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Message

The concept of smart home is in existence for many decades; however, it has gained further importance in present
scenario due to increase in demand for comfort and convenience (with growth of disposable income), increased
dependence on appliances, increase in per capita electricity consumption and availability of rooftop solar PV and EV
for potential onsite generation and storage respectively.

Alongside these drivers at consumer end; technology advancement in the form of availability of high speed
computing devices (smart phones) and affordable internet data, reduction in size of 1oT devices / sensors and by
shifting sophisticated computing functions to cloud and development of complex algorithms to control systems as
per user requirement and preference (using Artificial Intelligence) has provided fresh push to demand of smart home
product and services. The need of utility-based demand response programs to match the variable consumer demand
(due to use of diverse appliances) with dynamic electricity supply (due to penetration of renewable energy in grid) is
gradually making the smart home solutions a must have product/service in every home, to make it demand response
ready.

There are several challenges to adoption of smart home devices in India and majority of them include absence of
interoperability standards / protocols, limited regulations on data privacy / cyber security, lack of awareness among
consumers about energy saving potential, and functionality of smart home devices (to provide energy efficiency and
DR benefits) in absence of defined minimum capabilities. In addition to this policy is required to qualify a dwelling
into smart dwelling so that it can effectively participate in a demand response programme.

To explore, understand and exploit the true potential of smart home ecosystem, to identify barriers, drivers,
challenges and opportunities and to estimate future growth potential in the country, Bureau of Energy Efficiency
(BEE) along with Deutsche Gesellschaft fiir Internationale Zusammenarbeit (GIZ, India) instituted a study through
Deloitte Touche Tohmatsu India LLP (Deloitte) on smart home program technology assessment and pilot design. It
is expected that the study outcome will feed into development of guidelines and regulations to further facilitate the
growth of the smart homes market in India along with the benefits on optimization of energy consumption in the
residential sector that may also contribute to the NDC commitments of India.

This report provides a deeper insight into the home automation space along with recommendations for possible
policy and regulatory interventions. | congratulate colleagues from Bureau, GIZ India and Deloitte for this

interesting work.

(Ab Bakre)
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1. Introduction

1.1 Background

One of the most challenging issues faced by India in the 215t century is to maintain the momentum of its
economic growth without compromising the ambitions related to energy security and environmental
sust ai na bdeheargy ghallengerisduniquéwith a distinct dichotomy of being the third-largest energy
consumer with a per capita consumption nearly a third of the global average.

I ndi aés devel opment al erconvalutédevithgreoritybtavardsi4 67 efeatricitly &iccess

to its 1.3 billion citizens. Ot her domestic initidtitwhes 6ONakeodaB®make&lousi h

(NHM) are also expected to further increase the demand for energy in industrial and buildings sectors. In
2018-19, the primary energy demand in India increased? by 4.7 % over the previous year, much higher than
the average global increase, and around 50 % higher than that of the emerging economies.

Notwithstanding this increase, India lags significantly in energy usage compared to other emerging
economies as 53 % of our population could not access clean cooking in 2017 when compared to 30 % for
China, 4 % for Brazil and less than 1 % for Malaysia. India's Human Development Index (HDI) at present
stands at 0.6472 which places it above the average for other South Asian countries (0.642). However,
for inequality adjusted HDI (IHDI), India’'s position drops by one position to 130, losing nearly half the
progress. India aspires to achieve an HDI value of 0.8 in the coming years which may result in per capita
energy consumption to 400 % of current levels. The Economic survey of India quotes another study which

states that with 2.5timesi ncrease in per capita energy consumption,

by US$ 5000 (at 2010 prices).

It is widely recognized that relying on capacity additions alone to meet the expected growth in energy
demand will not be sustainable i both financially as well as environmentally®. Energy efficiency thus has a
critical role to play in enabling India to fulfil its economic and sustainability aspirations simultaneously.

Energy use in buildings

In 2018-19, buildings in residential sectors Traction & Others
consumed about 24.24 % o f Il ndi ads el ect Raiwaya | 6.1%
energy i primarily for HVAC, lighting and Commercial 2%

ceiling fan. Sector wise electricity 8.4%
consumption for FY 2018-19 is provided in
adjacent figure.

