Toilet Paper/Paper Plates/Card-Board boxes.

o Weeds/Grass & plant clippings/plant stakes and plant-based pesticides.

©Daffodil International University 10



2.4 Sewage

Sewage is a source of biomass that is analogous to the other animal wastes. Using anaerobic
digestion, pyrolysis or drying and incineration Energy can be extracted from sewage. All

these technologies can be found.
2.5 Organic Municipal Solid Waste (MSW)

Food waste, paper etc. are Organic MSW which is matter to collect from commercial or
residential properties. Organic waste, whether from commercial or residential properties,
makes up a substantial amount of waste that is land-filled. As with other wastes, it can be

converted into energy by various ways.[4]

2.6 Non-Biodegradable Waste

In a reasonable amount of time Non-biodegradable waste is a kind of waste which cannot
be disintegrated into its base compounds by micro-organisms, air, moisture or soil. Non-
biodegradable waste is threatens to overwhelm landfills and create disposal problems.

Figure 2.11 shows different types of non-biodegradable waste. [6]

The list of biodegradable wastes as follows:
e Dry kitchen waste
e Flowers.
e Animal or human excretion
e Seedless fruit
¢ Handmade bags

e Dead animals or human beings wood

©Daffodil International University 11



List of non-biodegradable wastes include:

Plastic products like grocery bags, plastic bags, water bottles, etc.
e Nylon products

e Synthetic products

e Silk products

e Clothes

e Rubber tires.

e Dangerous chemicals and toxins
e Metals, metal cans, tins, metal scraps, etc.
e Construction waste, man-made fibers like nylon etc.

e Computer hardware like glass, CDs, DVDS, cellophane, processed woods, cable

wires, Styrofoam etc.

2.7 History of Renewable Energy

Biomass technology is an old thought. It was invented in early 1800 centaury. Regarding
biomass technology many experiment were done. The following a brief timeline of incident
that have shaped the growth of biomass energy from the 1930s to the present is stated [7].
1930s Kerosene and fuel oil begin to replace wood as primary energy source. In the United

States, ethanol is used to fuel cars well into the 1920s and 1930s.

1930s, for example, more than 2,000 service stations in the U.S. Midwest sell “gasohol”

(ethanol made from corn).

1940s After World War 11, the ethanol fuel industry closes down in the United States, with

the arrival of low-priced, abundant petroleum fuels.

1950s Electricity and natural gas displace wood heat in most homes and commercial

©Daffodil International University 12



buildings.

1970s Concerns about crude oil supplies and environmental quality lead to renewed interest
in ethanol and other biomass energy sources. Governments begin to fund research into

converting biomass into useful energy and fuels.

1980s High energy prices create new interest in biomass energy in Canada. In Atlantic
Canada, for example, large institutions and schools modify district heating systems to run

on wood wastes. 1985, the state has 850 megawatts of installed biomass power capacity.

1990s As public concerns about environmental issues such as air pollution and climate
change grow, governments in Canada and elsewhere take a greater interest in using

renewable energy, such as biomass, to decrease greenhouse gases and other emissions.

1992 The Canadian government grants an excise tax exemption for ethanol used in blended
fuels.

2000 A research of 133 countries by the International Energy Agency shows that the
biomass share of total energy consumption is 10.5%.

For solar cell technology is also an old thought as it was established in early 1839 centaury.
In the following a brief timeline of events that have shaped the growth of biomass energy
from the 1990 to the present is stated [8][9][9][10][12]

1990 Germany launches $500MM “100,000 Solar Roofs” program. The Cathedral of
Magdeburg installs solar panel on the roof, was the first installation in East Germany

1991 President George H. W. Bush directs the U.S. Department of Energy to establish the
National Renewable Energy Laboratory (transferring the existing Solar Energy Research
Institute) in Sandia, NM

1994 Japan starts 70,000 Solar Roofs" PV subsidy program

©Daffodil International University 13



1998 California initiates $112MM " Renewables Program” to fund rebates for <30 kW
residential and commercial PV systems

2002 CA Public Utilities Commission begins $100MM “Self-Generation Incentive
Program” for >30 kW PV projects

2004 Sharp, Kyocera, Shell Solar, BP Solar and RWE SCHOTT Solar Five manufacturers
account for 60% of the PV market. GE buys Astro power, the last remaining US

independent PV manufacturer

2006 The CA PUC demonstrates leadership by outlining what will become the California
Solar Initiative (CSI), a 10-year, $3 billion solar subsidy program.

2007 The CSI program begins and is well received by the market, with higher than

expected application volume.

2008 Your company joins the fast-growing list of California business leaders who adopt
solar power for their business with Sunlight Electric.

©Daffodil International University 14



CHAPTER 3
PROCESS DESCRIPTION OF BIOMASS, SOLAR PV TECHNIQUE,
AND HYBRID GENERATION

3.1 Introduction

In this chapter the full process description about Biomass, solar PV and Hybrid Power
Generation has been described.

3.2 Process Description of Biomass

Figure 3.1 shows that collected municipal solid wastes are convey to the combustion

%%t (o %‘7 '

boiler.

Electrical Power

Bulldlng

Steam
Turbine

Biomass /__\ —V

MSW,
( : L/ Feed Water Condenser Residual
Heat
Direct A
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Combustion
Boiler Bumnt Clean Gas
»| Ashes Cooling Passing
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MswW
Flue
Gas Clean Gas ¢
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I

Figure 3.1 Direct Combustion Process.
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3.3 Process Description of Solar PV

Photovoltaic (PV) cells also called Solar cells, by scientists, transmute sunlight directly
into electricity. In 1954 The PV effect was discovered, when scientists at Bell Telephone
discovered that silicon (an element found in sand) created an electric charge when exposed
to sunlight. Soon calculators and watches, power space satellites were being used to solar
cells. Nowadays, individual solar systems power homes and businesses of thousands of
people. For large power stations Utility companies are also using solar technology. Solar
panels are used to power homes and businesses are typically made from solar cells
combined into modules that hold about 40 cells. About 10 to 20 solar panels are typically
can be used to power the home. The panels are mounted south facing at a fixed angle. Also
they can be mounted on a tracking device which follows the sun, for capture the most
sunlight. Many solar panels combined together and create one system is called a solar array.
For large electric utility or industrial applications, hundreds of solar arrays are

interconnected.

Conventional solar cells are made by silicon, which are usually flat-plate, and generally are
the most efficient. Second-generation solar cells are called thin-film solar cells because
they are made from amorphous silicon or non-silicon materials such as cadmium telluride.
Thin film solar cells use layers of semiconductor materials only a few micrometers thick.
Because of their flexibility, thin film solar cells can double as rooftop shingles and tiles,

building facades, or the glazing for skylights.

