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Battery electric vehicles (BEVs) are essential to global decarbonisation roadmaps and are being increasingly adopted in many countries. However, significant techno-economic barriers remain before the adoption of BEVs becomes widespread in the Global South. Issues include higher costs, grid instability due to high electricity demand during peak periods, lack of recharging infrastructure and restrictive driving ranges relative to internal combustion engines. Vehicle-2-Grid (V2G) can play a critical part in load balancing (peak shaving) and reducing costs for BEV owners. In this study, the potential of V2G was explored in more detail, looking at the development of appropriate hardware and software for V2G, the techno-economic assessment of V2G from a user and system perspective, and policy measures to support uptake of electric vehicles. The study shows that households with V2G-enabled BEVs achieve cost parity with households with internal combustion engine vehicles. Systems which connect BEVs to V2G, and supportive V2G metering and tariff policies, would accelerate BEV adoption in emerging markets.

Significance:


	•
Small-scale embedded solar (SSES) is an expensive option for homeowners; the levelised cost of energy is double the cost of power from Eskom.


	•
V2G is an attractive option for SSES owners if the vehicle is charged from SSES during the day.


	•
The calculated annual worth of a BEV with SSES is equivalent to the base case of a fossil-fuel-based vehicle and grid-based energy.


	•
Using an optimal charging strategy, BEVs can reduce grid-based electricity demand and travel costs.


	•
Bidirectional metering, V2G and time-of-use tariffs will be essential for the migration to BEVs.









Introduction

Battery electric vehicles (BEVs) are an essential component of global initiatives to decarbonise systems of mobility.1-3 By the end of 2023, there were already 40 million electric vehicles on the road and the number is predicted to grow to 250 million by 2030.4 Sales of electric vehicles have grown exponentially, reaching nearly 15 million in 2023, with about 60% of the sales attributed to China.5

However, there are considerable techno-economic and technological barriers yet to be overcome before the adoption of BEVs becomes widespread in many countries.6,7 Issues include the high initial BEV cost, grid instability due to high electricity demand during peak periods, lack of recharging infrastructure, high battery costs and limited lifetimes, restrictive driving range, long recharging times and high levelised cost of driving (LCOD) or total cost of ownership relative to internal combustion engines.8-10

One solution to these issues, already widely explored and reported in the literature, is the adoption of Vehicle-to-Grid (V2G) technology11, or more broadly Vehicle-to-Anything (V2X), where X includes multiple sources of demand such as residential or commercial properties, mobile homes and off-grid machinery. Examples of new applications include Vehicle-to-Building (V2B), Vehicle-to-Load (V2L), Vehicle-to-Home (V2H) and Vehicle-to-Infrastructure (V2I).12

V2G is the integration of BEVs within an electricity grid in a way that allows vehicle owners to sell energy from the BEV batteries to utility companies. Given that, for much of the day, passenger vehicles are not being used13 and that daily distances travelled will, on average, be below the energy storage capacity of the vehicles, BEVs become a source of surplus energy which could be used elsewhere, such as for domestic needs or for supplying the national grid14,15.

At the core of V2G are two devices: the bidirectional V2G unit, which allows energy charging and discharging, and the bidirectional smart meter, which measures the quantity and calculates the cost of the energy transactions (Figure 1). By supplying energy to a (micro)grid, the vehicle owner can participate in energy trading and earn much-needed income, perhaps up to 12% of the annual equivalent of the car’s initial cost.16 Alternatively, the stored energy could be used by vehicle owners to supply their own domestic needs, replacing more expensive energy drawn from the grid during times of peak demand.
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Figure 1: Architecture of Vehicle-2-Grid (V2G) as modelled in this study.



V2G can, therefore, play a critical part in load balancing, frequency regulation, acting as a spinning reserve, delivering incentives to owners for the uptake of BEVs, storing excess renewable energy, improving overall grid operations and decreasing the overall electricity cost.5,12,17,18

In a research project, the results of which are reported in this article, the potential of V2G for South Africa was explored in more detail, specifically the development of appropriate hardware and software for V2G, the techno-economic assessment of V2G from a user and system perspective, what strategies could be used to increase acceptance of the technology within South Africa, including necessary policy measures and, finally, how to increase community-level energy security and resilience within a context of increasing energy poverty and insecurity using V2G. The study assumed a behind-the-meter architecture for V2G, as shown in Figure 1.