Between 2009 and 2019, electricity demand Industry
41.9%

in the residential sector increased at a rate of
7.5 % per annum, slightly higher than the rate
of increase total electricity demand of 7.3%
during the same period. Growth trend of
electricity demand of residential sector is

provided in figure below Agriculture
17.9%

Figure 1 Sector wise electricity consumption in FY 2018-19,
Source: Energy Statistics 2020, MOSPI

1 Source: Energy statistics 2020, Ministry of Statistics and Programme Implementation
2 Source: UNDP 2019: Global HDI Report

3 Source: I ndi ads NDC to the United Nations Framework Convention

4 Source: Energy statistics 2020, Ministry of Statistics and Programme Implementation
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The key factors behind this growth were rapid economic growth, rising per capita income, growing
population, and increased urbanization rate resulting in higher appliance ownership. With urbanization this
trend is expected to continue at least for the next decade. The electricity access having been provided to
millions of new users in the past 4 years, appliance ownership, and thus the related energy demand is
expected to rise further with household electricity consumption increasing 6 - 8 times® by 2047 as per NITI
Aayogbs estimates.

It is therefore imperative to both widen and tighten appliance efficiency standards to reduce energy demand
from the buildings sector. Considering that household appliances generally have a much shorter life as
compared to buildings and industrial machinery / equipment, strengthening & regimenting standards and
protocols for appliances and promoting energy efficiency in the residential sector offers a low-hanging fruit
for advancing energy efficiency in India.

Energy Efficiency in buildings

With rapid urbanisation, construction of new buildings is gaining significant importance as more than 300
million rural & semi-urban residents are expected to migrate to towns and cities in India by 2030. With
schemes like Pradhan Mantri Awas Yojna (PMAY), alongside private and municipal construction, large
proportion of this population is expected to live in buildings which have not been constructed yet.
Implementation of energy efficiency measures can help in reducing energy demand of residential sector
anywhere between 30 to 40 % for new construction as well retrofit in the existing building stock. The sector
thus offers a significant potential to prevent an inefficient capital stock from being locked-in for the long
term.

In view of this, several programs have been proposed for improving the energy-efficiency of both the
existing as well as new buildings. At present, India boasts of a portfolio of over 3,000 registered green
buildings projects (second largest in the world) covering about 2.68 billion sq. ft of which 600 buildings are
certified and fully functional.

BEE developed Energy Conservation Building Code (ECBC and ECBC-R), for commercial and residential
buildings. The code recommends a minimum level for efficient use of energy. ECBC for the residential
sector named as t he 0iElscetsahMinimansbuildire erivalopegperformancetstandard
to limit heat gains / loss and ensuring adequate natural ventilation and daylighting.

To promote energy efficiency in existing homes and buildings, energy efficiency star label program has
been developed for residential sector. The objective of the labelling program is to make energy performance
of a home an instrument of comparison while deciding over the home prices in the future. fDesign

5 Source: http:/liess2047.gov.in/pathways
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Guidelinesofor energy-efficient multi-storied residential buildings have also been launched. BEE also has
a voluntary buildings star rating system for commercial buildings based on the actual specific energy usage
in kWh/ sg.m /year which now covers over 261 commercial buildings® 1 including office buildings (198),
BPOs (48), hospitals (13), and shopping malls (2).

To improve energy efficiency of domestic, commercial and industrial appliances and energy consuming
equipment, BEE has implemented Standards & Labelling (S&L) programme. The standards ensure that the
worst performing products are removed from the market, while labels encourage consumers to purchase
increasingly more efficient products. The S & L program covers 26 appliance categories, 10 under
mandatory scheme and 16 under voluntary scheme. Major home appliances covered under S & L program
include:

é AAir Conditioner (RAC) - Fixed and variable capacity

ALED lamps

AElectric Geysers
ARefrigerator

AColour TV

ATubular Fluorescent lamps

Mandatory -<

N/

ACeiling fans

AMicrowave Oven

Voluntary < Awashing Machine

ADoemstic LPG Stoves
ABallast (Electronics/Magentic)

—

The Smart Cities Mission, covering 100 selected smart cities across the country is another such initiative
of the government to reduce building energy consumption. The mission was launched in 2015 to promote
the adoption of Osmart ssstainabitty inclidng refourae efficiency andeneargy
optimization. The projects under the mission include a mix of innovative solutions for sustainable urban
development including Smart Grids, Green Buildings, Smart Public Transport Systems, Public Information
Systems, Smart Water Management, and Waste Management etc. While substantial work on enhancing
energy efficiency in the sector has been taken up, their long-term success in generating momentum for the
adoption of energy efficiency remains to be ascertained.

