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Executive Summary

As per THE Impact Ranking 2023, Shoolini University has bagged top no.43 global ranking for
SDG 7 and No.41 in SDG 6. The Centre of Excellence in Energy Science and Technology
(CEEST) is coordinating the implementation of United Nations Sustainable Development Goals
(UNSDGsS) in Shoolini University. In order to ensure the access to affordable, reliable, clean, and
sustainable energy for all, the University has taken several measures and formulated and
implemented the  Energy and Environment Policies in order to achieve the UNSDG targets.
Shoolini University has published a National Document on the Implementation of United Nations
Sustainable Development Goals (UNSDGs) in Higher Education Institutions in collaboration with
Association of Indian Universities (AlU). Under this initiative a number of steps in awareness,
education, research and transfer of technology have been taken to utilize renewable energy sources
to conserve energy, reduce carbon emissions and combat climate change impact by 2025. The use
of solar energy for power generation, reduction in the use of fossil fuels in transportation,
community cooking, building design and construction have been taken. This report presents the
status of implementation of UNSDG SDG-7 and governing policy at Shoolini University, Solan,
Himachal Pradesh, India during 2022-23.

1. Introduction

The Centre of Excellence in Energy Science and Technology (CEEST) is coordinating the
implementation of United Nations Sustainable Development Goals (UNSDGs) in the Shoolini
University. In order to ensure the access to affordable, reliable, clean, and sustainable energy for
all. Shoolini University has taken several measures in renewable energy education research,
technology implementation and formulated and implemented the Energy & Environment Policies
in order to achieve the UNSDG -7 targets. The university intends to develop itself as a sustainable
energy education and research hub and a sustainable development township to act as a model for
other Higher Education Institutions in India.

The University has implemented several environmentally friendly solar projects in the University
campus for generating solar electricity, hot water and solar steam cooking and energy efficient net
zero energy buildings. Under the projects from Ministry of New & Renewable Energy, Govt of
India, the Campus of Shoolini University has been converted into a Green Energy Campus with
solar energy utilization & environmentally friendly technologies.



1.1 Education

The global thrust on utilization of Renewable Energy utilization to reduce greenhouse gas
emissions for climate change mitigation calls for all organizations and higher education institutions
to take immediate measures to lower their carbon footprint. Shoolini University has established a
Shoolini University has established a Centre of Excellence in Energy Science & Technology
(CEEST) in 2019 which is led by Prof. Shyam Singh Chandel who comes under the global top 2%
scientists according to research conducted by Stanford University.

(Stanford Research Link: https://elsevier.digitalcommonsdata.com/datasets/btchxktzyw)

CEEST has introduced education at B.Tech (Renewable Energy Technology), Master in Energy
Technology. Master in Climate Science and Sustainable Development and PhD in Energy,
Renewable Energy and Climate Change concerns and, Sustainable development. CEEST was
ranked 3" in India for Environmental Science and 15" in India for Energy Research by SCIMAGO
Institutes Rankings 2022. The Centre’s Scientists have a large number of publications in quality
research journals. A large number of patents have already been filed through the same.

CEEST Website link: https://shooliniuniversity.com/center-of-excellence-in-energy-science-and-
technology.

SCIMAGO Ranking Link:

Rank-3:
https://www.scimagoir.com/rankings.php?sector=Higher+educ.&area=2300&ranking=Overall &
country=IND

Rank-15:
https://www.scimagoir.com/rankings.php?sector=Higher+educ.&area=2100&ranking=Overall &

country=IND

1.2 Research in Energy and Climate Action

A large number of research papers in these areas have been published in top ranking Journals
which has led to rank 2 for SDG 7 & No.6 in SDG 6 for the University as per THE global impact
ranking in 2022 and rank 43 and 41 respectively in 2023.

