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Smart city is an idea that helps people to use technology for the development of city. Smart cities are
developing fast and they present new services which extremely influences planning and policy making,
although they take place with urban services. Energy schemes for smart cities development need the
higher part of renewable energy sources i.e. solar and wind for electricity and high standard of integration
of utilities and industry providing business and households. It is more important to know the renewable
energy contribution in the overall smart city’s development and planning. This paper highlights and mea-
sures the impact of energy planning and smart city interrelation and recognizes the meeting ideas. The
energy planning scopes are drawn from the Indian government policy and they are related with smart
city’s planning environment.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Technological Advancements in Materials Science and Manufacturing.
1. Introduction

Smart city is a concept that brings the use of development of
city and smart technology together. This will immensely advance
the infrastructure by giving more public places and facilities to
the population. But, smart technology and development are the
vital feature of Smart Cities rather. The public will be getting ben-
efits from the dynamic development and assessment of the differ-
ent information in the smart way. The smart city idea integrates
information and communication technology and numerous smart
instruments connected to the system to enhance the city opera-
tions services and link to the people. This technology permits the
official to touch directly with the city structure and public and to
observe the city conditions. The Smart city task planned by the
Indian government has many offers and has a big budget which
will influence the more Indian population. The government of India
has a vision of making more than 100 of smart cities with renew-
able energy generation, smart meters, secure electricity supply,
smart treatment of waste material, smart building and sustainable
environment. The smart cities development polices insist of using
more energy from renewable energy system [1–4]. The carbon
footprints increase with the uses of crude oil, coal and gas so this
can be decreased by using renewable energy system. The integra-
tion of renewable energy with the existing grid in a big solution
for all smart cities, this will decrease the unit’s generation from
the thermal plant. The renewable energy in the smart cities can
be used in water heaters, electricity generation, street lightning,
pumps, cooking, traffic signals, green building etc. The renewable
energy based buildings integrated with the main gird can save
the conventional energy in a big amount. Whereas, many countries
like USA, Japan, Italy are adopting the grid connected renewable
energy system to assist the urban bodies in evaluating the present
energy demand and future consumption [5–8]. Among the differ-
ent energy sources available, solar energy system is widely used
and adapted because of its accessibility and advantages [9–14].
They are preparing the policies for power savings through the
hybrid energy system installation. In this paper, development of
the hybrid energy system based smart cities in Section 2. In Sec-
tion 3, economics of hybrid energy system- analysis is presented.
Net metering approach for smart cities is discussed in section 4.
Further, Hybrid energy system based smart cities project actions
in Section 5. Finally, concluding statements are presented in
Section 6.
2. Development of the hybrid energy system based smart cities

The solar energy system is becoming the leading power gener-
ation system globally, and is positively well matched to city atmo-
nce and
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spheres. Whereas, the wind energy system is also suited to city
environments because the vertical axis turbine based wind energy
system can be easily installed in urban areas than the horizontal
axis turbine based system. But, urban area has low wind speeds
problem this can be overcome by installing many rotors or with
gearbox which can turn by different values of wind speed.

Further smart cities environments can offer wind harvesting
chances as tall buildings can generate funnel effects for producing
stronger wind speed. So, smart system will be needed for the smart
cities development with smart features to properly track the power
generation, consumption, storage and managing the demand. The
smart storage system can provide the energy when it is needed
and stored during off peak demands. Hence, the main smart mod-
ernization is the smart grid to track the demand, control all
sources, and properly matching the supply and demand. In India,
there are many cities are falling in the list of smart cities like, Rai-
pur, Agartala, Dehradun, Nagpur, Chandigarh, Ludhiana etc. The
Government of India provides the money per city for making the
master plan, installing the hybrid energy system and capacity
buildings.

The solar energy system can be installed on the rooftop of the
commercial, residential and industrial buildings. The power gener-
ation from the solar energy system can be fed to the main grid with
the use of net metering scheme. This helps in saving in transmis-
sion losses, and there is no need of extra land for installation. This
can also reduce the electricity bills by providing the electricity to
the local supplier, besides battery less system makes the installa-
tion easy and cost effective.

Whereas, the wind energy system requires land but by using
vertical turbine system, this requirement can be reduced. The
power generated from the wind energy system can be given to
the grid by the use of net metering approach this can reduce the
carbon footprints because these generated units do not need to
buy the from the grid. The hybrid energy system is the cost effec-
tive system because during off peak hours the extra units can be
sold out to the utility. Fig. 1 shows the hybrid energy system based
smart cities development scheme. Smart cities need proper con-
trolling of hybrid energy system to increase the reliability of the
scheme.
3. Economics of hybrid energy system- analysis

In order to find a cost-effective smart solution for smart cities,
the overall combined cost of a grid-connected solar and wind
energy system for residential, industrial and commercial buildings
is estimated. For analysis reason, it is assumed that for smart city
growth, there is a need of 2400 kW solar energy system and
800 kW wind energy system for residential, industrial and com-
mercial type buildings.
Smart Ci�es

Solar and WInd 
Energy System

Net MeteringEconomics

Smart policies and 
development

Fig. 1. Hybrid energy system based smart cities development scheme.

