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ABSTRACT 

 

India’s industrial sector is an important contributor to the country’s economic growth, and it 

is set to grow in scale as the government pushes for greater indigenous manufacturing. But 

while industries are a key facet of our country’s economic development, they are also 

extremely energy intensive. Most industrial processes continue to be powered by traditional 

fuels and the sector accounts for approximately one-fourth of India’s total greenhouse gas 

(ghg) emissions. Reducing the energy intensity of key industrial sectors can result in a 

drastic decrease in emissions and improvement in air quality. 
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CHAPTER 1 
INTRODUCTION 

   
  
1.1 INTRODUCTION  
India’s industrial sector is an important contributor to the country’s economic growth, and it 
is set to grow in scale as the government pushes for greater indigenous manufacturing. But 
while industries are a key facet of our country’s economic development, they are also 
extremely energy intensive. Most industrial processes continue to be powered by traditional 
fuels and the sector accounts for approximately one-fourth of India’s total greenhouse gas 
(ghg) emissions. Reducing the energy intensity of key industrial sectors can result in a 
drastic decrease in emissions and improvement in air quality. 

1.2 AIM 
To design the sustainable garment factory building for warm and humid climate. 

1.3 RESEARCH QUESTIONS 

• What are factors affecting the thermal comfort of the occupants in the garment factory?  

• What are the energy efficient approaches for the garment factory? 

• What are the environmental focus area of the garment factory building? 

1.4 OBJECTIVE 

• To identify and design according to the factors affecting the thermal comfort of the 
occupants in garment factory. 

• To identify the energy efficient approaches for the garment factory. 

• To identify the environmental focus area for the garment factory. 

1.5 LIMITATIONS 

• Design only for the warm and humid climatic zones. 

• Design according to the ECBC standards. 
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1.6 METHODOLOGY 
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CHAPTER 2 

LITERATURE STUDY AND CASE STUDY 
 

2.1 A case study on Industrial Ecology, India- Case Study of The Textile Industry In 
Tirupur 

The entire town’s economic activity is centered on the manufacture of cotton knitwear: for 
use as banians (mostly sold in the Indian market), and for use as T shirts (mostly exported). 

MAJOR ISSUES IN TIRUPUR TEXTILE INDUSTRY 
1. Water 
2. Fire wood 
3. Solid waste 

 
Water: 
Water is a major requirement of the industry. As the area is dry and much of the 
groundwater is polluted, over half the water required by the industry is brought in by trucks 
from groundwater sources at distances of over 50 km. The industrial effluents are drained 
out untreated into a dry river. The effluents accumulate at a reservoir, built originally for 
irrigation, around 15 km away. A substantial part of the effluent leaches into the ground 
through its passage to the reservoir. The water is saline, highly colored and contains toxic 
dyes. The entire agricultural operations in the neighborhood have been badly affected by 
the groundwater contamination. 

 

Fig 2.1 Nine traditional common effluent treatment plants (ETP) 

Firewood: 
The consumption of firewood by the industry is over 437,760 tonnes per year. The steam 
calendering industry uses over half of this quantity, for steam generation. The bleaching 
and dyeing industry uses the rest. It would be possible to substantially reduce the 
consumption by improving the design of the boilers. A central steam generating system 
could also be considered. Alternatively, a system of substitution of the fuel could be worked 
out—such as pre-heating with solar energy. 
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Solid waste: 
Nearly 40 tonnes of combustible solid waste are generated every day by the textile industry. 
This comprises paper and textile scrap (rags and threads). 

 

 

Dyeing: natural dyeing or artificial dyeing 

Calendaring: After bleaching/dyeing, the fabric is passed through steam heated  rollers in 
the steam calendaring machines. 

Finishing: After calendaring, the fabric is ready to be made into garments in the finishing 
units. These units use electrically operated stitching machines and electric irons. Some of 
the processes like embroidery require sophisticated computer controlled machines. 