Literature review

V2G technology and cost

V2G has been under consideration as a useful means of accessing additional energy storage since the late 1990s.15 Compared to small-scale embedded solar (SSES) systems, BEVs are equipped with large batteries. A typical SSES system will deploy a battery capacity of 10 kWh to 20 kWh whereas BEVs have capacities of 40 kWh to 100 kWh. Even for a small country like South Africa, which has a fleet size of about 12 million vehicles19, the total sum of stored energy will amount to 840 GWh, if 100% conversion to BEVs takes place before the 2050 Net Zero date. Given that South Africa has an annual electricity demand of 195 TWh20, the energy stored in BEVs represents about 38 hours of electricity supply for the entire country.

These calculations are presented not to suggest that BEVs could be used as gigawatt-scale energy storage schemes, but rather to highlight that V2G does offer an opportunity for utility companies to access infrastructure necessary to maintain a reliable energy supply without incurring the associated capital costs.5 Such storage could enhance grid stability, mitigate supply/demand imbalances, act as devices for valley filling and peak shaving and regulate electricity frequency.17 The benefits of V2G for vehicle owners, and especially the benefit to cost ratio, are more complicated. Although any additional revenue from energy sales is a clear benefit, it comes at the cost of reduced battery lifetimes and the inconvenience of more careful energy management.5

The adoption of V2G has required significant technological innovation in areas such as the interconnection between the vehicle and the charging/discharging stations, on-board modulation of the energy format, net metering solutions for vehicle owners and grid operators, and efficient battery management software. Some progress has already been made, and further developments are underway. For instance, several of the larger vehicle manufacturers have already released versions of V2G onto the market:


	•
Nissan: Nissan will launch its V2G technology in 2026, allowing BEV owners to power their homes during peak times or outages from their vehicle’s battery and to sell surplus energy back to the grid.21


	•
Ford: Ford has launched the Ford F-150 Lightning which is an electric pick-up equipped with bidirectional charging capability and a 100 kWh battery pack.22 Ford is also the co-founder of ChargeScape, a software company that provides the technology to support smart metering and bidirectional energy trading.


	•
Volkswagen: Volkswagen’s ID.4 can discharge power for various applications.23


	•
Hyundai: Hyundai has developed the Electric-Global Modular Platform which, together with the Integrated Charging Control Unit, can support bidirectional charging.24


	•
BYD: Many of the BYD models include a standardised facility to supply direct current for V2L applications.




Progress in the development and commercial availability of smart bidirectional meters is more limited. The essential features of bidirectional meters are to measure positive and negative energy flows, allow time-of-use billing and optimise the use of energy according to the cost of the various sources. In Australia, new chargers, such as the Sigenergy’s SigenStor and RedEarth’s Ambibox DC Wallbox, are entering the market, supporting V2G and V2H.25 In the USA, General Motors offers a complete energy home system including the charger, the power bank and the inverter, with metering capability.

The cost of V2G is still high due to the additional investment in home infrastructure (electrical) and the reduced battery lifespan. For instance, Anil Paryani, Executive Director of Engineering at Ford Motor Company, recently reported that the additional cost of V2G to the prosumer is about ZAR3 per kWh due to the battery replacement charge.26 Other authors are less pessimistic, arguing that the studies are inconclusive and that car manufacturers would not be offering V2G unless the problem of battery lifespan had been solved.3 In this study, a limited degree of degeneration has been included as per a prior techno-economic study of BEVs as distributed energy storage systems.5

V2G frameworks and regulations

China leads the world in BEV sales, as noted in the introduction, and is also one of the leading countries in the adoption of V2G frameworks and regulations with plans for complete V2G integration by 2023.5 The plans include guidelines for the acceleration of national and industry standards for V2G, focusing on interaction interfaces and communication protocols, the development of advanced battery technology to support high cycling usage, the further commercialisation of bidirectional meters, the implementation of time-of-use electricity pricing policies for residential charging facilities, the launch of several V2G demonstration projects in different locations and user communities, and support for electricity grid operators in V2G management and energy trading.27

