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Presentation Notes
Thank you very much to the SAARC, for the invitation to IRENA to present our recent analysis on the impact of EV smart charging on the integration of VRE



The Energy Transformation 
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Source: IRENA Global Energy Transformation: A roadmap to 2050 (2019 edition)

Presenter
Presentation Notes
 - Annual energy-related CO2 emissions under current and planned policies – the Reference Case – are expected to remain flat but must be reduced by 70% to bring temperature rise to the well-below 2°C climate goal.-  Electrification, renewable energy and energy efficiency measures provide over 90% of the reductions required by 2050. Renewable power and electrification of heat and transport alone reduce emissions by 75%.



Electrification of the transport sector

Source: IRENA Global Energy Transformation: A roadmap to 2050 (2019 edition)

By 2050, potential storage 
capacity to provide grid 
services:

~ 14 TWh EV batteries vs ~ 9 TWh
stationary batteries

Source: IRENA’s upcoming ”Global Renewables Outlook: Energy Transformation 2050” 

Energy 
Transformation 

Presenter
Presentation Notes
As cost of renewables-based electricity generation is falling, electrification is emerging as a key solution to decarbonize end-use energy sectors, including industries, buildings and transport. In our analysis, we expect that the share of electricity in the transport sector would increase from just 1% at present to more than 40% in 2050. A big part of this will be in the passengers cars transport modeBy 2050 around 70% of all cars, buses, two- and three-wheelers and trucks would be powered by electricity. 



The Energy Transformation in the Central, 
Southern and Western Asia
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Source: IRENA’s upcoming ”Global Renewables Outlook: Energy Transformation 2050” 

Electrification of Transport Benefits 

Reduced air pollution and noise 
in cities

Reduced dependency on 
imported oil for transport sector 

2 and 3 wheel EV are better 
suited with the purchase power 

of people   

Energy Transformation Benefits 

Reduced local air pollution and 
emissions and improved health

Energy independence and 
universal access to clean 

energy sources
Economic and sustainable 

development

Presenter
Presentation Notes
South Asia is currently the region with most toxic air in the world, with 18 of the world’s top 20 polluted cities in India (15), Pakistan (2) and Bangladesh (1). In 2019, the Indian capital, New Delhi, experienced record high levels of air pollution that reached 50 times the safe level deemed by the World Health Organization. Those pollution levels led to a complete shutdown of city activities and caused serious health issues.Diversifying the energy supply with dispersed and competitive renewable sources would allow economies that currently are dependent on fossil fuel revenue to increase their resilience to external shocks, such as fossil fuel price volatility. Isolated communities can benefit from distributed renewable energy sources, and access to  energy and clean cooking should be improved. Renewables could improve job prospects for the world's largest working class group and the region's growing population.None of the SAARC countries produce oil, the transport sector is dependent on oil imports  Easier for ppl to buy motorcycles. India has 3 million cars and 12 millions motorcycles. ( 4 times more)
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EV Smart charging

Smart charging means adapting the charging cycle of EVs to both the conditions of 

the power system and the needs of vehicle users. 

This facilitates the integration of EVs while meeting mobility needs. 

Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles

Presenter
Presentation Notes
Smart charging includes different pricing and technical options Time of use pricing   encourages consumers to defer their charging from peak to off-peak periods (without directly controlling their load) – only through price signalsThere are various types of smart charging: V1G is unidirectional controlled charging, vehicles adjust their charging levels , or V2G charging, vehicle to grid, where the vehicle can also discharge the battery to provide services to the grid. similar, there is V2home or V2 building, then the vehicle is connected behind the meter- and it can optimize the load of the consumer.    The implementation of smart charging systems ranges from basic to advanced. The simplest approaches encourage consumers to defer their charging from peak to off-peak periods. More advanced approaches using digital technology  for automation and ‘direct control mechanisms’,  may in the near future serve the electricity system by delivering close-to real-time energy balancing and ancillary services,” As you implement more advanced approaches you may unlock higher flexibility in power systems., facilitating an increase in the share of VRE.time-of-use tariffs China, Germany, Japan, the UK, the USUnidirectionalcontrolled (V1G)California, US: reduction of grid upgrade expense of over 70%Bidirectionalvehicle-to-grid (V2G)Nuvve, - US, Denmark, Netherlands – trials Bidirectionalvehicle-to-X (e.g., V2H)Nissan (V2H) – all of Japan (7 000 households, commercial operation)Dynamic pricingwith EVs (controlled)Nord-Trøndelag Elektrisitetsverk Nett in NorwaySan Diego Gas & Electric in California: trialling prices posted one day ahead