Bleaching/Dyeing: 

• Total fabric bleached per year : 72,960 tonnes 

• Fabric bleached by machine : 58,368 tonnes (assuming 80% of total fabric bleached  
by machine, and 20% hand bleached which does not need any power) 

• Power consumption per tonne : 26.78 kWh 

             of fabric bleached 

• Consumption per year : 1,560,000 kWh (1.56 million kWh) 
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Calendering: 

• Average consumption per tonne : 35.8 kWh 

• Total fabric calendered : 145,920 tonnes 

• Total annual consumption : 5,230,000 (5.23 million kWh) 
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FINISHING: CUTTING+STITCHING+IRONING 
Cutting & Stitching 

• Total production : 608 million pieces 
• Average consumption : 12.78 kWh per 1,000 pieces 
• Total annual consumption : 7,780,000 Kw (7.78 million kWh) 

Pressing/Ironing 
• Total production : 608 million pieces 
• Consumption per 1,000 pieces : 43.19 kWh 
• Total annual consumption : 26,260,000 kWh (26.26 million kWh) 
• Total Finishing (stitching + ironing) : 34,040,000  kWh (34.04 million kWh) 
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LEED rated and registered garment factories in Tirupur: 

 
 
There are only 13 leed rated garment factories in india [ source: the barriers and challenges 
for green garment factory:india] 

2.2 IE in Apparel Manufacturing-8: Layout Planning 

The key aim of every layout is to maximize utilization of available space in order to optimize 
the material flow, maintaining visibility or ease of supervision. The other benefits of a good 
layout may be improving on other productivity factors such as manpower, machine and 
lesser defects. 

OBSERVED POINTS IN THE INITIAL LAYOUT: 

Packing activity is happening at different places which may make the control difficult and 
may as well hamper the space utilization. A small fabric store is located near to Sewing 
Section 2, which is far from the main fabric store. This is resulting into an increased fabric 
movement while fabric is carried for cutting. 

OBSERVED POINTS IN THE MODIFIED LAYOUT: 

Embroidery section is located near to Sewing Section 2; due to this cut panels which are 
going to be embroidered have to travel comparatively more distance from cutting section 
before coming back for bundling. A good space is occupied by the old and unused 
machines. Embroidery section, CAD and sampling room have been moved near to the 
cutting section. This may bring improved control and less distance travelled in material 
movement. Old and unused machines have been relocated to the area near to clinic with a 
provision of gate opening towards Sewing Section 1. This has resulted in free space 
between Sewing Section 1 and Sewing Section 2. Small fabric store has been relocated 
from Sewing Section 2 (in the area earlier occupied by CAD and sampling room), near to 
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fabric store and cutting section. This will result into an easy fabric transaction while cutting 
as well as effective supervision. Packing which was happening at different places has been 
arranged to be at one place, between Sewing Section 1 and Sewing Section 2 with only 1 
entry and exit points. The modifications done have resulted into an increased space 
availability in the Sewing Section 2 which can accommodate at least 90 additional sewing 
machines and mSewing Section 1 and Sewing Section 2 equal in terms of number of 
sewing akes machines accommodated. 

 

 
 

INITIAL LAYOUT OF THE FACTORY 
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MODIFIED FACTORY LAYOUT 
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Components of energy efficiency 
 

 
 
 

• Passive design features are discussed to achieve thermal comfort level  
Factors determining thermal comfort include:  
1. Air temperature   
2.  Mean radiant temperature 
3. Air movement / velocity  
4. .Relative humidity 
5.  Isolative clothing  
6. Activity levels 
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• RMG factories are constructed by steel structure in the upper portion 
and brick plaster in the lower portion 

 
• it is noticed that most of Ready Made Garments factories have less 

reflection about the water conservation and water efficiency strategy 
• Garments Factories do not consider building depth, building height, 

volume, equipment's and number of storey which factors are very 
essential to make factory energy efficient 

 
 

                           

   Worker besides the                               artificial lighting during day time 

Evaporative cooler 

 
 
Nature of physical working condition and health condition of the RMG 
factories 
 
 

• The factory buildings have no observation about the wall and window 
area ratio. It is observed that for 550 sqm floor areas, it has only 
average 21% opening which is not sufficient for natural cross ventilation 
system. 
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Condition for standard workplace 
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Space ratios of production areas 
 

• Sewing section is two times longer than the cutting and ironing 
section to achieve the great impact from the environment. 

• Standard comfort level can be achieved when the factory building’s wall 
is constructed by cavity or solid block because it Creates heat barrier 
from outdoor to indoor. 
 