In South Africa, the context for V2G is framed by two distinguishing features. Firstly, the Eskom generation crisis accelerated the installation of SSES, with the latest estimates indicating that the total installed capacity, excluding utility-scale solar, had exceeded 5 GW by mid-2024.28,29 The second feature is that the installations are highly uneven between income groups, and have further increased the inequality between high- and low-income households.30 The dominant reason for the installation of SSES has not been directly linked to a net zero energy transition but instead to distrust amongst energy customers in the national utility. Future policies to support an e-mobility transition need to increase the uptake of electric vehicles but also ensure an inclusive rate of adoption.31

Similarly, the uptake of BEVs in South Africa remains restricted. According to the National Association of Automobile Manufacturers of South Africa32, 1257 BEVs were sold in South Africa in 2024 (annualised from Q1 2024 data), representing 11% of the sales of all new energy vehicles and only 0.24% of all new vehicle units. Although sales are growing, the volumes are small, as is the charging infrastructure. There are 500 public charging stations, mostly along the major transport routes and in the metropolitan areas.33

South Africa has taken an important step towards incentivising green mobility by introducing a 150% tax incentive for electric and hydrogen vehicle production. The allowance, announced by the Minister of Finance in his 2024 budget speech34 and introduced in 2025, is expected to stimulate the country’s nascent BEV industry, encourage investment, and position South Africa as a key regional player in the global shift toward sustainable transport. The new incentive offers manufacturers tax breaks on research, development and production costs, thereby accelerating the domestic production of electric vehicles and hydrogen-powered vehicles, as well as the components needed for their assembly.

In this article, the techno-economics and SSES and BEV ownership, relative to the conventional use of grid-based electricity and internal combustion engine (ICE) vehicles, are explored. The analysis is important firstly to determine whether there is sufficient economic incentive for vehicle owners to opt for BEVs, but secondly to explore the mutual benefits of SSES with BEV as a V2G configuration.

Techno-economic model and use cases

Calculations for levelised costs

The study followed a techno-economic modelling approach based on three separate techno-economic analyses, the levelised cost of energy (LCOE)35,36, LCOD37,38 and the total cost of ownership10. Data for the analysis were obtained from a single photovoltaic system located in the Western Cape, South Africa, monitored over a period of one year.29 The data were imported as hourly values into a spreadsheet and used as the basis for the modelling work on various use cases, as described later.

The three techno-economic approaches are already well described in the literature.36,38 The common feature of the algorithms is to convert all costs into a net present value (total cost of ownership in the case of vehicle ownership), and then divide this amount by the discounted sum of distance travelled, in the case of LCOD, or discounted sum of energy generated/used, in the case of LCOE. The equations for LCOE and LCOD are given below39:

LCOE=Sum of the Discounted Values of Costs over Lifetime of SSESSum of the Discounted Output of Energy over Lifetime=∑t=1nIt+ Mt−Rt+Ot(1+r)t∑t=1nEt(1+r)tEquation 1

where It = investment expenditure in year t (ZAR), Mt = maintenance and expenditure in year t (ZAR), Rt = energy rebate in year t (ZAR), Ot = operational expenditure in year t (ZAR), r = discount rate, t = year of expenditure (year), n = expected lifetime of the system (years) and Et = energy output in year t (kWh).

LCOD=Sum of the Discounted Values of Costs over Lifetime of BEVSum of the Discounted Output of Distance Travelled over Lifetime=∑t=1nIt+Mt+Ot(1+r)t∑t=1nDt(1+r)tEquation 2

where It, Mt, Ot, t, n, r are as for Equation 1 and Dt = distance driven in year t (km).

In the calculation of the net energy cost, the grid-related costs – such as the purchase of energy from the grid (based on unit fees) and the connection fees – must be added. The net LCOE is obtained as the weighted average of energy from the SSES and the grid. It is also necessary to adjust for the energy losses due to battery roundtripping and the use of an inverter.40 For the SSES, the overall energy efficiency is about 90%; in other words, 10% of the energy input from the two sources (grid and solar) is lost to the inverter and stationary battery. A similar value is also applied to the energy efficiency of the BEV charging/discharging cycle.

