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Abstract. As experiencing fast ongoing modernization in Dhaka, lo-
cal architects and designers are continuously experimenting with 
building envelopes without pointing out the outdoor and indoor cli-
mate relationship and hence energy issues are always left unanswered. 
In such a context, integration of the traditional envelope elements, ma-
terials and construction (based on their thermal performance) is im-
portant and, understanding of the thermal comfort requirement in the 
local climatic condition and its interaction with building energy con-
sumption may address the issue significantly. This paper is presenting 
a proposed workflow of an on-going study to demonstrate how adap-
tive comfort, natural ventilation and envelope optimization can be in-
corporated to develop an energy efficient guideline. This study uses 
the adaptive comfort models in building energy simulation program to 
determine its potentiality for reducing energy use in mixed-mode 
building and encouraging passive strategies (natural ventilation) to en-
sure a comfortable indoor environment in local climatic context. For 
envelope optimization, the proposed method is to synthesize the ther-
mal design by combining an optimization method and a thermal anal-
ysis technique for buildings that would determine the optimum solu-
tion.  

Keywords. Energy Efficiency; Buildings Envelope; Adaptive Com-
fort Model; Natural Ventilation; Multi-objective Optimization.  

1. Introduction  

Dhaka, capital city of Bangladesh, provides a unique setting for a research 

on energy efficiency in buildings in tropical climatic context where critical 

energy issues such as lack of adequate energy supply, high price of energy, 
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lack of power plants, power outrange and increasing energy demand domi-

nates the discussion of current problems. Over the last decade, energy de-

mand (Rate of increase in Power demand - 10%) grew heavily with little 

supply addition (Rate of increase in Power generation - 5.39%). Hence the 

demand and supply gap is increasing that constrains the growth of industrial-

ization and improvement of standard of living (Amin and Rahman, 2011). 

This paper is presenting a proposed workflow that integrates adaptive 

comfort, natural ventilation and envelope optimization to develop an energy 

efficient guideline. Adaptive comfort models has been used in building ener-

gy simulation program to determine its potentiality for saving energy in 

mixed-mode building and encouraging natural ventilation to create comfort-

able indoor environment in local climatic context. A method has been pro-

posed for envelope optimization that synthesizes the thermal design by com-

bining an optimization method and a thermal analysis technique for 

buildings that would determine the optimum solution.  

The research has first developed a common practice building model from 

the collected data through survey to get a clear understanding of the energy 

consumptions in the existing buildings. Variable indoor temperature has 

been calculated by using adaptive thermal comfort model to use in energy 

simulation program; then, the values of envelope & glazing parameters for 

optimum energy performance will be determined using multi-objective op-

timization methods.  

2. Definition of the research problem 

2.1. REGARDING COMFORT  

The definition of acceptable indoor climates in buildings is important to the 

success of a building, not only in making it comfortable, but also in deciding 

its energy consumption and ensuring its sustainability. The current thermal 

comfort standards, such as ASHRAE 55-2004, suggest appropriate indoor 

temperatures (as well as other environmental conditions) based on Fanger’s 

‘steady-state’ model which results a constant fixed set-point, usually within a 

narrow bandwidth. For many climates, buildings consume intensive energy 

to meet this set-point temperature. On the contrary, the adaptive comfort 

model shows its potentiality for reducing energy use in mixed-mode building 

and encouraging natural ventilation to ensure a comfortable indoor environ-

ment especially in warmer climatic context (Humphreys, 1996). The paper 

investigates the changes in energy use which may result from the use of a 

variable indoor temperature by using adaptive thermal comfort model in air 

conditioned buildings and also in exploring the possibility of achieving in-
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door thermal comfort condition by natural ventilation in hot-humid climate 

of Dhaka (Table 1).  

Table 1: Climatic data of Dhaka  

Climatic period Hot-Dry Warm-Humid Cool-Dry 

Months Mar-May  

(Pre-Monsoon) 

June-Sept 

(Monsoon) 

Oct-Nov 

(Post-Monsoon) 

Dec-Feb 

(Winter) Climatic Factors 

1. Air Temp. (°c)     

a. Mean Maximum 35.80 34.10 32.90 25.40 

b. Mean Minimum 18.80 20.90 18.30 8.80 

c. Average 28.02 27.8 24.42 18.43 

d. Diurnal variation [average] 11.60 7.12 11 14 

2. Relative Humidity % [aver-

age] 

59.91 84.78 72.59 66.70 

3. Global Radiation (W/m2) 

[average] 

495 373 412 431 

5.Wind Speed (m/s) [average] 3.6 3.2 2.5 1.5 

6. Wind Direction S, S-E S, S-E, S-W S, S-E N, N-W 

(Source: Rahman, 2007; Climate Division, Bangladesh Meteorological Department, Dhaka, 2005) 

