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V2G SCHEDULING STRATEGY FOR NET LOAD LEVELING
IN PV-INTEGRATED COMMERCIAL BUILDINGS

Summary
Uncontrolled EV charging in PV-integrated commercial buildings worsens the duck curve by concentrating load during the evening ramp, precisely when PV generation falls and grid net load surges. While smart charging can shift EV load to daytime PV generation hours, it leaves the evening ramp itself unaddressed — a limitation that only bidirectional V2G operation can resolve. This study evaluates a rule-based V2G scheduling strategy for a mid-scale office building equipped with rooftop PV and facade BIPV, conducting a simulation-based scenario analysis across four EV charging configurations. EV charging load is derived from measured public charging patterns with energy-based utilization rates applied separately to fast and slow chargers, and all chargers — both DC fast and AC slow — are assumed to support bidirectional V2G operation. Results show that V2G charging during peak PV hours (11:00–16:00) and discharging whenever net load exceeds 120 kW (09:00–10:00 and 17:00–19:00) suppresses the net load to 120.0 kW (approximately 80% of the baseline peak load) across both morning and evening peaks and improves the daily load factor from 56.2% to 72.6%, outcomes unachievable with smart charging alone. The findings highlight the need for bidirectional charging infrastructure across both AC and DC charger types and reform of EV tariff structures to incentivize daytime PV-aligned charging.
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Field of application for the findings: EV-integrated building systems, Commercial building energy management, systems, demand-side management, grid flexibility
Addressed audience: Building energy researchers, EV charging infrastructure designers, building energy managers, grid operators, energy policy makers
Introduction
Commercial buildings are increasingly equipped with photovoltaic (PV) systems as a primary means of on-site renewable energy generation, while EV charging infrastructure is simultaneously expanding as part of broader decarbonization efforts in the transport sector. In office buildings, the natural alignment between PV generation hours and occupancy-driven electricity demand means that PV already contributes to reducing daytime net load. However, as PV penetration grows across the grid, net load drops sharply during midday and ramps steeply after sunset — the well-known duck curve. EV charging behavior further complicates this picture: uncontrolled charging concentrated at the end of the working day adds load during the evening ramp period, precisely when the grid net load surges as PV generation drops, further steepening the duck curve that PV proliferation has already created.
V2G technology enables EV batteries to function as mobile energy storage, absorbing surplus PV generation during the daytime grid trough and releasing it during the evening ramp to suppress the net load surge. This bidirectional capability makes V2G structurally suited to address both sides of the duck curve simultaneously — a function that neither PV alone nor smart charging can deliver. Recent studies have evaluated PV-EV integration for self-consumption improvement (Fachrizal et al., 2022) and V2B economic performance (Luo et al., 2024), yet building-level V2G scheduling strategies explicitly targeting net load leveling remain underexplored.
This study addresses the research gap with two objectives: (1) quantify the impact of uncontrolled EV charging on building net load profile and its grid-level implications; and (2) evaluate the net load leveling performance of V2G scheduling compared to smart charging alone.
Methodology
2.1 System Configuration and Data