Vehicle-to-grid Smart Charging 
EV battery used for peak shaving

EV battery used as a back-up for the grid

Market structure and 
regulation that enables V2G 
charging 

Presenter
Presentation Notes
EV innovation for transport (improve air quality, decrease pollution, decarbonisation) Main motivation for V2G is that the cars are very under-utilized, being parked 90% of the time high concentration of Evs- Great synergies with solar generation  -> Need for market structure that allows aggregators EV service provision to be viable at wholesale level (peak shaving, ancillary services)Capacities of at least 1 MW – 2 MW have to be trades (around 500 Evs)-> stacking revenue allowed-> no double taxation 



Impact of smart charging on grid infrastructure

Case study: EVs impact on Hamburg’s distribution grid

Stromnetz Hamburg assessment: 9% EV share (60.000 EVs) would cause 
bottlenecks in 15% of the feeders in city’s distribution network

Option A: Grid reinforcement solution
•Reinforcing ~ 10 000 km of 0.4 kV cable lines, replacing trasformers
•Construction works for many months, closing of roads
•Estimated investment: 20 million EUR

Option B: Smart digital solution
•Decrease the simultaneity. All charging points need to be visible by the DSO
•A real-time communication system enables DSO to reduce charging points 

loads. 
•Estimated Investment: 2 million EUR

90% grid 
investment 

savings with 
smart solution

Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles

Presenter
Presentation Notes
For illustrating the impact of Evs at the local level, on the DSOs grid, I present a real case study. One is from the experience of DSO in Hamburg - Hamburg is at present the city with the highest number of charging points in Germany : 100 charging points in households and  810 public charging points. According to DSOs assessment, at a EV penetration level of 9%, 15% of the feeders in the city will be overloaded. To reinforce the grid the DSO assessed the investments to up to 20 million EUROS. The smart control solution costs only 2 million euro and solves the problem by decreasing the simultaneity – meaning the number of Evs that are charged in the same time. The DSO is able to reduce the loading current for charging a EV to avoid overload the local grid.For this solution the DSO of Hamburg partnered with Simenes, who will install 30 control units and monitor the private charging infrastructure loads  



Charging infrastructure 

• Location of slow 
charging points - at 
home/workplace to be 
considered at planning

• Slow charging - better for smart 
charging

• Fast and ultra fast charging -
priority for mobility sector

• But, Fast charging increasing 
stress on local grids - Battery 
swapping, charging stations 
with buffer storage might be 
necessary

Where?

How?

Presenter
Presentation Notes
Different city transport patterns will also impact charging needs. To a large extent these patterns are determined by the interplay of population density and the level of economic development. In developing, densely populated areas, in Africa and Asia, more and more people will live in cities that are friendly for two-wheelers (and cities may also focus on those, as we already see with motorbike-sharing businesses in Asia). In developed, densely populated areas where infrastructure is in good shape, shared mobility may thrive. 
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Transport patterns in cities determines
EV infrastructure development  

Two-wheelers dominate India’s electric vehicle market

Home charging, 
private cars 

Charging Hubs, fast 
charging private cars –
shared mobility 

Public charging 
for 2/3 wheelers, 
Hubs for buses, 

Presenter
Presentation Notes
the size of the bubble indicates the size of the city population)The number startups selling electric two-wheelers in India is rising. New entrants have shown apreference for smaller vehicles to enter the EV market. Three-quarters of the upcoming productlaunches in 2020-2021 will be from these startups.India’s automobile market is dominated by two-wheelers and this could be the first segment to see massadoption of EVs. Some models are already competitive on a total-cost-of-ownership basis with theircombustion vehicle counterparts. Electric options are also emerging as a popular choice among ecommerceand food delivery companies. 
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Innovative charging stations business models

Kiara Charzer Start-up in India:

• station costs just Rs 10,000 (USD $ 135)
• owners will set their own prices through the app and 

receive 100% of the revenue from their charging stations
• Up to 2h charging time for scooters
• Solar connection is planned 
• 470 charging stations ordered in the pilot stage 