2

The 3200 kW grid-connected hybrid energy system will provide
the 10,400 units per day. Buildings covering all sectors, especially
smart cities, are deemed to consume 6800 units per day. As shown
in Table 1, the overall cost of the grid-connected hybrid energy
scheme for residential, industrial and commercial buildings in
2019 is approximately 315,253,536 INR. The hybrid energy sys-
tem’s lifetime is 25 years, so it is possible to measure the annual
and monthly costs of the units produced by this system. Tariff rates
for the Chennai, India area are taken into account for analysis
purposes.

Complete cost of 10,400 units used by the grid per
month = 2,692,800 INR

The hybrid energy system needs a cost of 10,400 units per
month = 1,050,844 INR

Saving = 2,692,800–1,050,844
=1,641,956 INR/Month
=19,703,472 INR/Year

4. Net metering approach for smart cities

Many facilities are permitting to hybrid energy systems to be
integrated to the main grid by put on the net metering scheme.
The Net metering scheme allows the owner of the particular sys-
tem to sell the extra power generated from the hybrid energy sys-
tem to the utility at the exact price at which the electricity is
brought from the main grid. Fig. 2 shows the net metering scheme
benefits related to the smart cities. The United States has been
using this approach for a long time whereas in Japan, incentives
providing as a capital funding for this purpose. India is a superior
country where solar and wind power are accessible easily for a
longer time. Further, the Government of India has waived off the
regional transmission losses and charges on the power generated
by renewable energy sources to increase the use of renewable
energy system. The net metering scheme is used to get the cost
effective solution, if the net metering scheme is not used then
the surplus power generated from the hybrid energy system will
be wasted.

The net metering scheme gives the great potential to purchaser
related welfares, electric utility allied welfares, financial viability
and environmental benefits. The development capacity under net
metering scheme can be permitted to equivalent to appropriate
percentage the utility gives the intra state losses and financial
feasibility.

5. Hybrid energy system based smart cities project actions

Once the idea of hybrid energy based smart city and the key
challenges are known, then an organized method to the action pos-
sibilities of the project has been established. The smart cities idea
are changed from the actions made for execution to the implemen-
Table 1
Total cost of grid-connected hybrid energy system for residential, industrial and
commercial type buildings. (2400 kW solar energy system and 800 kW wind energy
system).

Particular Quantity Investment
(INR)

PV modules, Inverter 10160(315 W),
640

215,099,936

MPPT controller with DC/DC
converter

– 8,320,000

Vertical axis wind turbines – 29,920,000
Electrical structure, installation – 31,280,000
Planning and development – 6,800,000
O and M, other misc. – 23,833,600
Total 315,253,536
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Fig. 2. Net metering scheme benefits.
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Fig. 3. Hybrid energy system based project actions.
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tation of the method to handle the challenges. Therefore, it is
essential to know a complete overview of options and to relate
with the challenges. The main factor for hybrid energy based smart
cities projects has been known to be use of technology. According
to standards, smart city project actions are defined as shown in
Fig. 3. The various actions are defined and put into relation with
the smart city challenges identification. After that, these projects
are being established in smart cities with sub actions executions.
The main aim of project actions planning is the effectively imple-
mentation of the project.

The progression of the concept of smart cities leads from partic-
ular system to global city methods over which it is probable to
overcome the associated challenges at different stages. Therefore,
it can be noticed that it is essential to develop the effective method
within the city project for achieving the complete vision.

6. Conclusion

This paper highlights the different aspects of sustainable urban
development with hybrid energy system. Smart cities are emerging
3

fast and they provide the new services which tremendously effect
the planning and policy making. The hybrid energy system is inte-
grated to the main grid with the smart metering approach and the
net metering scheme permits the owner of the system to sell the
extra power generated from the hybrid energy system to the utility
at the exact price at which the electricity is brought from the main
grid, this would give the economic saving. In this work, solar and
wind energy system for electricity and high standard of integration
of utilities and industry providing business and households is con-
sidered. Further, the economic feasibility of grid-connected hybrid
energy system for economical and efficient operation of the system
to electrify the different residential, commercial and industrial
buildings in smart city in India is presented. Also, hybrid energy
system based smart city project actions are discussed.