The reference system is selected to represent a mid-scale office building where the alignment between PV generation and occupancy-driven demand makes V2G scheduling particularly relevant. The building has a floor area of 4,800 m² and a peak demand of 200 kW, based on a standard Korean commercial building load profile (Moon and An, 2014). Daily electricity consumption is 2,807.5 kWh on a representative summer weekday, with peak demand occurring around 14:00 due to cooling loads. The building is equipped with a 110 kW PV system comprising 77 kW of rooftop modules and 33 kW of facade BIPV, generating 776.1 kWh/day with a generation peak of approximately 100 kW between 12:00 and 13:00 — defining the daytime charging period that V2G exploits. Hourly PV generation data are derived from the Korea Power Exchange regional solar generation database (MOIS, 2024).
The EV charging infrastructure consists of three 7 kW slow chargers and one 50 kW fast charger, installed in line with commercial building EV infrastructure requirements. The hourly EV charging load profile is derived from measured usage patterns at public charging stations (KPX, 2021), applying energy-based utilization rates of 10% for the fast charger and 37.5% for the slow chargers — corresponding to approximately three 30-minute fast-charging sessions per day and an average connection time of approximately 7.3 hours per slow charger during building occupancy hours, respectively. EV operation is assumed during building hours only (08:00–21:00); charging during off-peak nighttime hours (22:00–07:00) is excluded as vehicles are assumed absent from the site. This yields a daily fast-charging load of 55.3 kWh and slow-charging load of 91.9 kWh, totaling 147.2 kWh/day. All chargers are assumed to support bidirectional power flow, enabling V2G participation for all connected vehicles. Charging and discharging efficiencies of 90% are applied, yielding a round-trip efficiency of 81%. For the V2G scenario, EV battery capacity is set at 63 kWh per vehicle (252 kWh total for four vehicles), representative of mid-size battery electric vehicles currently available in the Korean market. Initial SOC at arrival is assumed to be 50%, representing a mid-range condition consistent with typical commuting patterns. The SOC operating range is set to 20–90% to protect battery lifetime.
2.2 Scenario Design
Four scenarios are defined to isolate the effects of EV charging timing and V2G discharge capability on building net load profile (Table 1). The baseline (S0) represents building and PV operation without EV. Uncontrolled charging (S1) reflects current common practice where EVs charge on arrival or at end of working day without scheduling, following the hourly pattern described in Section 2.1. Smart charging (S2) refers to controlled unidirectional charging in which EV charging is scheduled to coincide with peak PV generation hours (11:00–15:00), shifting load away from the evening ramp through time-of-use scheduling without discharge capability. The total daily EV load is redistributed uniformly across this window at 29.4 kW, with no charging permitted outside this period. The V2G scenario (S3) combines daytime charging during the PV peak period (11:00–16:00) with discharge whenever the building-only net load (S0) exceeds a target of 120 kW — a condition arising at both the morning occupancy peak (09:00–10:00) and the evening ramp (17:00–19:00) — leveraging EV batteries as mobile energy storage to suppress net load peaks across the full operating day. 
2.3 Scheduling Strategy and Analysis Method
A simulation-based scheduling analysis is conducted to evaluate the net load profile of each scenario at hourly resolution for a representative summer weekday. For S1, hourly energy balances are calculated directly from the EV charging profile defined in Section 2.1, yielding 147.2 kWh/day. For S2, the total daily EV load is redistributed uniformly across the PV peak period at 29.4 kW, with no charging outside this period. For S3, a rule-based dispatch strategy is applied: during 08:00–21:00, EVs discharge at the rate required to reduce net load excess above 120 kW, and charge at the rate required to utilize available capacity below 120 kW during PV peak hours (11:00–15:00), subject to a maximum combined output of 71 kW, SOC bounds of 20–90%, and a prohibition on simultaneous charging and discharging. The primary performance metrics are the daily net load profile and load factor.
Tab. 1: Scenario definitions
	Scenario
	EV Operation
	Charging
	Discharging

