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Kill Bill II is here for Race To Zero again, with a bigger project and more challenging threshold levels. ‘Learn 
Unplugged’ is a proposed Kendriya Vidyalaya (Central school) under the central Government of India located 
at Jodhpur in the Indian state of Rajasthan. Jodhpur city has a hot-dry climate according to IECC criteria for 
climate zone which is similar to the Phoenix, USA. The school site is a part of the proposed ‘Knowledge City’ 
in Jodhpur where other eminent colleges of India like the Indian Institute of Technology (IIT) and National 
Institute of Fashion Technology (NIFT) are located. 

 To provide a background justification to the context selected, India is the seventh largest country in 
the world in terms of area and home to over a billion people. According to recent census, 29% of the total 
Indian population fall in the age group of 0-14. The primary education sector of India is anticipated to be 
about USD $144 billion by 2020. With India’s booming economy, the need of the hour is to educate the 
younger population. ‘Learn Unplugged’ has been designed to serve this purpose.

 The total site area and the built up area of the school campus are 6 acres and 3538m2 respectively. The 
design process includes an understanding of zoning and proximity mapping, leading to a zonal development 
in the site. This developed an integrated relationship between spaces, instigates spontaneous activation of 
spaces, developing new and exciting encounters in each transition space created between different zones. The 
design is an integration of built environment with playscapes, urban farming, water conservation, bio diversity 
park, Environment and Building-as-a-Learning-Aid (E-BaLA) elements and renewable energy through 
photo-voltaic systems with a focus of meeting the Living Building Challenge (LBC) standards and Advanced 
Energy Design guide for K-12 school buildings. 

 The overall design of the project, constructibility, feasibility, energy reduction strategies- both active 
and passive, landscape features, E-BaLA concepts were integrated with two main goals:

•	 Achieve net positive energy - the project has achieved 11% beyond net zero with 11% returning back 
to the power grid.
•	 Achieve comfort and health standards beyond prescriptive methods - the project has managed to 
lessen unmet hours to 189, which is well below 300 hours (threshold as per Energy code in India). 
Constant fresh air supply has been ensured by use of natural ventilation whenever favorable and HRV in 
certain spaces.

 All of these have been achieved with an EUI of 14.04 kBtu/ft2/year. Classroom spaces are cooled by 
evaporative cooling and most other spaces by VRF systems. Natural ventilation and HRV are the modes of 
fresh air supply for these cooling systems respectively. All the spaces have a Daylight Autonomy of >90% for 
a threshold of 300lux. Electric lighting, though not necessary as per the working hours of this school, have 
also been proposed to achieve 300lux with an LPD of 4.5W/m2. EPD of 4.9W/m2 have also been achieved 
along with this.  Efficient usage of water through low flow fixtures and root zone treatment are strategies 
used as part of water efficiency. Native and adaptive species of landscape have been cautiously chosen in order 
to integrate well with water efficiency and overall vegetative cover. Compressed Stabilized Earth Blocks 
(CSEB), that can be made on site are proposed for construction and hence reduces embodied energy and 
carbon footprint.  The total capital cost of the project  is 35% higher and operation cost is 28% lower with a 
return on investment of 11 years.

1. Executive Summary
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1. Institutional Profile
CEPT University focuses on understanding, designing, planning, constructing and managing human habitats. 
Our teaching programs build thoughtful professionals and our research programs deepen the understanding 
of human settlements. The University has Faculties for Technology, Design,  Architecture, Planning, and 
Management. 
 M. Tech in Building Energy Performance is a unique program within the Faculty of Technology. It 
includes course work on building physics, passive thermal comfort, climate analysis, ventilation requirements, 
building energy use, energy codes, heat and mass transfer, HVAC systems and controls, low energy cooling 
and heating approaches, air quality monitoring and design, electric lighting and daylighting, renewable energy 
technologies, building simulation and measurement and monitoring of building systems. Here, students are 
provided with access to a huge array of equipment, experts, internships and mentoring.

2. Faculty Advisors

Prof. Prasad Vaidya 
Area Chair, BEP, CEPT University 
B. Arch, Sir JJ College of Architecture 

M.Arch, University of Minnesota 
LEED Fellow 

Prof. Sanyogita Manu
Program Coordinator, BEP, CEPT 

University
B.Des., CEPT University
MIAD, CEPT University

Prof. Dharini Sridharan
Academic Associate, BEP, CEPT 

University
B. Arch, School of Architecture, 

MCE,Chennai 
M.Tech. BEP, CEPT University

Prof. Dr. Rashmin M. Damle 
Ass. Professor, BEP, CEPT University 
BE., University of Bombay, Mumbai 

M. Tech, IIT Mumbai 
M.S and Ph.D., Universitat Politecnica 
de Catalunya (UPC), Barcelona, Spain 

Section 1: Project Introduction

Figure 1 North Lawns at CEPT Figure 2 Library at CEPT University 
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3. Team Profile
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Architect
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Architect
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Architect
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Amanda Th.
Architect

Landscape

Saranya A
Architect
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BCT Engineer
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Utkarsh Mathur
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Vijay Chawan
MEP Engineer

Electrical and 
Plumbing Systems
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4. Industrial Partners

Environmental Design Solutions (EDS) is a sustainability consulting 
firm focusing on the built environment. The firm helped us to evaluate 
the base case and derive the energy conservation measures as per the site 
and climate context. 
 

Volpak Systems Pvt. Ltd. specializes in providing engineering design 
solutions for building services like HVAC and Building Management 
System (BMS). Volpak systems team helped us build economically viable 
solutions for VRF systems.

Kesarjan Building Centre Pvt. Ltd. produces a range of eco-friendly 
products and follows the principle of Reduce, Reuse and Recycle. The 
company provided technical assistance in designing CSEB module size 
of desired strength. They also guided the team about the manufacturing 
process and financial feasibility of CSEB.

INSUboard is a manufacturer of Extruded Polystyrene(XPS) rigid board 
used for thermal insulation. The company has an eco-friendly production 
plant and produces IGBC green-rated products. They provided technical 
assistance to the team for wall and roof insulation fixing details.

We would also like to acknowledge DesignBuilder and LightStanza for 
our energy and daylighting simulations.

Johnson Controls - Hitachi Air Conditioning India Limited manufactures 
a wide range of products, from room air-conditioners to commercial 
air-conditioners including chiller,  ductable air-conditioners, telecom 
air conditioners and VRF system. Hitachi supported us to identify the 
control strategies for system operation.

HMX-Ambiator is an Indirect Direct Evaporative Cooling (IDEC) 
solution which is an upgrade over conventional air cooling systems. 
A team of technical advisers were a great support for determining the 
cooling load, sizing  and choosing the appropriate system.
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5. Project Background

The project is a proposed Kendriya Vidyalaya (Central School) under the Central Government of India. 
Kendriya Vidyalaya is one of the largest school chains in world with 1,137 schools in India and 3 operating 
outside India.
 The proposed Kendriya Vidyalaya is a net zero energy campus in Jodhpur, in the Indian state of 
Rajasthan. We believe education is the most crucial factor to develop our country and we will emphasize this 
through our school “Learn Unplugged”.  Our aim is to create a regenerative environment to provide a quality 
education at an affordable cost. We intend to use the environment and building as a learning aid in the school 
curriculum and project design. 
 Our approach is based on the belief that every child has an infinite potential and competence at birth. 
It is built on the foundation of facilitation rather than teaching. Children are encouraged to explore and learn 
on their own, and engage with curiosity. The school will  equip the children to lead and collaborate with 
others.

a. Jodhpur - The city
Jodhpur is the second largest city in the state of Rajasthan, 
India with more than 1 million people. It is a popular tourist 
destination having many palaces, forts and temples (Figure 
4, 5 and 6). Jodhpur is also known as the “Blue City” because 
of the blue colours that decorate many of the houses in the 
old city. 
 As per the IECC criteria for climate zone definition 
(Table 1), the climate in Jodhpur, Rajasthan (RJ) is hot-dry 
and is comparable with Phoenix, Arizona (AZ) (see Figure 
3 and Table 2). Both cities fall in Climate Zone 2B of IECC. 
Jodhpur has 30% more Cooling Degree Days than Phoenix.  

b. Project Description

Figure 3 Location map for Phoenix and Jodhpur

Figure 4 Cityscape of Jodhpur

Figure 5 Streets of Jodhpur Figure 6 Palaces in Jodhpur
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In response to trends such as climate change, demographic shifts, increasing communal intolerance, and rapid 
technological advancements, most countries have accepted the fact that education has a key role to play in 
building healthier, happier and peaceful societies. 
 With India’s developing economy there is a substantial portion of society that needs access to 
education. The education system is yet to achieve excellence compared to many other countries. Better quality 
of education in terms of teaching, curriculum and extra-curricular activities requires funding. Government 
grants are inadequate to support these activities and meet the operational budget of the school. This deteriorates 
the infrastructure of buildings and affects the health of children (Figure 9). Learn Unplugged has addressed 
these issues for better student health and productivity.

d. Relevance of the Project

Figure 9 Health impacts of a non Green  School. Source: Mrs. Pratima Singh, Dr. Renu Arora,2014,Classroom Illuminance: Its impact on 
Students’ Health Exposure & Concentration Performance

c. Identification of the Target Market

Jodhpur is the 2nd largest city in Rajasthan and contributes to a major percentage to India’s GDP growth. It 
is anticipated the city’s economy will double by 2031. The migration rates into the city are at 14% (Figure 7), 
and the population will increase by 32% in the next 15 years (Figure 8). This will shift 30% of the population  
to the middle income group and 8% to the high income group. 
 Currently, the neighborhood of a future high development ‘Knowledge city zone’  has three elementary 
schools that cannot serve the existing population let alone the future growth. Our Net Zero K-5 school 
addresses this issue with an improved curriculum and pedagogy and does not charge any fees to the students.

Figure 7 Population  growth pattern for Jodhpur Figure 8 Migration rates for Jodhpur
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6. Design Goals
Net positive approach for regenerative design
Meet 100% of the project’s water requirements with rainwater and recycled water on site 
and recharge ground water. Integrate waste back into an industrial or nutritioned loop.
Generate 105% of the project’s energy demands and achieve the LBC with a target EUI 
of 50kWh/m2 per year. 

Building as a learning aid
Maximize the educational value of the school by using the building and landscape 
elements for an interactive and inspirational learning experience. 