As the final step in the sequence of calculations to support the comparison between the five different use cases explored in this study, the LCOE and LCOD are converted to their respective annual worth (AW) values by multiplying the individual values by the total electricity demand and distance travelled, respectively. AW is a standard financial calculation which reduces all costs to single year values and allows comparative assessment between different options for engineering systems.41

Definition of use cases

Five different use cases were explored in the modelling studies, as shown in Table 1. It is noted that there is an important difference between grid-tied and grid-connected. The former refers to a grid interface between the SSES and the grid which allows bidirectional flow through a smart meter, whereas the latter only allows unidirectional flow from the grid to the SSES.



Table 1:Outline of the five use cases













	Use case

	Description

	Type and size of system components



	Solar PV

	Inverter

	Battery

	Vehicle




	1

	Grid-connected home only (no solar) and internal combustion engine (ICE) vehicle

	N/A

	N/A

	N/A

	ICE Sedan 1600



	2

	Grid-connected with small-scale embedded solar (SSES) but no rebate on excess energy and ICE vehicle

	6.54 kW

	10 kW

	10/8 kWh

	ICE Sedan 1600



	3

	Grid-tied with SSES and rebate and ICE vehicle

	6.54 kW

	10 kW

	10/8 kWh

	ICE Sedan 1600



	4

	Grid-connected with SSES and battery electric vehicle (BEV) (V2H)

	6.54 kW

	10 kW

	10/8 kWh

	BEV Sedan 150 kW



	5

	Grid-tied with SSES and BEV (V2G)

	6.54 kW

	10 kW

	10/8 kWh

	BEV Sedan 150 kW





The system specifications for the five use cases are listed in Table 2. There are probably as many use cases as there are users in a national electricity system. Each user will have a different and perhaps unique energy demand, depending on factors such as work patterns, domestic habits, energy budget, location and building design. The model itself was built to accommodate variable patterns of use and solar energy, with the raw data requirement being the hourly values for measured solar irradiance (or potential solar panel output), actual solar energy generated/used, grid consumption and total energy demand.



Table 2:System specifications for the five use cases











	System component

	Use Case 1

	Use Cases 1, 2 and 3

	Use Cases 4 and 5




	Solar panels

	Not applicable

	Not applicable

	12 x Canadian Solar HiKu6 Mono PERC each of 545 W (fixed mounting)



	Vehicle

	ICE Sedan 1600 (7.2 L/100 km)

	ICE Sedan 1600 (7.2 L/100 km)

	BEV Sedan (160 Wh/km and 60.5 kWh battery storage)



	Home energy use

	Profile of annual energy use as per Walwyn29



	Distance travelled

	For all use cases it is assumed that the vehicle will used twice per day, each journey being 25 km, in the morning between 07:00 and 08:00 and in the late afternoon between 16:00 and 17:00.



	Battery

	Not applicable

	Not applicable

	Freedom Won LiTE Home 10/8, max power 10 kW, energy 8 kWh @ 80% depth of discharge



	Inverter

	Not applicable

	450 V, 100A max Victron MPPT RS 450/100 48 V



	Bidirectional meter

	Not applicable

	Only use cases 3 and 5; standard bidirectional meter approved by the City of Cape Town




Sources: This study, manufacturers’ brochures and TechCentral42





An important consideration for the analysis is the daily period over which BEV charging will take place. This study has focused on the optimal conditions within which V2G could be economical, making maximum use of the available solar generation and minimising any additional energy demand from the grid. The use cases in this study all assume that BEV charging will take place over the peak solar generation period, as is discussed in more detail below. In this way, drawing additional energy from the electricity grid will largely be avoided, and the homeowner will make maximum use of embedded generation. For a household with an existing SSES, this energy is essentially without cost and is a direct subsidy of the BEV.

The use of the vehicle as assumed in this analysis is based on the pattern of a single car household in which one person works from home and the other members are either at school or need transport to a local place of employment. Serving these needs therefore requires two daily trips, each of 25 km, one early in the morning and one in the late afternoon.

