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ABSTRACT 

 
More than half of the world people resides in urban areas and consumes three fourth of the 

global energy. This erratic pace of urbanization and high population growth is the key issues 

to global energy crisis. This paper aims to inspect energy consumption patterns referencing 
LCZ areas of Dhaka city by conducting several steps. It uses area wise energy consumption 

for two consecutive years, land use pattern of the selected area, Qgis simulation to identify 

different LCZ and population density and microclimatic analysis of selected area using 

EnviMet software. The study is carried out in Tejgaon, a mixed use zone of Dhaka city which 
is commercial, institutional and industrial use dominated. The findings showing that high 

population density, high buildup area and land use pattern have direct impact on increasing 

energy consumption of any particular urban area. They also impact on outdoor microclimate 

parameters. The radiation balance, energy budget and water balance also remains unsuitable 
in dense, highly populated urban area like Tejgaon. Through this study it is evident that urban 

planning has a significant impact on transforming built environment pattern as well as 

population concentration of a particular area which leads to high energy consumption of that 

particular area and might lead to uncomfortable microclimatic situation outdoor.   

1. Introduction 

Only 40% of the 160 million people of Bangladesh have 
access to electricity [1].World’s 55% population lives in 
urban areas today [2] and 75 percent of global primary 
energy is devoted to run urban areas [3]. Bangladesh is 
having 38.18% urban area by 2020 and capital Dhaka has 
faced rapid urbanization for last two decades [4, 5]. About 
40 to 45 percent of the nation's total electrical production 
is used in Dhaka [1].  With the rapid population growth 
and urbanization, land use pattern of Dhaka city has got 
diversified variations [6]. Land use pattern has very close 
relation to the energy consumption pattern [7]. Because 
the land-covered character and land-use patterns inside the 
city produce an urban heat island. Many researchers have 
been carried out to look at the variables affecting energy 
consumptions and some of them [8-18] found out urban 
heat island effect increases energy consumption. Urban 
heat island effect and global warming, is rising urban 

temperatures. According to the report, almost 75% of 
Dhaka city's electricity use is dependent on temperature. As 
stated by the study, Dhaka city may reduce its power 
consumption by 81 MV with a 1°C drop in air temperature. 
For cooling purposes, it uses a considerable quantity of 
electricity [1]. Another fact is, within 415.16 km2 area of 
Dhaka city, sixteen million people dwell [1]. Yet, a sizable 
portion of its population is growing every day. Study has 
found that population growth is the main cause of the rise 
in temperature and, thus, the need for more power for 
cooling [1]. Land use pattern guides the built up area of a 
particular urban space. The built structures and landscape 
characterize the local Climatic Zones (LCZ) [19]. Hence 
the electricity consumption patterns are co-related the LCZ 
of a city [20].  

 
Here the research question is do the changes in the built 

environment that characterizes Local Climatic Zone (LCZ) 
create any impact on the local microclimate therefore on the 
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energy consumption pattern of that zone.  This particular 
research intends to search the correlation of energy 
consumption pattern with reference to population density 
and LCZ that comes from land use pattern and creates 
outdoor microclimate. For the growing energy crisis 
worldwide as well as in Bangladesh it is crucial to analyze 
the factors enhance energy consumption.  

The study is conducted in Tejgaon area that is settled 
in the central part of Dhaka city [Fig 1, 2]. As outlined in 
the 1959 Dhaka city master plan, Tejgaon moved from a 
peripheral location to become the center of enormous 
industrial activity in order to meet the demands of the 
expanding population. The physical qualities of the area 
have changed from the state as it was intended by Dhaka 
Improvement Trust (DIT) in 1968 due to ongoing changes 
in land uses. The People's Republic of Bangladesh's 
administration recently decided to develop the area as a 
commercial and residential hub [21]. Tejgaon industrial 
area for its central location, continuous changes in its land 
use pattern with the growing population and for its 
growing demand of energy has been chosen as the research 
ground.   

 
  

2. Literature Riview 

     The LCZ scheme is a tested classification method that 
has been used in the comprehension and assessment of 
thermal environments [22-25].The LCZ system's rational 
design directs modifications to urban planning, or the built 
environment, which impacts the urban microclimate 
outside due to radiation balancing and local heat rejection 
from neighboring buildings. By doing this, the prospect of 
many LCZs exhibiting diverse patterns of energy use is 
created. Therefore, based on microclimatic guidelines, it is 
crucial to assess the energy consumption patterns of 
buildings throughout different zones of a city [26]. 