	S0
	No EV (baseline)
	–
	–

	S1
	Uncontrolled
	On arrival / end of day (unscheduled)
	None

	S2
	Smart charging
	11:00–15:00
(PV generation hours)
	None

	S3
	V2G scheduling
	11:00–16:00
(PV peak hours)
	09:00–10:00, 17:00–19:00
(evening ramp period)


Results and Discussion
3.1 Baseline Net Load Profile
In the baseline scenario (S0), PV generation reduces daytime net load due to the partial overlap between generation and building demand hours. The net load drops to a daily minimum of 80.7 kW at 13:00 during peak PV generation, before rising to a peak of 149.8 kW at 18:00 as PV generation falls and building loads remain elevated. Two distinct net load peaks are evident: a morning occupancy peak of 133.8 kW at 09:00 and an evening ramp peak of 149.8 kW at 18:00. This confirms that net load management in office buildings requires addressing both peaks — neither of which PV alone can resolve.
3.2 Scenario Comparison
Uncontrolled charging (S1) raises the evening net load peak to 161.5 kW at 18:00, an increase of 11.7 kW over the S0 baseline, driven by the combined fast and slow charger load concentrated at end-of-day. This directly worsens the grid-level duck curve during the evening ramp period. Smart charging (S2) eliminates this evening spike by redistributing the total EV load to the PV peak period (11:00–15:00) at 29.4 kW, restoring the evening net load profile to the S0 level — but leaves the evening ramp itself unaddressed, confirming that unidirectional scheduling alone cannot achieve ramp suppression. As shown in Fig. 1, S3 is the only scenario that suppresses net load below 120 kW across all peak hours, while S1 worsens the evening ramp and S2 merely preserves it.
The V2G strategy (S3) achieves what smart charging cannot. During 11:00–16:00, V2G charging is superimposed on the smart-charging schedule: charging begins at 11:00 when the building-only net load falls below 120 kW, with hourly V2G charge rates of 18.8, 36.1, 39.3, 26.2, and 14.4 kW across 11:00–16:00, reaching 90% SOC by 15:00 (total V2G charging: 134.8 kWh). Discharge occurs whenever S0 exceeds 120 kW: 13.8 kW at 09:00 and 4.7 kW at 10:00 suppress the morning peak, while 24.7, 29.8, and 1.3 kW at 17:00–19:00 suppress the evening ramp (total: 74.3 kWh), reducing net load to 120.0 kW across all peak hours. Table 2 summarizes performance across all scenarios. As shown in Fig. 2, the SOC reaches 90% at 15:00 and declines to 65.4% by 19:00 as discharge capacity is progressively utilized across both peak periods.
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Fig. 1: Hourly net load profiles for S0–S3 scenarios

Tab. 2: Net load performance comparison across scenarios
	Indicator
	S0 Baseline
	S1 Uncontrolled
	S2 Smart
	S3 V2G

	Peak net load [kW]
	149.8 (18h)
	161.5 (18h)
	149.8 (18h)
	120.0 (9~19h)

	Net load at 17h [kW]
	144.7
	155.7
	144.7
	120.0

	Net load at 18h [kW]
	149.8
	161.5
	149.8
	120.0

	Daily load factor [%]
	56.5
	56.2
	60.6
	72.6

	Daily net load [kWh]
	2,031.5
	2,178.7
	2,178.7
	2,092.0

	Duck curve contribution
	Neutral
	Worsens
	Eliminates evening spike; ramp unchanged
	Suppresses all peaks (120 kW)



[image: ]
Fig. 2: V2G charging/discharging schedule and SOC profile under S3

3.3 Policy and Tariff Implications
The current time-of-use tariff structure in Korea applies on-peak rates during daytime hours (11:00–18:00) — precisely when V2G charging is most needed for net load leveling — creating a structural disincentive that limits practical deployment even when technically feasible. Building operators face high charging costs during the window that enables evening discharge. Tariff reform introducing preferential rates during PV generation hours and compensation mechanisms for V2G evening discharge are therefore essential policy complements to mandatory bidirectional charger requirements.
Conclusions 
As PV penetration in commercial buildings continues to grow, the evening ramp challenge will intensify — and uncontrolled EV charging will deepen it further. This study demonstrates that V2G scheduling resolves what neither PV nor smart charging alone can address: by charging during peak PV hours (11:00–15:00) and discharging when net load exceeds 120 kW (09:00–10:00 and 17:00–19:00, total 74.3 kWh), all peak net loads are suppressed to 120.0 kW and the daily load factor improves from 56.2% to 72.6%. Crucially, extending bidirectional capability to slow chargers substantially increases available discharge capacity — a finding that underscores the importance of incorporating bidirectional support across all charger types, not only DC fast chargers.
Realizing this potential in practice requires both infrastructure standards and tariff reform that incentivizes daytime charging and compensates evening discharge. Future work will extend this analysis to multiple building types and seasons, incorporate stochastic EV availability modeling, and evaluate aggregated V2G potential for demand response market participation. As BIPV adoption expands beyond rooftop systems to building facades and envelopes, the growing on-site generation capacity will further strengthen the case for V2G as a building-level net load management strategy.
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