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Abstract

Stationary battery energy storage systems (BESS), smart charging of electric ve-
hicles (EVs), vehicle-to-home (V2H) and vehicle-to-grid (V2G) all offer flexibility to
highly electrified zero-energy buildings (ZEBs), but they are not equivalent resources:
a BESS is dedicated to the building, whereas an EV battery is primarily a mobility
asset. This note proposes an operational hierarchy that places smart charging before
EV discharge, compares the options techno-economically for a four-EV reference fleet,
and calibrates the EV assumptions against 636 days of measured operation of a Nissan
Leaf on a bidirectional charger at the Valleverde pilot site, a twelve-flat condominium
ZEB. The measurements separate two kinds of EV flexibility. Charging flexibility is
abundant: on 99.8% of presence days the vehicle was connected longer than needed to
recover its driving energy, with a median margin of 19.1 hours, mostly overnight. Dis-
charge flexibility is limited: the vehicle usually returned with 40–50% state of charge,
so only 60 days in 2025 met the reference V2G eligibility rule, with 16.5 kWh avail-
able above the reserve on average. At this measured utilisation, the gross operating
return on incremental V2G investment is approximately 2%, or approximately 4% if
the fleet-model assumption of 35 kWh per vehicle and activation is retained, compared
with 15–24% for dedicated BESS under the same price assumptions. In this ZEB con-
figuration, smart charging and night-time charging of the EV from the building battery
are therefore more promising than routine V2G; a forecast-constrained BESS-to-EV
strategy is proposed for validation at the Figino pilot site.
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1 Why nominal battery capacity is not enough
Comparisons of building flexibility often start from installed battery capacity. This is insuf-
ficient. A stationary BESS is normally connected, controllable and dedicated to the building
energy strategy. An EV battery has a different primary purpose: mobility. Its availability
depends on whether the vehicle is present, whether the user authorises discharge, the state of
charge required at departure and the limits imposed by the vehicle and the charging system.

Three quantities must therefore be distinguished.

• Nominal capacity is the physical battery capacity.

• Expected available flexibility is the energy reasonably accessible at a given time after
applying availability and usable-SOC constraints.

• Contracted flexibility is the part of that resource that the owner has agreed may be
used under defined operating rules.

The note develops the techno-economic comparison for a four-EV reference fleet against
dedicated BESS (Sections 4–9 and 11–14) and calibrates the EV side with measured operation
of a single vehicle (Section 10). The fleet model and the single-vehicle case study address
different questions and are reported separately.

This work makes three contributions. First, it distinguishes installed battery capacity
from practically available EV flexibility in a ZEB that already has stationary storage, and
separates the flexibility of EV charging from that of EV discharge. Second, it calibrates a
condominium-scale EV flexibility model against 636 days of measured operation of a Nis-
san Leaf, covering mobility, presence, state of charge, charging energy and realised V2G
discharge. Third, it uses the measured flexibility envelope to compare smart charging, dedi-
cated BESS and V2G economically, and proposes a forecast-constrained strategy for charging
EVs from the building battery, to be validated at the Figino pilot site. Section 2 places these
contributions in the context of existing work.

2 Related work
Value of bidirectional EVs. The use of parked EV batteries as a grid resource was
formalised by Kempton and Tomić, who derived the power capacity and net revenue of V2G
from vehicle availability, battery capacity and interface power [1]. Later reviews extended
the concept to vehicle-to-home and vehicle-to-vehicle operation and discussed the technical
requirements of bidirectional interfaces [2], and to the wider set of vehicle-to-everything value
streams and the regulatory conditions under which they can be monetised [3]. These analyses
characterise the potential of bidirectional EVs, but typically derive vehicle availability from
assumed or aggregate driving statistics.

Battery degradation. Additional cycling is the principal technical cost of discharging a
vehicle battery. Laboratory testing of bidirectional charging regimes has shown that V2G
operation can accelerate capacity fade, with the effect depending on the depth and frequency
of the additional cycles [4], and the viability of V2G has been examined critically from a
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battery-technology and policy perspective on these grounds [5]. This cost is one reason why
owner compensation and the ordering of flexibility resources matter.