Smart home

A smart home is a residence that uses internet-connected devices to enable the remote monitoring and
management of appliances and systems, such as lighting and heating. Smart home technology, also often
referred to as home automation, provides homeowners security, comfort, convenience and energy
efficiency by allowing them to control smart devices, often by a smart home app on their smartphone or
other networked device. A part of the internet of things (I0T), smart home systems and devices often operate
together, sharing consumer usage data among themselves and automating actions based on the
homeowners' preferences, external environment, and Al and machine learning based control.

The concept of smart energy home is in existence for many decades; however, it has become more relevant
in current scenario due to increase in demand for comfort and convenience (with growth of disposal
income), increased dependence on appliances, increase in per capita electricity consumption and
availability of rooftop solar PV and EV for potential onsite generation and storage respectively.

Along with the mentioned drivers at consumer end, technology advancement, in form of availability of high
speed computing devices (smart phone) and internet (at affordable rate), reduction in size of IoT
devices/sensors (by shifting the complex computing functions to cloud based computing) and development

6 Source: A report on Impact Assessment of Energy Efficiency Measures for the year 2018 - 19, Bureau of Energy Efficiency
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of complex algorithms (to control systems as per user requirement and preference using Atrtificial
Intelligence) have provided a new impetus to demand of smart energy home product and services.

Also, the need of utility-based demand response program to match the variable consumer demand (due to
use of diverse appliances) with intermittent electricity supply (due to penetration of renewable energy in
grid) is gradually making the smart energy home solutions a must have product/service in every home to
make it demand response ready.

To manage the energy use in a home, to make best use of above-mentioned opportunities and for
supporting power utilities in minimizing the demand supply gap, there is need of Smart Home Energy
Management System (SHEMS). SHEMS can be defined 7as the combination of a service and devices that
are designed to work together to deliver occupancy-based optimization of energy use. SHEMS® consist of
hardware and software, which are linked and integrated to, monitor energy usage, provide feedback on
energy consumption, provide enhanced control (provide remote access) and automation over appliances.
SHEMS can deliver a range of services and benefits to households, which includes:

w Energy management (energy efficiency)

w Demand response (contribute to regulating energy demand)
w Electricity generation, storage and delivery to the grid

w Comfort and convenience

For energy efficiency improvement in residential sector, home is the smallest dwelling unit for the bottom-
up approach. Interventions at the individual unit can contribute to the larger goal that the society and the
government wishes to achieve in the longer run. The global experience indicates that with the support of
progressive legal, regulatory and policy frameworks in the electricity sector, smart homes concept offers a
significant opportunity to optimise energy consumption in the building sector, save on energy costs, and
avoid costly capital investment towards augmentation of capacity for electricity generation, transmission
and distribution.

In India, the present concept of smart homes is at an early stage that brings the significant untapped
potential for achieving energy efficiency gains through residential sector. Therefore, improving energy
efficiency, dynamic optimization of energy consumption, and integration of smart home with the overall
smartness of the electrical distribution network becomes the need of the hour.

1.2 About project
Background

With a view of increasing electricity demand and need of managing it, an effort for energy conservation was
initiated by Government of India with introduction of Energy Conservation Act published in the Gazette of
India in October 2001. Bureau of Energy Efficiency (BEE) was instituted in 2002, to implement EC Act.
Further first version of Energy Conservation building Code was launched by Government of India in 2007.
BEE has also launched the Star rating of commercial buildings scheme in India in 2009.