Strategic landscape for nutrition and heat mitigation
Reserve 30% of the site for biodiversity.  Earmark 5% of the site for edible gardens to 
improve nutrition and enhance sustainability. Maximize the potential of heat mitigation 
strategies and improve the micro-climate by using shading, native vegetation, xeriscape, 
water bodies and high albedo hardscapes.

Restorative construction and net positive waste
75% of the building materials will be green certified products and preferably locally 
sourced. Reduce and recycle the waste generated during building life-cycle back into the 
industrial/natural loop for net positive waste by developing a material conservation and 
construction management plan.

Financial Goal
Reduce the operational cost to achieve a Return on Invested Capital of 6.25% which is 
comparable to 10-year fixed deposit schemes in India and demonstrate to the government 
that this is a development viable solution. 

Occupant health and comfort
Maintain thermal comfort according to India Model for Adaptive Comfort (IMAC) 
with operative temperature varying from 20°C to 30°C. 
Meet WHO air quality guidelines (AQG) for PM10 of 50μg/m3 and PM2.5 of 25μg/m3 
for a healthy and productive indoor environment. 
Achieve >90% daylight autonomy specific to core activity spaces.

Climate change action 
Recognizing the major impact of the built form on climate change, reduce Scope 1 and 
2 greenhouse gas emissions by 50% as compared to Business-As-Usual baseline scenario. 
Reduce Scope 3 emissions through low embodied energy materials.
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7. Project Highlights
a. Carbon Emissions
Carbon foot print is the measure of direct and indirect GHG emissions associated with all the activities 
during the life cycle of the project. Assessment of carbon emission and embodied energy of Learn Unplugged 
was done till one year of operation. Every material has its per kg carbon emission equivalence for its entire life 
cycle. Using the emission equivalence values provided by World Bank, for Indian context, we have calculated 
the emission of the entire facility. Through the assessment of base case emission contribution, various strategies 
are employed to reduce the carbon foot print.

 Use of low embodied energy and recyclable materials such as compressed stabilized earth blocks, 
uPVC, recycled aluminum, IGBC certified materials and finishes, low energy cooling systems, onsite PV 
energy generation, water and waste recycling reduces the GHG emission contributions. In addition to this, 
urban farming and plantation contribute to a significant percentage of carbon sequestration. 
 Business as usual construction refers to a two-story load-bearing structure and the embodied energy 
and CO2 emissions number for the same have been retrieved from a paper published by Auroville Earth 
Institute: Kgco, C., & Stone, L. (2011). Embodied Energy of Various Materials and Technologies - Data and 
Summary - 1 Data and Summary - 2, 91(February), 2–5.

Learn Unplugged has 25% of the carbon emissions as compared to business as usual construction.

Figure 10 Methodology for carbon emission and embodied energy calculation.

Figure 11 Learn Unplugged carbon emission and embodied energy breakdown
Figure 12 Carbom emission and embodied energy 
comparison of BAU and Learn Unplugged
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b. Zero Water Discharge
 Learn Unplugged achieves Zero water discharge by collecting rain water, treating wastewater on site 
and implementing water efficient fixture. The rainwater is collected from the rooftop of the building and the 
hardscape area on site. The rainwater collected on the rooftop is treated to fulfill the demands of drinking 
water and other potable water requirements. The storm-water and the greywater is also filtered through the 
root zone treatment plant to fulfill the demands of flushing and irrigation. The blackwater is collected in the 
septic tank which is filtered and released to recharge the ground water. The harvested water and the recycled 
water satisfies the water demand of the occupants throughout the year. According to the typical rainfall of 
431mm, we are achieving 10% extra water which can be considered for resilience.
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c. Achievement of Programs and Standards

Living Building Challenge
The Living Building Challenge is an international sustainable building certification 
program created in 2006 by the non-profit International Living Future Institute. The 
project targets to achieve Living Certification by attaining imperatives like place, water, 
energy, occupant health, material, beauty and equity.

Advanced Energy Design Guide for K-12 School Buildings
This guide was developed by ASHRAE to provide guidance for the construction of net 
zero energy school buildings for students from kindergarten to twelfth grade (K–12). 
Our project “Learn Unplugged”  adheres to these guidelines.

Energy Conservation Building Code 2017
This code has minimum requirements for the energy-efficient design and construction 
of buildings in India. It also contains criteria for improved performance beyond the 
minimum requirements. Our project Learn Unplugged achieves the Super ECBC 
criteria by reducing the EUI by 65%. 

National Building Code 2016
The project complies with the National Building Code 2016 of India, which regulates 
the building construction activities across the country. It contains standards for fire safety, 
structural design for natural hazards, plumbing and electrical services, and landscape 
design.
  

ASHRAE Indoor Air Quality Standards
The project meets the WHO criteria for safe air quality standards and also complies with 
ASHRAE 62.1 to maintain ventilation for acceptable indoor air quality.

BEE Star Rating 
The energy efficiency labeling programs under Bureau of Energy Efficiency India, 
provides star ratings for appliances. The project complies with this program and  
incorporates appliances that are five-star rated and cost effective over the life cycle. 
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Petal Imperative Name Compliance Notes Achieved
Pl

ac
e

Limits to growth

The intent is to preserve prime farmland and existing biodiversity: 
In Jodhpur master plan, site is demarcated as institutional land use and has not 
been used for agricultural production at any time during the four years prior to the 
beginning of project development. There is no existing biodiversity on site. 

Urban agriculture

The intent is to establish tie between human and their nourishment source: 
The team integrated  10% of the site area for urban farming and orchard with the 
combination of the plant species which are the part of their traditional food culture 
responding to the land, climate and people. 

Habitat exchange
The intent is to donate space for habitat exchange:  
As we are a part of a student competition,  we will not be able to donate land. But to 
fulfill the intent we are providing 25% of the site area as a biodiversity reserve.

Human powered 
living

The intent is to reduce transportation-related environmental impacts and encourage 
human powered living: 
The team has designed secure and weather protected biking storage for 20% of the 
occupants to encourage biking. Bus service is provided for the students and visitors. 
Parking is designed in such a way that it restricts the car outside project boundary. 
Pedestrian routes are enhanced with landscape elements and weather protection.

W
at

er

Net positive water

The intent is to meet all water demand through rain water harvesting, on site waste 
water treatment and water efficient fixtures: 
Based on the typical annual rainfall, the project has met all  water demand on site and 
also achieved 10% extra for resilience.  

E
ne

rg
y

Net positive energy

The intent is to rely solely on renewable forms of energy:  
The project includes multiple energy conservation measures that reduces consumption 
by 65%.  Annual renewable energy  generated with PV panels will  exceed the annual 
energy consumption by 11%.

H
ea

lth
 +

 H
ap

pi
ne

ss

Civilized environment

The intent is to provide a direct connection to the outdoor environment: 
Project has achieved daylight autonomy of 300 lux in 100% area of the regularly 
occupied spaces. All spaces have achieved daylight factor greater than 2. All the 
workstations are located within 9m of operable windows and all the furniture, 
partitions are not more that 110 cm in height for the unobstructed line of sight. 

Healthy  Interior 
Environment

The intent is to improve health by reducing or eliminating indoor pollutants: 
The team has provided permanent dirt walk-off system at the building entrance to 
eliminate the pollutants entering the building. All products used in the interior are 
certified as green products by IGBC and GRIHA and complies with VOC content 
limit requirement. The  ventilation rates of the indoor spaces comply with ASHRAE 
62.1 standard with 1 ACH in VRF and above 10  ACH in areas served by evaporative 
cooling.

Biophilic environment

The intent is to promote designs that bridge the divide between natural and built 
environments: 
The project is designed to enhance human-nature relationships. Water body is used 
as a prime element to generate socio-cultural bonds, as a gathering point for children 
and to function as a water recharging system. The trees species are selected on the 
basis of their drought tolerance and deeply rooted in the food culture of Jodhpur.

d. Living Building Challenge
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M
at

er
ia

ls
Red list

The intent is to eliminate the use of products which have chemicals with the greatest 
impact on human health and ecosystem:
The team has eliminated all materials and chemicals that are mentioned in Red List 
provided in the imperative.  Materials used have recycled content and certified as 
green products by IGBC and GRIHA rating systems.

Embodied carbon 
footprint

The intent is to minimize embodied carbon through design as well as to offset project’s 
climate change related construction impacts:
The team has chosen low embodied energy construction materials and has reduced 
carbon emissions by 75% as compared to typical building construction. All the 
materials are procured within maximum of 700 km distance to reduce transportation 
emissions. Emissions resulting from energy production required for building  
operation have been offseted by on-site renewable power generation.

Responsible industry

The intent is to reduce the damaging environmental and social impacts related to 
industries that rely on natural resource extraction:
All woods used in project are specified as FSC (Forest Stewardship Council) certified 
and are to be purchased from Faith Lumber Private Limited.

Living economy 
sourcing

The intent is to support investment in local economies that stimulates local economic 
growth and minimizes environmental impacts associated with transportation of 
products:
All the materials are procured within maximum of 700 km distance to reduce 
transportation emissions. For wall assembly, CSEB blocks made on-site through 
excavated soil are being used, which help in reducing the transportation cost and uses 
local labor on site.

Net positive waste

The intent is to reduce environmental burdens from the manufacturing of materials and 
turn waste into a valuable resource through beneficial reuse:
The team aims to tackle the waste generated during the construction and site 
development phase by devising strategies to reduce, reuse and recycle. For this, an 
estimated quantity of waste was calculated and strategies were used for suitable 
diversion. Through all strategies project found the ways to integrate waste back into 
either an industrial or natural nutrient loop.

E
qu

ity

15 - Human scale + 
humane places

The intent is to create human scaled places that promote human interaction:
Complete project is designed as per the human scale design guidelines given in the 
imperative.

16 - Universal access 
to nature & place

The intent is to create places that are accessible to all:
The team has designed a barrier free project so that it was accessible to all. Also the 
project is designed in such a way so that it does not block the  sunlight of adjacent 
property nor creating shade on the rooftop  of development which shares a party 
wall. The project includes unisex bathroom for non-binary gender identity and mixed 
gender individuals.

17 - Equitable 
investment

The intent is to ensure that all private and for-profit projects contribute to the public good 
in an amount commensurate with the project expense:
Since it is a government funded project, it is exempted from this imperative.