A limited number of studies have also evaluated building 
energy usage patterns using the LCZ technique [27, 28]. 
Thus, it is imperative to investigate and is of considerable 
interest to the scientific community how building energy 
consumption changes in response to intra-urban 
temperature variation at the city level. The goal of the 
current study is to examine the summertime energy 
consumption patterns in established LCZs throughout a 
normal working day (daytime) in Tejgaon, Dhaka, and a 
tropical South Asian city. The energy consumption pattern 
was evaluated with land use mapping, population, built 
structures and urban microclimatic study at outdoor level 
[29]. 

A key issue for city development is the rise in energy 
demand. According to several assessments, a sizeable 
portion of the world's energy resources are utilized to 
regulate the indoor conditions of buildings. Energy 
consumption is controlled by urban microclimate, and 
urban microclimate is influenced by urban settings or urban 
morphology, which is a factor that is frequently overlooked 
[30]. Urban design has the potential to reduce the amount 

of energy used in a tropical city like Dhaka by modifying 
the built environment and microclimate. 

 

Fig 1: Master plan of Tejgaon area 

 

Fig 2: Google map of Tejgaon area 
 

Energy needs space to be produced and distributed, 
according to recent studies. Therefore, if energy data is 
specialized and examined in relation to other geographical 
and environmental aspects, the chance for novel insights 
and the understanding of new causal relationships are 
increased. There are very few studies that link these spatial 
patterns to energy usage. 

 
Urban microclimate: The local climate found in urban 

areas, which can differ greatly from the climate of the 
nearby rural areas, is known as the urban microclimate. 
[31].  

Thermal comfort: The contentment with the thermal 
environment is expressed by that mental state. Outside of 
comfortable conditions, discomfort exists and is determined 
by the intensity and duration of thermal stress. [31].  

There are four environmental factors that determine 
comfort. They are:  

i. Air Temperature (Ta) 
ii. The Mean Radiant Temperature 
iii. Air Velocity 
iv. The Relative Humidity (Rh) 
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Fig 3: urban boundary layer and multiple vegetation drivers 

 

Outdoor thermal comfort: The heat perception of 
pedestrians on streets is significantly impacted by the urban 
microclimate. Numerous factors, including respondents' 
individual characteristics, psychological and behavioral 
traits, and cultural backgrounds, may affect how much of an 
impact something has [32]. The microclimate of high-
density cities in the tropics is quickly deteriorating as a 
result of global warming, the heat island effect, air 
pollution, and dwindling green areas. 

In the high-density, tropical metropolis of Dhaka, 
Sharmin et al. (2019) have conducted a study on outdoor 
thermal comfort through field surveys, combining detailed 
microclimatic monitoring with pedestrians' subjective 
reports. This study began with an examination of the urban 
form's influence on the microclimate before determining 
how physiologically equivalent temperature, or PET, 

affects thermal perception and other factors including 
acceptability. Air temperature, globe temperature, and 
mean radiant temperature are the most crucial variables 
(correlation coefficients of r = 0.47, 0.45 and 0.44 
respectively) [33] in the microclimatic conditions, which 
are influenced by urban geometry, and are found to 
statistically connect with Thermal Sensation Votes (TSV). 
For the tropical climate of Dhaka city, this study also 
created a summer PET (Physiologically Equivalent 
Temperature) scale. 

 

Fig 4: Summer PET classification for Dhaka (Sharmin et al., 2019) 
and  the parameters of outdoor thermal comfort 

 

According to research, roadways with a high percentage 
of trees are much more comfortable and have physiological 
equivalent temperatures (PET) that are lower than those 
with fewer or no trees. The frequency of strong heat stress 
(PET > 35 °C) was 64%, 11%, and 0%, respectively, for 
streets with low, medium, and high tree cover [34]. 

 
Outdoor thermal comfort (OTC) in tropical cities:  
Tropical cities are distinguished by consistently high 

temperatures, a narrow range of daytime temperatures, and 
high nighttime humidity [35]. This compromise between a 
drop in temperature and a rise in humidity required proper 
evaluation to get the advantages of urban greenery 
generally. With a comprehensive thermal comfort index 
that is sensitive to changes in humidity, such as the 
Universal Thermal Climate Index (UTCI) or the Modified 
Physiologically Equivalent Temperature, OTC should be 
assessed throughout the diurnal cycle and under various 
climatic circumstances [35]. 