EC Act was amended in 2010 with further update of Commercial ECBC in 2017. After this update, ECBC
(commercial) was mandated for all commerci al buil dings
contract demand 0120 kVA) .rograrhnees undertakem bys/arious ministriastandv e s a n d
institutions in India for buildings sector are presented in Figure below

7 Energy star
8 Sustainable Now
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Guidelines, Codes and Standards

AEnergy conservation building code (ECBC) for commercial buildings
AResidential labeling program focusing on energy efficiency
AECO Niwas Sambhita-ECBC for Residential Buildings

Energy Efficiency in exisiting buildings

APAT scheme for building sectors
ANet zero energy buildings
AEESL Building Energy Efficiency Program

Rating Systems

ABEE star rating for existing buildings
AGRIHA National rating system for new building
ALEED and IGBC rating system for buildings

Figure 2 Programme initiatives in building sector

Bureau of Energy Efficiency is developing and implementing policies for increasing energy efficiency in the
building sector. In a parallel movement, the Government of India has launched measures to augment
capacity of grids to anticipate and control energy demand through digital, remotely controlled technologies
and to increase penetration of renewable energy sources in power generation by installing 175 GW capacity

by 2022. As per I ndiabs NDC c o m#adipereceet numulatie elecRi®pdvier insalled u t

capacity is expected to be based on non-fossil fuel-based energy resources.

At some point in future, this generation of building energy efficiency policies, renewable energy and, smart
supply and transmission infrastructure (beginning to be built) will have to be seamlessly integrated for
attaining maximum energy use optimization in building sector. Essentially building energy efficiency polices
will have to mandate buildings and building technologies to be designed for participation in a dynamic
energy supply and management framework.

Purpose of this study

The purpose of this study is to understand and prioritize technologies for India that are feasible for
automating control of household envelope and appliances to increase efficient use of energy. Outcome of
this study will feed into development of national roadmap for promotion of smart home concept to improve
building energy efficiency and to make Indian homes ready for large scale implementation of demand
response program(s). The assignment will also feed into the design of initial demonstration project or test
bed for Smart Homes. Objective of the assignment and scope of work is provided in figure below:

13
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||§]| Objective of the assignment

+ To study and prioritize technologies most feasible for automating control of household envelope,
systems and appliances to increase efficient use of energy.

* To understand application potential in India and the optimal approach for informing demand
response or automation centric building energy efficiency policies in future.

Scope of Work

'JE' Work Package - 1

= Mapping of technologies in
smart home automation
space for identifying
hardware and software
solutions at building and
community level

Baseline assessment of
Indian Smart Home Market

Stakeholder Consultation to
present outcomes of
Technology Mapping and
Baseline Assessment

Review of global policies for using
home automation devices for
demand side energy management

Techno-commercial analysis and
development of compendium of
high impact technologies for
energy efficient, demand
response ready homes

Guidelines for integration of Home
Automation System requirements
in Building Energy Codes
Development of smart home
national policy road map

Stakeholder workshop to present
National Policy Roadmap for

- Development of a pilot
program to understand the
cost implications and energy
conservation potential of
home automation devices
for energy efficiency.

&

Pilot will also test the
feasibility of promoting smart
homes, technological
solutions and implications of
integrating demand
response ready, smart
homes in future residential
building energy efficiency
policies

home automation technologies
Figure 3 List of project activities

1.3 Overview of chapters

This report provides summary of outcome of all deliverables of this assignment. The report has five
chapters. Chapter one provides introduction of project and the rationale behind instituting this study.

Chapter two introduces smart home concept and provides technology trends of smart home devices,
mapping of hardware and software elements of smart home, energy saving potential and factor affecting
energy savings.

Chapter three provides results of baseline assessment of Indian smart home market conducted as part of
this study. The chapter provides current market size, segmentation, drivers, barriers, opportunities and
market forecast till 2030.

Chapter four provides brief review of global policies, related to smart home and demand response, which
are employed globally to overcome some of the barriers to adoption of smart home devices identified in
previous chapter.

Chapter five provides list of potential recommendations, national policy road map and implementation
framework to overcome barriers to adoption of smart home devices in India. Techno-commercial analysis
of smart home devices and retrofits is provided in annexure 1.