Third-generation solar cells are being made from a variety of new materials besides silicon,
including solar inks using conventional printing press technologies, solar dyes, and
conductive plastics. Plastic lenses or mirrors used some new solar cells to concentrate
sunlight into a very small piece of high efficiency PV material. However, because the
lenses must be pointed at the sun, the use of concentrating collectors is limited to the
sunniest parts of the country. [16]

Here’s how the solar energy process works in more detail [17]. It is depicted in Figure 3.1

©Daffodil International University 16



3.3.1 —Installation of PV Panels

Photovoltaic (PV) panels are placed on the roof. The panels will be north facing, or north-

east or north-west facing, so that they are able to capture the most energy possible.

3.3.2 — Collection of Sun’s Rays

The solar panels on your roof collect the sun’s radiance during the day. They are made of
silicon and only need the sun’s radiance to work, so even on a cloudy day they will still

generate power — albeit with lower production than on clear days.

3.3.3 — Conversion to DC Power (Panels)

PV panels assemble the sun’s rays and metamorphose them into DC power.

3.3.4 — Conversion to AC Power (Inverter)

An inverter converts that DC power into AC power.

3.3.5 — Power Is Sent Into the Home

The converted AC power is then supply to the home, where it will power your lights,

appliances, or anything else that uses electricity.

3.3.6 — Credit for Unused Electricity

If we can produce more power from the solar system we can actually end up using in home,
and the excess power is automatically fed back into the grid. A meter is installed by the
power company to monitor how much is being imported or exported during the day so they

know how much to charge you at the end of the month.

©Daffodil International University 17
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Figure 3.2 Solar System.

3.4 Electricity Production
Solar PVs will be used for solar energy production for the building. In this process solar
photovoltaic panel converts the sunrays into electrical power by exciting electrons in

silicon cells using the photons of light from sun.[18]Solar panel consumes sunlight and

3.5 Process Description of Solar PV

Produce DC voltage which goes to the solar charge controller. A charge controller is used
to maintain the proper charging voltage on the batteries. Since the brighter the sunlight,
the more voltage the solar cells produce, the excessive voltage could damage the batteries.
As the input voltage from the solar array rises, the charge controller regulates the charge
to the batteries preventing any overcharging [19].Lead acid battery is used for store DC
voltage that comes from the charge controller. An inverter which is usually known as DC
to AC converter is used to convert DC to AC. From Inverter the final electrical power goes

to high rise building for powering up the building.
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Figure 3.3 Process of Solar PV to Electrical Energy production.

Classification of hybrid system with renewable energy sources (HSRES) According to the
availability of conventional energy sources Hybrid systems with conventional sources —
mostly the systems, using conventional sources are more powerful and responsible. Hybrid
systems without conventional sources — as a general, that kind of systems are relatively
low-power and/or tend to be more irresponsible. If the systems are correctly designed and
if energy storage is provided, they would be able to generate sustainable energy. These
systems are independent of energy sources, which make them especially preferred. Hence,
comes the need to develop reliable optimization models. According to the number of the
sources — The number of the energy sources is one of the factors that define the complexity

of the HSRES as well as its sustainability and efficiency [20].

3.6 Classification of HSRES [21]
According to the conventional energy sources:

e Hybrid systems with conventional sources

e Hybrid systems without conventional sources

©Daffodil International University 19



According to the type of the produced energy:

e Mechanical

e Electrical
e Thermal
e Mixed

According to the rated power:
e Low power (less than 1 kW)
e Middle power (more than 1 and less than 10 kW)

e High power (more than 10 kW)

According to the energy storage:
e Without storage

e With storage

According to the connection to the distribution grid:
e Grid connected

e Stand alone

Advantages of the System:

e Fuel saving (up to 50%).

Lower atmospheric contamination.

Savings in maintenance.

Silent system.

Connection to other power supplies (Wind turbines, solar panels, etc.)

©Daffodil International University 20



CHAPTER 4
DIRECT COMBUSTION TECHNIQUE

4.1 Introduction

Direct combustion hold less chemical reaction than gasification. Combustion is the simple
process; but gasification constitutes multi-level process. Various types of venomous gas
like CO, SO2 etc. are ejaculate in this method but it can metamorphose it to clean flue gas
by using filter. In this method we can get steam outright which will be future requirement
for this work. Co-firing method also requisite extra coal, so extra cost will be added [12]
[14].

Considering other fact direct combustion technique is selected:

» Combustion method proselytizes solid fuel into gaseous products of combustion
through high temperature oxidation reactions.

» Combustion route is noted as a long time technically and commercially.

» Direct Combustion of biomass can be for cogeneration, which produces both heat

and electricity [15]

4.2 Combustion and Cooling

MSW passed through the conveyer belt from the waste storage tank to the direct
combustion boiler. To extract air to the boiler and burn biomass wastes at a high
temperature of 800-1000 degree Celsius a forced draft fan is provided. Into the direct
combustion boiler Water is needed to burn the wastes. In that case huge amount of water
is provided to store from feed water tank, so that it can immediately provide water in the

combustion process . It is showed in Figure 4.1
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Figure 4.1 Municipal Solid Waste (MSW) Combustion Process.

4.3 Electricity Production

The system will use direct combustion process for biomass waste to energy production. In
this process biomass wastes will be store in a storage tank and from this storage tank it will
move to direct combustion boiler for combustion. Air is needed for combustion which will
be provided by forced draft fan. After completion of combustion we will find steam and
flue gas. Steam is required for power generation. It will pass through a steam turbine for
mechanically power up the turbine. Then the turbine will mechanically couple to the
generator. Generator will produce electrical power from mechanical rotation of turbine. In
that case we will use steam turbine genset for electrical power production. Final Electrical
power will be provided for powering up the building. Residual heat from the turbine will
move to the condenser where it will be cooled by attaching a cooling tower with condenser.
Cold water from condenser will be used as feed water that will be provided to the
combustion boiler. Flue gas which will be produce as byproduct will be cleaned by using

flue gas cleaning system. Clean gas will be moved to the environment through chimney.
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CHAPTER 5
PROPOSED GENERATION MODEL

5.1 Introduction

In This chapter proposed Generation model which is generated by HOMER

Software has been described.

5.2 Biomass grid model

The whole power plan to primary load connection has been shown in Figure 5.1. Here
Direct Combustion Generator (DCG) & Grid has been used for designing the power system
of the building. Primary load for building is 1406 kwh/d & peak load is 115kw.

Here Municipal Solid Waste (MSW) has been used as Biomass resource for the generator

which had been processed by using direct combustion.

AC
DCG Primary Load

ambd

1406 27 kwnyd
115.00 KW peak
Grid
’ A

iy

Figure 5.1 HOMER Representation of the System of Biomass.
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5.3 Solar Biomass grid model

Figure 5.2 has been shown the schematic model of solar power generation system and grid

as backup source which has been generated in homer where primary load is 1406.32
kWh/day and peak is 114.99 kW.
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Figure 5.2 System of Biomass HOMER Representation of the System of Solar.