A tropical monsoon climate, such as in Southeast Asia 
regions, is typically characterized by high temperature and 
humidity throughout the year [36]. The deterioration of 
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the urban thermal environment is a serious issue. In 
minimizing solar radiation from the sun, landscape can 
really modify the microclimate.  The most important 
landscape elements, that can have the greatest influence on 
solar radiation in landscape, are woody plants and solid 
structures.  

According to Schimdt (1979), a single layer of leaves, 
when exposed to solar light, will typically absorb 80% of 
incoming visual radiation, while reflecting 10% and 
transmitting 10%. According to Kotzen (2003), a tree's 
canopy casts shadows, and these shadows signify a decrease 
in the downward flow of energy, particularly of visible light 
and solar infrared radiation. 

In tropical country, wind is one microclimate indicators 
that is highly influenced by landscape elements and has an 
impact on both human thermal comfort and building 
energy use and many other things in the landscape. It is a 
crucial factor to take into account while designing a 
landscape for microclimate. Heat might be carried away 
from people and buildings by the wind [36].  

According to Brown (1995), landscape features and 
design often have little impact on air temperature and 
atmospheric humidity. The dense shade of trees and large 
amount source of water plays an important role to give a 
good design impact throughout the whole tropical urban 
microclimate. For some reason, both landscape elements 
are basics entity in giving a good tropical microclimate 
environment. In general, any modification in terms of 
humidity will be very quickly dissipated by air movement 
(wind). In an area of already high humidity such as our 
tropical country, it would be difficult and inadvisable to 
increase humidity. However, it can increase by having a 
source of water, such as a pond, or through transpiration 
from plants. As the water evaporates, it utilizes heat from 
the air and therefore cools the surrounding air. 

In figure 05, outdoor conform zone in Dhaka during 
summer season has been shown [37].  
 

Fig 5: Outdoor conform zone in Dhaka Bangladesh (Source: 
Ahmed, 2003) 

3. Aim and objectives 

- The aim of this study is to explore the possible co-

relation between local energy consumption data of 

Tejgaon area with its land use pattern and urban 

morphology considering LCZ of Dhaka city. 

- The objective of this research is to search for the 

relation between the microclimatic factors within the 

particular LCZ with thermal comfort and energy 

consumption data.  

 

 

4. Methodology 

For this research, the energy consumption data of different 
areas of Dhaka city has been collected from DPDC (Dhaka 
Power Distribution Company). The field survey map of 
DPDC including the electricity feeder zones also has been 
collected from DPDC website. Then the feeder zones have 
been identified on Dhaka city Google map by juxtaposing 
the DPDC survey map. After that, the feeder zone area of 
Tejgaon area and its energy consumption data has been 
extracted for further analysis of this research. The land use 
map of the study area has been also collected from DAP 
(Detail Area Plan) of Dhaka city. The Qgis software along 
with Urban Multi scale Environmental Predictor (UMEP) 
plug-in has been used to generate the LCZ of Dhaka, 
population density, radiation balance, energy budget and 
water balance. 

Surface Urban Energy and Water Balance Scheme 
(SUEWS), a land-surface model, has been used in Qgis to 
simulate energy exchanges in the city. SUEWS allows the 
energy and water balance exchanges for urban areas to be 
modeled [38-40]. SUEWS has been used within UMEP to 
the model and simulation process. Model output from 
SUEWS (simple) is radiation balance, energy budget and 
water balance. Within UMEP Processor, Urban Energy 
Balance (SUEWS/BLUEWS, Advanced) has been used to 
generate Morphometric Parameters for vegetation. UMEP 
Pre-processor with SUEWS Prepare has been used with 
Polygon grid frames to generate population density. In 
Urban Energy Balance, SUEWS and WUDAPT has been 
used for vector grid generation. After vector grid 
generation, UMEP Pre-Processer within Spatial data 
under LCZ converter has been used with LCZ raster image. 
These LCZ output generate the buildup condition, 
population density mapping and open street mapping of 
Dhaka city. 