India gov has approved a program for establishing 2 636 charging stations for EVs throughout the 
country - 62 cities

Source: pv magazine India(2020) and http://charzer.com/

Presenter
Presentation Notes
- Two wheelers come with small size batteries which in many cases can be pulled out and taken to homes/offices/shops and charged from normal wall sockets; or can be connected to any PCS.-“IoT is essential for the network. We are allowing our hosts to set their own pricing and availability. The charging stations are discoverable and operable including advance reservations through the app. We are also getting diagnostics data and charging information to our central servers. All this is being enabled using IoT.”Kirana Charzer can be installed anywhere including small shops, restaurants and homes with standard power supply. It is compatible with all 2-wheeler, 3-wheeler and 4-wheeler electric vehicles.

http://charzer.com/
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Battery swapping 

Battery-swapping stations already exist for buses (mostly in China and South Korea) and two-
wheelers

In Taiwan, Gogoro Smartscooter’s Swaping stations 
GoStations run on solar power 

Presenter
Presentation Notes
- Battery swapping:  batteries may be charged in a large industrial scale facility and charged batteries are trucked to points of 3-wheeler concentration where a 3-wheeler driver can swap the used battery with a fully charged one. Battery swapping for passenger vehicles was pioneered by Better Place, an Israeli company with a business model for cars directly inspired by mobile phone schemes (subscription or pay-as-you-go scheme (per kilometre)). Customers would not own the battery. This model seems to suited for two-wheelers and for fleets. Gogoro Smartscooter from Chinese Taipei -  The business model consists of selling an e-scooter and charging a monthly subscription fee of approximately USD 25 to use the battery-swapping stations. A network of battery stations (GoStations) are part of the electricity grid. In Chinese Taipei, Gogoro’s swapping stations are already being equipped with solar panels (Gogoro, 2018). 



Guidelines for policy makers



Further reading

IRENA (2019), Innovation 
Outlook smart charging for 
Electric Vehicles: Link

IRENA (2019), Innovation Landscape for 
a renewable-powered future: Solutions to 
integrate variable renewables: Link

IRENA (2019), Innovation 
Landscape Brief: Electric-
Vehicle Smart Charging: 
Link

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Innovation_Outlook_EV_smart_charging_2019.pdf
https://www.irena.org/publications/2019/Feb/Innovation-landscape-for-a-renewable-powered-future
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_EV_Smart_Charging_2019.pdf?la=en&hash=E77FAB7422226D29931E8469698C709EFC13EDB2


Tuesday, 17 March 2020, 10:00–10:30 CET

Innovations for 100% renewable power: 
a systemic approach

Registration:
https://www.irena.org/renewables/Knowledge-

Gateway/webinars/2020/Jan/IRENA-insights

New webinar series
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https://www.irena.org/renewables/Knowledge-Gateway/webinars/2020/Jan/IRENA-insights


Save-the-date

8-10 September 2020
Bonn, Germany

https://www.irena.org/events/2020/Sep/IRENA-Innovation-Week-2020

15

https://www.irena.org/events/2020/Sep/IRENA-Innovation-Week-2020


Thank you for your 

attention!

Aanisie@irena.org
www.irena.org

mailto:Aanisie@irena.org
http://www.irena.org/


Impact of smart charging and next steps

Presenter
Presentation Notes
IRENA’s analysis includes an assessment of the impact of smart charging on the integration of VRE in power systems. This was done by modeling some hypothetical scenarios for a wind dominated system and for a PV dominated systems, and defining 4 key indicators. Curtailment, peak load increase, system cost and CO2 emissions. The results indicate that…



California aims to reach 5 million zero-
emission vehicles by 2030

UK set an ambition for at least 50% - and as
many as 70% - of new car sales to be ultra-low
emissions by 2030, alongsitde up to 40% new
vans.

China sets target of 25% of new car sold by
2025 to be electrified

The city of Amsterdam aims to ban all petrol and
diesel vehicles from town by 2030

Policies driven by air-pollution and friendly-transport for citizens. 
GHG mitigation is becoming a more prominent issue

Government / City level al targets Examples of incentives for EV Chargers

In Amsterdam, there are 912 public charging stations.. EV
owners can request free installation of public charging
point. Total will install and operate up to 20,000 new public
charging points in the Netherlands

UK government provides grant schemes to local-
authorities, private or residential customers to cover part
of the cost associated to the installation of EV Smart
Chargers

India will spend $1.4 billion to subsidize sales of electric
and hybrid vehicles as part of efforts to curb pollution and
reduce dependency on fossil fuels.

