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Introduction. Pune, a city in the state of Maharashtra in
western India, is the seventh biggest city in terms of GDP
(Butsch et al., 2017). While Pune is a historical and cultural
anchor of the state, the city has been shaped economically and
materially because of its proximity to the metropolitan city
of Mumbai. In addition to a significant number of industries
in and around the city, Pune is known as the ‘Oxford of the
East’ for its large concentration of educational and research
institutions. More recently, Pune has witnessed significant
growth in the Information Technology (IT) industry and
related services, leading to an in-flow of non-resident Indians
and expatriates in the region and a rapid growth in the real
estate market. Alongside these developments that have led
to urban sprawl and land-use change, there is also significant
migration of the poor in search of economic opportunities
engendering embedded inequalities (Butsch et al., 2017).

The Problem. Climate change impacts are likely to worsen
the environmental perils of rapid, unplanned urbanization
in a developing country like India (IPCC, 2021). Climate
forecasting studies suggest that India is expected to witness
a multifold increase in heatwave incidences under both the
1.5°C and 2°C temperature rise scenarios with a three to five-
fold increase in the frequency of long-duration and large-
area heat waves (Arulalan et al., 2023). High confidence
exists amongst scientists to conclude that warming effects
due to climate change and urban heat island effects in
cities are likely to reinforce each other to elevate health
and productivity risks from increased local temperatures.
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Despite being known for its year-round comfortable climate,
Pune is not insulated from these effects. Mid-latitude cities
such as Pune are expected to experience high levels of heat
stress by 2050 in all IPCC scenarios (IPCC, 2021). Desai et al.
(2021) demonstrate the increasing heat stress in Pune through
the analysis of indices such as Heat Index and Physiological
Equivalent Temperature (PET) particularly during the
summer months. Studies have also found that Pune city and the
larger Pune district experience a localized UHI (Urban Heat
Island) phenomenon. However, it can be spatially influenced.

The built-up area in Pune is considered to have increased by
43.1% between 1990 and 2019 indicating a rapid expansion
of the city around the outskirts. Strong evidence has emerged
that land surface temperatures and the diurnal temperature
range (DTR), typical indicators of urban heat islands (UHIs),
are adversely affected in new densely built-up areas, par-
ticularly in the new suburbs of the Pune city, with sparse
vegetation (Sandbhor et al., 2022; Mehare & Joshi, 2023;
Nesarikar-Patki & Raykar-Alange, 2013). On the other hand,
Parishwad and Shinkar (2017) have shown that the centre
of Pune city can experience temperatures cooler than the
surrounding areas. This is due to the significant green cover
and stone heritage buildings in the city centre and the in-
tensive construction of new buildings in the city peripheries.

The unequal spatial distribution of the urban heat island effect
has significant equity implications. With the expansion of the
built areas in the outskirts where the heat stress incidence is
likely to be the highest, migrant and labour communities are
going to be the most affected as they tend to live near the
site of construction. Inefficient building and urban design can
further intensify thermal comfort needs inside the built envi-
ronment perpetuating demand for energy intensive solutions
such as air conditioners. Increased usage of air condition-
ers can add to local temperatures intensifying the vulnera-
bility of lower-income populations (Salamanca et al., 2014).

While a more quantitative assessment of the increase in
space cooling demand in the city is yet to be done, inter-
views among stakeholders indicate a sharp increase in the
use of air condition-ers and other cooling devices across
the city. This increase, if left unchecked, will have seri-
ous implications for the local electricity demand, grid sta-
bility, and climate policy of the city that is currently under
preparation by the local city government — Pune Munici-
pal Corporation (PMC). The adoption of energy-inefficient
appliances and infrastructure can lock in high energy con-



sumption in the long term. Furthermore, access cooling
technologies is poor in India with just 12% of the popula-
tion using air conditioning at home (Davis et al., 2021).
Increasing thermal discomfort in the city would neces-
sitate the provision of affordable and sustainable cool-
ing technologies to particularly vulnerable communities.

The Government of India has initiated multiple pro-
grammes and regulations to address sustainability in cool-
ing distributed amongst multiple ministries. Cooling, in-
cluding its sustainability, was articulated as a coherent
policy area through the Indian Cooling Action Plan that
was released by the national government in 2019. Howev-
er, this policy has often been critiqued for the challenges
faced in its implementation originating from a lack of co-
ordination amongst actors and scales (IFOREST, 2021).

