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Abstract- Dhaka is one of the thickly populated cities in the world. The city is occupied by the influx of urban poor migrating
to the city from rural areas in sufficient number annually. The slum dwellers are deprived by the government in terms of
receiving access to authorized, reliable and affordable electricity services. The approach to provide legal electricity services as
well as issues and challenges related to electricity access in the urban poor areas of Dhaka have not been well addressed yet.
Moreover, there is no wide and effective policy specifically on electricity for low-income people as well as for the urban slum
areas. Additionally, there are no effective steps for promoting renewable energy and energy efficiency. Therefore, renewable
energy could be the promising choice to enhance the electricity access in slum areas of Dhaka. The goal of this research is to
assess the present status of electricity access and identify the issues and challenges in an urban poor area of Dhaka. The
research also evaluates the effectiveness of renewable energy and energy efficiency to improve electricity access. Based on a
survey conducted in an urban poor area named Korail situated in Dhaka, the available resources like solar energy and solid
waste are identified. The research shows that 17.2 MW power can be produced from solar PV against the demand of 2.6 MW.
Besides, solid waste is capable of generating 1.44 MW and 1.14 MW by using the thermochemical and biochemical method
respectively. Furthermore, 6.8 GWh electricity can be saved by replacing all the incandescent lamps with fluorescent lamps
which will reduce the demand during the peak hours.
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1. Introduction
Dhaka, the capital city of Bangladesh, is one of the

Electricity is one of the fundamental elements which is
needed to decline poverty rate and boost the economic
growth and social mobility of a country. A quarter of world’s
population is suffering from lack of access to clean and cost-
effective energy services, such as efficient lighting and
pollution free cooking facilities [1]. The absence of
electricity hinders the development of society, country’s
health, education standard as well as the productive
economic activities [2].

fastest rising cities in the world, accommodates 13 million
people, including different service holders, workers and slum
dwellers. The city is expected to shelter more than 20 million
by 2025 [3]. There has been an excessive arrival of low-
income people from the rural areas to urban areas since the
independence of the country. Each year, about 300,000 to
400,000 people travel to Dhaka city from villages for earning
money. They capture government lands, the edge of the
roads as well as abandoned lands and buildings. There has
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been a dramatic increase in the population of Dhaka city
from 6.5 million to 9.2 million during 2001-2005, while the
aggregate amount of urban slums, has emerged from 3,007 to
4,966. The population in slum areas of Dhaka city has raised
from 20% to 37% during the same period [4]. Some effective
steps were initiated by the government of Bangladesh for
urban slum people to improve their living condition by
providing basic requirements. Several urban policies were
proposed to support the urban poor concerning the
development of slum infrastructure. Moreover, some
initiatives were introduced to motivate them to return to their
village. Furthermore, steps were taken to build a modern
satellite city and provide them with low-cost housing. All the
policies focus on developing the slum infrastructure and
preserving the housing rights. However, there is no policy for
delivering affordable, reliable electricity service to the urban
poor people.

About 90% households in urban poor areas of Dhaka
city are covered by electricity [4]. Nevertheless, the supply
of electricity in the slum regions is very limited in terms of
availability, reliability, affordability and authenticity. Though
low-income people in the slum areas are covered by
electricity, most of the cases it is being used illegally at very
high prices. There is no effective inspection and energy
auditing by utility companies [5]. Besides, the shortage of
power has been affecting the Dhaka city severely. During the
summer season, frequent load shedding is very general
phenomena with the daily outage of electricity for around 2-3
hours in cities and 5-7 hours in rural areas. The government
has raised the generation capacity to 15,351 MW; however,
there has been a shortage of supply of around 1600 MW [6].
During the unavailability of electricity, the urban poor people
use old traditional kerosene lamp called “kuppi” and
“Hurrican” to meet their lighting needs. This kind of
kerosene lamp is very inefficient and it produces a lot of
smoke which is hazardous to human health. Besides, there is
also a high risk of fire and burning skin. There are no
effective rules to remove urban poverty as well as no energy
policy for slum people. In addition, there is no central
organization which will look after the electricity problems in
the urban poor areas. Moreover, in the absence of authorized
land and house ownership, urban poor people cannot get
access to legal electricity services [7]. Even social
organizations like NGO’s face difficulties to work in slum
areas because of unlawful locality of slums and intrusion of
middlemen [8]. There is also no scope to learn about
financial and health benefit as well as the use of cleaner fuel
due to lack of awareness. In addition, lack of sufficient
power generation and absence of competitive electricity
market are also the key barriers to enhance electricity supply
in urban poor areas [9].

