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Introduction

* Energy transition
COP 2023: transition away from fossil fuels in energy systems, in a just, orderly and equitable manner, with

developed countries continuing to take the lead.
Japan’s vision:
« Reduce greenhouse gas emissions by 46% by 2030
« The 6t Strategic Energy plan

« Sustainability in the stadium

Energy consumption in stadiums
« More than 4,000 stadiums exploit up to 40 TWh/year

* Responsible for around 10% of the annual energy con

Solutions for sustainability
« Energy efficiency
« Waste management
« Renewables integration

Energy topic ()
Energy supply

Total energy supply (TES) by source, Japan, 1990-2022

Wind, solar, etc.
Hydro

Indicator (7)
Total energy supply (TES) by source
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Renewable capacity in 2022
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Introduction

Our objectives:
» Renewable Energy Components
» Energy Production and Consumption
» Economic Viability
» Environmental Impact

To achieve zero emissions in the stadium within the Japanese context by integrating renewable energy sources,
while balancing the goal of zero emissions with economic considerations.
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| Background

« Renewable energy system

- World

« US: Golden 1 Arena (world’s first arena 100% solar powered); Lincoln Financial Field (11,000 solar panels & 14 micro wind turbines); Allegiant Stadium (100%
renewable sources powered)

« Ashton Gate Stadium (UK), Schwarzwald-Stadion (Germany), Bankwest Stadium (Australia), Stadio della Roma (ltaly), Antalya Stadium (Turkey), Taiwan
National Stadium

»  Tokyo Olympic Stadium (solar-powered)
« Hiroshima Soccer Stadium (solar-powered)
« J. League Climate Action

Panasonic Stadium Suita

«  On-site (self-owned, rented)
Off-site (power purchase agreement)

 Renewable energy systems in EV charging stations
» Bilal et al. 2022, Ekren et al. 2021

* Methodology
« Atrtificial techniques (Yoshida et al. 2020, Lian et al. 2019, Al-falahi et al. 2017): Particle swarm optimization
« Software tools (Thirunavukkarasu et al. 2023, Li et al. 2022, Sinha et al. 2014): Hybrid Optimization of Multiple Energy Resources (HOMER)
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Case study - Imabari Satoyama Stadium
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Imabari Satoyama Stadium

« General info
+ The third difS e
. Opened: Jai= @

« Capacity: 5%
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 Meteorological data
« Solar: The average solar is around 3.6kWh/m?2/day.

Daily Radiation (kWh/m?3/day)
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| Imabari Satoyama Stadium

 Meteorological data
« Wind: The average solar is around 4.98m/s.
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Imabari Satoyama Stadium

« Grid
« Shikoku Electric Power Company
« Monthly electricity expenses: 800,000 yen/month (~4,720 euro/month)

13
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Imabari Satoyama Stadium

- HOMER

« Commonly used for least-cost optimization in different stand-alone or
grid-connected microgrids
« Can model different microgrid configurations as it includes various
generation resources, such as fossil fuel generators, PV, wind, biomass,
and hydro systems. It also contains multiple energy storage
technologies, such as battery storage, hydrogen storage, and
supercapacitors.
 Indicators
« Cost of Electricity generation (COE)
* Net present cost (NPC)
« CO2 emission intensity
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| Other potential

» Electric vehicles
* |n Japan, the market share for xEVs is approximately 30%.

Japan's passenger EV sales in 2023

« Electric vehicle charging facilities B in thousands of units
« 300,000 public charging ports by 2030 Nissan‘w o
« Current spots nationwide: 21,378 mitsubishi [l
__ Toyotal
* Imabarl Clty: 29 Other Japanese brandsl

Imported vehicles _

Includes 'kei' cars

e vealers Association
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| Future directions

Other potential
Q consumptions of excess

generated electricity

t@a EV charging station

17



Reference 9 4 UTOl(YO

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

https://unfccc.int/news/cop28-agreement-signals-beginning-of-the-end-of-the-fossil-fuel-era

https://www.japan.go.jp/kizuna/2024/01/together_for_action_japan_initiatives.html

https://japan.kantei.go.jp/101_kishida/statement/202312/01statement.html

https://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/6th_outline.pdf

https://japan.influencemap.org/policy/Energy-Mix-5345

Manni, M., Coccia, V., Nicolini, A., Marseglia, G., & Petrozzi, A. (2018). Towards zero energy stadiums: The case study of the Dacia arena in Udine, Italy. Energies, 11(9), 2396.

Elnour, M., Fadli, F., Himeur, Y., Petri, I, Rezgui, Y., Meskin, N., & Ahmad, A. M. (2022). Performance and energy optimization of building automation and management systems: Towards smart sustainable carbon-neutral sports facilities. Renewable and
Sustainable Energy Reviews, 162, 112401.