5.4 Hybrid grid model

The schematic diagram simulated in the Homer software has been shown in Figure 7.3

Solar PV is connected with the DC system where a battery is also connected as storage

device.

SCHEMATIC

AC

Electric Loaddd

pkd

e
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Figure 5.3 HOMER Representation of the System of Hybrid System.
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CHAPTER 6

PROPOSED POWER PLANT MODEL
6.1 Introduction

In This chapter proposed Power Plant Model which is designed for the power Generation
has been shown. And also the load calculation in summer and winter season has been

describe.
6.2 Existing Design of a building

The Existing model of the building section has been shown in Figure 6.1. The solar PV
has been located in the rooftop of the building. Ground floor and B 1 is reserved for
parking & free space.

Figure 6.1 Existing Model of the building.

©Daffodil International University 25



6.3 Proposed Design of a building

The proposed power plant model of the building section has been shown in Figure 6.2.at
the underground of the building MSW reserve tank, boiler etc. is placed. At basement 2

Sub-station generator & transformer are placed. Basement 1 & ground floor is reserved

for parking & free space. And the solar PV has been located in the rooftop of the building.

@

AL WL U W R R O

Figure 6.2. Proposed Building Section.
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Zoom in section of the proposed building where steps of waste to energy production has
been shown in the Figure 6.3. For recognizing the entire model in zoom sections all the

sections are marked properly.
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Figure 6.3 Zoom in section of proposed model.
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6.4 Load Calculation

Figure 6.4 and Figure 6.5 has been illustrate the load calculation of the full building in

summer and winter season. The entire load calculation or both summer and winter has been

used in the simulation [23].

Figure 6.5 load calculation for winter.
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Time Household Appliances f:':;‘::t‘ Load, KW | Utility load KW Utility connected Total Load for Building (load*20flat-utility) (KW)
00:00 - 01:00 CFL-1 , laptop- 2,lamp-2 Refrizerator Frazzer AC (73 ton)-2 | 2360 236 2775 CA(15*15W), Tube(40%45 W) Pe (3°250W) 49975
01:00 - 02:00 CFL-1, laptop- 2,Jamp-2 Refrizerator Freezer AC (75 ton)-2 | 2360 236 2775 (15 15W), Tuba(40%45 W) Pe (3°250W) 49975
02:00-03:00 CFL-1, faptop- 2,amp-2 R Fraszec AC (75 ton)2 | 2360 236 2755 CAI(15%15W), Tube(40%43 W) Pe (3*250W) 49975
03:00 - 04:00 Refrizerator Fraszer 830 0.83 2775 CA(15*15W), Tube(40%45 W) Pe (3°250W) 19375
04:00 - 05:00 Refrigerator Fraezer 530 0.83 275 CAI(15¥15W), Tube(40%45 W) Pe (3°2350W) 19375
05:00 - 06:00 Resfrigerator Freezer ofl-2, exhavst fan tuba-1 915 0915 2775 CA(15*15W). Tuba(40%45 W) Pe (3¢250W) 21075
06:00 - 07:00 Refrizarator Frazzer sxhaust fan,ofl-2 915 0315 3525 2.775+motos(.75 KW) 21825
07:00 - 08:00 Refrigerator, Fraszer tube-1 530 0.83 2055 2.775-lift (18KW) 3715
08:00 - 09:00 Reft Frazzertv,AC (13 ton)-1 1438 1498 2055 2055 5051
09:00 - 10:00 Refrigerator Fraazer tv 1498 1498 2955 2055 5951
10:00-11:00 Refrigerator Freezer,tv 1498 1498 2955 2055 5951
11:00 - 12:00 Refrigerator, Freszer laptop-L ison,tv 1443 1445 2953 2055 5843
12:00- 13:00 Refrigerator Freezer laptop-1 washing machine, sehaust fantv | 1525 1525 2953 20.55-motoe(.75 KW) 50.05
13:00 - 14:00 Refrigerator Freezer laptop-1,tv,AC(1 Ton)-1 Yo 2475 303 2775+l (18KW) 798
14:00-15:00 Refrigerator Feaezer laptop-1tv. AC (.15 ton)-1 1635 1.695 2955 2775t (18KW) 6345
15:00 - 16:00 Refrizzrator Freszer laptop-1 AC (.75 ton)-1 1635 1.695 2955 2.775ift (18KW) §3.45
16:00 -17:00 Refrigerator Freszer faptop-1 oven 250 225 2955 2.775+4ift (18KW) 74,55
17:00 - 18:00 Refrigerator Freezer laptop-1, 2250 225 26325 27754t (18KW)=15 o 71325
18:00 - 19:00 Refrigerator Freazer laptop-2,tube-3,cl-1 tv,oven 4300 43 26323 2.775-lift (18KW)=15 efl 11235
19:00-20:00 [rigerator Freszer laptop-2,tube-3,cfl-1,tv, AC(1 Ton) AC (75 tof__ 4300 43 26325 2.775-kft (18KW)=15 o 112325
20:00-21:00 friserator Freazer Japtop-2,tube-3,cfl-1 tv AC(1Ton),AC (73 tod 4300 43 26325 2.775-kft (18KW)=15 o 112325
21:00-22:00 [rigsrator Fraszer laptop-2,tube-3,cf1-Ltv AC(1Ton) AC (75 to__ 4300 43 26325 27754kt (18KW)=15 o 112325
22:00-23:00 friserator Fraser Japtop-2,tubs-5,cA-1tv AC( Ton) AC (73 tod__ 4300 43 26325 2775tk (18KW)=15 o 12325
23:00-0000 [rizerator Fezazer Japtop-2,tobe-3,cfl-1,tv, AC(1Ton), AC (75 tof__ 4300 43 26323 2.775ift (18KW)=15 cfl-motor(.75 KW) 12325

Figure 6.4 load calculation for summer.