• The height of the factory building is 6m to 8m, it will give the maximum 
comfort level for the production area in which 150-200 workers work at 
a time in a single space from 9.0 AM to 7.0pm. 

• Horizontal window with the shading device has achieved the good 
quality comfort range of temperature and the minimum percentage of 
openings should be 25-35% to achieve the standard thermal comfort 
level for production space. 
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Overview on existing types of tools for energy-efficient production 
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Overview on existing types of tools for energy-efficient production 
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1.STAR GARMENT INNOVATION CENTER KATUNAYAKE, SRI LANKA 
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• The Star Innovation Center is an existing garment manufacturing factory 
building retrofitted through careful design and engineering for 
sustainability, energy efficiency, and worker comfort.  

• The factory building has been upgraded to meet the Passive House 
standard, thus making it the first certified Passive House (PH) building in 
Sri Lanka 
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• The building is a milestone as it sets new standards by applying cutting-
edge sustainable technologies – providing year-round comfort in the 
workspace, abundant natural light, low humidity, filtered fresh air, 
and maintaining temperatures near a constant 24°C. 

•  The benefit of these features is reflected in the reduced annual energy 
use by around 54%. 

 
• The Star Innovation Center generates approximately 11% of its energy 

through installed solar photovoltaic panels spread over an area of 2,549 
m2 

• The estimated generation is approximately 4,8340 kWh/yr, which is 19 
kWh /(m2yr) based on the projected area of 2,549 m2. 
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PASSIVE AND ACTIVE SYSTEMS  
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Re-using the Existing Building 
• The existing steel skeleton and the concrete slab have been re-used to 

reduce carbon footprint of the building.  
• This also lowers the use of fossil fuels typically required for demolition 

and a new build. 

 
High performance heating and ventilating system  

• The ventilation system design includes energy recovery ventilation 
(ERV) through heat recovery, wrap-around heat pipes for enhanced 
dehumidification capacity, and a highly efficient VRF system. 

• 5 ventilation units with heat and humidity recovery have been 
installed. At an average electric efficiency 0.7Wh/m³, this results in 
72% heat recovery and 70% humidity recovery.   

• In the system’s heat exchanger, after ERV, cooling and 
dehumidification is carried out via fan coil units. These units first 
cool the supply air below the required interior temperature to 
dehumidify it. This results in deposition of the condensate in the 
ventilation system immediately, thus avoiding its deposition later in 
the workspace.  

• After dehumidification, the supply air is slightly warmed up using the 
heat pipes which recover waste heat from the cooling system and 
rooms. This reheated supply air then flows into the building. 

• The heat pipes work in collaboration with the solar panels on the 
roof which saves costs in comparison with the classic electrical 
reheat systems. 
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Air barrier and continuous layer of insulation 
 

• The most important strategy implemented is the installation of highly 
efficient airtight insulated envelope. 

• An Exterior Insulated Finish System (EIFS) continuously wraps both 
existing and new structural components in insulation with minimal 
thermal bridging. Low absorption or highly reflective exterior 
surfaces helps to reduce the cooling energy demand of the 
building. 

 
 

 
 
Exterior Infill Walls 
 

• The exposed steel frame is partly filled with concrete masonry units 
(CMU) which are made efficient by the use of a thermal insulation 
composite system made from EPS.  

• The exterior wall is a CMU wall assembly consisting of a masonry wall 
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(203mm), a cement board (12mm), EPS (graphite enhanced, 80mm), 
and stucco (6mm), resulting in a U-value of 0.329 W/(m2K). 

 
High-Performance Window & Glazing 
 

• The exposed steel frame is filled with extensive floor-to-ceiling insulating 
glass elements.  

• A high-performing curtain wall with double glazing and a solar heat 
gain coefficient of 0.22 allows only 22% of solar radiation to enter 
the building thus significantly reducing the heat transfer into the 
interior, resulting in further reduction of cooling loads. 

 
 
 
INSULATED ROOF 
 

• A new metal prefabricated roof consists of 120 mm thick sandwich 
panels with a polyurethane rigid (PUR) foam insulating core and an 
outer heat-reflecting coating. 

• This roof assembly results in a thermal transmittance U-value of 0.182 
W/(m2K),largely contributing towards keeping the tropical heat away 
from the interior. 

