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Abstract— The concept of Energy Efficient Buildings has 

gained international attention in the last few years and is now 

seen as the future target for the design of buildings. Energy 

Efficient Building is a residential or commercial building 

with reduced energy needs through efficiency gains and part 

of energy needs can be supplemented with renewable 

technologies. The cost-effective steps toward reduction in a 

building's energy consumption, occurs during the design 

process, which is significantly away from conventional 

construction practice. Successful energy efficient building 

design combines time tested natural conditioning designs or 

principles that work with the onsite assets. 

Key words: Net Zero Buildings (NZB), American Society of 

Heating, Refrigerating & Air-Conditioning Engineers 

(ASHRAE), Energy Conservation Building Code (ECBC), 

Passive Solar Techniques, Solar Heat Gain Factor (SHF), 

Envelope Measures, Solar Reflective Index (SRI), 

Segregation of Waste 

I. INTRODUCTION 

Energy Efficient Buildings can be defined and named in 

many ways based on its architectural feature, solar passive 

design, ways of operating and construction material used. A 

building, which is water efficient, ecofriendly, consumes less 

energy and which has a better indoor environment quality can 

be termed as Green building. A Green building is necessarily 

an Energy efficient Building but not every Energy Efficient 

Building is a green building. The Energy Efficient Building 

concept is no more a concept of the future, but it is a realistic 

solution for the reduction of energy use in the building sector. 

The residential sector is a large consumer of electrical energy. 

Green Homes can have energy savings to the tune of 20-30%. 

But still 70-80% energy required is from fossil fuels, which 

is a slowly depleting resource, world over. The use of fossil 

fuel for transportation has been a major source of pollution. 

The pollution through thermal power plants, which has 

adverse effect on environment through release of carbon 

dioxide, global warming, rising sea level and heat waves. 

Nuclear power may lead to catastrophic accidents as 

happened in Japan and Chernobyl and also has waste 

transportation and disposal issue. Hydropower disrupts 

natural water flow and disturbs the habitat and ecology of an 

area. Hence, the Energy Efficient Building approach is the 

only potential solution to neutralise environmental issues, 

including reducing carbon emissions, dependence on oil 

power, fuel imports, use of fossil fuels and provide a measure 

of energy security against nearing fuel crisis. It also 

overcomes ever increasing cost of fossil fuels and it’s 

shortage too. 

II. OVERVIEW 

Energy Efficient buildings have about 50% reduced 

consumption of energy/fuels as compared to baseline case as 

given in ASHRAE/ECBC. Most of the energy required in 

building is depend on green or hybrid power generated within 

the building. Some energy efficient diverted excess green 

energy through grid. This saves battery cost. Such buildings 

are known as Net Zero Building or Energy-plus buildings. 

The break-up of energy consumption in building is in air 

conditioner, water heater, ventilation fans, and miscellaneous 

equipment and area lights. The consumption unit is placed in 

chronological order starting from the maximum. The focus 

area to reduce energy consumption is air conditioner and 

water heater, which together consumes 75% of total 

consumption. 

III. COST-EFFECTIVE STEPS TO REDUCE BUILDING ENERGY 

The first and foremost step for energy building is to reduce 

energy consumption through following focus areas. 

A. Site Selection & Sustainable Development 

The site selection plays a vital role in determining the energy 

performance of the building. The site should be such that the 

building can be oriented best to reduce solar heat ingress. 

Project impacts on surroundings after construction can be 

minimized by addressing heat island effects and reducing 

light pollution. Limit disruption and pollution of natural water 

bodies by managing quantity and quality of storm water 

runoff. Minimize impact on microclimate, human and 

wildlife habitat by reducing thermal gradient between 

developed and undeveloped areas on ground. Use light 

coloured open grid pavement with pervious surface for 

parking lot, walkways, plaza etc. 

B. Low Energy Architecture & Passive Solar Techniques in 

Building & Natural ways of Cooling 

The key issues that are of critical importance in the evolution 

of an environmentally responsive architecture is an 

architecture aimed at achieving occupant thermal and visual 

comfort with little or no recourse non-renewable energy 

sources. Hence, the strategy of building design will be 

analysis and inference, to understand the problem and its 

context characterise important requirements, establish 

relative priorities and to determine desired objectives. The 

passive building design enables to develop buildings that are 

comfortable with very little or even without use of any 

artificial device. These design concepts can be in form of 

passive heating, cooling and ventilation system. The passive 

heating system is based on collection of naturally available 

energy storage of collected energy and use of stored energy 

in controlled fashion for achieving thermal comfort. This is 

achieved by use of solar energy, use of ambient energy and 

use of internal source of heat. Selection of proper orientation 

is also important to take advantage of prevailing breezes in 

warm and humid climate and for prevention of hot winds in 

hot and dry climate. The buildings in a cluster can be spaced 

such that they shade each other mutually. The amount and 
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effectiveness of the shading, however, depends on the type of 

building clusters. Shading by trees and vegetation is very 

effective method of cooling the ambient hot air and for 

protecting the building from solar radiation. Air cavities 

within walls or an attic space in the roof ceiling combination 

reduces the solar heat gain factor (SHF). 