Smart charging and EV availability. Smart charging, which shifts the timing or rate
of charging without discharging the vehicle, has been reviewed extensively for its benefits
to distribution networks [6] and, more recently, for its coordination with PV production
and building consumption [7]. The flexibility available depends on how long vehicles remain
parked relative to their energy needs; GPS-based driving records show that daily distance
varies widely, with most days far below the range of a typical EV and occasional days that
approach or exceed it [8].

PV self-consumption and storage in buildings. Definitions of net zero-energy build-
ings emphasise the balance between on-site generation and demand and the interaction of
the building with the grid [9]. Increasing PV self-consumption is an established strategy for
such buildings, with stationary battery storage and demand-side management as the two
principal options [10]. EV charging is a candidate controllable load within this framework
[7].

Owner participation. Survey evidence shows that EV owners require substantial com-
pensation to accept V2G contracts, particularly when the contract imposes a required plug-in
time or a guaranteed minimum range [11]. Social, behavioural and institutional factors are
recognised as a significant, and often neglected, condition for V2G deployment [12].

Research gap. Existing studies generally evaluate EV flexibility from installed battery
capacity, aggregate availability statistics or simulated driving profiles, and often treat smart
charging and V2G separately. Comparatively few combine a building-level PV and BESS
system with measured vehicle presence, state of charge, charging energy and realised V2G
discharge over an extended period. This note addresses that gap for one condominium ZEB,
using 636 days of measured operation to calibrate a fleet-level techno-economic comparison
and to distinguish charging flexibility from discharge flexibility.

3 Operational hierarchy in a ZEB with stationary storage
In a ZEB equipped with an adequately sized stationary BESS, systematic discharge of EV
batteries should not be the first flexibility action. The primary operating sequence is: direct
use of photovoltaic generation by building loads; charging of the stationary BESS; charging
of EVs that are present; evening and night supply from the BESS; and, where appropriate,
night-time charging of EVs that were absent during daytime production. V2H and V2G
enter only as an additional and conditional layer of flexibility.

This hierarchy avoids a circular operating strategy in which an EV returning home is dis-
charged to support the building and must subsequently be recharged from the same building
storage or from the grid. The reference role of EV integration in a mature ZEB is therefore
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smart charging—controlling when the vehicle charges—while bidirectional discharge is re-
served for exceptional grid events, insufficient stationary storage, or market conditions that
adequately remunerate the additional battery use.

Proposed hierarchy. PV self-consumption → stationary BESS → smart EV charging →
V2H/V2G as supplementary contracted flexibility.

3.1 EVs as flexible heavy users of the ZEB infrastructure

In a residential ZEB equipped with photovoltaic generation and adequately sized stationary
storage, EVs should not primarily be regarded as additional batteries. Their greater and more
systematic value lies in their role as flexible heavy users of the building energy infrastructure.
Like the flats themselves, EVs add substantial electricity demand to the ZEB; unlike many
residential loads, a significant part of this demand can be shifted in time.

This creates an opportunity to increase the productive utilisation of both the photo-
voltaic system and the stationary BESS. During periods of high solar generation, the BESS
absorbs photovoltaic electricity that is not directly consumed by the flats or by EVs already
present. Vehicles returning later become an additional destination for this stored renewable
electricity. The EV therefore increases local electricity demand and improves the utilisation
of infrastructure already installed to serve the ZEB, without requiring the vehicle battery to
be routinely discharged.

This role matters most in the part of the year in which photovoltaic production ex-
ceeds the immediate daytime demand of the building and leaves the stationary battery fully
charged. At the Valleverde pilot site (Section 10.1) this condition was measured directly. In
2025 the building battery reached at least 95% SOC while PV was still being exported on
the majority of days in six months (April to September, 57–74% of days) and on at least
some days in eight months (March to October). From November to February it did not
occur. The 2026 data through September reproduce the same seasonal pattern, with July
2026 reaching 90% of days. At this site, whose electrical demand includes space heating and
cooling for twelve flats, a surplus-dominated season of six months, extending to eight months
at the margins, is therefore the measured baseline for the EV role described here.

EV charging is also intrinsically flexible. Vehicles that return in the evening frequently
remain parked for many hours, while the energy required for the following day’s mobility can
be delivered within a much shorter charging interval. Charging can therefore be scheduled
during the night or other low-demand periods, subject to the state of charge required at
departure. Where daytime photovoltaic surplus has been stored in the BESS, night-time EV
charging transfers locally generated solar electricity across both time and end use: from day-
time PV production to night-time mobility demand. Section 10.5.1 quantifies this flexibility
for the monitored vehicle.

