


actions i.e., regenerate, share, optimise, loop, virtualize,
and exchange to transition from the current path to a cir-
cular one. All of these actions improve the use of tangi-
ble assets, increase their usable life, and shift away from
conventional to renewable resources. Figudepicts the
ReSOLVE framework, which shows how the six actions
for a CE strategy can be implemented to industries.
2015). According to the World Economic Forum, the In the forthcoming years, roughly two-thirds of
CE approach can conserve roughly half a trillion dollar¢he worldss population would be living in cities (Boc-
of Indiass GDP value while saving over one trillion dollarsquier 2005. According to the World Cities Repo2Q20),
annually due to less carbon emissions, lower costs, afidore than 3/4th of the worldss energy is consumed by cit-
reduced supply chain risk (Fiksel et2021; FICCI2018. ies, and they emit more than 3/5th of GHG (Greenhouse
The extraction, manufacture, use and disposal process@&s) emissions. In India, the economic impact of air pol-
as well as reduction, reuse, recycling, repair/refurbishmefition is exceedingly large. India spends roughly 1.28%
and recovery of energy and materials, are all based on théits Gross domestic product (GDP) on health. Air pol-
lineup process, which converts lineasws into circular lution from fossil fuels in India is responsible for one mil-
" ows and is the key to the systemes economic developmeifin deaths annually and approximately 980,000 estimated
(Abad-Segura et a2020). According to the current devel- premature births, amounting to an annual economic loss of
opment scenario, India might produce an annual value d0.7 lakh crore (US$150 billion) or 5.4% of Indiass GDP
Rs. 14 trillion and Rs. 40 trillion in the CE sectors by(Farrow et al202Q Greenpeac2020). Indiass coal supply
2030 and 2050, respectively. Currently, Indian governmertas grown quickly, and coal remains the countryes primary
entities, industry associations, and nonprgtoups have source of energy and electricity generation (Energy Policy
lately connected their projects to the concepts of the CReview2020. In India, sectors such as residential, com-
(Bherwani et al2022 Ellen MacArthur Foundatiod016).  mercial buildings, transportation, and industry consume the
This study developed the scenario of a CE using the CRaximum share of energy in the form of electricity. Though
strategies with the ReSOLVE framework to determine howhere are number of factors that irénce electricity use,
much CE strategies in the city (Delhi, India) will assistone of the most signant is the climate. Frequent vari-
in reducing climate change impacts. The CE strategie@tions in climate induce thermal discomfort, and 10...20%
include reusing of scrap materials, improvingaency of households utilize cooling and 30...40% utilize heating
and methods, using of solar powered or electric operatéﬂ)p”ances within buildings to alleviate the discomfort in
vehicles, using of green materials, switching to biofuelsindia (Akbari et al2001; MOEF2018). Because of the hot
sharing of vehicles, etc. climate, most Indian cities have adopted the practice of using
Establishing a CE necessitates multifaceted activities &0oling systems to improve thermal comfort (Kumari et al.
the local, regional, national and global scales. Industrie2021). With 97.5% of the urban population, Delhi is one of
must use the ReSOLVE framework, which includes sixhe most urbanized cities in India (MOH2819...2020). In
comparison to other Indian cities, Delhi has the highest rate
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Fig. 3Study area showing the
region of NCT, Delhi
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the data such as the number of vehicles, distance travelled
and weight carried per year by each vehicles type (Bose et al.
2001). The energy statistics for the transport sector are given
below in Table2.
The annual production of the steel and paper indus-
2007 Errampalli et al2020 LEAP 2020).  tries, as well as their energy consumption statistics such
The energy intensity for each vehicles type was calculategb coal requirement, electricity usage, etc., were gathered
by multiplying the fuel e ciency and load factor which is from research articles with the total number steel and paper
the ratio of passengers travelled per kilometer and distangedustries and their production in India, and then further
travelled by each vehicles types per year. Similarly, for theomputed for Delhi NCT. The total production for the steel
fright sector the energy intensity was calculated consideringidustry was taken from the literature and the required