18 - JUST 
organizations

The intent is to promote the business practices of organizations that support a responsible, 
equitable living future:
To achieve this imperative JUST label qualified project team member was required, 
and as a student design team we have not met this requirement.
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Be
au

ty
Beauty + spirit

The intent is to ensure that beautiful living buildings contribute to their communities’ 
sense of place, delighting and inspiring their occupants for generations to come:
The project contains design features intended for user delight and the celebration 
of culture. Teams has connected many aspects of the project to the local culture. 
Landscape, orchard, preserved land,  urban farming, water collection and treatment 
are all incorporated such that students  connect  with nature. They see and learn how 
these aspects work in a regenerative building.

Inspiration + 
education

The intent is to teach and encourage project occupants and visitors, as well as other design 
teams and the public, by providing explanatory information about the project through a 
variety of means:
As an educational building that integrates   the use of the environment, follows the 
concept of EBaLA and is regenerative, this project embodies this intent.  This will 
be enhanced further when the school administration arranges tours of the facility to 
educate the larger community about these values.  

a. Climate Constraint
Jodhpur is one of the hottest places in India. Heat waves are of major concern during peak summers. Dry 
bulb temperatures of  around 27 - 38 °C and can affect people’s health, especially children below 6 years. The 
temperature reaches 43°C in summers and  0.5°C in winters. The city receives 431 mm of annual rainfall  and 
occurs during June to September. Winds are of major concern in peak summer, that reach up to 12 m/s from 
South West direction. The dust carried along with the wind can affect the utilities and occupant’s health.
 As per IECC criteria, the hot and dry climate of Jodhpur is comparable to that of Phoenix, Arizona 
(AZ), USA (climate zone 2B). Jodhpur is located at a  latitude 26.16°N and longitude 73.01°E and at an 
altitude of 231m (758 ft) above sea level.  Table 2 gives a comparison of temperature and annual precipitation 
of Jodhpur and Phoenix.

Parameters Jodhpur, Rajasthan, India Phoenix, Arizona, USA
Average maximum and minimum 
temperatures °C

Maximum temp. = 43 
Minimum temp. = 0.5

Maximum temp. = 45
Minimum temp. = 2

Annual RH levels (%) 48.3% 34%
Solar radiation-Annual average (W/sq.m) 525 463
Average Wind speed (m/s) 2.08 2.9
Cooling Degree Days (CDD) 3110 2391

Table 1 Climate Parameters for Jodhpur and Phoenix

8. Design Constraints

Table 2 Comparison of Phoenix and Jodhpur as per IECC

* Data for annual mean temperature – TMY2 data for energyplus.net
** Source - (Kaur & Purohit, 2016) Rainfall Statics of India

Imperial Units SI Units
Pin < 0.44 * (TF-19.5) 
Where, TF (temperature in °F) = 81.68 
Annual precipitation (inches), Pin = 1.70 
= Pin < 0.44 * (TF-19.5) 
= 1.70 < 27.36 

Pcm < 2.0 * (TC+7) 
Where, TC (temperature in °C)* = 27.6
Annual precipitation (cm)**, Pcm = 43.11 
= Pcm < 2.0 * (TC +7) 
= 43.11 < 69.2 
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The school site is a part of the proposed 
Knowledge City in Jodhpur. Jheepasni, Gharab 
and Karwar are neighboring villages within 
4km of the site (Figure 13). The people in the 
villages are mostly farmers and shopkeepers. As 
of now, there is no local public transport and the 
neighborhood lacks basic community services. 
 The Indian Institute of Technology and 
National Institute of Fashion Technology are 
immediate neighbors. Some more institutes are 
proposed as part of the Knowledge City. Future 
development will increase the population in the 
neighborhood and will also result in future public 
transit and community service.  

Figure 14 Site Analysis

c. Neighborhood Constraint

b. Site Analysis
The site can be approached by a secondary road which is connected to the National Highway (Figure 14). 
Ground water level ranges between 20- 40 m below ground level and declines by 2m during peak summer. 
The site has a shallow slope and is lower than the surrounding areas, creating an opportunity to collect storm 
water. Top soil is dry sandy and lacks fertility. Soil below 3m is difficult to excavate. 
 There is sparse vegetation on site and the surrounding landscape is dominated by invasive plant species 
(Figure 15). The site is therefore exposed to high solar radiation, and experiences water runoff, soil erosion, 
and dust accumulation. Since there is no provision of public sewage lines, all the waste will be handled on site.

Figure 13 Site Neighborhood

Figure 15 Panoramic view of the site
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9. Design  Approach
Team Kill Bill ll is a unique culmination of professionals with design expertise and field experience in 
Architecture, Mechanical Engineering, Civil Engineering, Planning and Landscape. Most of them are a part 
of the Master of Technology in Building Energy Performance program at CEPT University. 
 We organized ourselves into groups, each with a focus area, and with cross membership by team 
members in the groups. During the design process, preliminary decisions were taken based on the research, 
and analysis, that included predesign energy, water and daylight simulations. Iterations were explored using 
various combinations of massing, form, building envelope systems, passive design strategies, and HVAC 
systems. The figure explains the timeline that was followed for the entire project.
 A Design Charrette was organized to exchange and develop new ideas amongst various teams 
working on different domains. This helped us in addressing and resolving various issues and making informed 
decisions. The performance of the design strategies were quantified through simulations. Within the Design 
Charrette structure, allowing each team member to contribute ideas and identify concerns related to each 
design issue maximized creativity and innovation. This approach enabled us to ensure that design issues were 
explored holistically. 
 Consistent communication between the team members, respect for team members’ specializations and 
expertise, and willingness to apply integrated collaboration methodologies, Kill Bill II managed to successfully 
achieve the project design goals.

Figure 16 Design process followed in 21 weeks

Figure 17 Design Charrette facilitated primarily by student team members
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1. Summary of results
The site was developed in 5 zones based the on functionality and proximity to the site entrance and 
interdisciplinary activities of each space with the another. The building blocks and spaces in the facility were 
designed and oriented such that longer facades face the north-south direction. The building construction was 
planned to maximize usage of local materials and make the building high performing, air-tight and thermally 
insulated with low embodied energy. The interior lighting was designed to minimize LPD to 4.5 W/m2 
and also does not compromise on the required illuminance levels as per NBC 2016. Further, the appliances 
used were selected based on their performance according to BEE appliance labeling in India. The EPD was 
reduced to 4.9 W/m2 by using the BEE star rated appliances and equipment. 

 Various ECMs were proposed over the baseline design to optimize and reduce the loads of the building. 
These ECMs included optimizing envelope and glazing performance, WWR,  daylighting and occupancy 
controls and reducing EPD by using efficient equipment. A variety of HVAC systems were explored through 
simulations before the final decision making. An Indirect and Direct Evaporative Cooling system (efficiency 
of 0.8) and VRF system (COP 4.2) based on iterative energy and financial analysis, which meets the loads and 
ensures proper IAQ according to WHO standards were proposed after detailed analysis. In addition to the 
HVAC systems proposed, fresh air supply into spaces were provided through two modes- natural ventilation 
and mechanical ventilation. For the natural ventilation mode, all the spaces were designed to operate on 
natural ventilation mode when outdoor conditions were favorable. This was validated by performing a water 
table apparatus experiment of the entire facility at site level to determine the optimum sizing, spacing and 
placement of windows in the project. This was also used for optimizing the space between different buildings 
in the school campus based on the air flow patterns. For the mechanical ventilation mode, the school is 
equipped with an HRV system for months that require air-conditioning. This was proposed to reduce the 
cooling loads acting on the HVAC system and simultaneously to provide fresh air to the spaces. 

With these strategies and proposals in place, an EUI of 14.04 kBtu/ft2/year is achieved with a total unmet 
hours of 189 and 0 in spaces cooled by evaporative cooling and VRF system respectively, most of which occurs 
in the month of October during 12pm to 2pm. The net site energy is 14.04 kBtu/ft2/year and the net source 
energy is 43.95 kBtu/ft2/year which is 26% and 31% lesser than the target EUI specified by the Advanced 
Energy Design guide for K-12 building respectively. This energy was offset by solar photovoltaics installed 
on site. The annual energy generation is 11% higher than the consumption of the school, which is also 6% 
higher than the requirements as per Living Building Challenge. The total capital cost of the project amounts 
to $2,217,588 (35% higher than BAU in India) and operating cost resulting to $173,603 (28% lower than 
BAU in India) with a payback of 11 years.

Section II: Design Parameters



22

Kill Bill ll

2. Predesign Analysis
Initially the team studied the climatic conditions using Climate Consultant, to understand the passive 
strategies that can be implemented in the design. This helped in developing permutations and combinations 
with the help of various parameters like orientation, window to wall ratio (WWR) and aspect ratio. The 
feasibility of these combinations was determined by carrying out a shoe box energy analysis. 
 A five zoned model was simulated for natural ventilation and the WWR was varied from 15% to 30%. 
According to the site constraints, different options for orientation and aspect ratio were determined. The 
simulations were carried out in DesignBuilder and the number of comfort hours was used as the governing 
performance parameter which lead to the selection of appropriate building geometry. The Business As Usual 
(BAU) building was simulated at various stages in the following manner to take design decisions.

Orientation WWR Aspect Ratio Comfortable hours

0°
Longer sides facing 
north and south

15

1:1 6152
1:2 6242
1:3 6248
2:3 6211

90°
longer sides facing 
east and west

1:1 6152
1:2 6001
1:3 5964
2:3 6068

45°
longer sides facing 
north east and south west

1:1 6085
1:2 6047
1:3 5921
2:3 6057

135°
longer sides facing 
north west and south east

1:1 6085
1:2 6061
1:3 6022
2:3 6082

Table 3 Predesign parametric analysis

N

According to the shoe box analysis in 
Table 3, longer sides facing north and 
south, 15% WWR and aspect ratio 
of 1:3 was the appropriate geometry 
for our site. It achieved the maximum 
number of comfortable hours of 6248. 
 This analysis was used by the 
architectural design team to develop 
the building footprint. All the zones 
followed the same configuration 
and were linked as per the required 
connectivity, as seeen in figure 18.