Evidence:
SDG-7 Rank (2023): https://www.timeshighereducation.com/rankings/impact/2023/affordable-

and-clean-energy?page=1
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SDG-6 Rank (2023): https://www.timeshighereducation.com/rankings/impact/2023/clean-water-

and-sanitation?page=1

Research in Energy to SDG-7 and 13 of Shoolini University:

(Annexure I- List of Publications Related to Energy)

Highlighted research of Centre of Excellence in Energy Science and Technology in 2023

Article in PV Magazine: CEEST is researching into new alternative energy technologies to lower
carbon footprint hence contributing to SDG-7 fulfillment:
https://www.pv-magazine.com/2022/11/04/pv-powered-thermoelectric-cooling-for-air-
conditioning-in-buildings/

CEEST has catalyzed the action on sustainable Development goals in the University by preparing
a National Document titled as “Building a Sustainable Future - How Universities Can Help
Implement SDG Goals” on the Implementation of UN SDGs in Higher Education Institutions in
India in collaboration with Association of Indian Universities (AlU) during 2021 which has been
published in March, 2023 and launched by the former President of India Mr. Ramnath Kovind.

Evidence: https://shooliniuniversity.com/news/former-president-kovind-releases-shoolini-aiu-
joint-publication

Already a governing ‘Energy and Environment Policy’ has been formulated in 2019 to set the
roadmap and required actions to make the University carbon neutral by 2025.

In addition to the latter, the CEEST has also prepared two new policies namely the sustainable
procurement and sustainable investment policies of the university to further align the university
towards the SDGs. The scientists are working in priority research areas on Climate change in
Energy, especially use of renewable energy applications in Agriculture, Sciences, Engineering,
Biotechnology, Food technology and Pharmacy. The main objective of these initiatives is to
develop the University as a sustainable education and research hub and township to be model for
the higher education Institutions in India.

1.3 Energy Patents
Refer to Annexure-I1 for energy patents granted in 2022.
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2. Initiative on Solar Photovoltaic power generation -Installation of a 400 kWp
Grid Connected Solar Photovoltaic Power Plant - An initiative under United
Nations Goal 7 and 13

Solar Energy is harnessed through Solar Photovoltaic panels installed on the rooftops of the
University building blocks, hostels and car parking. The University campus is connected to the
main grid operated by HP State Electricity Board (HPSEB). The solar electricity so generated is
used to meet the partial energy needs of the University. The electrical energy used by the university
was 6,422 GJ and that generated by solar PV plant was 1476.4 GJ offsetting about 3,34,237 kgs
of CO2 in 2022.

Figure 2: Distribution of 400kWp grid-connected Solar Photovoltaic Power Plant on different rooftops and Car
parking shed in the university campus



3. Concentrated Solar Steam Generating Cooking System

A solar steam generating cooking system (Scheffler Type) is installed on the roof top of Girls
hostel of Shoolini University. The system is based on the concentrated solar technology.

Figure 3: Concentrated solar powered community steam cooking system

The solar radiation falling on the dish, is concentrated onto a receiver, which heats the water and
convert into steam to cook food for 500 girl students residing in the hostel saving about 2 LPG gas
cylinders every day thus saving conventional fuel and money. The system is also used as a research
facility by the PhD student to design and monitor the performance of the CSP system.

Figure 4: Concentrated solar steam cooking system installed on roof top of the girls hostel at Shoolini University

4. Solar water heating systems for hostels

Solar flat plate collector and evacuated tube collectors are installed in all hostels of the University
provide hot water daily for hostel residents.



Figure 5: Installation of 38000 litres per day solar water heating systems in the university campus.

5. Reducing fossil fuel consumption and carbon dioxide emissions use of
electric carts for local transportation in the campus

The university has introduced three electric carts for local transportation for students, faculty and
visitors inside the university campus to restrict the movement of personal vehicles inside the

campus during working hours.



Figure 6: Electric Carts for local transportation in the university campus.

6. Bio-energy utilization - Use of biogas for Cooking from agriculture and
Animal Wastes

In order to utilize agriculture, cow dung, food waste and kitchen waste, and promote the research
and use of biogas as the fuel, the CEEST has installed a 1.5 m® Plastic biogas system for
demonstrating use of non-polluting fuel in the agricultural farm of the University which is being
used for cooking by the farm laborers.