Renewable energy could be one of the solutions to
enhance electricity access in slum areas of Dhaka city [10]-
[12]. The energy policy named “Draft Renewable Energy
Policy" was presented in 2008 highlighting the renewable
energy specifically solar energy and biogas [13]. There are
various methods to transform energy using solar; however,
generating power from solar is dominated by solar
photovoltaic (PV) in Bangladesh. The idea of installing solar

home system (SHS) was initiated in 2003 with small scale
power generation to 50,000 houses. Since then, the number
of SHS has grown significantly to more than 3.9 million with
20,000 SHSs are being installed in each month [14]. Hoque
et. al [15] evaluated the performance of 40 Wp, 50 W5, 65
Wp and 75 Wp SHS system which could supply 10546 MJ,
12303 MJ, 15818 MJ and 19773 MJ energy respectively in
20 years. There are various social, private and public
organizations such as Infrastructure Development Company
Limited (IDCOL), Bangladesh Rural Advancement
Committee (BRAC), Grameen Shakti (GS), Rural
Electrification  Board (REB), Bangladesh  Power
Development Board (BPDB) and Local Government
Engineering Department (LGED) in Bangladesh who are in
charge to make awareness among general people regarding
the benefits of using SHSs. The total number of SHS is
installed by IDCOL is 1.4 million, which save 100,000 tons
of fuel in a year as well as provide a better livelihood for
70,000 people [16]. According to a survey relating to the
installation of the SHS, it has created about US$ 200 million
markets in Bangladesh through a productive financing
system by adjusting it easier for low-income people to
reimburse the credit in installation over 3 years with interest
[17].

The objective of this study is to assess the present status
of electricity access and identify the challenges to electricity
access in an urban poor area of Dhaka. The research also
proposes renewable energy and energy efficiency to deliver
clean, affordable and more sustainable electricity services.
Two potential renewable energy sources; solar and biomass
are chosen for this study. For energy efficiency, a life cycle
comparison is performed between an incandescent lamp and
a fluorescent lamp to demonstrate how energy-efficient
appliances can save a significant amount of energy.

The paper is set out as follows. Section 2 delivers a brief
explanation of solar energy potential, energy recovery
potential from solid waste in Bangladesh, while section 3
highlights energy efficiency program in Bangladesh. The
detailed methodology is presented in section 5 which covers
study area, data collection method, steps and procedures of
generating electriciy from solar PV, biomass as well as
saving energy using energy efficiency strategies. Section 6
narrates results and discusion which assesses the current
electricity status, identifies issues, challaneges and evalautes
the electricity generation potential from solar PV, biomass as
well as energy converation through energy efficiency
approach.  Finally, the paper concludes  with
recommendations and significant contributions.

2. Improving Electricity Access by Renewable Energy
2.1 Solar energy potential

Solar energy has got massive attention in Bangladesh
since it has infinite resource and delivers a pollution free
green energy [18]-[20]. Bangladesh has a vast opportunity
for the development of solar power applications with per day
mean solar radiation of 4-6.5 kWh/m? [21], [22]. Because of
the massive potential of solar PV, it is commonly used for
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supplying electricity to the domestic purpose and small
businesses. The concept of SHS has got huge popularity and
become attractive choices for electrifying houses in rural
areas [23], [24]. The wide use SHSs of Bangladesh has
already achieved international benchmark. The installation of
SHS targets those areas where there is no access to grid
connection such as remote areas and have very less
possibility of connecting grid within the next 5 to 10 years
[25]. However, the cost of installation SHS was exorbitant
initially and the usage rate was very low. There has been a
dramatic increase in the number of SHS from 2004 to 2010
because of the easy monthly payment system, less price of
the product and the subsidiary policy of the government. Due
to the attractive financial schemes, about 4.1 million SHSs is
installed in Bangladesh up to 16 October 2016 [26].