Our Approach. Sustainable cooling, as a socio-technical
intervention, is a fundamentally interconnected policymak-
ing arena involving multiple levels, actors, and dimensions.
At the same time, sustainable cooling interventions need
to be localized to take into account the local context, geo-
graphically sensitive climatic factors and socio-economic
heterogeneities that are typical of cities. We have argued in
our previous research that a complex systems approach can
provide an important perspective to urban energy systems
such as sustainable cooling, making evident the different in-
terconnections and interdependencies that local policymakers
need to take into account in long-term and constrained deci-
sion-making circumstances (Basu et al., 2019; Basu & Bale,
2023). In this case study, we present a complex system under-
standing of the cooling energy landscape in the city of Pune,
India based on the frameworks offered in these publications.'

We use a participatory systems mapping approach to offer
a detailed visualization of the system in its expansive com-
plexity. The objective of mapping the system comprehen-
sively is to foster a shared appreciation of the system as a
whole - layers, transactions, dependencies, and feedback
of the heterogeneous yet dynamic elements of the system.
Different practitioners (including modellers) can choose to
delve into the selective parts of this system while still keep-
ing into consideration the linkages to the whole system.

The map is expected to form the basis for the visions and
pathways designed for the decarbonization of cooling ener-
gy systems in Pune (see our methodology in (Basu & Bale,
2023). The data collection in Pune was carried out between
April 2023 — June 2023 involving key stakeholders (includ-
ing experts) through a consultation workshop and nine elite
interviews. The map presented here is based on an analy-
sis of the themes/ information emerging from the workshop
deliberation, interviews and secondary literature review.

The study participants ranged from policymakers, energy
experts, architects, building developers, NGOs working on

1 This project is part of a larger project “Co-creating Visions and Pathways fo-
rintegrated Urban Heat Systems” that aims to produce shared maps, visions,
and pathways for decarbonizing urban energy systems using a complex sys-
tems approach. EPSRC (UK) funded project. Fieldwork conducted as per the
University Research Ethics approval received in March 2023. (EP/R024197/1)

environmental sustainability, to industry representatives.
Non-dominant views have also been incorporated in a way
that demonstrates the marginal nature of these ideas or per-
spectives. The qualitative analysis at this stage has result-
ed in two primary maps as shown below in Figure 1 and
Figure 2. Serving as heuristic frameworks, further anal-
ysis, visualisation, and focused quantitative insights will
be generated based on these maps in subsequent steps
of the project with the help of supplementary datasets.

Analysis, Evaluation, and Implementation. The first map
(Figure 1) provides a deconstructed view of the operational
intricacies of a cooling system landscape in Pune city as it
exists today. As this study focuses on space cooling, building
types have been chosen as the starting point to rep-resent the
different user groups involved in the cooling land-scape. It
also encompasses users/building types that currently do not
have access to any cooling technologies. The different users
interact with energy technologies or infrastructure in dif-fer-
ent ways; the heterogeneous use/practices of space cooling are
depicted by the diverse colours of the arrows connecting each
building type. For instance, while industrial and com-mer-
cial buildings tend to use cooling almost 24/7 irrespective
of climatic conditions, residential areas have seasonal usage.

As Pune has traditionally enjoyed a moderate climate, the use
of air conditioners has been historically low. This is reflected
in the different building types, particularly lower-income and
low-rise residential buildings, still depending on ventilation
and other passive cooling practices, though participants doc-
ument these as “fading practices.” Low-income, informal or
squatter settlements are still unlikely to have access to mod-
ern cooling appliances even when they are worse affected.

In contrast, a new crop of residential buildings linked to the
growing IT and other corporate industries have started of-
fer-ing centralised cooling systems (cooling networks), often
offered as part of the property package. This intra-city diver-
sity is also geographic in nature. Newer luxury apartments are
typically developed around the outer limits of the city (also
the location of industrial complexes) that in turn are linked to
informal labour and their settlements located in close proximi-
ty to these areas. On the other hand, most single-floor, or low-
rise older buildings are located in the city centre and benefit
from ventilation, green cover, and other passive interventions.