Figure 18 Zoning as per shoebox analysis
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The project aims to overcome the lacunae of the traditional school building environment. This is done by 
incorporating interactive and inspiring learning experiences through Environment and Building as a Learning 
Aid (E-BaLA). E-BaLA is an adoption and extension of a concept known as BaLA (Building as Learning 
Aid) that emerged in 1996-98. 
 E-BaLA targets at using the built infrastructure and landscape environment of the school as a tool 
to induce inquisitive and hands-on learning attitude amongst students, accentuating learning beyond the 
prescribed syllabus. It utilizes elements such as roof, floor, walls, pillars, staircases, windows, doors, ceilings, 
fans, trees, flowers, even rainwater falling on the building as a learning resource. 
 Built envelope is the most valuable physical asset of the school. Thus, providing multiple situations 
integrated with a play of elementals and materials to create a three-dimensional learning platform. The 
outdoor interactive spaces allow environmental learning and inculcates sensitivity towards nature, ecology 
and eco-systems. It enhances the immunity of young students and induces multiple sensory experiences 
which extends beyond the uni-sensoral textual learning.  

3. Architecture Design & Landscape
a. Concept: Environment and Building as a Learning Aid

Figure 19 View of the corridor of children learning experience E-BaLA

Figure 20 View of children using parapet wall as a learning aid
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b. Landscape Features
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The building was modeled in DesignBuilder, which is a 
graphical user interface to EnergyPlus. Several design decisions 
for energy conservation measures (ECM) required iterative 
analysis. The envelope construction, WWR, occupancy, 
lighting and equipment schedules were determined according 
to Kendriya Vidyalaya operation standards.  
 The schools in Jodhpur are not usually air-conditioned, 
but in order to achieve thermal comfort, cooling and heating has 
been provided in the base case. Figure 21 shows a comparison 
of the the annual energy consumption of the base case and 
Learn Unplugged and figure 22 shows the monthly breakdown 
of the energy consumption of the base case. The timeline shows 
the operational timings and days of the various spaces of the 
school. The school is functional for a total of 212 days in a year 
except the administration block and multipurpose hall.  

4. Energy Analysis
a. EUI Breakdown

Figure 21 Base Case and Learn Unplugged Annual 
Energy Consumption Comparison

Figure 23 Timeline showing occupancy, lighting, equipment and HVAC schedule for operating hours

Figure 24 Timeline showing operating days in an year. This does not include weekends and public holidays.

Figure 22 Base Case Monthly Energy Breakdown
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b. Energy Conservation Measures 

Refer Appendix 13 for specifications

No heating energy consumption
The insulation provided in the envelope and the window schedules trap the heat inside the 
school building. Hence heating is not required during the winter months from November 
to February.

Wall and roof assembly
The wall assembly comprises of CSEB and XPS insulation. CSEB is a low cost and low 
embodied energy material. XPS insulation has been provided to form an air sealed and air 
tight envelope. Cool roof with high Solar Reflective Index (SRI) paint and green roof has 
been proposed to reduce overall heat gain through the envelope.

Glazing
Low e coated Double Glass Unit having low SHGC and low U value has been provided to 
reduce radiative and conductive heat gains through the glazing. The glazing has been selected 
to maximise the daylighting in the building by optimising the Visual Light Transmittance 
(VLT). 

Window to wall ratio (WWR)
The overall Window to Wall Ratio (WWR) has been reduced from 40% to 17%. A optimum 
WWR has been provided to reduce the cooling energy consumption and achieve Daylight 
Autonomy (DA) of 91% inside the building.

Lighting Power Density (LPD)
The objective of this energy conservation measure is to enhance visual comfort and reduce 
the energy consumption. LPD has been reduced by 47% by providing low energy LED 
fixtures. 

Equipment Power Density (EPD)
The equipment power density has been reduced by 60% by selecting BEE star rated equipment 
and new technologies that minimize the energy consumption without compromising on 
the comfort of the occupants. 

Day Lighting Control
According to National Building Code 2016, the illuminance level required on the working 
plane i.e. the classroom desks is 300 lux. A stepped lighting control has been provided 
which regulates the lighting as per the day light received in the space to control the required 
illuminance level. This measure has reduced the lighting energy consumption by 43%.

Occupancy sensor and programmable timing lighting control
The lighting is regulated according to the occupancy of the space and can be programmed 
as per the schedules of the space to reduce the lighting energy consumption by 23%.

HVAC: Evaporative and VRF System
Indirect and Direct Evaporative Cooling (IDEC) significantly reduces the cooling energy 
consumption by 65% and provides comfort with the addition of fresh air. VRF system with 
DOAS and HRW have been provided to the spaces which will be affected by increased 
moisture content due to evaporative cooling.  
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c. EUI Comparison of Energy Conservation Measures

d. Compliance with Technical Feasibility K12 Schools

Figure 25 Energy use breakdown due to energy conservation measures

Figure 26 Compliance with Advanced Energy Design Guide for K-12 School Buildings
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146016

162671

0 40000 80000 120000 160000

Energy Consumption

Energy Generation

Energy (kWh/sq.m./year)

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Sum

Energy 
Consumption  

(kWh)
5479 7660 12628 12790 9676 13432 16695 15882 15212 15410 13254 7898 146016

Energy 
Generation 

(kWh)
14213 14142 15580 14559 14152 12187 11545 11424 13257 14613 12970 14029 162671

Difference 
between energy 

consumption and 
generation 

8734 6482 2952 1769 4476 -1245 -5150 -4458 -1955 -797 -284 6131 16655

 The annual energy 
consumption of the primary school 
is 146016 kWh/m2/year and energy 
generation due to PV panels is 162671 
kWh/m2/year. Learn Unplugged is 
able to generate 11% of excess energy 
that is more than the Living Building 
Challenge requirement of 5%.

e. Net-Zero energy breakdown
The energy is being generated 
by the Photo Voltaic panels 
located on the roof top of 
the multipurpose hall and 
parking lots. 
 Consumption is low 
during the winter months 
since there is no cooling 
energy use. The energy 
generation is low during the 
monsoon months of June 
to September due to cloud 
cover.
 The energy 
consumption is higher 
than the energy generation 
during the months of June 
to November. Whereas the 
energy generation is higher 
than the energy consumption 
during the months of January to May and December. Hence the surplus energy of 30545 kWh being 
generated in these months will be utilized during the months of June to November. 13890 kWh of energy is 
utilized during these months. 16655 kWh of excess energy is produced on site. Hence the figure 27 and table 
4 explains the breakdown of energy consumption and generation. 

Table 4 Net positive energy monthly breakdown

Figure 28 Net positive annual energy 

Figure 27 Energy Analysis of Learn Unplugged 
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5. Daylighting
Initial design decisions were taken using daylighting rules of thumb. These were further assessed by carrying 
out simulations in LightStanza with the Radiance engine. The results of these simulations were incorporated 
in the architectural design. The building was oriented such that the longer facades face the north-south 
direction. This orientation consistently harnesses daylight, eliminates glare from rising/setting sun and 
reduces direct solar radiation. The windows on the southern facade are shaded by the corridors on the south. 
The classrooms were designed such that most of the daylighting requirements are achieved through clerestory 
windows. The window sizes were optimized to reduce the  Window to Wall Ratio (WWR) and Window to 
Floor Ratio (WFR). 
 The floor slab of the corridor on the southern side has been integrated with the shading device. This 
removed the need of the shading device exclusively for the window. The surface reflectance have been selected 
to maximize daylighting in the space. Glass having VLT of 59%, ceiling and wall having reflectance of 90% & 
70% respectively have been provided. The distance between the two buildings has been determined such that 
it does not hinder daylight. Daylighting controls have been incorporated with electric lighting as an ECM. 
DA300lux >90% with uniformity ratio as 97% has been achieved for most of the spaces during the occupied 
hours from 8am to 6pm (Figure 29 and 30). All of these daylighting measures help in reducing the lighting 
energy consumption of Learn Unplugged. 

Figure 29 Typical classroom daylight section

Figure 30 Plan showing daylight autonomy (DA) distribution in typical classroom

Classrooms Library MPH
DA>300lux 91.46% 93.76% 91.49%

cDA>300lux 93.81% 95.18% 94.18%
ASE1000lux, 250 hrs 0 0% 0%

Table 5 Daylight summary for different spaces

DA>300lux
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6. Building Envelope
a. Envelope Overview
Building envelope developed for Learn Unplugged is 
high performance, air-tight, free from condensation 
and thermally insulated. The envelope is designed to be 
durable, low cost and feasible to construct using locally 
available construction technology. Special attention 
has been taken to avoid thermal bridging.

Wall Construction
Compressed Stabilized Earth Blocks (CSEB) consume 11 

times less energy and are 13 times less polluting than 
country fired bricks.

 Compressed stabilized earth block used in wall 
assembly (Figure 31) is a low cost material customized 
as per required structural strength for Learn Unplugged. 
Semi-industrialized CSEB blocks  measuring 240mm 
x 240mm x 90mm will be produced on site by 
motorized presses. They are of high quality, durable 
and cost 15-20% less than the wire cut fired bricks 
or energy-intensive industrialized cement blocks. The 
blockwork acts as thermal mass by dampening the 
peak conditioning loads or temperature variations that 
occur due to extremely variable solar heat gains. 

 Extruded Polystyrene insulation boards have 
been used as a continuous layer (Figure 31) over all 
exterior wall surfaces and the roof of the building 
envelope on the outer side (Figure 34 and 35)to form 
an air-sealed and insulated envelope. The interlocked 
insulation boards have been secured in place using 
compatible adhesive and plastic nails with fasteners to 
avoid thermal bridging. 
 Further, the joints are sealed with foam joint 
tape. The compressive strength of XPS boards used 
is 300 kPa (0.3 N/mm2). Vapor barrier and water 
proofing course have been given to control moisture 
transfer. The insulation has been extended below grade 
up to plinth beam level. 

Figure 31 Source: First step First press - Made In Earth. (n.d.). 
Retrieved from: https://madeinearth.in/2015/01/first-step-first-
press/

Figure 32 Typical exterior wall assembly

Figure 33 Typical interior wall assembly

U-Value - W/m2.K (Btu/hr-ft2.F)
Exterior Wall 0.89 (0.15)

Floor 3.71 (0.65)
Roof 0.40 (0.07)

Green Roof 0.37 (0.06)

Soil composition for cement stabilization
Gravel 15%

Sand 50%
Silt 15%

Clay 20%
Cement Stabilization 5%

Table 6 Summary of envelope components

Table 7 CSEB Characteristics
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Cool roof and Green roof
High SRI (122) roof paint has been used as a finishing material (Figure 34) in the roof assembly. It has high 
emissivity and is effective in reducing surface temperature by 14°C. Green roof (Figure 35) is proposed as a 
passive strategy to mitigate site level urban heat island effect and for terrace farming. 