Time Appl Load(watt) | Load(KW) | Utility load (KW) utility connected Total Load for Building (load*20flat-utility) (KW)
00:00 - 01:00 AM CFL-1, laptop- 2 lamp-2 Refrizerator Fraezar 810 081 255 CA(15*15W), Tobe(40%43 W) Pe (3*2350W) 18.975
01:00 - 02:00 AM Refrigerator Freezer aptop-1.cl-1 630 0.63 275 CA(15*15W), Tube(d0¥43 W) Pe (3*230W) 15375
02:00 - 03:00 AM Refrigerator Freszer, 530 0.53 2775 cfl(15*15W),Tube(40¥45 W) Pe (34250W) 13375
03:00 - 04:00 AM Refrizerator Freezer 530 033 2775 cfl(15*15W),Tube(40%45 W) Pe (34250W) 13375
04:00 - 05:00 AM Refrizerator Fraazer 530 053 2775 ofl(15¥15W),Tube(40%45 W) Pe (34250W) 13.375
05:00 - 06:00 AM Refrizzrator Fraazar,ofl-2, exhaust fan tub-1 655 0,655 2755 CA(15*15W), Tobe(40%43 W) Pe (3*2350W) 15.875
06:00 - 07:00 AM Refrizerator Fraazer,axhaust fan ofl-2 615 0615 3525 2.775=motor(.75 KW) 15.825
07:00 - 08:00 AM Refrizerator, Fraazar tube-1 570 057 2055 2.775lft (18KW) 3195
08:00 - 09:00 AM Refrizarator Fraazan tv 730 07 2055 2055 35.15
09:00 - 10:00 AM Refrigzrator Freszer tv 730 07 2055 2055 3515
10:00 - 11:00 AM R Fraszar tv 730 07 2055 2055 3515
11:00 - 12:00 PM Refrigzrator, Fraszar laptop-1 iron tv 1810 181 2055 2055 56.75
12:00-1:00PM | Ref Frazzer laptop-| washing machine sshaust fantv | 1403 1405 213 20.55-motor(.73 KW) 494

1:00 - 22M Refrizerator Fraezer laptop-1tv 2855 | 285 2055 27751t (18KW) 7755
2:00 - 3:00BM Refrizerator Freszer laptop-1 tv 810 0.1 2055 27751t (18KW) 36.75
300 - 4:00PM Refrizerator Freazer laptop-1 610 0.61 2055 2.775-lft (18KW) 3275
400 -5:00PM Refrizzrator Fraazar faptop-1 610 0.61 2055 2.775lift (18KW) 3205
5:00 - 6:00BM Reft Fraezer laptop-1,tube-3.cfl-1, 1050 105 20775 2.775lift (18KW)=15 efl 4177
6:00 - T:00PM Refrizarator Freazar Japtop-,tuba-3 cfl- 1 tv,oven 2130 113 20775 2.775-lift (18KW)=13 el 63375
7:00 - 8:00PM R Fraszar laptop-2,tube-5 cfl-Ltv, 1130 113 20775 2775l (18KW)=13 el 43375
8:00 - 9:00PM Refrigzrator Fraazer aptop-3,tube-3 efl-L tv, 210 12 20775 2.775-lift (18KW)=15 el 44975
9:00 - 10:00PM Refrizerator Freezer Japtop-3 tube-3 cfl-Ltv, 1210 12 20775 2775l (1SKW)=15 ol 44975
10:00 - 11:00PM Refrizerator, Freazer aptop-2,tube-3 011-Ltv-2, 1230 123 20775 2.775-1ift (18KW)=15 ofl 45375
11:00 - 00:00 AM Refrizzrator, Fraazar laptop-2.tubs-2 970 097 21525 277540t (1SKW)+13 eff-motor(.73 KW) 40925




Common load of the building also the power station utilities calculation Figure 6.4 and
Figure 6.5 has been illustrate the load calculation of the full building in summer and winter

season In Figure 6.6.

Load Rating, W Quantity Total, W
CFL Light 15 25 (For common area, ground floor 375
and basements)

Tube 40 45( Control room and basements) 1800
Computer 250 3 (for control room) 750
Air Conditioner 3000 3 (for control room) 9000

Figure 6.6 Common load calculation.
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CHAPTER 7
METHODOLGY

7.1 Introduction

In This chapter the methodology of the simulation has been shown. In the simulation

part homer software has been used. We can calculate all the value from homer interface.
7.2 Flow chart of thesis work

The flow chart of the thesis work has been shown below. In this work literature review
was discussed. In literature review discussed about the history of solar power and
biomass power generation. After that some data was collected from research or survey
work about MSW collection and solar power efficiency in Bangladesh. A new model
designed as a proposal of this work which is new in Bangladesh. Homer software was

used for the calculation and simulation for this paper.

Literature Review

)

Proposal Development & Model

Design

b

Analysis Using HOMER,

J

d Finalization

.
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7.3 Designing Biomass Power System

7.4 Designing Solar Power System

7.5 Designing Hybrid Power System

7.6 Load calculation

The System is designed for a residential building. Common load has been considered as
fixed load. Some of the load will run every day 24/7 like (fridge and Refrigerator) Total
load is = 1399kwh/day, average load is 58.3kw. Common load is 11.925kw/day
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7.7 Flow chart of Simulation

The flow chart of the simulation has been shown below. In simulation biogas, solar and
grid data was input. Then the primary load of winter and summer was input in the
software interface. If excess electricity generate then it will be again supply in national
grid.

YE

Y ves B

Excess Electricity

National Grid

<

|
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CHAPTER 8
SIMULATION AND RESULT

8.1 Introduction

In This chapter the simulation and result which is done by homer software has been

shown. Also the comparison of Existing results with this model has been shown.

8.2 Biomass Power System
8.2.1 Primary Load Inputs

Figure 8.1 and Figure 8.3 has been shown the Existing model of primary load inputs for

two months November- January and another is February to October.

Figure 8.2 and Figure 8.4 has been shown the Proposed Model of primary load inputs for
two months November- January & another is February to October.

Hourly variation of loads is low in November to January because winter session remained
in that time. Other hand hourly variation of loads is more than November-January in
February to October. Since warm weather is staying most of the time in a year in
Bangladesh so in that time demand of electricity is higher than winter session. Here Primary
Load type is AC.

Baseline data is monthly basis & day type is weekdays. Load has been put in the data table
as demand wise for every single hour of a day. Random variability factor consists of day
to day which is 0.1% & time step to time step which is 0.6%. Scaled Annual Average is
1399kwh/d. Figure 8.1 and Figure 8.2 Also shows some graphical pictures which are
showing Daily Profile, DMap& Seasonal Profile.
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Primary Load Inputs

File Edit Help
IChoose a load type [AC or DC). enter 24 hourly values in the load table. and enter a scaled annual average. Each of the 24 values in the load table is the
laverage electric demand for a single hour of the day. HOMER replicates this profile throughout the year unless you define different load profiles for different
months or day types. For calculations, HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value.
‘Hold the pointer over an element or click Help for more information.
Label |Primary Load Loadtype: ¢ AC ¢ DC Data source: & Enter daily profile(s] ¢ Import time series data file
Baseline data
Month lJanuary - ot Daily Profile
Day type IW kd. 5L
iy BYp eeckday = 20 -~
Hour L Load (kW)  -| = eo <
= = B
- g 5
01 .00 - 02:00 | 42.500 = o 2
02 00 - 03:00| | 42.500 =
15.500
15.500 Houm
15.500 180 ;
18.000 | max
33.000 g 120 - 1 T I T | T : T T I T gaily iy
38.000 < sol - = SEEE SHEN SNEN SNEN ENEN EEN B ENEN EEN B PR
09 DD 10 UD\ 38.000 g ! min
| 10:00-11:00] 32.000 T — T = . T - e
|11 00 -12:00/ 37.000 - | e T Apr May ~ Jun ol Aug Sep ~ Oa Tov Dec  Ann
Time step [minutes) 60
Random wariability - - i Baseline | Scaled \ ncy Inputs...
Day-to-day 13 % Average (Kwh/d) | 1.398 1.441 |
[ &= Average (KW | 58.3 600
Time-step-to-time-step 6 % - ék [glg\;\[{]r 1 ) = =55l Plot... | Export... |
Scaled annual average (Kwh/d) | 1441 (3| Load factor | 0.377 0.377 | Help |  cCancel | 0K |