 
The microclimatic parameters such as the air 

temperature and the relative humidity of the study area 
have been generated from field survey and EnviMet 
simulation. Finally, the analysis and findings have been 
done considering the relations among energy consumption, 
land use pattern, LCZ and thermal comfort. 



 
Jinia M. A., Ara J.G.  SEUJA, Vol. 2, No. 2, December  2022                                                                               

 

 
40 

 

 Fig 6: step by step methodology 

 

Data Accumulation and Observations: 
 
Land use of Tejgon: 
Thirty percent of the Dhaka city area is mixed use 

development [Fig 7]. The land use map indicating a large 
amount of mixed use development in the study area [Fig 
8] which is mostly commercial with some residential area 
revealed from the field survey data.  

Fig 7: Land use of Dhaka city (source: DAP) 

 

Energy consumption Pattern of Tejgaon area: 
DPDC (Dhaka Power Distribution Company) has 

divided Dhaka city into some feeder zone for it operation 
suitability [Fig 6]. From these feeder zones the study area 
Tejgaon is identified [Fig 7] and electricity consumption 
data has been collected. 

This particular study looked into the energy 
consumption pattern of the study area in relation to its 
population density. In the table 1, electricity consumption 
pattern of the area has been shown for the last six financial 
year basis. 

Population of Tejgaon area: 
According to detail area plan (DAP) the population of 

Tejgaon area is 3lakh 69 thousand and the population 
density is 203 people per Acre [Fig 9].Therefore it is 
highly dense area and with the changing urban morphology 
of added commercial high-rise buildings the population of 
the site will further increase. It can increase the energy 
demand accordingly.    

- During FY 19-20 electricity consumption dropped 

significantly during covid lockdown period. 

- During Covid and ‘locked-down’ situation, mixed 

use commercial buildings consumed less 

electricity.  

- It is also observed that the consumption rate in 

last three years (FY 20-22) has gone far beyond 

the previous rate (FY 17-19) [Table 2, Fig 12] due 

to over commercial use after lockdown. This 

situation might be aggravated with increased 

population and added commercial high-rise along 

with cooling load. 

 

 

 

 

          Fig 8: Land use map of Tejgaon (source: DAP) 

            Fig 9: Population density of the study area (source: DAP) 
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Table 1: Electricity consumption of Tejgaon Area (source: 
DPDC) 

 

 

Fig10: Electricity supply feeder zones of Dhaka city (source: 
DPDC) 

 
Fig 11: Google map showing Tejgaon as DPDC feeder zone  

 

Table 2: Energy consumption pattern of Tejgaon Area (source: 
DPDC)  

Fig 12: Energy consumption pattern of study Area 

Another analysis in Fig 13, showing the energy 
consumption (Financial Year, FY 21-22) comparison 
among the different areas of Dhaka city. From this figure it 
is evident that energy use is high in Tejgaon. The land use 
pattern and population density is correlated with high 
energy consumption of this area. A study was carried out in 
India. Where it was revealed that the LCZ which is 
dominated by residential buildings consumes maximum 
energy for its longest period of use time and the LCZ 
dominated by commercial areas has high energy uses 
during mid of the day when cooling load is high. The study 
also identified that LCZ with green and vegetation had 
least cooling load [41].      

 

 

Fig13: Comparative analysis of energy consumption among 
different zones of Dhaka city  

LCZ generation and Qgis outcome analysis:  
 
Using Qgis software along with Urban Multiscale 

Environmental Predictor (UMEP) LCZ of Dhaka, 
population density, radiation balance, energy budget and 
water balance has been generated. 

At first, the population density mapping and open 
street mapping of whole Dhaka city has been generated 

using Qgis and UMEP [Fig 14, 15]. From the figure 19 it 
is evident that the study area is having high population 

density compared to other area. Similarly figure 15 shows 
the dense road network along the site. Detailed and closed 
mapping is shown in fig 17 and in fig 18. Figure 18 shows 

population density 26867per hector. Figure 15 displays 
closed grid iron road network pattern. Another important 
finding of Qgis is LCZ generation of Dhaka city [Fig16]. 
From the LCZ pattern it is seen that Dhaka is highly built  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 14: Population Density mapping of Dhaka city area 
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up area with limited blue green infrastructure. From this 
the LCZ of the study area is extracted [Fig 16]. The LCZ 
mapping of the study area indicates that almost 80% of the 
area is covered by building and hard surface. Minimal green 
patches are seen which may has little or no impact on urban 
microclimate. Though a prominent green patch (Hatirjheel) 
is seen in the map but that is out of the site boundary. 

