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Charging electric vehicles (EVs) is of great concern both for future vehicle owners and grid operators, with charging

at home being the preferred solution by 90% of owners. In addition, the supplied electricity needs to be clean in

order to reduce emissions. 

residential charging stations  residential renewable energy  smart home

1. Current Needs

Transportation is the second source of GHG emissions worldwide, and it could grow to 65% by 2050  without

counter measures to limit it. A number of simulation scenarios indicate that with efficient counter measures,

transport sector emissions could be reduced by 68% . Surveys show that citizens are concerned about this, with

97% of Chinese, 70% of Germans, and 52% of US inhabitants intending to change their travel habits .

Meanwhile, as the price of Li-ion batteries has decreased, the price of electric vehicles (EVs) has decreased as

well. As a result, the increase in EV manufacturing is spectacular, Figure 1, as it has been stimulated, in addition,

by government incentives. Further useful evolutions are foreseen and considered important in the years to come.
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Figure 1. Correlated evolutions between (a) EV battery prices and (b) number of EVs .

According to the EV30@30 scenario, the EV share is expected to be 70% of all vehicle sales by 2030 (where 28%

are two/three-wheelers) in China. Almost half of all vehicles sold in 2030 in Europe will be EVs, 37% in Japan, over

30% in Canada and the United States, 29% in India, and 22% on average in other countries .

Infrastructure for EV energy supply is going to be the next bottleneck . The electric energy required for charging

EVs was computed in  to reach almost 640 terawatt-hours (TWh) by 2030 in the New Policies Scenario, Figure

2, and 110 TWh in the EV30@30 scenario.

Such an increase in electricity usage will require governments and energy suppliers to invest in infrastructure.

One important component of this infrastructure is, in the view of potential customers, the charging infrastructure.

This aspect is considered important by the political actors. As mentioned in , “The US Bipartisan Infrastructure

Law provides nearly $5 billion to support establishing a 500,000-station EV charging infrastructure” and “The

European Union’s Green Deal, announced in December 2019, targets one million charging points by 2025 to

reduce greenhouse gas emissions from transport by 90% compared to 1990 levels”.

Private companies are also trying to take advantage of this business opportunity. As mentioned in , Shell

intends to operate over 500,000 EV charging stations by 2025 and 2,500,000 by 2030.
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Figure 2. The electric energy required for charging EVs in the New Policies Scenario . STEPS Stated Policies

Scenario; APS Announced Pledges Scenario.

Figure 3 shows how important charging station availability is in the view of EV customers from some large (from

the perspective of an EV volume criteria) countries.
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Figure 3. Deterring factors of using an electric car in Germany, US, and China .

With regard to the placement of charging stations, studies show that charging at home is mostly preferred.

According to , 90% of chargers will be at home, accounting for about 65% of the energy demand required.

Related figures are offered in other studies, such as .

2. Technological Developments

Further studies  showcase decreases of (85%) in prices for solar energy, (55%) for wind energy, and (85%) for

lithium-ion batteries between 2010 and 2019. These decreasing trends are continuous.

Due to these results, applications using the above elements have increased, for example more than ten times for

solar and more than 100 times for electric vehicles, when referring to the domains presented in this research. A

case in point is made in the title in reference : “Residential Energy Storage Deployments Skyrocket”. This

increase will be followed by “new ways of enabling electric charging systems to fit into electricity grids creating

synergistic benefits to grids, improving the value of electric transit, and reducing range anxiety for EV users”,

according to .

Considering the above developments and the fact that charging at home is mostly preferred, it is easy to

understand why the result in  is that in 2030 the relative majority of chargers are expected to be within

households in the US, with 44% of electricity being consumed by them. To ease the stress on the grid, measures,

such as incentives to install charging stations (CSs) and for using renewable energy on site and creating residential

microgrids (MGs) with EV charging capabilities, are necessary.

The development of residential charging stations, based on MGs with self-renewable energy sources, will also be

stimulated by the significant jump in electricity prices that occurred in 2022.

3. Residential MGs with CSs

It is important, of course, to give a definition of residential EV charging stations based on renewable energy

sources and their role. In fact, this represents a residential smart MG (SMG) supplied by renewable sources, with

EV charging station capabilities and with or without public access.

The description of the residential smart microgrids with EV charging capabilities can be found in , with an

illustration of the main components made in Figure 4.
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Figure 4. The structure of a residential smart MG supplied by renewable sources with EV charging station

capabilities and public access .

The renewable energy components, specifically, PV modules and small wind turbines, together with energy storage

based on stationary Li-ion batteries and power electronics components, are sourced directly from the market. Such

a solution increases the reliability of the MG and reduces the implementation time of the solution.

The SMG has communication capabilities and is able to communicate with the SMG components and with a smart

city digital network. The MGG (MG general controller) with energy management system (EMS) or home energy

management system (HEMS) software is able to optimise the energy usage according to the weather forecast, the

electricity price of the grid, and the EV charging requirements. For the EV charging station with public access, a

charging schedule and financial management can be implemented on-line.