Figure 8.1 Existing Model Primary load inputs (November-January).

r
Primary Load Inputs
File Edit Help

‘Choose a load type [AC or DC). enter 24 howrly values in the load table, and enter a scaled annual average. Each of the 24 values in the load table is the
laverage electric demand for a single hour of the day. HOMER replicates this profile throughout the year unless you define different load profiles for different
imonths or day types. For calculations. HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value.

|
jHoId the pointer over an element or click Help for more information.

Label lF'lirnal_v Load 1| Load type: & AC ¢ DC Data source: ¢ Enter daily profile(s] ¢ Import time series data file

Baseline data

Month  [Janua '] Daily Profile . DMa|
Day type |Weekday
g ;v 18
~ Hour Load (kW) | = =3
: : 18.975 3 U
3 s
15.375 = 2 e
'02:00 - 03:0C 13.375 -
| 03:00 - 04:00 13.375 Jan Feb Mar Apr MayJun
04:00 - 05:00 13.375 Eoa
z 15.975 — Profile
15.825 | .
— == B GEEE SEEE EEEE AN .. ! = >
1} 31.950 = T daily high
0 35.150 ;_:f eo] M | MW | | - w N
0 35.150 g | daily low
o 35.150 S B T |l [ | W |l mie
5 - 12-0C | |
SO0 200 26750 LI < Jan Feb Mar Jun Jul Aug Sep Oct Nowv Dec = Ann

Random variability - -
Day-to-day 0.1 =% | Baseline | Scaled | Efficiency Inputs.
B i = _Average (KWwWhid) 1.399 1.399
_Awverage [KWwW) | 58.3 58.3 |
115 115‘ Plot... ] Export... l

0.509 0.509 | Help |  cancel | oK |

Figure 8.2 Proposed Model Primary load inputs (November-January).
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Primary Load Inputs
File Edit Help

[Cheoose a load type [AC or DL, enter 24 hourly values in the load table. and enter a scaled annual average. Each of the 24 values in the load table is the
laverage electiic demand for a single hour of the day. HOMER replicates this profile throughout the year unless vou define different load profiles for different
Imonths or day types. For calculations. HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value.

|

Hold the pointer over an element or click Help for more information.

Label |Primary Load Load type: & AC ¢ DC Data source: ¢ Enter daily profile(s) ¢ Import time series data file
Baseline data
[Fisch  JR3 i i b
Month Parch =T Daily Profile - s DMa; 5 k\:vea
Day type [weekday _~| i
= =z g ©° 18 122
[ Hour Load (kw) | = | £ = se
| 0o:00 - 01:00] 53.750 g =2 = s4
| 01:00 - 02:00 53.750 = 30 2 e ==
I 1 1o 1 " " e o
3 53750 ° PN | ) L 4T 1 N LTI LW 10 B LY 4| |
|- 23.150 Jan Feb Mar Apr MayJun  Jul Aug Sep Oct Nov Dec
| 23.150
| 24.850 180 Seasonal Profile
| 25.600 o=
a0.200 s 120 ity hig
48.160 S o —l—F——8——8—— e = =& . | || e
48,160 g o
48,160 <o T BT . T — T T = ===
47100 | °
Jan Feb Tar Apr May Jun Jul Aug Sep [or=3 Nov Dec Ann

Q

Time step [minutes) &
Random wvariabili 5 | Baseline | Scaled | Efficiency Inputs. ..
Day-to-day 13 i] 1.398 1.441 |
. - | 58.3 60.0 |
Time-step-to-time-ste| 6 TS |
& ? Peak (K] 154 153 | Plot.. |  Ewport.. |

Scaled annual average (Kwh/d) | 1441 | (3 Load factor | 0.377 0.377 | Help |  cancel | 0K |
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Figure 8.3 Existing Model Primary load inputs (February-October).

T
Primary Load Inputs

File Edit Help
Q |Choose a load type [AC or DC). enter 24 hourly values in the load table. and enter a scaled annual average. E ach of the 24 values in the load table is the

‘average electric demand for a single hour of the day. HOMER replicates this profile throughout the year unless you define different load profiles for different
imonths or day types. For calculations. HOMER uses scaled data: baseline data scaled up or down to the scaled annual average value.

Hold the pointer over an element or click Help for more information.

Label ]F‘limal_v Load 1 Load type: ¢+ AC ¢ DC Data source: (¢ Enter daily profile(s) ¢ Import time series data file

Baseline data

Month =

Daily Profile

120 24

Day type |Weekday ~ I -

| How [Loadtkwy[«| £

| 00:00 - 01:00 43.975 E

| 01:00 - 02:00 49.975 == 30

[ 49.975 o

19.375
19.375
21.075 e .
21.825 |
37.150 & o == ”T ] E ~| gy d=ity high
50.510 T eof SEEE ENEN S == ES B |Bmean
59.510 g ‘ | daily low
59.510 20 T "’T =1 mE . min
53.450 | o ‘ |

May = Jun Jul  Aug = Sep = Ox = Nov = Dec = Ann

Random wvariability

Day-to-day I 0.1 % 2 ,,Bas,e,“",e,,,‘ Scaled ‘ Efficiency Inpul I
2 5 - | 1.399 1.399 |
Tlme»step-lo-hme-slepl 06 % _Awerage (Kwhid) | - - |
Average (kW) | 58.3 58.3 | |
|

115 115 | Plot... Export... |

Peakikw] |
Scaled annual average (KWh/d) 1398 {1} Laaliatton | 0.509 0.509 Help I Cancel I OK I

Figure 8.4 Proposed Model Primary load inputs (February-October).
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8.2.2 Electrical Power Production & Consumption

Production & consumption of the electrical power per year has been shown in Figure 8.6.
Total 513,606kWh/yr power is produce for 100kw direct combustion generator & 18kw
grid power system. Where direct combustion generator produces 493,987 kWh/yr & grid
power purchases is 20,193 kWh/yr. Electrical power consumption of AC primary load is
513,307 kWh/yr which shows 100% consumption of power production. Other quantity
such as excess electricity is 0 kWh/yr, unmet electric load is 0 kWh/yr and capacity
shortage is 7.2% which is 36,927 kWh/yr. other renewable fraction and max renewable

penetration is 0%. The monthly average electric power production of generator & grid is
shows in Data plot.