Theoretically, Bangladesh receives 69,751 TWh energy
every year with daily mean sunny hours of 6.5. Compared to
the conventional electricity generation, this value is 3000
times less than that of solar energy [16]. Annually, solar
radiation has average power density of 100-300 W/m?. Thus,
an average output of 100 MW electricity can be generated
with an area of 3-10 km? and 10% efficiency panel [27]. A
study concerning solar energy harvesting reveals that the per
capita 3000 kWh electricity demand can be achieved in a
year with 6.8% (10,000 km?) of the land of Bangladesh [28].
Due to the shortage of land in the capital city, the
government of Bangladesh highlights the necessity of
installing rooftop solar PV system. Kabir et al. [29] found
that the total available bright rooftops area in Dhaka city is
10.554 km? (7.86% of total land) which have the ability to
produce 1000 MW of solar PV electricity with 75 W capacity
of the solar module. The technical assumption of the suitable
land area in Bangladesh is only 1.7% for generating
electricity from solar PV considering the available presence
of grid connection [30]. Mondol and Denich [31] estimated
the capacity of solar PV operated in a grid-connected mode
with 10% efficiency of solar PV system and 200 W/m?
annual average value of solar radiation. The results show that
the grid-connected PV system can produce about 50,174
MW grid electricity in the Bangladesh.

2.2 Energy recovery potential from solid waste

The rejected material (especially biological and
chemical waste) from the urban community is called
municipal solid waste which consists of a homogeneous and
heterogeneous accumulation of agricultural, industrial and
mining wastes. The solid waste mainly comes from
agricultural product, commercial establishments, institutions
and industries [32], [33]. Several studies have been
conducted to analyze the methods of recycling, generation, as
well as reliability, economic feasibility, policy, market
incentives of using solid waste in Bangladesh [34]-[38]. The
average generation of municipal solid waste per day in
Dhaka city is 4000 tones. About 50% of waste is collected
and the rest amount is deposited openly outside Dhaka city

which is causing environmental pollution [39]. Alam and
Bole [40] studied the potential of urban solid waste for the
generation of electricity by analyzing its economic feasibility
at Dhaka city. The reports show that about 72 MW electricity
can be provided with the collection of 1.28 million tons of
municipal wastes. Though it may not be financially attractive
on behalf of only electricity generation, but the maximum
favorable energy utilization and environmental significance
should also be taken into consideration. Islam and Saifullah
[41] did a survey to calculate the total amount of municipal
waste and bagasse in Rajshahi city. The study estimated the
total amount of energy production for power and cooking
application. The proposed method is very effective in
generating electricity amounting 544 MWh/day and 119.8
MWh/day respectively from bagasse and waste during the
sugar cane harvesting season.

3. Improving Electricity Access by Energy Efficiency

There has been always a gap between the generation of
electricity and current demand. Therefore, the government is
trying to implement some plans to solve the electricity crisis
by installing new power plants. However, installing new
power plants is time-consuming and require a huge amount
of investment. Therefore, one of the effective programs is
initiated by the government is demand side management
which means managing of power demand by consumers and
distribution companies. The program is mainly proposed for
reducing demand for electricity. Efficient use of electrical
appliances such as efficient star rated television, refrigerator,
fan and energy efficient light could be one of the effective
ways to reduce demand for electricity. The goal of efficient
lighting initiatives which literally means “save lamp
schemes” is to replace inefficient incandescent bulbs in the
household by the compact fluorescent lamps (CFLs). The
project replaces almost 30 million incandescent bulbs with
an equal number of CFLs, delivering the same lumen or
higher lumen output. The reduction of energy bills, improved
quality of lighting as well as reduction of energy
consumption are the significant outcomes of the program
[42]. Another study conducted by the Power Division
revealed that 445 MW peak power demand could be saved
by substituting all the incandescent bulbs with CFLs. Even
only energy efficient lighting could save 100 MW peak
demand in industrial and domestic sections.

4. Methodology

4.1. Study area

Korail slum is chosen as the study area for the purpose
of carrying out the research and to attain the objective. This
slum is purposely selected because it is the oldest slum in
Dhaka with 90 acres of land. At present, Korail has an
estimated population of 100,000 and each family consists of
5 people [4].
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Fig. 1. Map of Korail Slum (collected from google map)

4.2. Data description and assumptions

The study was conducted in Korail slum based on a
household survey. The sample size for the survey was
estimated to be 100 considering 95% confidence level with
10% margin of error and 0.36 degree of variability [43]. In
this study, the random sampling strategy was applied for the
selection of each family in the slum to avoid any kind of
bias.