Accordingly, the economic contribution of EVs to a ZEB should not be assessed only
through the energy their batteries might return through V2H or V2G. Their potentially larger
contribution is a controllable additional load that increases photovoltaic self-consumption
[7, 10], raises the useful throughput of the stationary BESS and reduces the amount of
locally generated electricity exported at low remuneration.

5



Proposed value hierarchy for EV integration.

1. Flexible electricity demand for mobility.

2. Higher utilisation of local photovoltaic generation.

3. Higher productive utilisation of the stationary BESS.

4. Smart charging during suitable low-demand or stored-PV periods.

5. V2H/V2G discharge only as supplementary contracted flexibility when technically and
economically justified.

For a ZEB already equipped with stationary storage, the most valuable EV is therefore
not necessarily the one that discharges most frequently, but the one whose charging demand
is integrated into the PV–BESS energy cycle.

4 Reference EV architecture: V2H and V2G
The reference fleet consists of four EVs with an average 70 kWh battery. For flexibility cal-
culations, only 50% of battery capacity is assumed usable, preserving a substantial mobility
reserve, and only 50% of the fleet is assumed to be simultaneously available to the building.

For V2H, the reference configuration uses an AC bidirectional interface of approximately
3 kW per vehicle. Four EVs therefore require four V2H devices if all four are to remain
independently connectable, providing approximately 12 kW of aggregate bidirectional power.

For V2G, the reference configuration uses a 30 kW DC bidirectional charger serving one
EV at a time. Under 50% simultaneous availability, a four-vehicle fleet requires two such
chargers, allowing two EVs to charge or discharge simultaneously and providing up to 60 kW
of aggregate bidirectional power (Table 1).

Table 1: Reference V2H and V2G architectures for a four-EV fleet.

Reference system EV fleet Devices Aggregate power EVs simultaneous

V2H 4 4× ∼3 kW AC ∼12 kW 4
V2G 4 2×30 kW DC 60 kW 2

This architecture is a design model for condominium-scale comparison. The measured
case in Section 10 is a single 62 kWh vehicle on a 10 kW bidirectional charger; its results
constrain the fleet assumptions but are not substituted into the four-vehicle tables.

5 EV owner consent: flexibility is not free
A condominium owner or tenant has no inherent reason to allow the ZEB or the grid to
perform additional charge and discharge events on a privately owned EV battery. The owner
supplies a valuable asset, accepts additional energy throughput and may be concerned about
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degradation [4, 5], warranty conditions and vehicle availability. Owners require compensation
to accept such contracts [11]; EV-based flexibility is therefore not a free resource.

This note uses an illustrative EV-owner incentive: for each 1.00 kWh discharged from the
vehicle for building or grid flexibility, the user receives the energy back plus a 15% energy
bonus. A 20 kWh flexibility event is followed by 23 kWh of credited recharge. The contract
also preserves a minimum SOC, allows the user to specify departure requirements, caps
annual flexibility throughput and always gives mobility priority.

At an electricity purchase price of €300/MWh, the 15% bonus costs €45/MWh of EV
energy used. With exported electricity remunerated at €80/MWh, the gross value of shifting
one MWh from export to later local use is €220/MWh. After the EV-owner bonus, the
reference net value of EV-based flexibility is €175/MWh.

The same price wedge applies to smart charging, where no energy leaves the vehicle. If
daytime PV would otherwise be exported at €80/MWh and the EV owner would otherwise
buy night-time energy near the retail price, a local tariff between the two remunerates both
the building and the driver without imposing any additional cycling on the vehicle battery.
This mechanism underlies the BESS-to-EV pilot proposed in Section 15.

6 Reference technical and cost assumptions
The assumptions used in the fleet comparison are grouped into physical and operational
assumptions (Table 2), which determine how much energy and power each configuration can
provide, and economic assumptions (Table 3), which determine what that energy is worth
and what it costs. The BESS energy delivered per equivalent cycle is taken as 50% of nominal
capacity, consistent with the annual throughput values in Table 4.

Table 2: Physical and operational assumptions.