The technical specifications for the vehicles evaluated in the study have been taken from multiple sources including TechCentral42 and manufacturers’ brochures (VW Polo Sedan 81kW 1.6 Tipt and BYD Dolphin Premium). These choices are small cars which align with the vehicle use cases as defined in the earlier discussion. The BYD Dolphin Premium is equipped with a 60.5 kWh battery and a V2G discharge adapter.

Financial data

The input financial assumptions as used for the techno-economic modelling have been listed in Table 3. Standard values have been assumed for the common parameters such as project duration, maintenance and capital costs. It is noted that the financial calculations are all based on real 2024 South African rands (ZAR) as the levelised cost methodology cannot deal with inflation. For this reason, the discount rate is a real rate, rather than nominal, and is set at 8.5%.



Table 3:Input financial assumptions used for techno-economic modelling











	Input variable

	Unit

	Value




	
	
	SSES

	Battery electric vehicle



	Discount rate

	%

	8.50%



	Project lifetime

	years

	20

	10



	Maintenance costs

	% of capital

	0.60%

	2.40%



	Network capacity charge

	ZAR/year

	2.67



	Energy rebate rate

	ZAR/kWh

	0.87



	Unit cost electricity (<600 kWh/month)

	ZAR/kWh

	2.82



	Unit cost electricity (>600 kWh/month)

	ZAR/kWh

	4.54



	Photovoltaic panels (per panel)

	ZAR

	27 500

	


	Lithium battery (per 10 kWh)

	ZAR

	53 000

	


	Inverter

	ZAR

	21 000

	


	Maximum power point tracking (MPPT)

	ZAR

	52 500

	


	Balance of plant cost

	ZAR

	43 000

	


	Installation of SSES

	ZAR

	18 000

	


	Total capital cost

	ZAR

	215 000

	539 000




Sources: Costs of small-scale embedded solar (SSES)29,43,44; electricity costs: Eskom utility bills





There are two other relevant considerations for this study. Firstly, photo-voltaic panel efficiencies are sensitive to heat and decrease over time, as reported in the literature.45 Secondly, battery lifespans are reduced proportional to the number of charge/discharge cycles. The reduction in panel efficiencies has been ignored in the study because the impact is minimal. However, the cost of the battery deterioration has been included by tracking the number of charge/recharge cycles and then adding additional maintenance costs in proportion to the number of necessary replacements over the project period, as per values in the literature.5

The cost of BEVs vs the stationary batteries in SESS make the latter appear overpriced. Battery costs are highly modular – a 20 kWh battery costs double a 10 kWh unit, and so on. A BEV containing 60 kWh of battery storage has the equivalent of ZAR312 000 worth of storage, which is 66% of the full cost of the BEV (in this case for the BYD Dolphin Premium). The price differential suggests that the cost of stationary battery systems will also decrease in the future.

Results

Solar availability and vehicle charging

In a prior analysis using the same input date for generation/demand, it has been shown that a typical SSES installation will have as much as 50% excess capacity (unused solar).29 However, the energy is not available at all times of the day; typically, the excess supply will be available between the hours of 10:00 to 16:00, depending on the local climatic conditions, indicating that the optimal BEV charging strategy will be during these hours.

As expected, the additional demand from the BEV reduces energy curtailment during summer and increases the energy drawn from the grid in winter. The latter impact is expected, as the panels are typically sized for zero surplus over the winter period. The predicted profile for energy demand by the two different consumption points (vehicle and household), and the source of energy from which this demand is served, are shown in Figure 2.
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Figure 2: Energy source and demand for Vehicle-2-Grid (V2G).



Levelised costs and annual worth

Use Case 1 considers the base conditions under which a household is grid connected, drawing energy directly from the national utility, and uses a 1600 ICE vehicle for domestic use. This option has the lowest cost based on the sum of the AW values for electricity and transport, as shown in Table 4. In other words, the lowest cost option for households able to afford the purchase of a vehicle, regardless of the fuel it uses, is the conventional situation of grid-connected electricity supply and ICE. Interestingly, the cost of mobility is nearly six times higher than the cost of electricity in all cases. The annual fuel cost, in the case of an ICE, alone exceeds the cost of electricity usage.