Doors and glazing 
 Highly efficient window glazing (Figure 36) with low 
U-value, SHGC and high VLT values and complying with ECBC 
has been proposed. Double glazed unit with low-e coating has been 
fixed in an UPVC frame with thermal break. Doors are 180° swivel 
type, fixed in an UPVC frame with thermal break. (Figure 37)

Figure 34 Typical roof assembly Figure 35 Green roof assembly

Figure 36 Glazing assembly Figure 37 Door assembly

Glazing
U-Value - W/m2.K (Btu/hr-ft2.F) 1.5 (0.26)

SHGC 0.32
VLT 0.59

b. Condensation Analysis

Figure 38 Worst case scenario for wall Figure 39 Worst case scenario for roof

The condensation analysis 
of the wall and roof is 
done under maintained 
temperature and the 
results shown is for the 
worst month i.e., January. 
The structure is free of 
surface and interstitial 
condensation. The dew 
point conditions are not 
achieved at any point. 
However, vapor barriers 
have been provided to 
avoid moisture transfer and 
any mold growth.

Table 8 Glazing specifications
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7. Constructibility
a. Construction detailing according to Indian context
Construction practices and efficient management are important to ensure that the implementation of the 
project is carried out within the estimated cost and planned period. This is to be of required quality and 
durability and done in a safe and sustainable manner.
 The constructibility strategy for Learn Unplugged has been developed keeping in mind the structural 
loads, disaster resistance and availability of technology and workers, both skilled and unskilled in the Indian 
context. A combination of traditional (CSEB) and industrial prefabricated products (doors and glazing units, 
insulation and air/vapor barrier installation) developed and practiced in India (Figure 40) have been used to 
incorporate traditional knowledge and skills as well as the industrial expertise to develop a stable and energy 
efficient structural system.

Figure 40 Construction practices used in Learn Unplugged

Figure 41 Construction schedule
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8. Interior Design, Lighting and Appliances
a. Classroom Interior Details

The pre-primary classes have designated spaces which are distributed subject wise. The students of the pre-
primary have 4 subjects in their syllabus viz. Language 1- English, Language 2- Hindi, Ecology, and Maths.
 Each of the four subjects have their independent space. The spaces are arranged and designed to match 
the exact purpose of the subject. The spaces are dedicated to the environment of the subject, making a small 
zone of itself. This will help the kids to associate with the subject and space. According to a few studies, it is 
necessary to make children at this age to start associating with the spaces they are learning within. And with 
multiple subjects being taught in the same space, may interrupt their thought of association. Hence specific 
subjects have been assigned to each zone.
 The furniture is designed such that learning becomes self-indulging and interesting, and that makes 
a difference in the child’s learning experience. Tangram furniture has an ability to be shifted and rearranged 
to make shapes and seating spaces that will have unique experiences and situations with innumerable 
combinations, allowing for open-ended arrangement each time.
 The interior furniture is designed of certified wood, a non-conducting material allowing the user to 
relate to its temperature and make a comfortable as well as cosy interface. The walls are painted with high 
reflectance value paints having low VOC levels suiting the standards expected in LBC and are explained 
later in the report in detail. The floorings are done of Kota stone slabs, a material that is locally available and 
provides textural comfort with contextual tactile understanding in the students.
  The materials chosen for the interiors are majorly locally sourced reducing on the embodied energy 
and reduced costs included in production, labor, procurement and transport.

Figure 42 Varying furniture layouts as per the Tangram concept 

Shark Goose Camel Boat

Figure 43 Interior view of the pre-primary classroom



34

Kill Bill ll

b. Lighting Design Approach and Performance
Guidelines
For India, lighting requirements are available in NBC (Bureau of Indian Standards, 2016) and ECBC (Bureau 
of Energy Efficiency, 2017). NBC has minimum illuminance levels, for task area is recommended as three 
successive ranges, 200-300-500 lux for classroom. 
 ECBC contains requirements for LPD having minimum requirement as 11.2 W/m2, occupancy and 
scheduled lighting controls, as well as zoning of lighting circuits for daylight responsive controls.

Design Intent 
•	 Reduce contrast and improve Room Cavity Ratio by keeping surface reflectance of ceiling at 90%, 
wall at 70% and floor at 30%.
•	 Achieve task area illuminance level of 200 lux 
•	 Minimum luminous efficacy of 129 lumen/watt. 
•	 Reduce LPD

Proposal
•	 Luminaires installed, for ambient lighting direct/indirect luminaire (Model no: Philips Lighting - 
SP402P PSU W31L125 1 xLED 50S/840) suspended at 2.43 m from ceiling. 
•	 Specifying a wide luminous distribution and laying out the luminaries appropriately to remove hot 
spots on the ceiling and provide better uniformity.
•	 Luminaires are parallel to the window and are suspended approximately 2.43 m for each row.

Results 
Figure 44 illustrates the Learn Unplugged classroom case. The proposed luminaires for the space are direct/
indirect lighting. Usage of energy efficient luminaries of 46W helps to bring the LPD to 4.5 W/m2.

Figure 44 Candlepower 
distribution curves for direct 
and indirect luminaires

Figure 45 Illuminance distribution plan for typical 
classroom

Figure 46 Interior view of the classroom 
showing the illuminance achieved by 
artificial lighting

Lighting Deatils
Type: Direct/Indirect Lighting
Mounting Height: 2.43m (8ft)
Workplane Height: 0.75m (2.46ft)
Min/Average Ratio: 0.51
Luminous Efficacy: 108.6 lm/W
Maximum Achieved: 376 lux
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c. Appliance selection 

The intent while selecting the appliance was to minimize the energy consumption by implementing new 
technologies without compromising on the comfort of the occupants. Due to unavailability of Energy Star 
program in India, we followed an alternative program introduced by the Government of India, the Bureau 
of Energy Efficiency (BEE) star label program for the selection of appliance. The BEE labels and rates the 
appliance after inspection according to their performance. The appliances are rated from 1 to 5 stars, 1 being 
the least energy efficient and 5 being the most energy efficient. 
 The cost of appliances 
and its power consumption was 
compared to the BAU scenario. 
The payback period from the 
savings by switching to BEE star 
rated appliance from conventional 
appliance was calculated. The 
equipment power density (EPD) 
was reduced from 12 W/m2 to 
4.9W/m2 by using BEE star rated 
and new technology equipments. 
This helped in reducing the 
equipment power consumption by 
60% as observed in figure 46.

Refrigerator
Godrej GVR 99 Lite

Power consumption: 120W

Printer/scanner
HP M1005

Power consumption: 230W

LED TV
Videocon 

Power consumption: 50W

Exhaust fans
Havells 230 mm Ventilair 
Power consumption: 40W

Speakers
Ahuja PS-300T

Power consumption: 15W

WiFi Routers
TP-Link TL-MR3420
Power consumption: 7W

Fans
Superfan MA1S

Power consumption: 35W

Computers
Lenovo 310S-08IAP

Power consumption: 65W

Projector
Epson EB-S31

Power consumption: 316W

Med. Referigerator
Godrej GVR 99 Lite

Power consumption: 120W

Microwave
Bajaj MTBX 2016

Power consumption: 1200W

Water purifier
Ozean SDL381766856

Power consumption: 60W

Equipment used
Figure 47 Graph representing Equipment Power Density Comparison
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The Evaporative cooler adds moisture to cool the air, resulting in elevated moisture levels during the monsoons. 
Relative Humidity levels of 55-75% are considered to be comfortable. Thus, it can be operated in direct mode 
(passive cooling) or indirect mode (active cooling) based on the indoor RH levels. Hence Indirect and Direct 
Evaporative Cooling (IDEC) has been used which has a 120% wet bulb effectiveness in the summer months. 
 Iterative energy and financial analysis was done to choose the appropriate system. Cooling loads  and
ventilation standards were referred from 
ASHRAE fundamentals 2013 and 
ASHRAE 62.1 respectively. VRF and IDEC 
are two equally good Energy Conservation 
Measures. VRF has a greater capacity to 
provide comfort while IDEC in lower energy 
consumption system. The combination 
of both resulted in lower EUI providing 
maximum comfort and reducing the energy 
and water consumption.

9. Mechanical Systems
The project focuses on space conditioning primarily to provide thermal comfort and fresh air. This paved the 
way to choose a combined active and passive low energy cooling system – IDEC (Indirect direct evaporative 
cooler) and Variable Refrigerant Flow (VRF) systems with Dedicated Outdoor Air System (DOAS) and 
Heat Recovery Ventilator (HRV). The IDEC has been installed for the classrooms. The VRF system is used 
to condition the computer lab, library, administration block and multipurpose hall which are affected by high 
Relative Humidity levels caused due to evaporative cooling. 
 The process started with the comfort analysis using the Indian Model for Adaptive thermal Comfort 
(IMAC), specified in the NBC, India. The adaptive thermal comfort model of Jodhpur has a comfort range of 
20 -30 °C, with 182 comfortable operating hours through natural ventilation. Hence the building is designed 
to operate in the mixed mode condition, by optimizing the schedule based on outdoor dry bulb temperature, 
RH level and wind velocity, resulting in lower energy demand.
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Figure 48 Operative temperature compliance with NBC MM Band

Table 9 Schedule of operations for various HVAC Systems

Figure 49 Comparison between base case, Evaporative cooler, VRF  and 
Hybrid system

Schedule of operations
Months Jan Feb Mar - Apr May - Oct Nov Dec

Natural Ventilation 5%-15% windows open 5%
Daikin VRF + DOAS +  HRV VRF System

HMX Evaporative cooler 20% CFM 100% CFM with 50% windows open 20% CFM

Decrease 
in EUI

Increase in 
investment
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y = 5.4996x - 16.782
R² = 0.9423
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The VRF + DOAS + 
HRV and IDEC systems 
in combination provides 
COP of 5.4, which is higher 
than the individual COP 
of system, making it more 
energy efficient.