Figure 7: Biogas plant for cooking installed in agriculture farm in Shoolini university



7. Installation of Solar Street Lights and Smart Sensor Lights

Shoolini University has installed about 42 solar street lights of 40W capacity inside the campus
for night time lighting purposes thus utilizing free Solar energy and saving conventional electricity.
A number of smart sensor lights have also been installed that automatically turn off when not in
use to save electricity.

» " 1 | % 2 ;-{7‘.‘ § | B
Figure 8: Sensor based lights at various restrooms have been installed. These sensors detect the presence of a person
and turn off when there is no human presence in the rooms.
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Figure 9: Solar streetlights installed in the University campus.

8. Monitoring solar, wind, and other climate data for research

CEEST has installed a high quality automatic weather station on the roof top of the library
building that monitors Global Solar Irradiance, Wind Speed, Wind Direction, Temperature,
Relative Humidity, Rain fall data as well as photosynthetic active radiation which are critical for
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research and development of new Energy technologies, Climate Change related hence contributing
towards research and development SDG-7 and SDG-13. The data are being used in boosting the
reliable research and development of renewable energy technologies, by utilization of the
renewable resources, and making plans for the sustainable township.

Figure 10: CEEST Automatic Weather Station installed at Shoolini University. The weather station is equipped to
monitor solar radiation, temperature, humidity, photosynthetic active radiation as well as wind speed and direction.
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9. Participation in National and International Conferences Related to Energy

Teachers, researchers, and students have participated in international and national conferences
related in the field of renewable resources, storage systems, smart grids, hybrid systems, etc.

10.Establishment of New Solar Energy Research Labs

High tech labs in Photovoltaic, Solar thermal, Wind and Bioenergy are being planned to be
established in a phased manner for education, research based on the state-of-the-art technologies
that help researchers and students and participate in utilizing and improving the existing
technologies and developing new ones.

11.Energy Conservation & Energy Efficiency improvement

Sensors are used for energy conservation in the University. 90% of lights in the university are
LED based 20-Watt tube light which saves up to 50% energy. Most streetlights in the campus have
photocell controllers, which switch the light on and off at the right natural light levels, normally
near dusk and dawn. These sensors have time delays and hysteresis to prevent change-over too
quickly. There is a plan to convert to 100% sensor-based street lighting/ outdoor lighting system
to prevent wastage of electricity.

Use of LED Lighting: University campus is moving towards total LED lighting system, which
are more efficient than incandescent light bulbs or compact fluorescent lighting (CFL). The
campus has 90% , 20 W LED lights.

Figure 11: 20W LED lights installed in the University
Use of more efficient water and air heating systems: The university has installed 8kW heat

pump based water heating system in the international hostel and PTC air heaters to optimize and
improve energy efficiency.

12



Figure 12: Energy efficient heat-pump based water heating system has been installed in the international hostel
Shoolini University

Figure 13: Energy efficient PTC air heaters have been installed all international hostel rooms

Use of energy efficient architectural features: The university has incorporate various feature in
the new buildings like use of natural lighting and solar energy, use of Autoclaved Aerated Concrete
(AAC) blocks, ‘Rat Trap’ Builds i.e. cavity induced in wall which provides the advantage of

thermal comfort.

13
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Figure 15: Walls using AAC blocks for better insulation and energy efficiency

12. Energy Policy of Shoolini University

14



Shoolini University is committed to United Nations Sustainable Development Goals through its
innovative energy policy to make Shoolini University a sustainable, energy efficient green campus.
This energy policy applies to all operations and activities of the University including building
construction, renovation, transportation, and any other operations for improving energy efficiency
through the installation of energy efficient systems and use of renewable energy sources. The
environment protection, efficient water management and fossil fuel use reduction in various
activities undertaken by the University are the linked aspects of this policy. The various measures
are to be undertaken for the divestment of energy consuming, and fossil fuel based existing
equipment/vehicles etc., with innovative energy efficient systems and to invest in Climate Change
solutions for a Carbon Neutral University Campus by 2025 (For details refer to Energy Policy
Shoolini University provided separately along with this document).