Results and discussion

The results of the various scenarios are compared and dis-
cussed in this section. The studyes baseline scenario, known
as ¢business as usual,* estimates energy demands and emis-
sions through 2040 based on population growth and rising
demand with usual mitigation policies. The results are based
on energy demand, consumption and emission factors; nev-
ertheless, meteorological parameters, population density,
and local climatic zones will have an iménce at a local
level, however, the current evaluation is based only on macro
factors. Without introducing any new energy policies, the
business-as-usual (BAU) scenario forecasts the current sce-
4. The CE scenario is based onnario energy demand through 2040. Fighmeand b shows
the business as usual (BAU), which is the baseline fapelhies current energy demand and emissions by residen-
calculating energy demand for the year 2019. The enviial, non-residential, transport and industry sectors. Delhiss
ronmental consequences of the cityes energy productiashergy is distributed among many industries, with a major
and consumption were investigated using the Input-Oufportion going to freight and diesel fuel. Fig@a@shows that
put Table (IOT). The Delhi Directorate of Economicsthe freight sector consumes the most energy, up to 60% of
and Statistics has created an «Input-Output TableZ (I0Tthe overall energy consumption of 20.7 Mtoe followed by
for the cityes economy. This study approximates energshe thermal plant, public transportation, and non-residential
demand and its environmental impact by utilizing thesectors. Less than 10% of total energy consumption is com-
whole upstream network of supply chains and the pefprised of households, non-residential, and industrial sec-
centage reduction in the energy demand after applying thers. Consequently, 61% of G@missions come from the
ReSOLVE framework and was calculated by the Leontiefreight industry, while 23% and 15% of CEnissions come
inverse matrix (Christis et a2019, Kitzes2013). from thermal plants and public transportation. A switch to
The CE scenario then shows how Delhies energy shifenewable energy fuels like green hydrogen, biofuels, and
is moving towards a more sustainable mode due to the uggectri“cation in the transportation sector, as well as the use
of CE strategies. The temporary effects of the COVIDof agricultural residues as an input fuel in thermal power
19 Pandemic on Delhiss energy track are represented plants, is necessary for a green energy transition because
the Pandemic scenario, which depicts how the pandemiBelhi has the highest rate of ¢@missions from the trans-
effect will alter until 2040. The impact of the CE and theportation sector, followed by thermal power plants.
COVID-19 pandemic is investigated by varying the activ- Kumar and Madlener2016) investigated the implica-
ity level and technologyes energy intensity while analyztjons of using renewable energy in electrical supply net-
ing the scenario. works and calculated CQemissions using a least-cost
approach to develop several scenarios and analyzed using
the LEAP Model, and theirridings indicate that under an

Table 4 Execution of CE strategies using the ReSOLVE Framework in the industry and transport sectors for Delhi, India

Sectors CE strategies References
Minimizing the energy intensity Changing the expenditure
Industry Scrap materials can be reused, improve-No excessive consumption, matching supply & NITI Aayog 2018
ments in e ciency and methodepti- demand, use of green materials, enforcement 0f2021ab), Sharma et al.
mize, loop & regenerate) emission standardsptimize) (2018
...10% of all monetary inputs to the industryl0% of all expenditure on the industry sector
sector
Transport Use of Solar powered or electric-operateBwitch to biofuels, sharing of vehicles, increase Blearma et al2016
vehicles, move away from large SUVs  use of public transport instead of own vehicles
(regenerate) (share, exchange)

...5% of all monetary inputs to the transpor:5% of all expenditure on the transportation sector
tation sector