A similar diversity of cooling interventions is captured in the
infrastructure layer. Electrical appliances such as fans and
split ACs are particularly prevalent in the residential buildings
of Pune. Desert coolers are an upcoming technol-ogy prev-
alent particularly in the lower-income households in Pune.
These electrical appliances, on the other hand, are dependent
on a stable and affordable electricity supply from the local
grid that in turn is connected to the state grid oper-ating sys-
tem. Large commercial buildings usually depend on build-
ing-wide systems with absorption chillers being the most
prevalent. Some new technologies are being demonstrated.
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Figure 1. Urban cooling systems view — core

The second systems map (Figure 2) captures the
interlinkages of different factors that influence and are
influenced by cooling systems. It begins with the core
issue of increasing cooling demand and links the variables
that significantly shape this variable directly or indirectly.

The discussions reveal that it is likely that cooling demand
in Pune is not just a factor of local temperature but is also
influenced by urbanization patterns, increasing prosperity
of the local populace, and industrial developments such
as the prevalence of IT, service, and hospitality industries.
Lifestyle changes such as an increase in indoor jobs,
particularly  post-COVID  work-from-home  practices
also play a role. Therefore, two additional variables
that are deeply connected to cooling demand emerge —
temperature increase and cooling interventions/technologies.

The discussions reveal that it is likely that cooling demand
in Pune is not just a factor of local temperature but is also
influenced by urbanization patterns, increasing prosper-
ity of the local populace, and industrial developments
such as the prevalence of IT, service, and hospitality in-
dustries. Lifestyle changes such as an increase in indoor
jobs, particularly post-COVID work-from-home practic-
es also play a role. Therefore, two additional variables that
are deeply connected to cooling demand emerge — tem-
perature increase and cooling interventions/technologies.

While these are interlinked, policymakers will need to equally
keep track of other non-climatic factors as well. The map is
also able to capture the interlinkages with other infrastructure
sectors in the city. For instance, participants highlighted the in-
crease in individual transportation due to the increase in local
temperatures. This insight will be particularly useful for Pune’s
recent pub-lic transportation push. If thermal comfort is not
taken into account in public transportation, individual vehicles
will continue to remain the preferred transportation option for
local citizens, locking in carbon and air pollution emissions.

Future Implementation and Concluding Thoughts. The
systems maps presented in Figure 1 and Figure 2 help provide
an overview of the complexities of a cooling system landscape.
This first level of analysis will form the shared bedrock for all
actions on sustainable cooling in Pune City by a wide range of
stakeholders- including future research, policy interventions,
implementation and demonstration projects, living labs, and
even activism. These maps of the current system, as under-
stood by the local system participants from within, serve as
mental models for policymakers to appreciate the intercon-
nectedness of a single socio-technical system. It is possible to
use these maps to focus attention on particular areas of inter-
est while keeping the entire landscape in view. Policymakers
should be able to identify areas of priority, levers of change,
collaborative networks for policy assistance, and gauge impli-
cations for other policy arenas, for instance, justice and equi-
ty-related effects emerging from policy decisions taken today.

As the next steps in this project, the maps will be digi-
tized through data visualization software and enriched fur-
ther through additional quantitative and qualitative data.

Using complexity methods such as archetypes/cluster anal-
ysis, agent-based modelling, social network analysis, and
systems dynamic modelling, further understanding of the
dynamics, feedback and ensuing uncertainty of the un-
known within the system would be generated. We aim to
translate the insights through data visualization and deci-
sion-making tools to engage stakeholders of Pune’s cooling
energy landscape to co-produce decarbonisation pathways
for an equitable and clean cooling infrastructure in Pune.

A complexity approach demands that we embrace the
messy reality in which all energy systems that we seek
to decarbonize are embedded. Mapping this reality, as
we have attempted with the two maps presented here,
is a first step towards making sense of this messiness.
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Figure 2. Complex systems interlinkages
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Additional Data
*Population Density: 12,170 people/km?

*Gross National Income (GNI): 2,540 USD (Lower-middle
income)

*Gini Coefficient: 32.8
*Human Development Index (HDI): 0.644 (Medium)
*Type of Climate Intervention: Hybrid (adaptation and

mitigation)