The survey related to energy access was performed by
using both primary and secondary data. The procedures for
collecting primary data were achieved by observation as well
as both formal and informal interviews. The survey also
included meeting with key informants who were in charge to
supply electricity service in the urban slum area as well as
with NGOs, slum leaders, and different stakeholders. There
were questions on electricity connection status for the
households such as whether they are serviced by the utility
company or from other sources and mode of payment to
know whether they pay electricity bill by unit indicated in the
meter or by other methods. There were also questions on user
acceptance of electricity to know the reliability, availability,
and safety of the supply. Some questions were also included
to know the type of appliances used, their operating hours
and amount of waste emitted in a day.

All essential information and secondary data were
collected from various journals, thesis, authentic websites,
previous annual reports, articles. Furthermore, the documents
available in various agencies like BRAC, IDCOL, LGED,

DPDC and DESCO and other concerned agencies were
reviewed. For the clear understating of energy and poverty
conditions of Bangladesh, article of UNDP and World Bank
were also studied.

4.3 Electricity generation from roof-top solar PV system

By identifying the actual roof-top area, estimating
demand of households and considering battery and converter
efficiency, electrical power can be generated (MW) by using
solar PV.

Actual roof top area is considered as half of the total
area. It was noticed during the survey that all the house roof-
top were not suitable to install roof-top solar PV since some
slum houses are made of very poor quality materials (wood,
C.1 sheet). Bright roof top area is taken as half of the actual
roof-top area due to shading effect. A total number of
households in Korail slum is 20,000 considering each family
has 5 members. The average demand in each house is 130 W
or less. Each house is equipped with one light (60 W) and
one ceiling fan (70 W). 75 Wp solar module is considered
with an area of 0.8 m2 Inverter efficiency and battery
efficiency is taken as 60% and 80% respectively [29].

4.4 Energy recovery potential from household waste
Biodegradable, organic as well as non-biodegradable

material play an important role in producing electricity from
waste in the thermochemical conversion.
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Table 1. Eqautions for electricity genetation estimation [44]-[46]

Methods Equations Equation No
Roof-top solar PV A, (@)
Np=—
Am
Epy =Cp X GHI X1 X1 XNy 2
Thermochemical process ERP =1.16 x NCV x MSW, (3)
0.048 x NCV X MSW,_ x 1 (4)
PGP = 1000
Biochemical process BG =TB, x n, x OBF x VM x MSW, x 1000 )
_ BGxXNCV (6)
ERP =002
BG x NCV x ()
PGP = 1008
Energy efficiency Eqae =PXxXTxk 8
Ecost = Ecycle X CE (9)
LC = CC + RC + Ecost (10)

Where, N = Number of modules to be installed; Ar= Actual roof-top area for PV installation (m2); An= Area needed per
module (m?); Erv = Potential electricity generation (MW) from roof-top solar PV; Ce= Capacity of module (Wp); GHI=
Global Horizontal Irradiance of Dhaka; Ne = Inverter efficiency; N, = battery efficiency; ERP=Energy recovery potential
(KWh/tMSW); PGP=Power generation potenttial (MW/tMSW); NCV=Net calorific value (k-cal/kg for themochemical, kW
/m2for biogas); MSWg=Municipal solid waste quantity (Tons/day); ru = Thermochemical conversion efficiency; BG=Biogas
generation (m*tMSW); TBe = Theoritical biogas potential (m?® /kgVS); "a = Typical digestion efficiency; OBF=Organic
biodegradable fraction; VM=Volatile matter (% on dry basis); s = Biochemical conversion efficiency; Ecyele = Total energy
consumption during life cycle (kwh); P = Power rating (W); T= Hours of operation during lifetime (hr); k=Number of

replacement; Ecost = Total energy cost (BDT); Ce= Cost of purchasing electricity (BDT/kWh): L = Total life cycle cost

(BDT); C.= Capital cost (BDT); Re= Replacement cost (BDT)

Each house emits 5 kg of solid waste per day. Each
house emits both biodegradable and non-biodegradable
waste. The calorific wvalue of the organic matter,
biodegradable material is taken as 1200 kcal/kg (typical)
[47]. The calorific value of biogas is 0.242 kW/m3 (typical)
[47]. The theoritical biogas potential is 0.8 m3kg [48].
Typical digestion efficiency is 60% [49]. Organic
biodegradable fraction is considered as 66%. A total
organic/volatile matter (VM) is 50 % [44]. The conversion
efficiency of thermochemical and biochemical is taken as
25% and 30% respectively [46].