to electric vehicles in order to reach the climate change
targets. For e cient resource use, CE practices like recy-
cling, repairing, and refurbishing are crucial (Rict2@e22).
Batteries can be reused and converted into energy storage
devices to increase their lifespan. Making ensuring that 85%
of a vehicless weight is recyclable or reused is another CE
method to mitigate climate change for the transportation sec-
tor (Paradowska017). Reusing and recycling are key com-
ponents of a CE, which is what is needed to ensui@ant
resource usage and successful climate change mitigation. CE
strategies should be implemented in all industries in order to
2020ab). Due to the combat climate change since they ensure optimum resource
pandemic, Delhi was spared from pollution because transtilisation and reduce carbon emissions. (Yang &042).
portation and industries were suspended in the lockdown As shown in Fig7, the long-term eects of the pan-
phase. The anticipated outcomes show that, when the padtemic and the CE scenario could reduce Delhiss energy
demic scenario is taken into consideration, 86% of PM demand and associated emissions. Energy demangd, CO
emissions might be decreased by 2040 as compared to BAtmissions, and PM emissions are increasing in Delhi
The pandemic state might not persist for long, and pollutioas compared to pre-pandemic conditions and without
levels might start to increase once again. As a result, CEhplementing the CE approach, as indicated in the BAU
strategies may eventually become a vital tool for reducingcenario in Fig6a, b and c. In comparison to the BAU
emissions. Figuré c, illustrates that the CE scenario mightscenario, the CE scenario might save 203 Mtoe (49%)
reduce PM;emissions in 2040 by 26% compared to BAU.in “ nal energy demand from 2020 to 2040. Similarly,
A CE strategy in the transportation sector can lowe€0O, and PM ;s emissions might be saved by 500 and
PM, 5 emissions by 42% when compared to BAU in 204@.50 tons, respectively. The mandate lockdown nearly
as shown in Fig6. Improved air quality in Delhi can be halted all activity during the COVID-19 pandemic, and
achieved by implementing CE strategies, such as promotirgg a result, human interventions were limited, resulting
vehicle electri‘tation in the transportation sector or switch-in considerable reductions in pollution levels and other
ing to renewable fuels such as green hydrogen and biofuets;tivities (Bherwani et ak020g 20200. Due to all these
which government intends to introduce as an alternate futctors, the results of this study show that 23% of more
source in the coming years. India seeks to achieve the tardeatal energy may be saved in when pandemic scenario
of 20% biofuel blending by 2025 (NITI Aay@®21ab) and compared to the CE scenarios as can be stgmtly seen
in the forthcoming years, the blending percentage could feom Fig. 7a and CQ emissions follow a similar pattern
exceeded. As per BIS research, the Indian electric vehiclghich is observed from the Figb. If this is considered as
market is expected to rise at compounded annual growthbest-case scenario from environment point of view, the
rate (CAGR) of 43.13% between 2019 and 2030 (Inc 4details of reduction in activities, pollution levels, energy
2021, and it may continue to grow until 2040. It is impor-and resource consumption can be computed, and the gov-
tant to consider that the transportation industry must switclrnment and policymakers may use this information to
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strike at the root of the problem and alleviate energy
demand and emissions.

The population and household size used in this study
were gathered from secondary sources and are subject to
vary due to annual growth projections. Also, because some
data for the spect study area was not available, the elec-

7c, the PM s emissions can be reduced by applyingtricity consumption by dierent appliances in households

CE strategies and considering the pandemic situation wiwas obtained from the study India: Strategies for Low Car-
be around 157 tons (24%) and 450 tons (70%) respectivelhon Growth (MOER2018). As a result, the amount of power
Figure8 shows how much each sector might contribute teonsumed by a typical household may vary based on the
Delhies green energy transition when comparing the CBumber of appliances used and how long they were utilised,
scenario with BAU scenarios. Public transport and freighbut the overall numbers may remain as stated in the litera-
play a vital role in saving fal energy, C®emissions, ture. Based on the unique characteristics of each industry
and PM s emissions. The current outcomes may vary duand the seasonal variations in their resource consumption
to errors and uncertainties in the data as the results gpatterns, the fuel usage, production and energy consumption
based on secondary sources and assumptions, hence dlaéa in the transportation and industrial sector magdi
results could be interpreted in conjunction with the dat&oor road conditions, the number of vehicles operated per
dependency of the modelled outputs and likely errors andlay, and changes in the passenger and load concentration
uncertainties in data. in vehicles are a few examples of circumstances that could

The Supreme Court ordered the CPCB to adopt eause spot variances, but overall data may still be valid based
comprehensive action plan, the CPCB came up with then the rationale followed in the research. Since all of the
Graded Response Action Plan (GRAP), in Delhi, whichdata was acquired from diverse sources, internal variations
contains several limitations to cope with air pollution lev-are possible and will lead to distinct outcomes. However,
els, particularly PM intensity (GRAR018). The Delhi the most probable sources were considered for this study.
governmentes electric vehicle strategy, termed the Delhi
Electric Vehicle (EV) policy, was launched in 2020 and
might help to reduce the transportation sectorss emission€onclusion
intensity (RMI India2020). One more policy introduced
by the government in 2019 is the National Clean Air ProEnergy demand and pollution have become important
gram (NCAP), which is aVe-year strategic plan which concerns in Delhi as a result of the cityes rising popula-
works to reduce air pollution and raise citizen awarenedson, transportation, and industries. Only around 20% of
(Gupta2020. Even with di erent policies and schemes the industries are authorized in the area, therefore indus-
in place, governments and policymakers continue to fadeial development has been erratic and unorganized. The
obstacles in reducing emissions. As a result, sgestifat- remaining industries are scattered across the cityes resi-
egies and solutions must be implemented that can directtiential and commercial areas. Road transport is the major
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to LEAP tool for research purposes. The manuscript is checked for
plagiarism using licensed version of iThenticate software.
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