 

Fig 15: Open street mapping of Dhaka city area 

Fig 16: LCZ showing build up condition of Dhaka city  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 17: Population Density mapping of Tejgaon area 

Fig 18 Open Street mapping of Tejgaon area 

Fig 19: LCZ showing build up condition of Tejgaon Area 
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Fig 20: Model output of radiation balance, energy budget and 
water balance  

 

Here, in fig 20, the Qgis model output of radiation 
balance, energy budget and water balance is indicating that 
energy consumption is higher during summer season than 
winter in the study area. The results also showing that 
water storage is not very high in the area and runoff water 
increase during rainy season.  

 

Envimet Simulation And Urban Microclimatic 
Analysis: 

 
A busy and dense area has been selected from Tejgaon 

area for micro climate analysis. Both field survey and 
EnviMet simulation have been conducted and data have 
been collected. Collected data have been compared 
considering two thermal comfort parameters, Air 
Temperature (Ta) and Relative Humidity (Rh).  

 
Table 3: micro climate outdoor parameters analysis 

 

 

  
Fig 21: 3D view from EnviMet and image of the EnviMet 

simulated area 
 

 

  

Fig 22: google image showing simulated raea  

 

Fig 23: The circle locating the EnviMet simulated zone on LCZ 
generated image 
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Fig 24: Results from EnviMet simulation 

 

5. Analysis and Findings 

- From the analysis it is observed that the land use 

pattern of Tejgaon area is mixed use zone with mostly 

commercial zones.  

- The study area having high population density 203 

people per acre (source: DAP), therefore high energy 

consumption pattern331178266MkWh per yr.  

- During Covid and ‘locked-down’ situation, mixed use 

commercial buildings consumed less electricity. 

- Therefore the consumption rate in last three years (FY 

20-22) has gone far beyond the previous rate (FY 17-

19) due to accelerated use after lockdown and indicates 

continuation of this trend for added commercial high-

rise building in near future along with conceived 

cooling load. 

- From the LCZ analysis, it has been observed that 80% 

of the study area is built up with buildings and road 

surfaces which is affecting the outdoor microclimate as 

well as thermal comfort. 

- Qgis analysis shows that the study area has high 

population density and huge built up area. The 

electricity consumption is also high. The results also 

showing that water storage is not very high in the area 

and runoff water increase during rainy season. 

Microclimatic analysis shows that Air Temperature 

and Relative humidity during summer season (June) is 

beyond outdoor comfort range but November (nearly 

winter season) is within outdoor comfortable range of 

Dhaka city. 

- As per different researches, some approach might be 

taken to improve outdoor comfort range during 

summer season. Such as selection of non-reflective 

building outer material that does not store energy 

inside and building material having less thermal mass. 

Another measure is to plant more trees and increasing 

of blue and green infrastructures than grey. Proper 

building orientation and energy efficient technologies 

reduce energy consumption significantly. Finally, 

limiting the population density during day time by 

controlling the percentage of commercial land use 

might reduce the cooling load as well as the energy 

consumption during day time.    

 

6. Conclusion 

In the Study area per capita energy consumption is 
897MkWhonly during daytime which is higher compared 
to other LCZ of Dhaka city. This is for the commercial and 
mixed use pattern of the site. 80% of the site is built up of 
buildings and roads which has deteriorated urban 
microclimate at outdoor area. Microclimatic analysis shows 
that Air Temperature and Relative humidity during 
summer season (June) is beyond outdoor comfort range but 
November (nearly winter season) is within outdoor 
comfortable range of Dhaka city. The Qgis simulation 
results also showing that water storage is not very high in 
the area and runoff water increase during rainy season.   

From this study it is evident that urban planning has 
direct impact on urban landscape and LCZ which defines 
urban morphology and demography. With the land use 
pattern and increased population the energy consumption 
gets accelerated and highly built up area impose direct 
impact on urban outdoor microclimate. 

This research particularly looked into Tejgaon area 
only. No comparison was derived here among the other 
LCZ. It has a great possibility to carry on with similar kind 
of research with the other LCZ of Dhaka city and 
comparison can be derived. The energy consumption 
pattern with the diurnal temperature variation could be 
further analyzed. 
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