• Installed rooftop solar photovoltaics generate approximately 11% of 
the energy requirement of the building. 

• The estimated generation is approximately 4,8340 kWh/yr, which is 19 
kWh /(m2yr) based on the projected area of 2,549 m2 
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External Shading & Overhangs:  
 
Strategically designed overhangs and decorative external colored glass 
panels serve as sun protection screens to reduce the overall heat gain into the 
building 
 
Thermal Bridge:  
To minimize the thermal bridging, a fluid-applied thermal break is used at 
strategic connections to carefully seal the envelope. 

 
 
ENERGY REDUCTION 
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THERMAL ENVELOPE 
Exterior wall 
The exterior wall is a CMU wall consisting of a masonry wall (203mm), a 
cement board (12mm), EPS (Graphite Enhanced) (80mm) and stucco (6mm). 
U-value = 0.329 W/(m2K) 
Basement floor / floor slab 
The floor slab is made of concrete (152mm). 
U-value = 5.795 W/(m2K) 
Roof 
The material used for the roof is metal consisting of sandwich panels 
(120mm). 
U-value = 0.182 W/(m2K) 
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2. PT-UNGARAN SARI GARMENTS (PA6&7) ,SEMARANG, INDONESIA 
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• Pringapus 6&7 (also called PA6&7) is a readymade garment manufacturing facility 
located near Semarang in Central Java province of Indonesia.  

• The facility is part of an existing campus of PT Ungaran Sari Garments with five 
operational manufacturing facilities (PA1 – PA5), and a canteen 

• PA6&7 is spread over two floors with identical functional arrangement for garment 
manufacturing. 

• PTU Sari Garments 6&7 facility is the world’s highest-scoring LEED NC v2009 
project, under the Industrial Manufacturing space type. 

 
 

• The facility has achieved an energy cost savings of 51% compared to the ASHRAE 
90.1.2007 base case comparison. 

•  The building is expected to perform 49% better than a conventional factory building 
in the region. The project has 200KWp roof top solar system which offsets 15% of 
total energy cost of the project 

•  
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Orientation 

• The initial design idea was to have a facility with the longer façade facing east-west.  
• However, after several deliberations, the design team decided to orient the longer 

facades along the north-south direction.  
• This effectively reduced direct heat gain from the west facade and allowed more 

diffused light from north (the project is located in the southern hemisphere). 
Climate Responsive Design 

• As tropical buildings need to limit their exposure on east and west sides, the 
optimum form is inevitably rectangular, with the longer facades facing north south.  

• This also helps in achieving shallow floor plans that allow natural cross ventilation. 
For this building, a shallow floor plate was achieved through incorporating two 
large courtyards that broke the geometry. 
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Form & Massing 

• The overall form of the building is rectangular with two intensely landscaped 
courtyards. 

•   The courtyard design was effective enough to reduce the building depth to under 
30 m from an initial depth of 50 m. 

• The prevalent wind direction is from south-west to north-east.  
• The building was designed to be naturally ventilated having cross ventilation 

provisions in the north-south façade that helps achieve the comfort conditions 
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Façade & Envelope 
• The building façade has been designed to maximize diffused daylight intake.  
• Light shelves effectively reflect the sunlight off their surfaces and ensure a 

more even and deeper distribution of daylight.  
• A fixed ventilation louver system provision – below sill and above lintel level – 

has helped the facility achieve comfort conditions indoor 
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Ventilation Design 

• The building is completely naturally ventilated.  
• Operable windows have been provided to ensure occupant comfort. The areas 

of operable window meet the requirements of ASHRAE Standard 

 
Artificial Lighting Design 

• 100% of the lighting requirement is met by LEDs. 
•  Interior LPD is 0.34 (W/ft2) as against ASHRAE 90.1 2007 baseline 1.3 (W/ft2).  
• Artificial lights have been carefully selected to ensure high color rendering index 

(CRI) values, low glare, and low flickering. All task lighting is controllable through 
dimmers having 10 levels of lux setting. 

• An efficient combination of ambient and task lighting has helped the project reduce 
light power density drastically leading to significant energy savings.  

• The project deploys state-of-the-art efficient manufacturing equipment which further 
reduces the internal loads and energy use. 
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