In the state of California, ~15 programs implemented by
utilities or municipalities incentivise the installation of
charging stations.

18*Status in mid 2018

Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles

Presenter
Presentation Notes
Number of countries have declared targets for e-mobility as well as EV charging infrastructure and implemented wide range of monetary & non-monetary incentives. This is driven by concerns related to health and sustainability aspects of transport systems in cities, issues like air and noise pollution quite important in this context. Now, also dacarbonisation is becoming a relevant issue.Concerning  EV incentivesIn terms of monetary incentives, the Netherlands, Norway and Germany have implemented tax increases associated with the use of ICE vehicles and have provided tax benefits or exemptions to EVs. France, Germany and the UK have introduced one-time subsidies for EV purchases. Non-monetary incentives can act as efficient alternatives to expensive subsidies. Countries such as, some states in, the US and Norway allow EVs to use carpool lanes or bus lanes so that consumers can avoid traffic jams. The creation of low-emission zones to provide preferential access to low-emitting vehicles, as in some German cities and in the UK, is also an increasingly popular and powerful tool for cities to promote e-mobility. The governments of France, the Netherlands, Norway, Spain and the UK have all set target dates for bans on the sale of fossil-fuel cars. Concerning EV charging infrastructure incentivesfor example, the city of Amsterdam contracted with the energy utility Nuon to install public charging points. Under certain conditions EV owners are eligible to request the free installation of a public charging point. For example, EV owners should not have their own site or have access to private parking, and they should possess or be eligible for a parking permit at the requested address.  In the UK, The Office of Low Emission Vehicles provides grant schemes to cover part of the cost associated with installing EV charging infrastructure. The Electric Vehicle Homecharge Scheme provides residential customers grants that can cover up to 75% of the total procurement and installation costs. Interesting, From July 2019, only home charge points that use ‘smart’ technology will be eligible for this government funding.  In the US, California has the highest penetration of EVs in the national market. About 15 programmes implemented by the state government, utilities or municipalities incentivise the installation of charging stations Receiving EV rebates or tax credits

http://en.wikipedia.org/wiki/Image:Flag_of_the_United_Kingdom.svg
http://en.wikipedia.org/wiki/Image:Flag_of_the_Netherlands.svg
http://en.wikipedia.org/wiki/Image:Flag_of_the_United_Kingdom.svg
http://en.wikipedia.org/wiki/Image:Flag_of_the_Netherlands.svg


Impact of smart charging on solar PV and wind 
integration

• Smart charging cuts peak 
load, reduces curtailment 
and allows higher shares of 
low-cost PV electricity.

• This can help to displace 
more expensive generation 
and lower electricity prices.

• Higher impact on PV than 
wind due to generation 
profiles

Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles

Presenter
Presentation Notes
In the study we modelled an imaginary system, to see what is actually the impact of smart charging at system level. It is an extreme case, a small- isolated system with very high shares of solar generation and no other flexibility option was considered.   The results shows that:Smart charging (V1G & V2G) enables to cover the EV load with a higher share of solar and contributes to reduce the yearly peak load EVs used as batteries (V2G) facilitate increased integration of solar PV in the system (reduces curtailment)  & at the same time highly reduce the average marginal electricity cost



Possible evolution of EV flexibility by 2030 and 
2050

Presenter
Presentation Notes
In the IRENA study we projected a possible evolution of Evs flexibility by 2030 and 2050While today the EVs penetration in generally low and smart charging applications are not so developed yet In 2030 we foresee a higher EV penetration, with larger and more efficient batteries,  and more developed smart charging appliances. Positive aspect is that the vehicles will, as today, be standing idle most of the time, with the battery connected to the gridHowever, by 2050 we foresee innovations emerging in the transport sector that will change the dynamics of their connectivity to the grid. Considering that autonomous vehicle will emerge, together with principles of sharing economy – meaning that people will not own a car, mobility will be seen more as a service than as a propriety, the number of vehicles will decrease and their time for being connected to the grid will also decrease  
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