12.1. Policy Goals

e To take measures to reduce greenhouse gas emissions to make Shoolini University as Net
Zero or near Zero building Carbon neutral Campus preferably by 2025.

e To design and construct all the new buildings by incorporating energy efficient, solar
passive building, water conserving and environment friendly building technologies.

e To discourage the fossil fuel-based power generation by utilizing renewable energy
sources, solar roof-top PV /hybrid systems, waste to energy generation, to meet the energy
requirements of the University.

e Measures will be taken to use solar water heating systems, solar steam cooking systems, in
university hostels to save LPG and other conventional fuels.

e To take necessary steps to regulate public transportation inside the campus and, and to
utilize electric vehicles inside the campus for essential transportation.

12.2 Initiatives already taken under the Solar Energy Policy — Summary

Energy Conservation: Energy conservation is major concern for planning the construction of
buildings in a sustainable campus. Nestled in the green and salubrious clime of pine forests, the
buildings have been constructed allowing maximum light, ventilation with natural air circulation
in all rooms and halls, thereby saving on electricity consumption. There is a major endeavor at
Shoolini University to conserve energy and promote the usage of alternate energy sources. Actions
taken in this direction have helped in making the campus green, energy efficient and energy
surplus. Apart from the measures described below, there are buildings like the Yogananda
Knowledge Center (Central Library) that use the natural light during the day.

15



The faculty, employees and students lead initiatives also save significant electricity and have
developed a policy for reducing electricity consumption by using LED and replacing the old
florescent tube lights with energy efficient LEDs. All the computer monitors have been replaced
with LED/LCDs displays. Replacement of old energy consuming appliances like lights, fans with
energy-efficient appliances is underway.

e Green Energy Campus: Under the Ministry of New & Renewable Energy, Govt of India,
the Campus of Shoolini University is a green energy Campus with maximum Solar Energy
utilization & environmentally friendly technology use. The establishment of Centre of
Excellence in Energy Science & Technology in 2019 focusses on energy Education and
Research.

e Solar Energy is harnessed through Solar Photo Voltaic panels installed on the rooftops of
most of the University building blocks and covered common areas exposed to sunlight, like
the car park, part of the internal road etc., converting sunlight into electric energy. The
University campus is connected to the State electricity grid through a grid interactive
system. The generated electricity partially meets the requirements of the university and
excess generated electricity is transferred to the grid sub-station.

e Solar Steam Generating Cooking Systems (Scheffler Type) in Girls Hostel of Shoolini
University: A solar steam generating system based on Concentrated Solar Technology
Solar radiation falling onto the dish is concentrated onto the receiver, which heats the water
which is converted into steam to cook food for 500 students.

e Solar Water Heating Systems for hostels: Flat Plate Collector and evacuated Tube
collectors are installed in all hostels of the University to provide hot water.

e Sensor-Based energy Conservation is being practiced. Most streetlights in the campus
have photocell controllers, which switch the light on and off at the right natural light level,
normally near dusk and dawn. They have time delays and hysteresis to prevent change-
over too quickly. There is a plan to convert to 100% sensor-based street lighting/ outdoor
lighting system to prevent wastage of electricity.

e Use of LED Lighting: University campus is using LED lighting system, far more efficient
than incandescent light bulbs or compact fluorescent lighting (CFL).

13. Solar Passive building technology Policy Initiative-towards Net Zero and
Zero Carbon Emission Buildings

Shoolini University has made it mandatory to design and construct all the buildings in its campus
as per passive solar architecture and incorporating energy efficient building technologies and
environment friendly building materials following the Solar House Action Plan & Policy adopted
in the State of Himachal Pradesh.