4.5 Energy conservation and efficiency program

By replacing incandescent lamps with CFLs, energy
consumption, as well as energy expenditure, can be saved. A
comparison has been made between an incandescent lamp
and fluorescent lamp to calculate energy savings (kWh),
energy cost savings (BDT), payback period (years) for a
house.

The mathematical expressions for electricity genetation
estimation using different approaches is present in Table 01.
All the parameters used in the equations are defiend below
the table.

5. Results and discussion
5.1 Present status of electricity access

The surveyed area has 100% electricity access. The
urban poor people in Korail slum are covered by electricity
through a meter which is situated at the pole. The utility
company (DESCO) provides electricity access to slum areas
by taking a high amount of advance money (as security
deposit). There is a slum leader/representative/area
committee who makes the registration of the meter using his
name. Various government organizations who are in charge
of delivering electricity access in the slum areas do not have
any direct link with slum dwellers [50]. The local goons take
the responsibility to give electricity in the slum areas. They
act as a primary contractor between the service provider and
slum dwellers. The local goons take advantage from slum
people by putting more charge on electricity bills. There are
no electricity alternatives available for the slum dwellers and
difficulty in meeting payments is met with violence and/or
disconnection. The actual electricity supply is unreliable,
limited by long outages and it is often unsafe.

The first cause of having this type of electricity access is
because of the illegal status of slum dwellers. The urban poor
people in slum areas do not have a specific set of legal papers
which is required for a legal and authorized electricity
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connection. The second cause is the high price of electrical
accessories and connection which include the installation
cost, the cost of connection and the meter cost. Since slum
dwellers are poor and hold a hardship life, they cannot afford
the high upfront cost of electricity connection.

Slum dwellers pay the electricity bill either by equipment
type or by agreed sum through negotiation. There is a differ-
ent fee structure depending upon the use of appliances. Com-
paratively, the poor people pay more for consuming electrici-
ty than the legal users of either DESCO or DPDC. Slum
residents pay more than 5 times higher for using incandescent
lamp than normal tariff rate set by the Bangladesh Energy
Regulatory Commission (BERC). For example, consider a
typical slum house where a 60 W incandescent lamp is used
for a monthly fee of 150 BDT. Considering five hours daily
usage time and 30 days a month, a typical slum house con-
sumes 9 kWh/month (60 Wx5 hx30 day/1000). Therefore,
the urban poor pay 16.67 BDT/kWh (150 BDT/month + 9
kWh/month). However, the domestic tariff rate is 3.33 per
unit (0-75 unit). In addition, due to the unplanned distribu-
tion of poor quality electric cables, the occurrence of short
circuit is common phenomena which causes a fire hazard.

5.2 Issues and challenges

There are many issues and challenges which need to be
discussed before proposing any approaches to improve
electricity access in Korail slum of Dhaka city.

The most important challenges to access electricity in
Korail slum are the illegal recognition and lack of financial
capability of slum people. An authorized electricity
connection requires legal tenure-ship and constitutional
documents. Due to illegal nature, slum dwellers
automatically left out from the valid electricity services.
Barrett and Dunn [51] found that 30% of the city population
hold 80% of the land while only 20% of the land is occupied
by the remaining 70% people. The results demonstrate that
there is a serious challenge for the government to
accommodate land to all the city people. Since the majority
of the urban poor migrate to Dhaka city for earning money
and maintaining a decent livelihood, they do not have
enough savings and assets. Therefore, they cannot afford to
buy a legal land and house. Living in the residential areas of
Dhaka city is very expensive since the land price has been
rising dramatically. Therefore, urban poor people have no
other choices but to move towards the city’s peripheries for
searching cheap shelter [52].