Table 4:Levelised cost of driving (LCOD) and levelised cost of energy (LCOE) results for all use cases













	Case

	Vehicle

	Household electricity

	Total annual worth (ZAR)



	LCOD (ZAR/km)

	Annual worth (ZAR)

	Net LCOE (ZAR/kWh)

	Annual worth (ZAR)




	1

	6.17

	112 707

	2.94

	17 975

	130 682



	2

	6.17

	112 707

	5.30

	31 819

	144 526



	3

	6.17

	112 707

	4.43

	26 625

	139 333



	4

	5.76

	105 097

	3.42

	30 566

	135 663



	5

	5.72

	104 356

	3.17

	28 299

	132 655





Use Case 2, in which the household invests in the grid-connected purchase of SSES, is the most costly due to the high LCOE for SESS-generated energy, as already reported.29 In the absence of bidirectional metering and energy rebates, SSES is economically unattractive and its uptake in South Africa has been driven by issues of energy security rather than reduced environmental impact or affordability. The higher energy costs are somewhat mitigated in the case of grid-tied SSES (Use Case 3), which reduces the net energy cost by 16% and increases the solar utilisation from 48% to 100%. However, the total AW remains higher than in Use Case 1.

In summary, SSES based on a set of standard design considerations adds 80% to the annual cost of a household’s electricity bill and does not ensure total independence from Eskom. The optimal configuration ensures that the solar panels deliver sufficient energy during a winter’s day (sunny conditions) to meet the daily average electricity needs, and that the overall system (panels with the inverter and battery) is sized to meet a fraction of demand served (FDS) value of 80%. The LCOE for a grid-tied SSES is somewhat reduced (17%) by the addition of bidirectional metering and the use of the energy rebate tariffs already in place within many parts of South Africa. The effect would be larger if the rebate value, presently 31% of the standard tariff and 19% of the higher tariff, were to be more generous.

Levelised cost of driving

Use Cases 4 and 5 cover the replacement of the household’s ICE with a BEV with or without V2G, respectively. Despite the higher capital cost of the BEV, the reduced fuel and maintenance costs make both uses cases lower cost in terms of LCOD. Although not shown in Table 3, the AW value for an option in which there is no SSES and the BEV is recharged directly from the grid at the lower tariff rate is in fact the lowest AW option, giving a value of ZAR 120 766. (The analogous value at the higher Eskom tariff is ZAR127 015.)

The addition of V2G does mitigate the higher BEV cost, as may be expected, and the AW of Use Case 5 (SESS/BEV/V2G) is almost identical to the base case (Unit Case 1). The similarity is a recent phenomenon; studies earlier than 2020 indicate that BEVs are still expensive relative to the ICE for small households. However, the entry of lower cost vehicles and improvements in V2G integration have improved the techno-economics and BEV ownership and the LCOD values as calculated in this study are not dissimilar to other values already reported in the literature.37

Sensitivity analysis

The values generated in this analysis are sensitive to four main input variables: the lifetime of the BEV batteries under V2G conditions, the cost of battery replacement, the cost of the BEV itself and the future cost of grid-based electricity. With the exception of the latter, all of the former are falling in real terms as the market for energy storage and BEVs expands. For instance, the cost of battery storage fell by 30% over the period 2023 to 2024, and is expected to further decline to 50% of the 2024 value.4 BEVs have also fallen in price and the trend is expected to continue as smaller and less exclusive models are launched.4 Electricity, and particularly grid-based electricity, remains a major concern to long-term affordability and underlines the importance of some degree of energy independence however this is accessed, but preferably through SSES.

In summary, BEVs which are V2G enabled have a dual benefit of improving the economics of SSES and BEV ownership, to the extent that these integrated systems are now comparable in cost (ignoring any consideration of carbon emissions and potential carbon tax) with the option of ICE with grid-based electricity supply.

Discussion

V2G offers several major benefits for future energy systems. It can help increase energy system resilience by reducing reliance on centralised energy generation based on traditional large-scale power plants, it can smooth energy demand, it can promote clean energy usage by harnessing the SSES capacity of home users, and it can subsidise the cost of BEV ownership.