There are three basic principles that have to be intelligently 

used by architects for achieving natural cooling in hot 

climates. 

1) Reduce solar radiation that reaches the building envelope. 

2) Reduce heat transmission through the building envelope. 

3) Increase heat losses from the building by convection, 

radiations and evaporation. 

 In order to reduce the amount of solar radiation that 

reaches the building, the natural way is to use the shade of 

neighboring buildings, water bodies, vegetation, provide 

overhangs, louvers. Reflecting surfaces wherever possible 

and solar reflective coatings can also be useful. Boundary of 

shrubs or trees around the house is useful to effectively 

reduce the speed and even the temperature of incoming hot 

winds. Energy Efficient Buildings are also designed to make 

dual use of energy by using refrigerator exhaust to heat 

domestic water, ventilation air and shower drain can be used 

as heat exchangers, office machines and computer servers and 

body heat to heat the building. These buildings make use of 

heat energy that conventional buildings may exhaust outside. 

Ventilation plays an important role for passive cooling of 

buildings. Air flow is either due to pressure differences, 

caused by temperature differences (stack effect) or due to 

pressure differences of the wind. Windows play a dominant 

role in inducing indoor ventilation due to wind forces. 

Excessive use of day light is considered as a distinctive 

feature. Orientation of the building to be designed so as to get 

maximum natural sun light during day time. Painting of 

interior walls with light colours so as to get maximum 

reflection in order to avoid lighting during daytime. 

C. Envelope Measures, Wall & Roof Options and Efficient 

Building Material 

The thermal capacity of the building material can delay the 

entry of heat and reduce the temperature amplitude inside 

(difference between maximum and minimum temperature). 

The thermal storage effect increases with increasing 

compactness, density and specific heat of the materials. This 

is the reason why the temperature of the ocean fluctuates only 

a small range during the year, whereas the thin metal sheet 

immediately assumes temperature of the ambient air. All 

building elements such was walls, roof and floor can be used 

for thermal storage. This was used in olden days but this is 

not possible in present scenario and hence we use bricks with 

low U value i.e. AAC blocks or fly ash bricks, use high 

performance glazing with low U value high SRI& SHGC & 

VLT. Use of roof top with high SRI material is recommended 

to reflect solar radiation. Hence more attention is to be paid 

to envelope and roof of the building, which attracts about 

more than 90% of solar heat. Hence, material with lower U 

value i.e. heat transmission in unit time through unit area of a 

material and the boundary air films, induced by unit 

temperature difference between the environments on each 

side, and high SRI (solar reflective Index) can be used to 

prevent solar heat ingress. 

D. Construction Techniques 

Construction techniques and proper selection of building 

material can also play an important role to cut down solar heat 

ingress inside the building. Cavity walls, under deck or over 

deck insulation, terrace garden, high SRI roofing sheets, 

double glazing, shading devices, etc. can play a vital role for 

energy efficient buildings. 

E. Energy Efficient Lighting 

Energy efficient lighting system also plays an important role 

in bringing down energy consumption in building. As a rule, 

copper chokes are not purchased at all. Thus, whenever a 

existing choke is burnt out, the same is replied with electronic 

chokes or the complete fixtures are replaced with T5 (28 

Watt) tube and fixtures. Separate light switches from group 

control to individual control. Group control light circuits are 

rewired to provide individual controls so that only minimum 

number of lights is switched on actual need basis. In the 

senior executive chambers, passages, wash area and other 

randomly occupied spaces, occupancy sensors are provided 

to switch 'ON' and 'OFF' the lights. Timers and nature switch 

are provided for compound lighting and common area 

lighting. As a result of energy survey and monitoring of 

energy bills, the power factors are improved by providing 

additional capacitors or by replacement of defective 

capacitors so that the power factor is more than 0.98. The 

conventional indicating lamps in the panels and the sign 

boards are to be replaced with light emitting diodes lamps. 

LED lamps and lighting fixtures can also be used. 

F. Solar Water Heaters 

As stated earlier, hot water is also major source of energy 

consumption, which can be reduced to zero level by placing 

solar water heater. These panels can be placed on terrace, 

which can also act as shading device on terrace to prevent 

solar heat ingress in the building through roof. 

G. Water Conservation 

Water conservation also plays an important role in Energy 

Efficient Building design because lesser the water used lesser 

energy will be required for pumping. Water conservation 

been experimented with three 'R' reduce, recharge and reuse. 

There are many ways of achieving this. It also depends on the 

site and climatic conditions. There are many innovative ways 

of achieving three 'R'. Water consumption can be reduced by 

use of water efficient plumbing fixtures with low LPF and 

LPD, monitoring of water use, prevention of losses and 

through water-efficient management techniques in irrigation 

such as, providing moisture sensor drip irrigation, root zone 

treatment etc. Gray water can be treated and reused for 

flushing and irrigation, thereby reducing consumption of 

potable water and also reduces load on municipalities to treat 

sewage. One can also design zero discharge campus. Here 

black soil can treated to get organic fertilizers. Bio-gasifiers 

can be used to obtain methane gas, which can be used to run 

generator sets. 