2.2. REGARDING ENVELOPE OPTIMIZATION 

The most common method of improving building envelope performance is 

to test a number of design alternatives by simulating the thermal perfor-

mance of each one. As this approach is very laborious and time demanding; 

only a few scenarios are evaluated from within a large range of possible 

choices. So the possibility that there may be some better option that has been 

missed out of those analyzed (Novakovic et al, 2005). Moreover, in this 

method it is difficult to understand the complex relationship of objective 

functions and as a result it becomes difficult to improve thermal performance 

considering multiple objectives. As building thermal design is characterized 

by multiple objectives and hence it needs to be optimized for minimizing en-

ergy requirement while minimizing cost and achieving thermal comfort. 

Aiming to overcome these problems, a method has been developed to 

synthesize the thermal design by using an optimization tool that would de-

termine the optimum solution for improving building envelope performance. 

This paper shows the detail process of this automatic optimization.   
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3. Proposed method 

The method primarily includes field survey, simulation study and optimiza-

tion process. This research demonstrates how an integrated method of simu-

lation model with optimization process can be used to address the previously 

stated problems. The proposed method consists of four steps (Figure 1), Step 

1: Development of Common practice model, Step 2: Thermal comfort and 

ventilation study, Step 3: Envelope optimization and Step 4: Result. 

 

Figure 1. Proposed workflow. 

3.1. DEVELOPMENT OF BASELINE MODEL 

3.1.1. Baseline model IECC 2012 

Baseline model is developed for similar climate zone of Dhaka (1A- very hot 

and humid) using the ‘International Energy Conservation Code-2012’, con-
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sisting of three main parts: comfort condition, fenestration criteria and 

HVAC system criteria (Table 2). This model is considered as a single use 

open office space building and modelled in EnergyPlus Simulation software. 

3.1.2. Common practice building model 

A Common practice building is a prototype model with the thermal proper-

ties of typical high-rise office buildings in Dhaka City. This model of the ex-

isting building helps to get a clear understanding of the current energy con-

sumption. Through survey the existing building information were collected 

(Table 2).  

Table 2: Model Assumptions for common practice and IECC 2012 model 

Data Category Model Assumptions 

Location Dhaka, Climate Zone 1A , Very hot Humid 

Weather Data EnergyPlus weather data 

Building Type Office 

Building shape Rectangular (105"x75")  

Number of Floors 15 

Cooling Set point 24ºc 

Building Envelope Common Practice Model IECC 2012 Model 

Roof 7" concrete, 2" Bitumen layer, 1" 

Cement-Plaster 

U-Value: 1.913 W/m2K 

With insulation above deck 

U-Value: 0.272 W/m2K 

Wall 5" brick wall, 1" plaster 

U-Value: 2.1 W/m2K 

Mass  

U-Value: 0.806 W/m2K 

Fenestration Single glazed, clear 

U-Value: 5.67  W/m2K SHGC: 

0.794 

 

U-Value: 2.84  W/m2K SHGC: 

0.25 

Shading none none 

Window-to-Wall Ratio 

(WWR) 

70% 30% 

3.2. THERMAL COMFORT STUDY 

Adaptive Comfort Model establishes the relation between comfort indoor 

operative temperature and past outdoor temperature. The relationship be-

tween indoor comfort temperature and outdoor temperature has been ex-

pressed in terms of the monthly mean of the outdoor temperature or the run-

ning mean of the outdoor temperature. Adaptive Comfort Algorithm for 

EN15251:2007 and ASHRAE 55:2004 have been used to calculate variable 
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set-points related to monthly mean of the outdoor or running mean of the 

outdoor temperature with the help of Microsoft Visual Basic & Macro (Ta-

ble 3). This study has been performed through simulation studies in Energy 

Plus Airflow Network to test the effectiveness of natural ventilation to satis-

fy the adaptive comfort requirement for the climatic context of Dhaka. 

Table 3: Set-points (ºC) according to Adaptive Comfort Standards  

Month EN15251 ASHARE 55 90% Acceptability 

January 24.96 26.13 

February 25.82 26.97 

March 27.15 28.05 

April 28.19 28.58 

May 27.86 28.59 

June 28.48 28.87 

July 28.18 28.64 

August 28.39 28.80 

September 28.26 28.70 

October 27.96 28.40 

November 26.88 27.47 

December 25.54 26.47 

3.3. OPTIMIZATION OF BUILDING ENVELOPE 

3.3.1. Identifying and defining the building envelope parameters 

3.3.1.1 Opaque parameters 

The thermal properties of the opaque component (exterior wall) are related 

to thickness and material. To determine the thermal performance of the cor-

responding component, overall thickness for the whole construction will be 

used in the optimization process.  