Francis, A. E., Webb, M., Desha, C., Rundle-Thiele, S., & Caldera, S. (2023). Environmental sustainability in stadium design and construction: A systematic literature review. Sustainability, 15(8), 6896.

https://www.linkedin.com/pulse/sustainable-stadiums-building-greener-future-sports-arenas/

Wilby, R. L., Orr, M., Depledge, D., Giulianotti, R., Havenith, G., Kenyon, J. A., ... & Taylor, L. (2023). The impacts of sport emissions on climate: Measurement, mitigation, and making a difference. Annals of the New York Academy of Sciences, 1519(1), 20-33.

https://www.irena.org/Data/Energy-Profiles

Bilal, M., Alsaidan, 1., Alaraj, M., Alimasoudi, F. M., & Rizwan, M. (2022). Techno-economic and environmental analysis of grid-connected electric vehicle charging station using ai-based algorithm. Mathematics, 10(6), 924.

Ekren, O., Canbaz, C. H., & Glvel, C. B. (2021). Sizing of a solar-wind hybrid electric vehicle charging station by using HOMER software. Journal of Cleaner Production, 279, 123615.

Yoshida, Y., & Farzaneh, H. (2020). Optimal design of a stand-alone residential hybrid Microgrid system for enhancing renewable energy deployment in Japan. Energies, 13(7), 1737.

Lian, J., Zhang, Y., Ma, C., Yang, Y., & Chaima, E. (2019). A review on recent sizing methodologies of hybrid renewable energy systems. Energy Conversion and Management, 199, 112027.

Al-Falahi, M. D., Jayasinghe, S. D. G., & Enshaei, H. J. E. C. (2017). A review on recent size optimization methodologies for standalone solar and wind hybrid renewable energy system. Energy conversion and management, 143, 252-274.
Thirunavukkarasu, M., & Sawle, Y. (2021). A comparative study of the optimal sizing and management of off-grid solar/wind/diesel and battery energy systems for remote areas. Frontiers in Energy Research, 9, 752043.

Li, C., Zhang, L., Qiu, F., & Fu, R. (2022). Optimization and enviro-economic assessment of hybrid sustainable energy systems: The case study of a photovoltaic/biogas/diesel/battery system in Xuzhou, China. Energy Strategy Reviews, 41, 100852.
Sinha, S., & Chandel, S. S. (2014). Review of software tools for hybrid renewable energy systems. Renewable and sustainable energy reviews, 32, 192-205.

https://satoyamastadium.com/quide/

https://www.bariship.com/en/visit-2/access/

https://satoyamastadium.com/1428/

https://solargis.com/maps-and-gis-data/download/Japan

https://asia.nikkei.com/Business/Automobiles/Japan-EV-sales-hit-record-high-in-2023-but-with-slow-growth

18


https://unfccc.int/news/cop28-agreement-signals-beginning-of-the-end-of-the-fossil-fuel-era
https://www.japan.go.jp/kizuna/2024/01/together_for_action_japan_initiatives.html
https://japan.kantei.go.jp/101_kishida/statement/202312/01statement.html
https://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/6th_outline.pdf
https://japan.influencemap.org/policy/Energy-Mix-5345
https://www.linkedin.com/pulse/sustainable-stadiums-building-greener-future-sports-arenas/
https://www.irena.org/Data/Energy-Profiles
https://satoyamastadium.com/guide/
https://www.bariship.com/en/visit-2/access/
https://satoyamastadium.com/1428/
https://solargis.com/maps-and-gis-data/download/Japan
https://asia.nikkei.com/Business/Automobiles/Japan-EV-sales-hit-record-high-in-2023-but-with-slow-growth

Than

' _— e

-
- o~
»
- o ” -
/. -
o
o~ . -
’. - -
» . - - - - - - - - - E
B 4 &,
‘/. - - - - - - - - - - - .

u for your attention!

B

-
- -




	Slide 1: Enhancing Sustainability In The Sports Stadium:  A Techno-Economic Analysis Of Off-Grid Renewable Energy And Electric Vehicle Charging Station.
	Slide 2: Outline
	Slide 3: Introduction
	Slide 4: Introduction
	Slide 5: Introduction
	Slide 6: Background
	Slide 7: Case study – Imabari Satoyama Stadium
	Slide 8: Imabari Satoyama Stadium
	Slide 9: Imabari Satoyama Stadium
	Slide 10: Imabari Satoyama Stadium
	Slide 11: Imabari Satoyama Stadium
	Slide 12: Imabari Satoyama Stadium
	Slide 13: Imabari Satoyama Stadium
	Slide 14: Imabari Satoyama Stadium
	Slide 15
	Slide 16: Other potential
	Slide 17: Future directions
	Slide 18
	Slide 19: Thank you for your attention!

