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Abstract—This paper provides a position statement for a grid
interactive affordable housing programme called CELLULAR
presently concluding its scoping phase. The study has so far
balanced the technical, regulatory and financial aspects of socio-
technical solutions that are practical and inexpensive. Later
phases will deploy urban living labs which will site and test
technology, decarbonization policy, regulatory sandboxes, urban
land-use planning, human and social factors, financing
innovations, and higher penetration of onsite RE. If successful,
the programme would offer diverse benefits to affordable housing
occupants, grid operators and builders. Observed efficacy of tested
interventions will be pursued in a scale-up phase intending
technical support for energy sector policy reform.
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I. INTRODUCTION

To date, very few Housing For All (PMAY-U policy)
building developments have pursued Efficient Building (ENS
building code) certification, and onsite renewables have very
low uptake. India has pressing needs for reliable power supply
as it has recently completed connecting all households for 1.4
billion people - but not yet for 24/7 supply and often only
300W [1]. India’s electricity is heavily subsidised and so
keeping electricity affordable is essential, but this constraint
creates revenue challenges for electricity distribution
companies (DISCOMs). Passive building design strategies,
coupled with onsite renewable energy generation, demand-
response/load management opportunities, and tariff design
therefore have the potential for improving affordable housing
while reducing energy costs and related GHG emissions. This
potential has attracted researchers from two organisations and
their donor to launch CELLULAR - Clean Energy Living Lab
for Urban Low Carbon Affordable Residences. This paper is
a position statement on the status of this new programme.

Implementing policies to best effect for the industry,
DISCOMs, markets and building occupants is increasingly
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urgent as unchecked heating effects of global warming are
anticipated to contribute to mortality of 10% of all deaths in
India by 2100 [2] — we suggest that safe affordable housing
should become critical disaster infrastructure. Rapid progress
can only happen in a coordinated manner with clean energy
provision relying on grid improvements and on-site solar and
small wind generators — in turn provided by buildings and
their occupants interacting with the grid — that is, grid
interactive housing. There are also improvements in health,
productivity, cost of living and other outcomes for more
efficient buildings (for example: [3], [4]). Improving building
performance and integrating with the grid could also hasten
electrification and the conversion of cooking systems from
propane and high particulate matter and CO biomass fires to
electric stoves, a particularly serious health risk [1].

The importance of testing human factors means that
innovators and governments alike can learn what will actually
work and scale, rather than perpetuating the building-energy
gap between as-designed and as-occupied energy use [5] [6].
Grid interactivity brings another layer to this situation as
future DISCOMs will likely rely on cooperation from millions
of occupants in heating events to prevent blackouts due to grid
congestion. Space cooling in buildings (which constitutes
around 33% of total electricity consumption in India) was
~135 TWh in 2017-18, and projections show that this will
increase by a factor of four (to ~585 TWh) in the next two
decades. Increasing use of air conditioners is already
contributing to blackouts outside India (for example in
Australia, [7]) where demand reduction bounties are being
tested during high demand [8].

Household income and energy use have been found to be
quite strongly correlated (for example in the UK [9]). At the
same time, low-income Indian households are upwardly
mobile: 8.5% of India’s population moved up from the
vulnerable category to middle class and 13.9% improved in
status from poor to vulnerable up to the year 2010 [10].
Indians more generally have high expectations of upward
mobility [11]. For those most vulnerable, 40% of energy
distributed to informal settlements is lost with scheduled



blackouts making refrigeration and other continuous energy
uses impossible [12].

The study will have at least three phases. The present
scoping phase runs to July 2022. Our methodology in the
second phase from late 2022 is to deploy up to three sited
living labs where we have convened supportive occupants,
builders, and all levels of government. The study will seek
dedicated funding for additionalities at all sites. At the time
of writing these are initially in the states Gujarat, Karnataka
and Maharashtra where we have engaged with the
stakeholders already. A third phase of this work anticipates
scale up of successful interventions to many other sites before
2030.

II. LIvING LAB DESIGN

Living labs allow design interventions to be tested in situ so
that adapted human social practices [13] can also be observed.
Improvements in energy services and in grid interactivity will
only be successful if they don't interrupt occupant's lives, do
not require high energy literacy, have correct incentives
operating, and can be seen to work in-situ. In India, there are
few resources to deeply integrate improvements into
households with little if any financial surplus, or time to learn
and adapt. Such living lab research recognises that occupants:

e ...are the experts on the products and services that
will best meet their needs and preferences.

e ...represent an under-tapped source of ideas and
creativity.

e ...involvement in shaping changes in their own lives

extends the democratic space. [14]

From the side of DISCOMS, partners and educational

institutions, labs:

e manage stakeholder cooperation

e lead to the pooling of complementary resources

e research the whole innovation process from
conception to effective application in the real world

e encourage the sharing of innovations

e give end-users and communities more power in
change processes and thereby deepen democracy

e make innovation more visible to those who need to
help it along.[14]

The technologies in scope include:

e Changed demand: Buildings are entirely electrified to
use grid energy; and, permanent energy-demand
aware features that reduce energy demand via
promoting energy efficiency (both for envelope and
machines/devices).

e Connected and smart systems: Energy-demand
technologies such as smart meters, building
automation systems, sensors and others which support
owners and occupants.

e Systems which rely on Distributed Energy Resources
(DER) as a behind-the-meter solution such as onsite
solar with batteries and vehicle to grid technologies
potentially as despatchable generation and loads

e DISCOM facing controls: building infrastructure or
appliances that send information such as smart meters
or can actually be directly controlled such as header
tank pumping.

e Systems which rely on cooperation and behaviour
change of building occupants such as aligning solar
generation with cooking, occupant energy curtailment
advised by DISCOMs and so on.

Adjusting social practices such as introducing cooking on an
induction stove during the solar day can see grid demand
greatly reduced where there is onsite solar, and the typical
evening demand peak reduced. CELLULAR will also explore
the socialization of behavior change for which community-
creation trials have been more successful (eg: [15]), long
lasting and have demonstrated self-sustaining benefits (eg:
EcoTeams [16]) and it will explore institutional design around
sharing a limited resource [17].

Solutions under consideration:

e DISCOM-facilitated rooftop solar and small wind
turbines (reproducing a BSES trial in Delhi [18]).

e  Multifamily occupants sharing power from solar and
small wind turbines via special metering (following
AllumeEnergy.com)

e DISCOM-controlled HVAC and heat pumps for
water heating (following from [19])

e  2-3-4wheeler charging and freight charging as a new
social enterprise run by the building occupants
through innovative business cases.

e Virtual power plant commons and socialisation of
shared energy (from [20], [21]) along with DISCOM-
messaging and demand reduction bounties (for
example: [8]).

III. CONCLUSIONS AND FUTURE WORK

The study covers at least four aspects of progressive energy
use: the demand-side opportunities for resilience and
affordability (energy reliability) and building efficiency (the
building envelope); opportunities for energy utilities to
coordinate with building occupants for energy efficiency
(efficient devices and time-of-use); and, the potential for the
formation of energy communities (groups of occupants who
cooperate to make the best use of energy).

While India is not a large per-household user of energy and
is largely not a cool climate country, the goal of building
energy design is to cap or limit the growth in energy from
quite a low base. The potential benefits to the users and grid
operators via the bidirectional flow of electrons and value
should be substantial as well as other health and wellbeing
benefits for affordable housing occupants. The outcomes are
intended to form technical support for further policy
implementation in India.
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