3.3.1.2 Glazing parameters 

Glazing has three principle performance characteristics: solar heat gain coef-

ficient (SHGC), visible light transmittance (VLT), U-factor. In Dhaka, where 

the weather is not extremely hot (like dessert climate) or extremely cold, low 

SHGC is more important than low U-factor. The glazing variable SHGC will 

be considered for energy optimization. 
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3.3.1.3. Design parameters 

Window-to-wall ratio (WWR) and shading percentage define the configura-

tion of the building envelope as well as the areas of the different elements 

constituting the external envelope. 

3.3.2. Running optimization  

For performing optimization, we are using GenOpt. Michael Wetter (2001) 

from Lawrence Berkeley National Laboratory's (LBNL) Simulation Re-

search Group developed ‘GenOpt’, a generic optimization program, which is 

capable to run multi-objective optimization and can be coupled with building 

energy simulation program ‘EnergyPlus’. Figure 2 illustrates the details of 

the Optimization Process.   

 

Figure 2. Proposed Optimization Method. 

The following steps are executed in the optimization process: 

 Defining Objective Functions to be minimized that depends on the free pa-

rameters. 

 Defining variables, also called design parameters. 

 Defining constraints that bound the domain of the free parameters and de-

pendent variables. 
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A custom-script has been developed inside the optimization software to 

evaluate performance based on objective functions which consists of Energy 

consumption together with construction cost. The procedure is continued un-

til the defined objectives functions are satisfied; otherwise the GenOpt will 

generate the next input file based on envelope performance evaluation feed-

back. 

For the preliminary run, the selected variables are WWR (from 30% to 

70% with 10% increment) and shading percentage (from 60% to 90% with 

10% increment). 

4. Verification of the Proposed Method 

This paper presents the method and first results of an on-going study aimed 

at finding design guidelines for optimizing energy performance of Office 

building envelope while focusing on thermal comfort.  

4.1 ENERGY CONSUMPTION BY IECC 2012 BASELINE MODEL AND 

COMMON PRACTICE MODEL 

Energy performance of common practice model has been evaluated by com-

paring with the energy consumption by IECC 2012 Baseline Model (Table 

4). It shows that common practice model consumes 77.05 kWh/m
2
 or 54% 

more energy than IECC 2012 Baseline Model. 

Table 4. Energy consumption by IECC 2012 baseline model & common practice model 

End Uses 

 

IECC 2012 Baseline Model Common Practice Model 

(kWh/m2) (kWh/m2) 

Heating 1.87 1.87 

Cooling 48.49 96.91 

Fans 15.11 32.89 

Pumps 10.99 18.48 

Heat Rejection 2.15 5.51 

Interior Lighting 27.62 27.62 

Interior Equipment 35.69 35.69 

Energy Use Intensity (EUI) 141.91 218.96 

4.2 ADAPTIVE COMFORT STUDY 

The results in table 5 show that adaptive comfort with natural ventilation can 

reduce energy consumption up to 16%.  
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Table 5. Impact of adaptive comfort and natural ventilation on energy consumption 

End Use 

 

Common 

Practice Model 

Adaptive Comfort and Natural Ventilation 

EN15251 ASHRAE55 

  kWh/m2 kWh/m2 % of Saving kWh/m2 % of Saving 

Heating  1.86 1.86 0.00 1.86 0.00 

Cooling 96.91 76.84 20.71 75.27 22.32 

Fan  32.89 24.60 25.22 24.02 26.97 

Pumps 18.48 15.06 18.51 14.63 20.84 

Heat Rejection 5.51 4.73 14.20 4.59 16.69 

Lighting 27.62 27.62 0.00 27.62 0.00 

Equipment 35.69 35.69 0.00 35.69 0.00 

EUI 218.96 186.39 14.87 183.69 16.11 

4.3 OPTIMIZATION OF BUILDING ENVELOPE 

In figure 3, the results from preliminary optimization run (only with WWR 

and Shading), show that 40% window-to-wall ratio and 80% shading gives 

optimized energy performance (128.4 kWh/m
2
).  

 

Figure 3. Proposed Optimization Method. 
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The results show that it is possible to reduce 30% more energy consump-

tion over common practice model with Adaptive comfort and natural ventila-

tion strategy. By combining adaptive comfort and natural ventilation strategy 

with envelope optimization, the energy consumption can be reduced 40% 

over common practice model and 10% over IECC 2012 model. 

5. Conclusion 

The study shows the potential for a significant decrease in cooling energy 

while maintaining thermal comfort condition, by integrating adaptive com-

fort and natural ventilation strategy with envelope optimization.  
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