14
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2. Mapping of smart home technologies

2.1 Smart home concept

In generic terms, a smart home is a residence that has a system (composed of a range of smart home
appliances) or several systems that are connected to a network and can be controlled remotely or
automated. Smart home solutions or systems enables the control and automation of lighting, heating,
ventilation, air conditioning, and security, as well as home appliances such as washer/dryers, ovens,
refrigerators/freezers and home electronics such as TVs and streaming devices. Smart homes can deliver
a range of services and benefits to households which includes:

Energy management
(energy efficiency)

Demand Response Security

Electricity generation,
storage and delivery to Entertainment
the grid

Comfort enhancement Assisted living

Household and health
management

Figure 4 Services provided by smart home

There is no standard set-up for a smart home. The types of devices and the system or systems within a
smart home vary depending on the needs and desires of the household and can change over time as
devices are removed from or added to the system. lllustration of a smart home provided in figure below
followed by a brief about working of a typical smart home automation system.
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=

EXTERNAL

- DATA

- @
SMART

PHONE PV & STORAGE \ ENERGY

PROVIDERS

-- is

O . o METERS

. oA

DEMAND
RESPONSE

HEATING, COOLING,
LIGHTING, ETC

Figure 5 lllustration of smart home energy management system (SHEMS). Source: Intelligent Efficiency: Case study of
barriers and solutions - Smart Homes

In the set up mentioned above, each component or element of the smart home system are connected to a
central server through a network. Brief about associated elements and working of smart home automation
system is provided below:

1 Central hub is connected to:

(o]

o

O O OO

Energy providers (both utility as well as in house generation). In case of utility the hub is
connected to energy meter and for in house generation, the monitoring and controlling

system of the generator is connected to hub.

Energy consuming appliances such as lighting, HVAC system, refrigerator, electric

vehicle, washing machine, television, water heaters etc.

Components of house that have bearing of energy consumption such as curtains,

windows, doors, thermostats etc.
User interface devices like smart phone and monitors

Infotainment devices such as AV (audio visual) systems, ChatBots etc.

Home security system
Other devices such as home and health management systems

1 Allconnected devices generally have two-way communication and have compatible hardware and
software to:

O O 0O

sense the physical conditions,
understand commands of users
capability to act on sensor inputs, user instructions and preference

capability to store the data regarding event, incidents/preference and use analytics to

generate sensible learning from gathered data
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1 For demand response the utility generally interacts with energy meter to signal peak incident,
collect user consumption data for estimation of incentives and for demand forecasting. Once the
peak incident is reported, the energy meters interact with smart hub or HEMS and it responds by
altering the energy consumption of home by either by switching of user defined non-preferential
load or by changing the operating parameters such as room temperature, lighting intensity etc.

1 Generic working schematics or flow of activities of smart home system is provided below:

Physical sensing,
user instruction or

demand response
command

Data transfer

Analysis of data
and generation of
control commands

Command transfer

Adjustment of
appliance or other

Controlled

Area

elements to
achieve desired
parameters

Figure 6 Working of smart home system

1 Insmart home automation system, energy and cost saving and demand response is achieved by

O O Oo0OO0Oo

energy demand

o

2.2 Need of smart home

Preventing idle running of energy consuming device

Optimization of adjustable building envelope elements

Optimization of operating parameters to match user preference

Shifting the operation of non-essential energy consuming device to off peak time
Making use of renewable energy generation source, whenever available to meet the

Storage the surplus renewable energy to offset peak demand

Energy demand is increasing worldwide due to rapid economic growth and widespread access to energy
resources. In India, buildings sector (residential and commercial) constitutes 32.6% of total electricity
consumption in India. Building sector consumes about 377 billion units (BU), as per the 2018-19 figures of
the Ministry of Statistics and Programme Implementation, Government of India. If current scenario
continues, electricity demand will rise from 377 BU per year to 4,697 BU per year and buildings will demand
55% of total electricity generated by 2047. Electricity demand in residential and commercial buildings
sectors is predicted to rise by 5 folds and 3 folds respectively by 2032°.