Simulation Results

System Architecture: 30 KW Grid Total NPC: $ 93.302
120 k' DCG L ized

evelized COE: § 0.014/kWh
Operating Cost: $ 5.360/pr
Cost Summary | Cash Flow Hlectrical | DGC | Grid | Emissions | Time Series |
Kadhlyr = Consum ption Kwahyr = Quantity K hyr =
526.197 EE) AC primary load 525943 100 Excess electricity 3.073 0.58
2819 1 Total 525943 100 Unmet electric load 218 0.00
529.016 100 Capacity shortage 24536 4.67
Quantity Value
FRenewable fraction 0.00
Max. renews. penetration 0.00 %
== Monthly Average Electric Pr ion
£ — DS
eo
s0
= 40
£ 20
&

o Jan Feb RMar Apr Risy Sun Sul Aug Sep =r=3 Now Dec
>$ML Report HTHML Report Help Close

Figure 8.5 Existing Model Electrical Power Production & Consumption.

Simulation Results

=
s 3O AT Total NPC: $116.819.00
System Architecture: DCG (100 kw)
Grid (18 kW) Levelized COE: $0.01759
Cycle Charging Operating Cost: $7,853.50
Cost Summary Cash Flow | Electrical | Fuel Summary DCG  Grid  Emissions
) W u
bca as3412 9807 s0.94 Excess Electricity v oo oo
Grid Purchases 20,183  3.93 0.00 Unmet Electric Load 00 oo
Total 513606 100.00 0.08 Capacity Shortage  36,927.0 7.2
Total 513,606 100.00
Renewable Fraction 00
Max. Renew. Penetration 0.0
Manthly Average Electric Production
ricd
DG 50
s0
I = 40
= 15

Figure 8.6 Proposed Model Electrical Power Production & Consumption.
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8.2.3 Grid Used

The monthly grid purchases, energy sold, net energy purchases, peak demand, energy
charge & demand charge for a whole year has been shown in Figure 8.8. Here, annual
electricity purchased is 20,193 kWh, energy sold is almost negligible which is 300 kwh,
net energy purchases is 19,894 kWh, 15 kW is annual peak demand, and annual energy
charge is $1,989.40 & demand charge is $.

Energy R MNet Energy | Peak N .
Month Purchased En“r"::_'" W Purchased Demand Er:tlzg; . E?I_‘jan::c_.l
I:k"-ﬂ'-'-l'l: i RV ) I:k"-"-"l'l: I:k"-ﬂ'-'-_:' —narge (&) —narge (&)
January O 100 -100 ] L0 %0
Februany 2,050 0 2050 14 0 10
March 2,306 0 2 306 14 0 10
April 2,230 o 2230 15 0 10
Mlay 2282 ] 2282 15 20 %0
June 2224 0 2224 15 20 %0
Fuly 2285 0 2285 15 20 %0
August 2,220 0 23220 15 0 %0
September 2,222 0 2222 14 0 20
Cictaber 274 0 274 14 0 30
Mowember 0 29 -og ] 0 %0
December o 101 -101 ] L0 10
Annual 20,193 300 19,894 15 $1,989.40 %0
Figure 8.7 Existing Model Grid use data for whole year.
e e e L T
120 oW DEG Levalizad COE: § 0.014/Wh
Gparating Cost. $ B.3607r
Cost Summary | Cash Flow | Blectrical | DGC  Grd | Emissions | Time Series |
Eoichasas | Dagend Thares i
() () (€3] (€3]
& 2e ie ix 8
o 252 = = a
o 210 26 21 o
a =5 = = 8
o fes 2o T8 o
o 213 19 21 [u}
o 58 18 (=3 o
o 2019 30 262 o
HML Feport | HTML Feport | __ Help ___ Cloze |

Figure 8.8 Proposed Model Grid use data for whole year.
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8.2.4 Time Series Plot

The hourly variation of all the quantities regarding Grid purchases for the month of

January, Direct Combustion Generator (DCG) power & AC primary load, has been shown
in Figure 8.10.

®° DView

Hourly | Monthly | DMap | Profile | POF | coF | pC |
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Figure 8.9 Existing Model Time series plot of power production and consumption.
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Figure 8.10 Proposed Model Time series plot of power production and consumption
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Figure 8.11 has been shown the AC primary load monthly profile in respect of 24 hour time
period.

Hourly | Monthly | Profile | DMap | Histogram | cOF | DC

A&

Figure 8.11 Hourly variation of all quantities for 12 months.

8.3 Solar Power System

8.3.1 Electrical Power Consumption & Production

The electrical power consumption & production per year has been shown in Figure 8.12.
For 12kW grid & 180KW solar PV along with 150KW System converter based power
system total power produces is 673,112kWh/yr. where Solar PV produces 348,117
kWh/yr& grid power purchases is 324,995 kWh/yr. Electrical power consumption of AC
primary load is 513,306 kWh/yr which shows 100% consumption of power production.
Other quantity such as excess electricity is 138,882 kWh/yr, unmet electric load is 0
kWh/yr and capacity shortage is 0 KWh/yr. other quantities named renewable fraction
36.7% and max renewable penetration is 550.4%. The monthly average electric power
production of generator & grid shows in Data plot.
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System Architecture: Generic fiat platz PV (180 kW) Load Following Total NPC: $439,482.00
System Converter (150 kW)
Grid (120 kW)

Levelized COE: $0.06623
Operating Cost: $32,878.20

Cost Summary Cash Flow | Electrical | Renewable Penetration Generic flat plate PV Grid  System Converter

roduction KWhiyr | %

100.00 138882.0 20.6

eneric flat plate PV | 348117 5172
324995 4828 ad O 0.00 0.0 0.0
673112 100.00 Total 513306 100.00 00 00
367
Max. Renew. Penctration  550.4
Monthly Average Electric Production
PV %0
Grid 80
70
60
- 50
= a0
30
20
10
o
Feb M Ap M, Aug Sep o No D

Figure 8.12 Electrical Power Production & Consumption.

8.3.2 Grid Used

Monthly grid electricity purchases, energy sold, net energy purchases, peak demand,
energy charge & demand charge for a whole year has been shown in Figure 8.13. Here,
annual energy purchased is 324,995 kWh, energy sold is 0 kWh, net energy purchases is
324,995 kWh, annual peak demand is 115 kW, annual energy charge is $32,499 & demand
charge is $0.