H. Segregation of Waste 

Implement aggressive post occupancy waste management 

plan to segregate waste produced. One can aim for zero 

discharge campus. Organic waste can be used in biogas plants 
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to generate methane gas which can be used as fuel in kitchen 

and by-product slurry can be used as fertiliser. Inorganic 

waste can be sent to the industry. 

I. Equipment & System 

It is recommended to purchase energy efficient electric 

equipment with minimum 3 BEE star rating. Building 

Management System is used in the lighting system for 

centralised monitoring and controlling the operations. Use of 

occupancy sensors, photo sensors, timers, dial, and dimmable 

blast are planned for building. The lighting system is 

integrated with building management system for 

programmed switching on/off lights in various areas/zones 

based on occupancy, day light, and time of the day and 

holiday schedules. 

J. Indoor Environmental Quality 

Indoor Environmental Quality gives more comfortable 

working environment to building users. It increases 

efficiency, productivity and even reduces illness. This again 

saves energy in different form. 

K. Innovative Measures 

We have observed and taken steps to reduce energy 

consumption in the building which is the first step towards 

Energy Efficient Building. Now the second step will be to 

generate green power to meet with most of the energy 

demand. A step to be taken to make sure that maximum of 

green energy is to be generated to meet with energy demand 

if it is not adding to the cost. The excess of energy generated 

can be diverted to electric grid and can be withdrawn 

whenever required. Generated energy can also be stored in 

batteries. Green Power can be generated in following ways. 

Solar power can also be used as solar garden lights, solar 

lights for common areas of buildings, solar lanterns, torch, 

cap, Street lights, sign board, solar water pumping, solar 

based industrial hot water heating systems, Solar street lights 

etc. Solar dish cooker with a provision of direct cooking 

system. Biomass gasification is basically conversion of solid 

fuels into a combustible gas mixture normally called producer 

gas. Solid biomass fuels which are usually inconvenient and 

have low efficiency of utilisation can thus be converted into 

a high quality gaseous fuel with associated convenience etc. 

Biogas can be used to treat organic waste. There is 

availability of cheap, abundant raw material in form of 

organic waste from kitchen, gardens and sewage with no 

Sulphur compound emission. The by-product can be used as 

fertiliser. 

IV. MERITS & DEMERITS OF ENERGY EFFICIENT & NET ZERO 

BUILDINGS 

A. Merits 

1) Isolation for building owners from future energy price 

increases. 

2) Increased comfort due to more-uniform in interior 

temperatures. 

3) Reduces Electricity Bills. 

4) Reduced requirement for energy austerity.  

5) Reduced total cost of ownership due to improved energy 

efficiency.  

6) Reduced total net monthly cost of living. 

7) Reduced risk of loss from grid blackouts. 

8) Improved reliability. 

9) Extra cost is minimized for new construction compared 

to an afterthought retrofit. 

10) Higher resale value as potential owners demand more 

Net zero buildings than available supply. 

11) Future legislative restrictions, and carbon emission taxes 

or penalties may be not for energy efficient buildings. 

12) Contribute to the greater benefits of the society, e.g. 

providing sustainable renewable energy to the grid, 

reducing the need of grid expansion. 

B. Demerits  

1) Initial costs can be higher. 

2) Lack of designers or builders have the necessary skills or 

experience to build Energy efficient buildings. 

3) It will declines in future utility company renewable 

energy costs may lessen the value of capital invested in 

energy efficiency. 

4) Challenge to recover higher initial costs on resale of 

building.  

5) While the individual house may use an average of net 

zero energy over a year, it may demand energy at the 

time when peak demand for the grid occurs. In such a 

case, the capacity of the grid must still provide electricity 

to all loads. Therefore, a ZEB may not reduce the 

required power plant capacity. 

6) Heating or cooling energy and resource usage is higher 

than needed. Net zero building do not mandate a 

minimum heating and cooling performance level thus 

allowing oversized renewable energy systems to fill the 

energy gap. 

7) Solar energy capture using the house envelope only 

works in locations unobstructed from the sun. The solar 

energy capture cannot be optimized in north (for northern 

hemisphere, or south for southern Hemisphere) facing 

shade, or wooded surroundings. 

V. CONCLUSION 

Today buildings use approximately 40% of all energy 

consumed in the world. If we continue on this path of energy 

use with few sources of fossil fuels, we could deplete all 

natural resources within few years. Now, we can save the 

non-renewable sources like electricity, fuel gas etc. by using 

the cost-effective steps to reduce the energy consumption in 

buildings. Net zero building is also beneficial for the owner 

because freedom from the energy consumption bills. Net zero 

building is totally environment friendly. For the Net zero 

buildings initial cost is high but overall it is most suitable for 

the safe future and plays an important role to reduce the 

national energy consumption and also reduced global 

warming effect. 
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