16



The feasibility of existing buildings for retrofitting of Passive Solar features/systems for
improving energy efficiency and reducing energy consumption will be explored for urgent
follow up action.

Co-ordination & Implementation Guidelines

Vi.

The Centre of Excellence in Energy Science & Technology (CEEST), established in 2019
at the Shoolini University coordinates the Solar Building Action Plan for Shoolini
University.

A technical Project Management Cell (TPMC) has been established in the CEEST with
Director (Energy) as the Principal Coordinator along with expert team in solar building
design, renewable technology analysis, Director (Estate) & building maintenance in charge
with concerned architect, civil/electrical engineer team for the construction implementation
and maintenance.

A Computer Aided Solar Passive Design Cell with architect, design engineer [structural],
executive engineer, a computer programmer well versed in building design software,
AutoCAD, seismic analysis software, along with Solar radiation data & building
performance monitoring, forecasting load analysis using Artificial Intelligence techniques
will be established.

The constructed buildings will be live laboratories for energy education, research and
development for CEEST.

Systematic efforts will be made by CEEST to orient & train University’s technical.
Architecture and engineering sections for adopting the innovative technologies.

The CEEST will also promote the technology around nearby villages to help design their
houses as social obligation to the communities along with providing technology inputs for
the State of Himachal Pradesh Housing Agencies for effective implementation & Policy
formulation.

17



inlet

COLD AIR

N——
ANVEN N
L
—

NP I T T DN AL R WL SR BT It |

WARM AIR L

[ R ST ST D

.

PLAIN GLASS 5 MM —

9" THICK
6" GAP BETWEEN
WALL AND FRAME

&
."J

1E%:

] |
outlet 12"X12" I

——

INENNNNNWN

| inlet 12"X12" 7 FIRST FLOOR

COLD AIR

DAY AR T S o AP0 P8 YT S UL -0 IR R (X RS K T PENI e 8 3

Jed

Figure 18: Animal House building at Shoolini university being built with integrated Trombe Wall for better energy
efficiency and thermal comfort

13.1 Constructing low carbon footprint buildings -use of environment friendly building
materials

Under the mandatory Net Zero Energy and Passive Solar housing Policy, the university has
developed a Yoga Nanda Ville with a number of solar huts in the campus using sustainable
building materials like wood, bamboo, slate, stone, mud, stabilized mud blocks etc. shown in
figures 22 to 28. Several new buildings including Tagore School of Design Building has been
constructed using sustainable materials and minimal carbon footprint figure-19,20,21.

18



G g R g {1 S S
19: New Design School Building constructed using sustainable mater

Figure ials at Shoolini University.
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Figure 20: Interiors of the green buildings at Shoolini University are also made of natural and sustainable materials
for maximizing eco friendliness. Ample windows are constructed for natural daylighting and minimal use of
artificial lighting during the day. All lights used are energy efficient LED lights.
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Figure 22: Bamboo a

Figure 23: Living with Nature - Eco friendly Bamboo Tree Houses built at various locations in the campus for
student interaction
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Figure 24: Use of traditional and climate responsive building materials -two storeyed guest house.
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Figure 25: Sustainable buildings in Yogananda Ville at Shoolini University.
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Figure 26: Sustainale building in Yogananda Ville at Shoolini Universi:

Figure 27: Sustainable huts and green spaces are constructed at numerous locations within the university
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Figure 28: Interior of one of the sustainable residential guest huts

14. Environment Policy for Shoolini University

Shoolini University is committed to United Nations Sustainable Development Goals (SDGs)
through its innovative Environment Policy which makes Shoolini University a sustainable, energy
efficient and environment friendly green campus. This Environment Policy applies to all the
operation and activities of the University including building construction and renovation,
transportation, water, waste management and all its operations and activities undertaken by the
university. (Annexure-111- Environment Policy Shoolini University).