- Met Energy | Peak _

Month cmergy Purchasec Dremamd snergy Cemans

[kKWh) Sold (kWh) (kW) (W) Charge (%) | Charge (%)
lanuany 14 212 0 14212 71 S0 S0
February 28,610 0 28,610 114 £0 £0
March 32,040 0 32,040 114 50 50
April 30,674 0 30,674 15 S0 S0
May 32,099 0 32099 115 50 50
June 30,790 0 30,790 115 S0 S0
July 31,613 0 31613 115 S0 S0
August 32,145 0 32,145 115 50 50
September 31,242 0 31,242 114 S0 S0
Qctober 21,9221 0 21,921 114 50 50
Movember 14 609 o 14 &09 a5 S0 S0
Drecember 15,040 0 15,040 T2 S0 S0
Annual 324 995 0 324 995 115 £32.499.00 F0

Figure 8.13 Grid use data for whole year.
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8.3.3 Time Series Plot

Figure 8.14 has been shown the hourly variation of all the data regarding AC primary load,

Solar PV power output and grid electricity purchases for the month of May.
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Figure 8.14 Time series plot of power production and consumption.

Figure 8.15 has been shown the AC primary load monthly profile in respect of 24 hour time period.

Ii Hourly | Monthiy | Profile | DMap [ Histogram [ COF [ oC |

AC Primary Load -
AC Primary Load Daily Profile
Jan Feb Mar
11310 11310
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93.10 1 93.10
8310- 8310
7310 7310 ‘
6310 6310
53.10 5310
43104 4310 ‘
33.10 1 3310
2310 23104
1310 T T T 1310 T T
0 6 12 18 0 12 18
Jun Jul
11310 1310
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Figure 8.15 Hourly variation of all quantities for 12 months.
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8.4 Hybrid Power System
8.4.1 Electrical Power Consumption & Production

Figure 8.16 has been shown the electrical power consumption & production per year. For
20kW grid & 100kW direct combustion generator (DCG) and 70KW solar PV power
system. Total power generation is 526,519 kWh/yr. where direct combustion
generator(DCG) produces 377,516 kWh/yr& grid power purchases is 35,000 kWh/yr.
Electrical power consumption of AC primary load is 513,438 kWh/yr which shows 100%
consumption of power production. Other quantity such as excess electricity is 1,867.3
kWh/yr, unmet electric load is 0 kWh/yr and capacity shortage is 0.0 % which is 0.0
kWh/yr. other quantity named renewable fraction and max renewable penetration is 19.7

and 179.4. Monthly average electric power production of grid & generator shows in Data

plot.
System Architecture: Generic flat plate PV (70 kW) System Converter (50 kW) el LRE STRIEERLD
DCG (100 kW) Gridl (20 kW) Levelized COE: $0.1085
Exa=m il h (e=)=rE(B anpy) GEsErein, Operating Cost: $50,122.50
Cost Summary Cash Flow Electrical Fuel Summary DCG Renewable Penetration Generic 1kWh Lead Acid Generic flat plate PV Grid System Converter Emissions
Production Wh/fyr Consumption KWhiyr | % Quantity syr | %
Generic flat plate PV | 114003 2165 AC Primary Load 513,438 100.00 Excess Electricity 18676 04
DCG 377,516 7170 DC Primary Load 0O 0.00 Unmet Electric Load 0.0 0.0
Grid Purchases 35,000 6.65 Total 513,438 100,00 Capacity Shortage 0.0 0.0
Total 526,519 100.00
Value
19.7
Max. Renew. Penetration 179.4
Monthly Average Electric Production
-ey 80
Grid J0
ocs e B B B B E B B |
s0
£ a0
20
10
o
- Feb M. Ap M. un ul Aug Sep Oct Mo Dec
Report Time Series: Plot... Scatter Plot... Delta Plot... Table... Export...

Figure 8.16 Electrical Power Production & Consumption.
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8.4.2 Grid Used

Figure 8.17 has been shown the monthly grid electricity purchases, energy sold, net energy
purchases, peak demand, energy charge & demand charge for a whole year. Here, annual
energy purchased is 35,000 kWh, energy sold is 0 kWh, net energy purchases is
35,000kWh, annual peak demand is 17 kW, annual energy charge is $3,500 & demand

charge is $0.
Energs Met Energy | Peak
Month PurcE-;Eed E;IIE\'::?:T:."."'."H- Purchaﬁe-:rl:- Drermmand E;::gi (%) 3:2;;::351
(KWhH) T | {kWhH) (W) T T
Januarny 3,184 o] 3184 16 50 50
February 2,527 o] 2,527 16 30 50
MMarch 2,926 a 2,926 16 20 20
April 2,850 a 2,850 i7 20 20
Mz 2,830 o] 2,830 i7 120 20
June 2752 o 2752 16 10 10
July 2,802 o] 2,802 16 20 0
August 2771 a 2771 16 20 20
September 3213 o] 3213 i7 20 520
October 3.054 o] 3.034 ir 50 50
Movember 2,905 o] 2,905 17 30 50
December 3187 a 3187 16 20 20
Annual 35,000 a 35,000 i7 £3, 500000 20

Figure 8.17 Grid use data for whole year.

8.4.3 Time Series Plot
Figure 8.18 has been shown the hourly variation of all the data regarding AC primary load,
Direct Combustion Generator (DCG) power output, Solar PV power output and grid

electrical purchases for the month of May.
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Figure 8.18 Time series plot of power production and consumption.
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Figure 8.19 has been shown the AC primary load monthly profile in respect of 24 hour
time period.

Gry | Menthi = | DMep. | Histoaram | COF | BE |

AC Primary L

yw /
o . .
/ / "
y - A 4 y /\ A
/
Figure 8.19 Hourly variation of all quantities for 12 months.
8.4.4 Hybrid System Architecture
¥
20 KW o> 5 strings (12 v each)
Grid Power Kwh lead acid battery
o i
SR SN, 70 KW
Flat Plate Solar P\
- 11911
-
Biomass Generator
S-ivstem Converter
Figure 8.20 Hybrid System Architecture.
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Figure 8.21 this graph has been shown the percentage of different source generation with
their respective cost of production. It’s so clear that the PV/Photovoltaic will cost almost
half of biomass production cost whereas grid production cost is not the concern anymore
rather the negligible purchase cost of 6.65% of production. Moreover it also proves that
Biomass and PV generation are enough to meet the maximum demand of the building in

any typical situation.

Production cost percentage

$18,000

$16,000

$14,000

$12,000

$10,000

$8.000

$6,000

Sa,000

S$2,000

so

Figure 8.21 bar diagram of production cost vs percentage.
Usually it’s more convenient to expect the overall Electricity consumption and production

will reach as high as possible with optimize annual cost. Luckily the graph shows the best
outcome in this case. So, according to the graph almost half of energy can be saved in the
PV batteries after meeting the annual load demands. In such a way there will be an

opportunity to ensure the safety measures in unwanted shutdown of any generation source.