CRediT authorship contribution statement

Iram Akhtar: Conceptualization, Methodology, Software, Writ-
ing - original draft. Sheeraz Kirmani: Supervision, Writing - review
& editing.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] S. Bae, S. Member, A. Kwasinsk, Dynamic modeling and operation strategy for a
microgrid with wind and photovoltaic, Res. 3 (4) (2012) 1867–1876.

[2] C. Bhattacharjee, B.K. Roy, Advanced fuzzy power extraction control of wind
energy conversion system for power quality improvement in a grid tied hybrid
generation system, IET Gener. Transm. Distrib. 10 (5) (2016) 1179–1189.

[3] A. Costa De Souza, F. Cardoso Melo, T. Lima Oliveira, C. Eduardo Tavares,
Performance analysis of the computational implementation of a simplified PV
model and MPPT algorithm, IEEE Lat. Am. Trans. 14 (2) (2016) 792–798.

[4] J. He, Y. W. Li, and F. Blaabjerg.: Flexible microgrid power quality enhancement
using adaptive hybrid voltage and current controller, IEEE Trans. Ind. Electron.,
vol. 61, no. 6, (2014), pp. 2784–2794.

[5] M. V. Manoj Kumar, M. K. Mishra, and C. Kumar:A Grid-Connected Dual
Voltage Source Inverter with Power Quality Improvement Features, IEEE Trans.
Sustain. Energy, vol. 6, no. 2, (2015), pp. 482–490.

[6] D. Somayajula, M.L. Crow, An ultracapacitor integrated power conditioner for
intermittency smoothing and improving power quality of distribution grid,
IEEE Trans. Sustain Energy 5 (4) (2014) 1145–1155.

[7] N. R. Tummuru, M. K. Mishra, and S. Srinivas.: Dynamic Energy Management of
Renewable Grid Integrated Hybrid Energy Storage System,IEEE Trans. Ind.
Electron., vol. 62, no. 12, (2015), pp. 7728–7737.

[8] L. Wang and M. S. N. Thi.: Stability enhancement of large-scale integration of
wind, solar, and marine-current power J. Dong, T. Xia, Y. Zhang, T. Weekes, J. S.
Thorp, and Y. Liu.: Monitoring power system disturbances at the distribution
level generation fed to an sg-based power system through an lcc-hvdc link,
IEEE Trans. Sustain. Energy, vol. 5, no. 1, (2014), pp. 160–170.

[9] V.ATimbus, M. Ciobotaru, R. Teodorescu, and F. Blaabjerg.: Adaptive resonant
controller for grid-connected converters in distributed power generation
systems, in Proc. IEEE APEC Expo., 6. (2006).

[10] I. Akhtar, S. Kirmani, M. Jamil, Analysis and design of a sustainable microgrid
primarily powered by renewable energy sources with dynamic performance
improvement, IET Renew. Power Gener. 13 (8) (2019) 1024–1036.

[11] I. Akhtar, S. Kirmani, Error-based wind power prediction technique based on
generalized factors analysis with improved power system reliability, IETE J.
Res. (2020) 1–12.

[12] M.d. Nurunnabi, N.K. Roy, E. Hossain, H.R. Pota, Size optimization and
sensitivity analysis of hybrid wind/PV micro-grids- A case study for
bangladesh, IEEE Access 7 (2019) 150120–150140.

[13] I. Akhtar, S. Kirmani, An application of fuzzy fault tree analysis for reliability
evaluation of wind energy system, IETE J. Res. (2020) 1–14, https://doi.org/
10.1080/03772063.2020.1791741.

[14] Kong, X., Liu, X., Ma, L., Lee, K. Y: Hierarchical Distributed Model Predictive
Control of Standalone Wind/Solar/Battery Power System. IEEE Trans. Syst.
Man, Cybern. Syst. 49, (2019), pp. 1570–1581.

http://refhub.elsevier.com/S2214-7853(21)01193-7/h0005
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0005
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0010
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0010
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0010
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0015
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0015
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0015
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0030
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0030
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0030
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0050
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0050
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0050
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0055
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0055
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0055
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0060
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0060
http://refhub.elsevier.com/S2214-7853(21)01193-7/h0060
https://doi.org/10.1080/03772063.2020.1791741
https://doi.org/10.1080/03772063.2020.1791741

	Impact of sustainable design on India’s smart cities development
	1 Introduction
	2 Development of the hybrid energy system based smart cities
	3 Economics of hybrid energy system- analysis
	4 Net metering approach for smart cities
	5 Hybrid energy system based smart cities project actions
	6 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