9 Source: A report on Impact Assessment of Energy Efficiency Measures for the year 2018 - 19, Bureau of Energy Efficiency
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Utilities are facing a challenge in meeting the peak demand of residential energy due to the heavy expenses
that are incurred in the infrastructure setup of peaking demand generating source as well as transmission
and distribution infrastructure. The addition of renewable energy generating sources to the electricity mix
has also contributed to intermittence in the availability of energy. In this scenario, demand response can be
used by electric utility companies to reduce or shift energy consumption from peak hours of the day, when
the demand for electricity is the greatest to leaner demand periods.

The smart home devices facilitate the utilities in engaging with the residential electricity consumers to
implement demand response by putting in place required infrastructure to link utility servers with individual
dwelling through smart devices. Going forward, this link and capability of controlling appliances from
anywhere (by consumer or utility) can play an important role in improving the peak load management in
utilities.

2.3 Technology trends in major regions of the globe

The developments in the technology that resulted in low powered, low cost computing devices along with
cheaper internet data access are the two principal drivers behind adoption of connect devices (Smart
Homes) at almost every level of society and residential sector has also started withessing their penetration.
Major factors responsible for faster adoption of loT based smart home devices include:

Accessibility to cloud computing and storage,

Distributed intelligence

Easy availability of Internet of Things (I0oT) technology-based devices

Growing internet penetration

Robust and stable communication network infrastructure

Liquidity in market and increased disposable income among people

Sophisticated lifestyle resulting in continuous demand for smart products

Availability of Do It Yourself (DIY) kits that are affordable through e-commerce channels. These
kits include smart sensors that can be integrated to home appliances increasing their versatility
and usage over internet

=A =4 =4 =4 -4 -4 -4 4

In addition to this, penetration of roof-top solar, net metering and electric vehicles is destined to play a
significant role in the smart home by converging into a micro grid. Electric vehicles would not only provide
a clean and efficient mode of transportation but would act as virtual power plant which after integrating with
residential setup could further strengthen the stability of grid during peak power demand. The smart home
ecosystem comprises of a mix of hardware, software and communication protocols; technology trends
about few of them are presented below:

1. Entry level devices - Voice controlled speakers, routers , Set-Top Boxes (STB)

Smart gadgets have entered homes through devices like routers, set-top boxes and voice-controlled
speakers. Using connectivity, communication and
entertainment to introduce the concept of Smart
devices to householders, the industry players have
a niche platform to establish a dedicated market for
their products and related services. The smart
hubs which integrate communication between
various smart devices installed are seen to be
eventually merging into Wi-Fi routers (Samsung
SmartThings V3) or settop boxes (Cox
Communications and Comcast).
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2. Smart homes as a service

Smart homes are being sought to be provided as a
service that is driven by utilities, telecoms and cable
network providers. Smart home technology is more
about the overall system i the services provided i
rather than the connected devices themselves.
Consumers want the benefits without having to master
the technical det ai |l s. That 6s why the next smart h om
frontier will be Smart Home as a Service (SHaaS),
provided and managed by a third-party service provider.

Cable companies and ISPs already have a box in the

home and an existing relationship with the household.

Utility and security companies also have this connection

and are eagerly moving into this space. Large retailers like Walmart, Home Depot, Costco, etc. are
looking to provide the entire suite of services and system, from the technology selection and installation
to the day-to-day maintenance, to ensuring security and facilitating service updates and the addition of
new services. By bundling the smart home services together, this single provider can overcome the
challenge of various emerging technologies and, maybe even more importantly, can provide the
consumer with a single platform that can manage the entire suite of home services with a common user
interface.

3. Standard fitment

Home automation is being conceived as a standard fitment in new
homes. So, it can be expected that soon the community of builders
will be keen on popularising this component in the upcoming
residential construction as standard fitment to improve comfort and
provide energy savings.

4. Value added services

Value added services including Fault Detection and
Diagnostics, maintenance and warranty will be an integral part
of these standard home automation fitments. Recently it was
announced that Grid4C is providing its Al software solution for
integrationwithlt r on6s Riva | oT smart metering solution.

Al Grid Edge solutions will provide utilities with real-time
predictions and actionable insights for their operations and
customer-facing applications. This technology enables home
energy management at the appliance level, and the prediction,
detection, and diagnostics of faults for grid assets and home
appliances, to improve operational planning, reduce peak demand, increase energy savings, etc.

19













































































































































































































