A significant contributor to the high LCOE of SSES is the low consumption of available solar energy. One possible solution to this problem might be to increase the size of the battery storage, enabling greater energy collection during daylight hours and lower dependence on grid-based electricity at night. However, further analysis based on Use Case 3 shows that larger batteries improve the FDS but rapidly increase LCOE, as shown in Figure 3.
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Figure 3: Impact of battery size on the levelised cost of energy (LCOE) and fraction of demand served (FDS).



It is apparent from this figure that a 10 kWh battery, equivalent to a ratio of about 1.5 relative to the solar panel capacity, is close to the optimum. Lower ratios rapidly reduce FDS and increase LCOE, whereas larger capacities only marginally increase FDS but quickly increase LCOE, confirming the empirical rule that the optimal battery capacity equates to a FDS value of 80% to 85%. In other words, on the basis that the annual household electricity demand is about 16.5 kWh/day, as is the case in this study, a usable battery capacity of 80% of the nameplate value, a FDS of 80%, a night-to-day usage split of 1:1 and a net solar panel efficiency of 8.5%, results in a system specification of a peak panel capacity at 6.5 kW and battery capacity of 8/10 kWh.

V2G offers an alternative approach. By ‘selling’ SSES energy to the vehicle, and reducing refuelling costs which would otherwise be incurred, the overall LCOE is reduced. Such a strategy has been demonstrated with Use Case 5, which showed that the energy storage capability of the BEV can be used to increase the overall utilisation of energy availability in the SSES without adversely affecting the utility of either component of the household infrastructure.

This result is particularly relevant to the Western Cape with its greater diversity between winter and summer solar irradiance conditions.46,47 As already noted, SSES systems tend to be sized for cloudy winter conditions, implying that a large amount of excess solar is available in the hot summer months, which can be usefully stored in a BEV. A similar conclusion, but with a lower net benefit, can also be reached for systems in all regions of South Africa.

Despite this benefit (valorisation of SSES), there are multiple challenges to the adoption of V2G – the most important of which is consumer and motor manufacturer resistance arising from the additional cycling of the batteries and associated components, leading to the accelerated depreciation of these assets, and, of course, additional costs. There are already some solutions to this problem, such as lower battery costs, selection of batteries appropriate to V2G and state of charge management systems.48 Clearly, battery ageing over time, known as calendar ageing, is unavoidable. Cycle ageing, however, is a function of the depth and number of charge/discharge cycles and can be managed.49 From the perspective of the vehicle owner, the 20–30% reduction in battery lifetime over the duration of ownership needs to be counterbalanced by earnings from the grid operator.

Given that there is little incentive for the vehicle manufacturers to develop these protocols and systems, because V2G is an ‘off-label’ use of their products, V2G will only proceed if governments, through clear legislative frameworks, drive public interest research to ensure consumer protection and awareness, robust cybersecurity and energy market participation.1

Conclusion

Prior studies have reported that V2G technology holds considerable potential for revolutionising energy management and transportation, reducing energy and transport inequalities and accelerating the attainment of Net Zero.3 However, many of these articles are not supported by the analysis of empirical data, allowing for a direct, quantitative comparison of the conventional ICE/grid connection vs V2G. This study provides such an analysis. Real-time data, collected from a single SSES, have been used as the input values into a techno-economic model, allowing for the comparison of five different use cases, covering various combinations of household electricity supply and vehicle technology, including V2G.

The analysis shows that SSES/BEV combinations are more expensive than the base case (ICE with grid supply), but V2G only marginally so. The latter almost achieves cost parity to ICE/grid, giving a total AW of ZAR132 655 vs ZAR130 682, whereas the option of BEV/grid is 5% higher.

The relatively small differences between the use cases suggest that economic factors alone are unlikely to adequately incentivise BEV uptake. Despite the advantages of V2G and BEVs in a sustainable energy future, their widespread adoption faces several challenges which must be addressed through collaboration between industry stakeholders, policymakers and regulators. In terms of further work, improvements to battery cycle life are necessary, and further research is required to assess a more diverse range of battery materials. Moreover, the South African government needs to implement the policy actions of its Electric Vehicles White Paper which include the scale up of investment in charging infrastructure, supporting localisation, expanding grid capacity and introducing consumer incentives.50
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