Learn unplugged is served by 40,000 CFM HMX IDEC and 61TR VRF system with DOAS and Heat 
Recovery, which are connected to the spaces through insulated circular ducts with diameter ranging between 
300mm to 500mm. Circular ducts having a static pressure of 0.07” of WG, with optimized blowers spacing 
causes mixing of air in the conditioned space. Spaces conditioned by VRF have an air tightness of 0.25 CFM/
ft2  of total envelope surface area and spaces served by evaporative cooler have operable windows to cater the 
incremental pressure developed in the spaces due to high CFM. Higher CFM is experienced when dry bulb 
temperatures are ranging from 18 to 24 °C. So blowing larger volumes of air can drop the temperature to the 
required comfort temperatures in case of IDEC systems. 

Figure 50 Coefficient of performance

Figure 51 3-dimensional view of the HVAC ducting in classrrom area
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10. Ventilation
a. Natural Ventilation

b. Mechanical Ventilation
 External fresh air is an essential requirement to maintain health and wellbeing of the occupants, 
but inlet of fresh air results in increase of cooling load. DOAS with Heat Recovery can solve this issue by 
transferring the heat from inlet fresh air to the cooler exhaust air, through cross flow mechanism, without any 
actual mixing of fresh and return air. The inlet fresh air has a temperature drop (ΔT), ranging between 5-9 °C, 
depending on the outdoor DBT, reducing the load on VRF systems. The recovered heat energy varies between 
10-30% of the total cooling load during various months of the year. For classrooms the HMX IDCE systems 
itself acts as 100% fresh air ventilation system. In addition to the evaporative cooler, ceiling fans can provide 
an addition cooling of 1.5-2  °C to the spaces when operated with the evaporative cooler. The ACH of spaces  
served by evaporative cooler is greater than 10, while the ones served by VRF complies ASHRAE Standards 
Ventilation rates with ACH of 1.

 Air movements are assessed for identifying outdoor comfort spaces, wind screens and buffers to block 
hot and dry winds, negative and positive wind flow spaces that improves cross ventilation through the building. 
Water table apparatus was used to simulate air movement to understand air flow patterns and visualize the 
performance of natural ventilation in and around the building form. This helped us to determine the building 
block distribution on site and window positions sizing and spacing along the north and south facade.

Figure 52 Heat recovered by HRV

Figure 53 Natural Ventilation design was analysed by performing a water table experiment
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11. Indoor Air Quality

12. Electrical System

Air quality in Jodhpur does not comply with PM2.5 and PM10 for WHO standards and Living Building 
Challenge. HEPA filter with filtration capacity of 0.5 – 2 μg/m3 are used to remove the indoor pollutants. 
In addition to the filters, indoor finishes are selected based on low VOC content and formaldehyde free 
wood materials. Each HMX IDEC unit 
has two numbers of 610mm x 610mm x 
50mm HEPA filters attached to its fresh 
air inlet. In case of VRF systems, HEPA 
filters are fixed to the fresh air supply inlet 
prior to HRW on the DOAS.

The electrical layout of Learn Unplugged is designed in a way to facilitate data logging, control and 
monitoring. The HVAC systems and zone level ON/OFF are connected to a central controller and time 
switch respectively. They can be programed or operated manually. The end use electricity of lighting, HVAC, 
fans, plug loads, solar PV are connected to sub meters, which are deployed inside a facility to provide data 
from various measuring points. Net metering is provided to account the credits of solar PV generation against 
the energy consumed for various end uses. Thus, the facility is integrated with an energy monitoring system 
to ensure if the energy goals are met. They also aid in recommissioning. As per market standards, about 15% 
of the energy can be saved through recommissioning of the facility during its operations life, as the mode and 
schedule of operations tend to change with time.

Low VOC paints
< 5 g/l

Low VOC adhesive Green certified gypsum board Airmagik HEPA filter

Figure 54 Finishes with low VOC content

Figure 55 Schematic layout for energy monitoring system

WHO Standards LBC Compliance Jodhpur
PM 2.5(μg/m3) 20 30 223.1
PM 10 (μg/m3) 10 12 97.83

Table 10 Particulate matter in Jodhpur
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13. Plumbing Systems

For India, plumbing service requirements are stated in NBC 2016 and Uniform Plumbing Code (UPC). They 
state the baseline flow rates for plumbing fixtures in different building types. 
 Learn Unplugged aims to achieve a net positive water use, for which one of the strategy followed was 
the usage of low flow rate fixtures. Firstly we studied the water requirements per capita i.e. 45 litres (NBC 
2016) for domestic uses. Later based on Uniform Plumbing Code(UPC)-India, we did a base line flow rate 
for plumbing fixtures, which have been compared to the fictures used in Learn Unplugged. 
 For Learn Unplugged we have selected fixtures based on the market study which are of low flow rate 
at the same time economically viable. By using the low flow fixtures, we are getting a savings of 40% from 
regular conventional plumbing system. The fixtures selected are as follows:

a. Indian Scenario

Water closets
Hindware
1 Flush 
Flow rate- 4/2

Health Facuets
Brand: ECO -365
Duration- 0.25 mins
Flow  rate-6

Aerator for faucets
Flow Rate: 2 to 8 L/M*
Flow Type: Foam/Bubble
Size: 24 mm Ext. thread

Urinals
Hindware
1 Flush
Flow rate- 2

Kitchen Faucets
ECO -367
0.25 mins
Flow rate-3

Figure 56 List of plumbing fixtures used

Figure 57 Comparison of base case and Learn Unplugged water consumption
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b. Root Zone Treatment

c. Rain water harvesting system

 The greywater generated from the wash basin and faucets is 17kgal/year and to achieve the water 
demands, they are recycled on site. The greywater generated is discharged into the root zone system for 
recycling. This system consists of anaerobic baffled reactor and filter, where grey water is purified and sent to 
the wetland created on site. The anaerobic baffled reactor is a sedimentation tank where the sludge sediments 
and treated water is discharged into the anaerobic filter. The anaerobic filter consists of cinder filter material 
which filters the water and is sent to the wetland. The water is again treated in the wetland by water resistant 
reed plants like canna lilies and provides oxygen to the passing water. The clean water is collected at the non-
potable water tank and is used to fulfil the demands for irrigation and flushing purposes.

Figure 58 Schematic representing root zone treatment adopted at Learn Unplugged

The annual rainfall in Jodhpur is around 431mm and 
maximum amount of rainwater is collected in the months 
of July and August. This water collected during these 
months leaves a surplus amount of water for the following 
months.
 During the rainy season, the water is collected from 
the roof top of the school building having a catchment 
area of 2779m². This collected water (300kgal/year) passes 
through the down take water pipes to the treatment plant 
and is stored in the potable water tank. Before entering 
the potable water tank, the water passes through gravel, sand, mesh filters to remove silt, dust, leaves and 
other organic matter. The water is used to fulfil the demands of drinking water and other potable water 
requirements. In order to provide safe drinking water, a “Reverse Osmosis Filtration System” is installed, 
which filters and reduces the total dissolved solids (TDS) in water.
 The pedestrian, parking space and driveways are designed with permeable concrete surfaces so that 
water percolates into the sub-grade. This storm water (765kgal/year) collected through the perforated pipes 
in the sub-grade are channelled for treatment into the constructed wetland and discharged to the connected 
non portable water tank through the pipes. 
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The Kendriya Vidyalaya schools 
are funded through government 
grants for capital and operating 
costs.  Our analysis showed that 
the grants are inadequate to 
support the operations of a typical, 
BAU school. This would force the 
school administration to defer 
maintenance and replacement 
of building elements in to the 
future, resulting in sub-standard 
educational infrastructure.  These 
conclusions are confirmed by the 
quality of government institutional 
buildings in India (see figure 57).  
Therefore, we propose a school 
with financial model that avoids 
this problem.  
 As a result of the energy and 
water design, the proposed design 
for Learn Unplugged costs 35% 
more than a BAU school building. 
However, the propose design has 
significant reduction in energy 
and water bills, and also delivers 
better IAQ, an interactive learning 
experience, and a regenerative 
landscape design. Learn Unplugged 
has a much higher value for 
pedagogy.  We enhance the facility as community resource 
by renting the multipurpose hall during weekends and 
vacation months to be used for events and marriage 
functions.  The urban farming provides a local food 
resource to the community while generating additional 
revenue for the school.  Standard maintenance costs 
for such a facility include $1.5 per ft2  annual operating 
costs and $5per ft2  in replacement costs.  In our financial 
modeling, the base case building has to live with 20% 
reduction in O&M and replacement budget compared 
to these values, but the Learn Unplugged can sustain 
20% higher maintenance budget for the proposed design 
due its reduced utility bills and additional revenue.   
 These strategies reduce the annual operations cost by 20.84% compared to the base case, resulting in a 
return on invested capital (ROIC) of 5.4% over a 20-year period. We are able to provide a higher asset value 
for the government, higher quality educational facility, higher value-add to the community, and a balanced 
operations budget that can be sustained with adequate funds required for maintaining the facility in to the 
future.  
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14. Finance

Figure 59 Cost comparison of base case and Learn Unplugged

Figure 60 Capital cost comparison for base case and Learn Unplugged

Figure 61 Typical KV buildings in India
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15. Innovation
Consumers are the Producers; It is an innovative approach to see students as not just the 

consumers but as the potential producers.
Hybrid tile
 We are using piezoelectric tiles that convert the energy of a footstep into electricity, which is either 
stored in a battery or fed directly to devices. A foot stomp that depresses a single tile by five millimeters 
produces between one and seven watts.  We would install these energy tiles for 46.8 m2 in multipurpose hall 
that will convert the kinetic energy into electrical energy hence demonstrating that consumers (students) are 
producers. This will be displayed by LED lights.

Use of Compressed Stabilized Earth Block (CSEB)
 The excavated earth from the site is sieved and moistened. 5% cement is then added to soil so as to 
provide cohesion and add stability to the block. The cement and earth mixture is poured in the custom made 
mold. It is then compressed at calculated pressure to attain required compressive strength with mechanically 
operated press machine to obtain the earth block. The obtained blocks are then sun-dried for 28 days to 
remove the moisture content from the blocks. Standard testing procedures of the blocks are performed on 
site so as to check the compressive strength, conductivity, density, water absorptivity etc. Since this product 
is made on site the associated embodied energy is very less. Also it is biodegradable & cost effective as it is 
made from the locally available material with local labor. It has been integrated with XPS insulation to form 
high performance wall and roof assembly with optimum thermal mass and low conductivity.