This type of AC MG with EV charging is the solution implemented in practice nowadays. It uses PV modules and

small wind turbines, energy storage based on stationary Li-ion batteries, mainly after 2017, and power electronics
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components from the PV market. These components are reliable and proved by experience solutions. The AC MG

with EV charging solution is presented and can be found in many papers referenced in this research .

There are several papers presenting and discussing DC MG solutions , but the DC MG remains a

niche as the market does not offer equipment under reasonable conditions (price, availability). The situation is

rather counterintuitive, as PVs and EVs and storage batteries are DC components, and the small wind turbine’s

output is in DC, too. However, until the main grid remains AC, Edison loses again.

References

1. Shaw, R.; Luo, Y.; Cheong, T.S.; Abdul Halim, S.; Chaturvedi, S.; Hashizume, M.; Insarov, G.E.;
Ishikawa, Y.; Jafari, M.; Kitoh, A.; et al. Sixth Assessment Report of the Climate Change 2022,
IPCC; Cambridge University Press: Cambridge, UK; New York, NY, USA, 2022; pp. 1457–1579.
ISBN 978-92-9169-160-9.

2. The 2021 Digital Auto Report—Strategy—PwC. Available online:
https://www.strategyand.pwc.com (accessed on 17 September 2022).

3. Global EV Outlook 2019, Scaling-Up the Transition to Electric Mobility, IEA, May 2019. Available
online: https://www.iea.org/reports/global-ev-outlook-2019 (accessed on 17 March 2022).

4. EV Charging Technologies, Global Market Analysis and Forecasts of EV Charging Equipment:
2022–2031, Guidehouse Insights. Available online: https://guidehouseinsights.com (accessed on
4 November 2022).

5. Maisch, M. High-Voltage Battery Cathode for Longer Driving Ranges. PV Magazine, 14
September 2022.

6. Basundhara Dutta. The Chicken or the Egg? Available online:
https://www.energymanagementcentre.eu/research/emc-working-papers/the-chicken-or-the-egg/
(accessed on 18 June 2022).

7. Global EV Outlook 2022, Securing Supplies for An Electric Future, International Energy Agency.
Available online: www.iea.org (accessed on 10 September 2022).

8. Why the Automotive Future is Electric, McKinsey Center for Future Mobility. Available online:
https://www.mckinsey.com. (accessed on 22 September 2021).

9. Analyst Insight: Residential Energy Storage Deployments Skyrocket, Guidehouse Insights.
Available online: https://guidehouseinsights.com (accessed on 26 October 2022).

10. Marinescu, C. Design Consideration Regarding a Residential Renewable-Based Microgrid with
EV Charging Station Capabilities. Energies 2021, 14, 5085.

[11]

[12][13][14][15][16][17]



Residential EV Charging Stations based on Renewable Energy | Encyclopedia.pub

https://encyclopedia.pub/entry/42900 7/7

11. Kampshoff, P.; Kumar, A.; Peloquin, S.; Sahdev, S. Building the Electric-Vehicle Charging
Infrastructure, America Needs; McKinsey & Company: Tokyo, Japan, 2022; Available online:
https://www.mckinsey.com (accessed on 24 October 2022).

12. Ahadi, A.; Sarma, S.; Moon, J.S.; Kang, S.; Lee, J.-H. A Robust Optimization for Designing a
Charging Station Based on Solar and Wind Energy for Electric Vehicles of a Smart Home in Small
Villages. Energies 2018, 11, 1728.

13. Habeeb, S.A.; Tostado-Véliz, M.; Hasanien, H.M.; Turky, R.A.; Meteab, W.K.; Jurado, F. DC
Nanogrids for Integration of Demand Response and Electric Vehicle Charging Infrastructures:
Appraisal, Optimal Scheduling and Analysis. Electronics 2021, 10, 2484.

14. Hadero, M.; Khan, B. Development of DC Microgrid Integrated Electric Vehicle Charging Station
With Fuzzy Logic Controller. Front. Energy Res. 2022, 10, 922384.

15. Menniti, D.; Pinnarelli, A.; Sorrentino, N.; Vizza, P.; Barone, G.; Brusco, G.; Mendicino, S.;
Mendicino, L.; Polizzi, G. Enabling Technologies for Energy Communities: Some Experimental
Use Cases. Energies 2022, 15, 6374.

16. John, R.V.; Gautam, R.; Kumar, M. Power Flow Management and BESS Design Consideration for
Solar PV fed Isolated DC Microgrid for Residential Applications. In Proceedings of the 2022 IEEE
Delhi Section Conference (DELCON), New Delhi, India, 11–13 February 2022.

17. Nasir, M.; Khan, H.A.; Zaffar, N.A.; Vasquez, J.C.; Guerrero, J.M. Scalable Solar dc Microgrids,
Scalable solar dc micrigrids: On the path to revolutionizing the electrification architecture of
developing communities. IEEE Electrif. Mag. 2018, 6, 63–72.

Retrieved from https://encyclopedia.pub/entry/history/show/96938