The establishment of a legal settlement and affordable
housing for the urban poor has become a huge challenge to
get access to electricity. The National Housing Policy (NHP)
was first introduced in 1993 in which the urban poor were
given the advantages in receiving the housing rights with an
offer of different housing prices as per their affordability.
The strategic provisions of the NHP, 1993 has not been
implemented in reality and no government has become
successful in proposing effective plans, establishing housing
rights and providing affordable housing needs of the urban
poor [53]. A few promising plans were suggested to provide

affordable housing to the urban poor. Rajdhani Unnayan
Kartripakkha (RAJUK) started to prepare the Dhaka
Metropolitan Development Plan (DMDP) in 1995. Firstly,
Urban Area Plan (UAP) (1995-2005) was introduced which
highlighted the shifting of the slum dwellers to healthy and
safer places in Dhaka city. Nevertheless, the project was not
attractive to the urban poor since they were transferred to
surrounding areas outside the Dhaka city where they found
difficulties in securing a job. Later, the strategy of Detailed
Area Plan (DAP) (2005-2015) was introduced to upgrade the
existing slums and develop low-cost housing. But the
approach of slum up gradation was restricted to some areas
such as Islambagh, Shahid Nagar and Jhilpar slum [54]. In
conclusion, the high value of land, the limited availability of
land and a massive number of urban poor people cause
trouble for proper rehabilitation.

One of the main limitations of delivering electricity
service to slum dwellers is slum eviction. There has always
been a fear of eviction due to the illegitimate settlement of
urban poor. Therefore, the government agencies, NGOs, and
donors are not interested in investing capital in slum
settlements assuming that they might lose the money any
time due to slum eviction. Nazrul [55] stated that there are
about 135 instances of slum evictions in Dhaka city occurred
from 1975 to 2001. The largest slum eviction occurred in
Agargaon where around 40,000 slum dwellers got affected.
Moreover, there have been slum evictions from January 2004
to June 2005 which evicted 27,055 people in 17 incidents of
which 13 incidents were conducted by the government and
the rest 4 by private groups [56].

The absence of centralized institutions related to the
development of energy services also becomes a challenge to
deliver electricity access in slum areas. Slum development
department was established by Dhaka City Co-operation
(DCC) in the early 90s with a focus to enhance the
infrastructure in the urban poor areas of Dhaka city.
However, there was no connection between energy service
providers and slum development department of DCC.
Though the department installed street lighting in slum areas,
the explicit plan to improve electricity services in terms of
meter electricity connection, clean fuels was not proposed.
The department was suffering from lack of financial aid
which delayed the progress of any program. There are some
other agencies who took responsibilities for the urban
development; however, slum electrification program was not
addressed. There is conflict on urban policy between DCC
and other agencies due to dual metropolitan power and
control. The power of DCC is controlled by the ministry of
local government, therefore there is a lack of control and
leadership of municipal government over municipal affairs.
DCC relies on the support and acknowledgment from DPDC,
DESCO and Petro-Bangla for the final execution of the plan
relate to electricity supply. Due to the poor urban
governance, DCC was incapable of implementing any plan
and program to improve the electricity accessibility in the
urban poor areas [57].
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Another challenge to improve electricity access in slum
areas is the lack of coordination among the energy sector
institutions. UNDP [58] reported that energy sector
institutions act separately and cooperate little among
themselves. Therefore, their programs and policies do not
collaborate and often contradict each other. For instance,
sub-sectors such as energy and minerals do cooperate with
the power sector independently; however, they do not
cooperate their policies with each other. Hence, lack of
communication among the institutions with several different
policies not only create policy misperception in the energy
sector but also weaken the governance monitor and control.

The last challenge is the lack of policies targeting the
urban poor and urban poverty. UNDP also [47] reported that
the approach concerning slum development is always being
ignored from policy analysis. In addition, no policy has been
introduced in relation to highlighting cleaner energy or
energy efficiency. The government proposes policies which
are more towards either increasing the capacity of a power
plant or installing new power plants rather than being
concentrated on demand side management or energy
application [59].

There is a lack of awareness among slum dwellers
regarding the benefits of using clean resources such as solar
energy and biomass. Even they are not aware of the financial
advantages of using efficient appliances. The reason is that
most of them are illiterate and they are more concerned to
meet the basic needs rather than to spend the time to gain
knowledge about the benefits of using clean fuels.