Figure 62 Section and View of activity area with hybrid tile

Figure 63 Stabilized earth mixture in 
mold press machine

The above images have been retrieved from: Kgco, C., & Stone, L. (2011). Embodied Energy of Various Materials and Technologies - Data 
and Summary - 1 Data and Summary - 2, 91(February), 2–5.

Figure 64 Ready CSEB for initial curing Figure 65 Dried CSEB
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16. Construction Waste Management Plan

17. Operation Waste Management Plan
Waste management during building operation phase is an important aspect of the health of the building and 
its occupants. The philosophy behind waste management is to reduce, reuse and recycle. Student participation 
is encouraged at Learn Unplugged philosophy as part of ‘Swach Bharat(Clean India)’ –a nationwide initiative 
by the Indian government. Infrastructure supports students in keeping surroundings clean, use appropriate 
dustbins and make manure out of organic waste by composting.

Figure 66 Schematic for construction waste management strategy for Learn Unplugged

Figure 67 Schematic for operational waste segregation strategy

Learn Unplugged aims to tackle the wastes generated as part of construction and site development phase 
by devising strategies to reduce, reuse and recycle. For this, an estimated quantity of wastes is calculated and 
following strategies are proposed for suitable diversion

Building Block

Metal

Wood

Paper

Cardboardbox
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Figure 68 Pathway leading to the academic block through the orchards

Figure 69 Entrance to the main plaza

Section III: Appendices
1. Design Renders
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Figure 70 View of the cafeteria overlooking the vertical trellis

Figure 71 View overlooking the classrooms from the stepped tank
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Figure 72 View overlooking the urban farm from the canteen

Figure 73 Pathway through the wild grove
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Figure 74 Classroom corridor overlooking the stepped tank

Figure 75 Corridor connecting the classrooms and cafeteria
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Figure 76 Aerial view of Learn Unplugged

Figure 77 View from the stepped tank towards the classrooms
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Figure 78 Outside the primary wing

Figure 79 Shaded entrance connecting the nursery to the main building
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1. Landscape Site Plan
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2. Architectural Site Plan 
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3. First Floor Plan
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4. Classroom cluster plan with cafeteria
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5. Administration area and multipurpose hall
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6. Site sections
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7. Elevations
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8. Construction Details

Figure 80 Sectional detail of Northern classroom wall

Figure 81 Roof to wall detail

Figure 82 Window Lintel detail

Figure 83 First floor slab to wall detail

Figure 84 Ground Floor to Wall detail
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9. HVAC Ducting Layout
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10. Electrical Layout

MSB

DB

Number of 

fixtures used
Zone Name Type of Lighting

Luminaire 

Efficacy (lm/W) 

Average illuminance 

(lx)

Total Power 

(W)

LPD 

(W/m²)

6 Admin office
Philips Lighting - SP402P PSU 

W31L125 1 xLED50S/840
Pendant 108.7 308 276 4.66

9 Kindergarten
Philips Lighting - SP402P PSU 

W31L125 1 xLED50S/840
Pendant 108.7 272 414 4.32

9 Library 
Philips Lighting - TPS760 2xTL5-

25W HFP ND AC-MLO_840
Pendant 108.7 297 276 3.66

74 Multipurpose
Philips Lighting - SP400P POE 

W60L60 1 xLED36S/840
Pendant 326 108.7 4070 5.11

2.4M

2.4M

0.7M

2.4M

0.9M

0.6M

C

2.1M

MSB

Symbol

1.0M

1.0M

1.2M

S.no.

2 Distribution board

4

6

5

Switch board3

Socket- 15 amps

Socket- 5amps

1.5M1 Meter switch board (msb)

DESCRIPTION

@ ceiling

7

Tv  point

 Telephone point

Flourescent lamp

Exhaust fan

Computer point

Buzzer

T.V

Electrical legend

Ceiling mounted fan

DB

Height from FFL

88

9

10

11

12

Philips Lighng - SP402P PSU W31L125 1 xLED 50S/840

Philips Lighng - TPS760 2xTL5-25W HFP ND AC-MLO_840

Philips Lighng - SP400P POE W60L60 1 xLED36S/840

Daikin intelligent touch controller

Central HVAC control unit
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11. Electrical Layout of Photo-voltaic Panels on Multipurpose Hall
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12. Plumbing Layout

Grey water supply from OHT
Grey water return to treatment plant 
Black water to treatment plant 
Domestic water supply from OHT
Potable water supply line from OHT

Key Plan

Water distribution in toilet 

Domest ic  water  and t reated grey  water  are 
supplied to bathroom. Grey water is then sent
to treatment plant and black water is sent to STP. 
Harvested water is treated and used for dinking purposes 



63

Kill Bill ll

13. Energy conservation measure cost benefit analysis
Energy 

Conservation 
Measure

Description Comparison Parameters Annual 
Savings

Total 
Incremental 

Cost

Payback 
Period 

USD USD years

1 No Heating
Heating on  2,330 kWh (7,950,290 Btu)
Heating off N/A 559 -325246 N/A

2 Wall and Roof 
assembly

Wall: 0.98” external plaster + 
9” stone wall + 0.59” internal 
plaster 
Roof: 0.4” tile + 0.5” plaster + 6” 
RCC slab + 0.59” internal plaster

Wall U value: 1.89 W/m2K 
(0.32 Btu/hr ft2.F) 
Roof U value: 3.99 W/m2K 
(0.67 Btu/hr ft2F)

Wall: 0.98” external plaster + 
0.98” XPS + 9.44” CSEB + 0.59” 
internal plaster    
Roof: 0.98” external plaster + 
0.98” XPS + 7.87” RCC slab + 
0.59” internal plaster   

Wall U value: 0.89 W/m2K 
(0.15 Btu/hr ft2F) 
Roof U value: 0.40 W/m2K 
(0.07 Btu/hr ft2F)

1119 -392749 N/A

3 Glazing assembly

Single glazing U value

U value:  5.78 W/m2k ( 1 
Btu/hr ft2F) 
SHGC: 0.82 
VLT: 0.88

Low e coated double glass unit

U value: 1.5 W/m2K (0.26 
Btu/hr ft2F) 
SHGC: 0.32 
VLT: 0.59

559 10963 19.6

4 Window to Wall 
Ratio (WWR)

Overall for base case 40%
Overall for propsed case 17% 2931

5 Lighting Power 
Density (LPD)

Compact Fluorescent Lamp 
(CFL) 8.48 W/m2 ( 2.68 Btu/hr.ft2)

Light Emitting Diode (LED) 4.5 W/m2 ( 1.42 Btu/hr.ft2) 7588 28555 3.8

6 Equipment Power 
Density (EPD)

12 W/m2 ( 3.8 Btu/hr.ft2)
4.9 W/m2 (1.55 Btu/hr.ft2) 12796 34658 2.7

7 DayLighting Control
N/A N/A

Stepped control at working 
plane of 0.5m 5 stepped control 4120 376 0.1

8

Occupancy sensor 
and programmable 

timing lighting 
control

N/A N/A

Reducting in lighting energy 
consumption 15% reduction 1138 2626 2.3

9 HVAC Evaporative 
and VRF System

Hi wall split units COP- 3

HMX Indirect Direct Evaporatice 
Cooler (IDEC) 
Daikin Variable Refrigerant Flow 
(VRF)

IDEC: Efficiency - 0.8 
IDEC: Wet bulb effectiveness 
- 120% 
VRF: COP - 4.2

14168 58947 4.2
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14. Financial Summary

Line items

Per sq. 
ft. rate in 
INR as per 

ISOR

Per sq ft 
rate in 

USD as per 
ISOR

Learn 
Unplugged 

Estimate Total 
(INR)

Learn 
Unplugged 
Estimate 

Total (USD)

Justification/Notes 
(Required for values 
different than ISOR 

Estimate)

1
General Requirements: 
Contractor Fees 
(GC,Overhead,Profit)

10% 10%  ₹ 12,742,717  $195,681 

2

General Requirements: 
Architectural excluding 
landscape and interior 
work

2.5% 3%  ₹ 1,974,235  $30,317 https://goo.gl/TuJEuj

3 General Requirements: 
landscape work 7.5% 8%  ₹ 1,429,647  $21,954 https://goo.gl/tWkDFr

4 General Requirements: 
interior work 7.5% 8%  ₹ 835,548  $12,831 https://goo.gl/uQur4x

Civil Works
1 Site cleaning ₹ 1.36 $0.021  ₹ 51,935  $798 https://goo.gl/6EZVSv

2 Earth excavation for 
foundation ₹ 6.01 $0.092  ₹ 228,780  $3,513 

3 Anti termite treatment ₹ 0.28 $0.004  ₹ 10,850  $167 

4 Barricading work for 
trenches ₹ 1.56 $0.024  ₹ 59,288  $910 

5 Isolated footings ₹ 147.05 $2.258  ₹ 5,600,000  $85,995 
6 25mm XPS ₹ 43.23 $0.664  ₹ 1,646,480  $25,284 from INSUBOARD
7 CSEB blocks 240mm thk ₹ 3.61 $0.055  ₹ 137,520  $2,112 from KESARJAN

8 12mm gypsum plaster-
internal ₹ 24.56 $0.377  ₹ 935,500  $14,366 

9 25mm thk Stone-grit 
plaster-exterior ₹ 61.41 $0.943  ₹ 2,338,750  $35,914 

10 1mm fibre glass mesh ₹ 1.77 $0.027  ₹ 67,356  $1,034 https://goo.gl/JQtxRd
11 Geotextile cloth ₹ 18.67 $0.287  ₹ 710,980  $10,918 https://goo.gl/ccfpHE
12 Vapour barrier ₹ 14.74 $0.226  ₹ 561,300  $8,619 https://goo.gl/FJXgpp
13 75mm XPS ₹ 39.63 $0.609  ₹ 1,509,300  $23,177 from INSUBOARD
14 CSEB blocks 120mm thk ₹ 0.51 $0.008  ₹ 19,440  $299 from KESARJAN
15 RCC-columns ₹ 68.01 $1.044  ₹ 2,590,000  $39,773 
16 RCC-roof slab ₹ 262.48 $4.031  ₹ 9,996,000  $153,501 
17 RCC-beamwork ₹ 216.90 $3.331  ₹ 8,260,000  $126,843 