Annual Electricity Consumption vs Production

530000

525000

520000

515000

510000

505000

& Annual Electricity Consumption & Annual Electricity Production

Figure 8.22 bar diagram of annual electricity consumption vs. production.
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CHAPTER 9

COMPARATIVE ANALYSIS

The main comparison of biomass, solar and hybrid system has been shown [24] [25] [26] [27]

Biomass Power System

Solar PV Power System

Hybrid Power System

Advantages:

1) Abundant and
Renewable Resource:
Biomass  resources  are

available all over the world.
Besides, Biomass energy is
from

generated organic

material, plant or animal
waste, which is burned to
provide energy, e.g. heat &
electricity. Since they come
from living sources, these
products potentially never run
out which makes biomass a

renewable energy source.

As
decent flue gas cleaning

2) Emission  Free:
system has been developed
now a day for biomass based
power plant so no harmful
emission can be produced
from this power generation

system.

Advantages:
1) Low Installation and
Maintenance Cost:
Installation and

maintenance cost of
solar system is lower
than other conventional
power systems.

2) Low Emission: Solar
Power systems has low
emission rate than other
fossil fuel based power
systems.

3) Renewable Source: As
there is endless and

cost- free availability of

solar energy so ltis a

completely renewable
resource based energy
generating system.

4) Maintenance
Requirement: For Solar
based power system,

little maintenance work

Advantages:
1) Multiple Power Source: As
hybrid power system is a

2)

3)

combination of one or more
power generation system so if
one system is off due to
maintenance or fault then other
system  constantly  provide
power for primary loads.
Reliability: Now a day’s
hybrid system is more reliable
source  of

power  for

commercial and residential
users. As a result, dependency
on one- sided energy source is
getting reduced by the users.
Greater Efficiency:
Combination of multiple power
generation sources actively
efficient in terms of electricity
production for commercial,
industrial and residential users.
For Example: Hybrid system
such as Solar- Biomass power
generation system

jointly produces more than 80%
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a result, it helps to develop a Is required. So, it Of total power where grid

sustainable power generation becomes one of the is only used for backup

system for this modern burden free power power source.

world. generating system 4) Various Applications: hybrid
3) Reduce landfills: It can among other power system is not only a
take waste that is harmful to the conventional necessary source of energy
environment and turn it into power systems. to meet up load demands of
something useful is another 5) Noise Free: Solar primary loads but also an
benefit of this energy. system makes important source of power

absolutely no noise at for various kind of hybrid

4) Reduce Dependency on all. They do not make a system like hybrid vehicles,
Fossil Fuels: AS an single peep while electric concept cars and off-
advantageous source of energy extracting useful grid power systems.

it helps to reduce the

energy from the sun.
dependency on fossil fuel based
energy sources. As a result,
commercial and residential
users are depending less on non-
renewable energy sources for

the betterment of future world.
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Disadvantages:

1) Consume more Fuels:
Continuous supply of
biomass is required to
generate biomass energy.
So, Fuel
rate is high for biomass

Consumption

based power plant.
2) Inefficiency:  Biomass
fuels based power system
are Inefficient as
Compared to Fossil Fuels
based power systems.
3) Land

Biomass

Requirement:
combustion
based power plant requires
more land for combustion
process.
4) Transportation and
Management difficulties:
Biomass transporting to
generating plant and
proper management of
Biomass wastes and
resources are difficult for

The biomass power system.
5) Expensive: Biomass
based power plants are
economically expensive to

install and maintenance.

Disadvantages:

1)

2)

3)

4)

5

Availability of Sunlight: As
solar energy is available only
during daytime so solar power
cannot be created during night
time.

Land Requirement: Require
huge area to install solar system.
For Example: installing a solar
power generation system for a
residential building, a huge
rooftop area is required for
precise installation.

Low Efficiency: Efficiency rate
is comparatively lower than
other power generation system.
Most solar panels have a 40%
efficiency rate which means
60% of the sunlight gets wasted
and is not harnessed because all
the light from the sun is
absorbed by the solar PV.
Primary Cost: The primary cost
of purchasing and installing
solar panels for a solar system is
bit high.

Expensive Energy

Storages: Solar Energy storages

are quite expensive and bulky.

Disadvantages:

1) Huge Area Requirement:
For installing hybrid energy
like

combination of solar and

system such
biomass energy system a
huge land and rooftop area
is required to setup the
power generation system
precisely.

2) Higher Installation Cost: A
large amount of capital is
required for installing a
hybrid energy system.

3) Manpower Requirement:
Lots of people are required
to operate the entire power
system in a very proper
way.

4) Backup Requirement: In
case the whole power
system undergoes

maintenance work or fault

occurs then an alternative
power generating source is
required to run the system

without any interruption
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Figure 9.1 has been shown the bar diagram of the production of proposed hybrid generation model.

PRODUCTON

Biomass

Figure 9.1 bar diagram of production of proposed hybrid generation model

Figure 9.2 has been shown the diagram of power production of hybrid generation in previous year

_m Solar

mBiomass

Hybrid

Power Production in MW

Power Production in Years

Figure 9.2 Diagram of Power Production of hybrid generation in previous years.
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Figure 9.3 has been shown the monthly power production by using solar, biomass and hybrid system.

e Solar  emffes Biomass e=ge== Hybrid

Figure 9.3 Diagram of monthly Power Production.
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CHAPTER 10
CONCLUSION

Bangladesh has a tropical monsoon climate with heavy summer rain and high summer
temperatures. Winters are dry and cool. Main seasons prevail in Bangladesh are summer
(March-May), Rainy Season (June-September) and winter (December-February). South
and Southwest winds dominate from mid-April to mid-October and bring enormous
amounts of moisture from the Indian Ocean and the Bay of Bengal. 95% of the total rainfall,
which averages about 1733 millimeters, occurs during that period. The temperatures range
from an average of about 68 F (18C) in January to about 86 F (30C) in April.

Typical biomass based power generation system produces electricity about 90% and above
by using only biomass resources (e.g. municipal solid waste). On the other hand, hybrid
generation system discussed in this paper is producing 70% from biomass, 20% from solar
and rest of the power is from conventional grid system (e.g. is case of backup). So, there is
less dependency on a single source (e.g. biomass or solar PV). Therefore, the generation
diversity results in increased security of supply. Bangladesh is a developing country and
load shedding is a severe phenomenon. Rapid increase of population makes the demand of
electricity high in every consecutive year. By establishing this kind of hybrid energy
generation system may become most optimized solution to cut off conventional fossil fuel
based power plant productions in our urban residential buildings. However, it also reveals
the possibility to keep our environment green with zero emission. Though the system has
designed for the high-rise buildings, it will ensure the use of annual power consumption in
more economic and secure manner for the total electric load. In addition, near future there
might be a scope that the system can be used for grid sell purposes to make money from
extra generation. In contrast, the proposed hybrid system is now proved to be a unique
pathway to solve the shortcomings of electricity problems not only for High rise buildings

but also it can cost-effectively Installed in rural electrification.
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