5.3 Proposed suggestions for the improvement of electricity
access

Improvement of electricity access in the urban slum
areas needs long term effective plans, programs as well as
support and cooperation from the government. Since the
country has been suffering from a shortage of electricity
supply for a long period time, therefore government is more
concerned about fulfilling the demand of electricity in the
residential, commercial and industrial purposes rather than
focusing on the urban poor areas. In this circumstances, SHS
or roof-top solar PV system may be extensively utilized for
electrification purposes in the urban poor areas. Several
private entrepreneurs along with a number of NGOs are
providing solar PV to meet basic energy needs with
microfinance scheme. A similar approach can also be
promoted in the urban poor areas of Dhaka through attractive
financing schemes like easy installment, subsidy. Besides,
solid waste which remains unutilized and are thrown here
and there can be used to produce electricity or can be
combined with solar PV to make solar-solid waste hybrid
system. Moreover, biogas produced from solid waste could
be used for both lighting and cooking purposes. It is also
evident that urban poor are unaware of the financial benefit
of efficient appliances. Since the country has already been in
the shortage of electricity supply, it is proposed to encourage
the urban poor about the usefulness of using the energy
efficient appliances which will reduce the demand of the city.

5.3.1 Assessment of electricity generation by rooftop solar
PV

Potential of electricity generation from rooftop solar PV
in the Korail slum area is estimated by using equation (1) and
(2). Table 2 suggests that 17.2 MW electricity can be
produced from 182108 m? bright roof top area. Total demand
in the Korail slum is 2.6 MW considering a total number of
houses of 20,000 and the demand of each house of 130 W. A
typical slum house uses one incandescent lamp (60 W) and
one ceiling fan (70 W) Therefore, 14.6 MW of can be saved
which can be transmitted to the national grid. Thus, the solar
energy program not only meets the local area demand but
also it can add a significant amount of power to the national
grid which is going to reduce the power blackout. As SHS
has already been well accepted as promising alternative
power source among the people due to its innovative
financing mechanism, so it requires proper management by
the government to disseminate the solar energy program in
the urban poor areas.

5.3.2 Assessment of electricity generation by solid waste

The amount of electricity generated from the waste
based on the thermochemical and biochemical conversion is
estimated as 1.44 MW and 1.14 MW respectively using the
equations from (3) to (7) and is presented in Table 3.

It is noticed that total demand of urban poor living in
Korail slum cannot be fulfilled from the waste as total
demand is calculated as 2.6 MW. However, the electricity
from the solid waste can be utilized for lighting purposes.
The estimated lighting load of Korail slum is 1.2 MW (60W
x 20000 houses)

Another proposal could be to combine solid waste with
solar PV to build a solar PV solid waste hybrid system.
Furthermore, the biogas generated from the biochemical
conversion can be used for cooking purposes since most of
the slum dwellers use inefficient fuel for cooking burnt in
traditional cook stove thus releasing very less amount useful
energy. The main challenge of generating electricity from
solid waste is the management of collecting waste. It requires
strong teamwork as well as support from the urban poor to
dispose the waste to a common place.

Table 2. Electricity generation from rooftop solar PV

Parameters Unit Amount
Total area m? 364217
Bright roof top area m? 182108
Actual roof top area m? 91054
GHI of Dhaka [25] kWh/m?/day 4.20
Capacity of Each module Wp 75
Each module output W 151
Area needed/module m? 0.8
Number of modules to be No. 113818
installed

Potential electricity generation MW/day 17.2

1302



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

T.F.Karim et al., Vol.7, No.3, 2017

Table 3. Electricity generation from solid waste using thermochemical and biochemical conversion

Conversion process Parameter Unit Amount
Each house emits kg/day 5
Energy recovery potential kcal 6,000
Thermo-chemical Energy recovery potential kWh 6.96
conversion Power generation potential kw 0.072
oo |
Each house emits kg/day 5
Total biogas yield md 0.792
Bio-chemical Energy recovery potential kWh 4.56
conversion Power generation potential kw 0.19
e W

Besides, the government together with NGO should come
forward to raise awareness about the using of waste to
generate electricity.

5.3.3 Energy conservation through energy efficiency

Slum dwellers are not aware of the energy conversation
and energy efficiency practice. Most of the cases, they prefer
appliances which have low cost. The low-cost appliances
have very low efficiency.