18 Handrailing with 
painting ₹ 4.92 $0.075  ₹ 187,200  $2,875 

Plumbing
1 20mm dia service pipe ₹ 0.53 $0.008  ₹ 20,250  $311 
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2 Electronic water sensor ₹ 0.56 $0.009  ₹ 21,200  $326 

3 Overhead water tank ₹ 105.03 $1.613  ₹ 4,000,000  $61,425 

4 Underground water 
tank ₹ 708.98 $10.887  ₹ 27,000,000  $414,619 

5 SS long body bib cock ₹ 3.94 $0.060  ₹ 150,000  $2,303 
6 Low flow Urinals ₹ 5.25 $0.081  ₹ 200,000  $3,071 
7 Low flow WCs ₹ 12.60 $0.194  ₹ 480,000  $7,371 

8 Wash basins with bottle 
traps ₹ 4.41 $0.068  ₹ 168,000  $2,580 

9 Water drinking fountain ₹ 1.89 $0.029  ₹ 72,000  $1,106 
10 Nahnny traps ₹ 0.18 $0.003  ₹ 7,000  $107 
11 Fire protection system ₹ 2.63 $0.040  ₹ 100,000  $1,536 

Interiors

1 Door frame with 
thermal break ₹ 12.97 $0.199  ₹ 493,920  $7,585 https://goo.gl/X2C5sK

2 Window frame with 
thermal break ₹ 62.96 $0.967  ₹ 2,397,500  $36,817 https://goo.gl/X2C5sK

3 DGU low e glass ₹ 42.60 $0.654  ₹ 1,622,500  $24,916 from Saint Gobain

4 Door and window 
shutter uPVC ₹ 14.60 $0.224  ₹ 556,000  $8,538 https://goo.gl/X2C5sK

5 Painting on wall-primer 
with 3 coats ₹ 6.10 $0.094  ₹ 232,416  $3,569 

6 Gypsum panel ₹ 1.89 $0.029  ₹ 71,900  $1,104 

7 25mm thk Kota/marble 
stone flooring ₹ 127.18 $1.953  ₹ 4,843,300  $74,375 

8 Lockers ₹ 2.10 $0.032  ₹ 80,000  $1,229 https://goo.gl/rBVyod

9 Library chair and tables ₹ 3.15 $0.048  ₹ 120,000  $1,843 
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10 Admin office chairs and 
tables ₹ 1.89 $0.029  ₹ 72,000  $1,106 

11 Waiting lounge sofas ₹ 2.36 $0.036  ₹ 90,000  $1,382 

12 classroom chairs and 
tables ₹ 11.82 $0.181  ₹ 450,000  $6,910 

13 Blackboard ₹ 0.59 $0.009  ₹ 22,400  $344 

14 Softboards ₹ 0.72 $0.011  ₹ 27,500  $422 

15 Mirrors ₹ 0.03 $0.000  ₹ 1,000  $15 

16 Countertops granite ₹ 1.58 $0.024  ₹ 60,200  $924 

17 Blinds ₹ 20.45 $0.314  ₹ 778,800  $11,959 https://goo.gl/hu3nam
Equipment

1 Equipment 1: Fans ₹ 13.94 $0.214  ₹ 530,700  $8,150 https://goo.gl/24Q5Pe

2 Equipment 2: 
Computer ₹ 19.54 $0.300  ₹ 743,969  $11,425 https://goo.gl/X3jTAY

3 Equipment 3: 
Projectors ₹ 2.15 $0.033  ₹ 81,897  $1,258 https://goo.gl/qdK4gU

4 Equipment 4: 
Refrigerators ₹ 1.31 $0.020  ₹ 50,000  $768 https://goo.gl/JbCkq4

5 Equipment 5: 
Refrigerator kitchen ₹ 0.47 $0.007  ₹ 17,721  $272 https://goo.gl/7iNeYL

6 Equipment 6: LED TV ₹ 0.60 $0.009  ₹ 22,990  $353 https://goo.gl/LUHDTy
7 Equipment 7: Speakers ₹ 0.28 $0.004  ₹ 10,840  $166 https://goo.gl/dZK7bS
8 Equipment 8: Induction ₹ 0.04 $0.001  ₹ 1,650  $25 https://goo.gl/gjZKzG

9 Equipment 9: 
Microwave oven ₹ 0.12 $0.002  ₹ 4,599  $71 https://goo.gl/5SQGY8

10 Equipment 10: Fax/
scanner/printer ₹ 1.49 $0.023  ₹ 56,736  $871 https://goo.gl/y3e5w3

11 Equipment 11: Wi-Fi 
routers ₹ 0.31 $0.005  ₹ 11,996  $184 https://goo.gl/cL8wea

12 Equipment 12: Exhaust 
fans ₹ 0.11 $0.002  ₹ 4,080  $63 https://goo.gl/PFdJDN

13 Equipment 13: Water 
purifier ₹ 2.21 $0.034  ₹ 83,994  $1,290 https://goo.gl/T4QQbZ

14 Equipment 14: Bell 
system ₹ 0.17 $0.003  ₹ 6,500  $100 https://goo.gl/JHJMEX

15 Equipment 15: 
Microphones ₹ 0.26 $0.004  ₹ 10,000  $154 

16 Hybrid tiles ₹ 66.36 $1.019  ₹ 2,527,200  $38,808 https://goo.gl/JWCt4b
17 Daylight controls ₹ 0.64 $0.010  ₹ 24,480  $376 from Schneider Electric
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18 Occupancy sensors ₹ 3.31 $0.051  ₹ 126,000  $1,935 from Schneider Electric
19 Programmable timers ₹ 5.67 $0.087  ₹ 216,000  $3,317 from Schneider Electric
20 Lift ₹ 13.13 $0.202  ₹ 500,000  $7,678 https://goo.gl/2j3Qbn

Lightings
1 Light fixture type 1 ₹ 33.20 $0.510  ₹ 1,264,284  $19,415 from PHILLIPS india
2 Light fixture type 2 ₹ 23.90 $0.367  ₹ 910,200  $13,977 from PHILLIPS india
3 Light fixture type 3 ₹ 0.93 $0.014  ₹ 35,400  $544 from PHILLIPS india
4 Conduiting ₹ 0.21 $0.003  ₹ 8,000  $123 https://goo.gl/3N5RuL
5 Switches ₹ 0.30 $0.005  ₹ 11,250  $173 https://goo.gl/h2RVnD

6 Emergency lighting 
units ₹ 0.33 $0.005  ₹ 12,500  $192 https://goo.gl/rdfYPD

HVAC

1 HMX evaporative 
system ₹ 89.28 $1.371  ₹ 3,400,000  $52,211 from HMX

2 Ducting ₹ 42.01 $0.645  ₹ 1,600,000  $24,570 from HMX

3 VRF ₹ 120.75 $1.854  ₹ 4,598,655  $70,618 from VOLPAK systems 
pvt. Ltd.

Site Work

1 Water tank for 
irrigation ₹ 275.72 $4.234  ₹ 10,500,000  $161,241 

2 Soil excavation for 
inspection chamber ₹ 0.01 $0.000  ₹ 492  $8 

3 Inspection chamber 
with manhole ₹ 0.40 $0.006  ₹ 15,360  $236 

4 150mm dia PVC pipes 
for storm water ₹ 9.19 $0.141  ₹ 350,000  $5,375 

5 STP on site -black water ₹ 0.79 $0.012  ₹ 30,000  $461 

6 Treatment plant-grey 
water ₹ 0.21 $0.003  ₹ 8,000  $123 https://goo.gl/hbmMM1

7 Potable water 
treatment plant ₹ 15.49 $0.238  ₹ 590,000  $9,060 https://goo.gl/DL7UeC

7 Sub-base for road 
works ₹ 29.88 $0.459  ₹ 1,137,945  $17,475 

8 Permeable concrete for 
road works ₹ 44.68 $0.686  ₹ 1,701,600  $26,130 https://goo.gl/PY7Wvd

9 Interlocking paver 
blocks ₹ 16.92 $0.260  ₹ 644,470  $9,897 

10 Kerb stones ₹ 9.67 $0.149  ₹ 368,300  $5,656 
11 75mm dia HDPE pipe ₹ 1.67 $0.026  ₹ 63,600  $977 
12 Vehicular parking shade ₹ 0.33 $0.005  ₹ 12,500  $192 
13 Vermicompost ₹ 1.18 $0.018  ₹ 45,000  $691 
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14 Lawn carpet and soil 
mount ₹ 17.38 $0.267  ₹ 661,920  $10,165 https://goo.gl/Jqm7hk

15 Fertilizer ₹ 0.26 $0.004  ₹ 10,000  $154 

16 Pitwork for laying 
trees/plants/shrubs ₹ 38.76 $0.595  ₹ 1,476,000  $22,666 

17 Buying selected plants ₹ 0.16 $0.003  ₹ 6,250  $96 

18 25mm PVC pipes for 
sprinklers ₹ 1.31 $0.020  ₹ 50,000  $768 

19 Motors for water 
supply ₹ 0.66 $0.010  ₹ 25,000  $384 

20 Drip irrigation system ₹ 2.78 $0.043  ₹ 105,750  $1,624 

21 Providing cable for site 
electrification ₹ 0.79 $0.012  ₹ 30,000  $461 

22

Cable trench work. 
Excavation and 
backfilling from site sub 
station to distribution 
board ₹ 0.26 $0.004  ₹ 9,840  $151 

23

Cable trench work. 
Excavation and 
backfilling. For site 
electrification ₹ 3.10 $0.048  ₹ 118,080  $1,813 

24 Bollard lights for 
pathways ₹ 13.13 $0.202  ₹ 500,000  $7,678 https://goo.gl/LgkaEF

25 Providing  plinth for 
feeder panel ₹ 0.14 $0.002  ₹ 5,171  $79 

26 Providing and fixing 
feeder panel ₹ 1.31 $0.020  ₹ 50,000  $768 

27 Main distribution panel ₹ 0.13 $0.002  ₹ 5,000  $77 

28 PCC layer on play 
courts and painting ₹ 14.06 $0.216  ₹ 535,428  $8,222 

29 Artificial turf ₹ 0.16 $0.003  ₹ 6,260  $96 https://goo.gl/238Qge
Special items

1 School bus ₹ 235.41 $3.615  ₹ 8,965,000  $137,669 
2 Solar PV ₹ 91.38 $1.403  ₹ 3,480,000  $53,440 
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