14.1 Policy Goals

To protect environment in and around Shoolini University

To develop a systematic waste management mechanism

To develop rainwater harvesting system for water conservation and recharging

To provide training and information on energy & environment protection measures

To create awareness among students, faculty, employees and public to engage in initiatives
those contribute for environment protection

To reduce, reuse and plastic in any manner inside the University campus

To create awareness on single use plastics impact on environment and encourage use of
natural alternatives

To explore production of energy from waste

25



e To take measures for the effective utilization of wastewater recycling

e To take measures to protect the forest and environment from forest fires
15. SDG 7 related Society Awareness Campaigns & Webinars organized on
Evidence
15.1 Awareness Campaign on National Energy Conservation Day

Shoolini University observed the National Energy Conservation Day and initiated an awareness
campaign on energy efficiency and sustainable practices from Dec 14, 2022 to Dec 20, 2022.

Evidence: https://himachaltonite.com/himachal/national-energy-conservation-day-observed-at-
shoolini-university/

15.2 Awareness Campaign on 17 SDGs w.e.f International Earth Day

A Campaign was organized by CEEST on 17 SDGs in collaboration with the IT department and
Dean Student Welfare for students and faculty of Shoolini University, held starting from the Earth
Day on Apr-22, 2022 onwards for 17 days daily. The campaign aimed to spread awareness among
the students, faculty and staff about the 17 United Nations Sustainable Development Goals. Posters
were published daily on the mobile phones daily for all students/faculty and staff talking about the
SDGs.

Evidence: https://himachaltonite.com/himachal/shoolini-university-celebrates-world-earth-day/

16. Support for new technology development and entrepreneurs

CEEST, Shoolini University also hosts Technology Incubation Centre of Ministry of Micro, Small
and Medium Enterprises (MSME) and supports innovative ideas from students, entrepreneurs and
startups in the state of Himachal Pradesh and encourages use of new sustainable technologies to
contribute towards SDGs. The Centre reviewed proposals for Hackathon 2.0 and 3.0 which is a
govt. sponsored call for entrepreneurial proposals to be funded by the MSME in 2022 and 2023.
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Annexure I- List of Publications Related to Energy (SDG-7)

S. No. | Title Authors Year | Scopus Source title
Prospects of sustainable Rahul Ch_andel |
. Shyam Singh .
photovoltaic powered International Journal of Energy
1 . N Chandel | Deo 2022
thermoelectric cooling in zero Research
energy buildings: A review Prasad | Ram
' Prakash Dwivedi
Rahul Chandel |
Review on thermoelectric Shyam Singh Sustainable Ener
2 systems for enhancing Chandel | Deo 2022 Technolodies andgzlb\ssessments
photovoltaic power generation | Prasad | Ram 9
Prakash Dwivedi
Research outcome of
sustainable solar drying R.K. Aggarwal |
technology dissemination for Shyam Singh .
3 preserving perishable Chandel | Shiva 2022 Sustalnabl_e Energy
- . " Technologies and Assessments
agriculture and horticulture Gorjian | Rahul
crops in the North Western Chandel
Himalayan region of India
Perspective of new distributed Rahul Chandel |
grid connected roof top solar Shyam Singh .
4 photovoltaic power generation | Chandel | 2022 | Energy Policy
policy interventions in India Prashant Malik
A Novel Metaheuristic Salwan T_a”our |
Shyam Singh
Approach for Solar
. Chandel | Hasmat .
5 Photovoltaic Parameter - . 2022 | Photonics
: . Malik, Majed A.
Extraction Using Manufacturer S
Alotaibi | Taha
Data .
Selim Ustun
Utilization of biodegradable S Kaur | RJ
6 novel insulating materials for Konwar | P Negi, 2022 Energy for Sustainable
developing indigenous solar S Dhar | K Singh | Development
water heater for hill climates SS Chandel
An experimental analysis of .
enhancing efficiency of M FII’O_OZZE_ldeh | Journal of Thermal Analysis
7 . . AH Shiravi | SS 2022 .
photovoltaic modules using and Calorimetry
. . ; Chandel
straight and zigzag fins
A Comprehensive Review on
Four decades of Thermally .
8 Efficient Biomass Cookstove RK Aggarwal 2022 Internatlonal Journal of
s . and SS Chandel Ambient Energy
Initiatives for Sustainable
Development in India
Impact_s of environmental _ Zhao, X.|
regulations on green economic Mahendru, M|
9 growth in China: New P 2022 | Renewable Energy
guidelines regarding renewable Ma, X.| Rao, A
Shang, Y.