Table 4. A comparative analysis between incandescent lamp
and fluorescent lamp for Korail slum

Parameter Unit | CFL Incandescent
Lamp

Power rating Watt 26 60

Number of hours of Hour | 10,000 1,000

operation during

lifetime

Number of - 10

replacements

Energy kWh 260 600

consumption/per

lamp during the life

cycle

Total energy cost BDT 1394 5220

[60]

Capital cost per lamp | BDT/ 310 35

[61] lamp

Replacement cost BDT 350

over lifetime

Total life cycle cost BDT | 1,704 5,605

Energy savings kWh 340

during life cycle

Energy cost savings BDT 3,901

during life cycle

Energy savings for GWh 6.8

Korail Slum

For example, most of the urban poor use incandescent
lamp due to its inexpensive cost compared to a fluorescent
lamp. The inefficient appliance not only increases energy
consumption but also has a higher energy cost. A
comparative study is performed between an incandescent
lamp (60W) and a CFL (26 W) for a slum house to estimate
the energy savings and energy cost savings. The calculation
is conducted considering the total lifetime using equations
from (8) to (10). The same approach is also applicable to
other efficient appliances (fan and television).

It is observed from Table 4 that a fluorescent lamp can
save 340 kwh of electricity which can save 3,901 BDT.
Considering all the houses (20,000) in the Korail slum, 6.8
GWh of electricity can be saved which will reduce the
demand during the peak hours and subsequent load shedding.

6. Conclusion

The paper assesses the present condition of electricity
access in Korail slum of Dhaka city with a comprehensive
explanation of issues and challenges. The absence of strong
governors, unplanned settlement of slum people as well as
the lack of inspection and evaluation system causes more
charge on electricity in slum areas. Furthermore, the failure
of urban policy, poor governance, unlawful activities, the
absence of a regulatory framework and the presence of
political influence are also the key obstacles to supply cost-
effective and legal electricity supply in urban poor areas.
Therefore, introducing suitable plans, policies and proposing
appropriate strategies to address the different challenges
related to electricity access are very complex tasks. The
government, as well as different private agencies, need to
analyze the challenges closely, identify the cause of these
problems and introduce policies to overcome the difficulties.

This study identifies the potential of solar power and
solid waste to provide reliable and affordable electricity
supply in Korail Slum of Dhaka. Besides, the study
demonstrates the economic benefits of using efficient
appliances. Replacing CFL with an incandescent lamp can
save a substantial amount of energy as well as energy
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expenditure which not only provides better performance but
also reduces electricity consumption during peak hours. It is
significant to conclude that:

Roof-top solar PV proves to be a promising approach
to enhance the electricity access in Korail slum. The
method can generate 17.2 MW electricity with 182108
m? bright roof top area. The demand of Korail slum is
only 2.6 MW. Therefore, the surplus 14.6 MW
electricity can be either stored or transferred to the
national grid.

Electricity generation from solid waste is another effec-
tive method to improve electricity access. Both
thermochemical and biochemical conversion are pro-
posed which can generate 1.44 MW and 1.14 MW elec-
tricity respectively.

Replacement of incandescent lamp with CFL not only
saves a significant amount of energy but also limits the
energy cost. The energy saving during the lifecycle us-
ing a CFL is 340 kwWh which saves 3,901 BDT.

List of abbreviations

AGECE Advisory Group on Energy and Climate
Change

BPDB Bangladesh Power Development Board

BRAC Bangladesh Rural Advancement committee

CFL Compact Fluorescent Light

CUS Center of Urban Studies

DAP Detailed Area Plan

DCC Dhaka City Co-operation

DESCO Dhaka Electricity Supply Company Limited

DMDP Dhaka Metropolitan Development Plan

DPDC Dhaka power Distribution Company

GHI Global Horizontal Irradiance

GNESD Global Network on Energy for Sustainable
Development

GOB Government of Bangladesh

GS Grameen Shakti

IDCOL Infrastructure Development Company
Limited

IEA International Energy Agency

LGED Local Government Engineering Department

NGO Non-Governmental Organization

NHP National Housing Policy

RAJUK Rajdhani Unnayan Kartripakkha

REB Rural Electrification Board

SHS Solar Home System

UNDP United Nation Development Programme

WAI Weighted Average Index

WDI World Development Indicator

WEC World energy council

WHO World Health Organization
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