energy and energy efficiency
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Properties, optimized Shandilya, P.|
morphologies, and advanced Sambyal, S.|
10 strategies for photocatalytic Sharma, R.| 2022 | Journal of Hazardous Materials
applications of WO3 based Mandyal, P.|
photocatalysts Fang, B.
The role of renewable energy Chopra, R.|
and natural resources for Magazzino, C.|
sustainable agriculture in Shah, M.1| .
11 ASEAN countries: Do carbon Sharma, G.D.| 2022 | Resources Policy
emissions and deforestation Rao, A.| Shahzad,
affect agriculture productivity? | U.
Akhundi, A.|
Simultaneous Dual-Functional | Zaker Moshfegh,
12 Photocatalysis by g-C3N4- A.| Habibi- 2022 | ACS ES and T Engineering
Based Nanostructures Yangjeh, A.|
Sillanpéa, M.
Kumar, A.|
Hasija, V.|
Artificial leaf for light-driven Sudhaik, A.|
CO2 reduction: Basic concepts, | Raizada, P.| Van
13 advanced structures and Le, Q.| Singh, P.| | 2022 | Chemical Engineering Journal
selective solar-to-chemical Pham, T.-H.|
products Kim, T.|
Ghotekar, S.|
Nguyen, V.-H.
Xia, C.| Hong
Chuong Nguyen,
T.| Cuong
Emerging cocatalysts in TiO2- \I\;guyenk_x.| S
based photocatalysts for light- oung Kim, S.|
) . Nguyen, D.L.T |
14 driven catalytic hydrogen Raizada. P 2022 | Fuel
evolution: Progress and alzada, 1
perspectives Singh, P.|
Nguyen, V.-H.|
Chien Nguyen,
C.| Chinh Hoang,
V.| Van Le, Q.
ZnO-based heterostructures as Dhiman, P.| Rana,
photocatalysts for hydrogen G| Kumar, A| Environmental Chemistry
15 . o Sharma, G.| Vo, 2022
generation and depollution: a D.-V.N.| Letters
review Naushad, M.
Regional Sustainable Cai, X.| Wang,
16 Development and Spatial W.| Rao, A.| 2022 Frontiers in Environmental
Effects From the Perspective of | Rahim, S.| Zhao, Science
Renewable Energy X.
CO2 photoreduction into solar Kumar, A.| Singh,
. . P.| Khan, A.A.P.| . o
17 fuels via vacancy engineered Le, Q.V| 2022 | Chemical Engineering Journal
bismuth-based photocatalysts: N A
guyen, V.-H.|
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Selectivity and mechanistic Thakur, S.|
insights Raizada, P.
Revisting conventional and Sharma, G.D.|
green finance spillover in post- | Sarker, T.| Rao, .
18 COVID world: Evidence from | A.| Talan, G.| 2022 | Global Finance Journal
robust econometric models Jain, M.
kumar, R.|
Impact of artificial roughness Kumar, R.|
variation on heat transfer and Kumar, S.| Thapa, . . .
19 friction characteristics of solar | S.| Sethi, M.| 2022 | Alexandria Engineering Journal
air heating system Fekete, G.| Singh,
T.
Ighalo, J.O.|
Rangabhashiyam,
Recent advances in hydrochar S Dulta, K.|
I . Umeh, C.T| . . .
application for the adsorptive Chemical Engineering
20 Iwuozor, K.O.| 2022 .
removal of wastewater . Research and Design
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