Parameter Reference assumption Comment

EV battery 70 kWh per EV Reference fleet
EV usable share 50% Mobility reserve pre-

served
Simultaneous EV availabil-
ity

50% 2 of 4 EVs available

V2H interface ∼3 kW AC per EV One device per EV
V2G interface 30 kW DC per device One EV per device
BESS usable availability 90% of nominal Instantaneous flexibility
BESS energy per equivalent
cycle

50% of nominal Annual throughput ba-
sis

Annual utilisation BESS: 200 / 250 / 300 eq. cycles;
V2G: 50 / 100 / 150 activation
days

EV range compared
with Section 10
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Table 3: Economic assumptions.

Parameter Reference assumption Comment

V2H device cost €2,500 per device Midpoint of €2–3k
V2G device cost €9,000 per device Midpoint of €8–10k
BESS CAPEX €145/kWh (60–120 kWh);

€140/kWh (180 kWh);
€135/kWh (240 kWh)

Industrial reference

Electricity purchase value €300/MWh Avoided purchase
Export remuneration €80/MWh Value without storage
EV-owner bonus 15% additional recharge Applied to V2H and

V2G
Gross BESS flexibility
spread

€220/MWh 300− 80

Net EV flexibility spread €175/MWh 300− 80− 45 bonus
Financing structure 33% equity; 64% debt at 5%; 3%

non-interest-bearing
Used for ROE only

Depreciation and tax 10-year straight line; 20% on
positive pre-tax income

Used for ROE only

7 Available flexibility: energy and power must be sepa-
rated

For a four-EV fleet, nominal battery capacity is 280 kWh. Applying 50% simultaneous
availability and 50% usable SOC gives 70 kWh of expected instantaneous available flexibility.
A dedicated BESS retains 90% of its nominal capacity under the same definition, so a
240 kWh BESS provides 216 kWh (Figure 1).
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Figure 1: Nominal capacity and expected available flexibility for two- and four-EV V2H/V2G con-
figurations and for dedicated BESS of 60–240 kWh. EV configurations retain 25% of their nominal
capacity as expected available flexibility; dedicated BESS retains 90%.

The four-EV fleet has more nominal capacity than a 240 kWh BESS but provides roughly
one third of its available energy. Nominal capacity is therefore a poor proxy for flexibility
whenever the storage medium is also a vehicle.

Power follows a different ranking. The two V2G chargers deliver up to 60 kW, whereas the
four-device V2H configuration delivers about 12 kW for the same 70 kWh of available energy
(Table 1). Energy availability (kWh) and instantaneous service power (kW) are separate
design dimensions: a configuration can be strong on one and weak on the other, and a
flexibility requirement must specify both.

8 Capital efficiency
Dedicated BESS requires investment in both the battery and its power-conversion system,
whereas V2H and V2G require only the incremental bidirectional charging infrastructure,
because the EV battery has already been purchased for mobility. This accounting distinction
explains why EV-based solutions can show high financial returns even when their controllable
flexibility is lower.

Figure 2 places each configuration by incremental investment and expected available
flexibility. The BESS options lie on a near-linear path from 54 kWh at €8,700 to 216 kWh
at €32,400. V2H reaches 70 kWh for €10,000; V2G reaches the same 70 kWh for €18,000
because each DC device is more expensive, although it delivers five times the power.
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Figure 2: Incremental capital expenditure versus expected available flexibility. EV configurations
are limited to 35 or 70 kWh regardless of investment; dedicated BESS scales with capital.

Normalising by investment (Figure 3), V2H provides 7.0 kWh of expected available flexi-
bility per €1,000, dedicated BESS 6.2–6.7 kWh and V2G 3.9 kWh. V2H is the most capital-
efficient source of available energy, BESS is close behind and improves with size, and V2G
pays for power rather than energy. Capital efficiency is a statement about installed potential,
not about how often that potential is used; Sections 9 and 10 address utilisation.

Figure 3: Expected available flexibility per €1,000 of incremental capital expenditure.
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9 Annual energy throughput and economic value
Stationary BESS and EV batteries are not assigned the same annual utilisation. The BESS
is a dedicated asset and is evaluated at 200, 250 and 300 equivalent cycles per year. The
EV is a mobility asset whose availability is intermittent; V2G is therefore evaluated at 50,
100 and 150 activation days per year. An activation day is not automatically a full battery
cycle: equivalent battery throughput depends on the energy actually discharged during each
event.

For the four-EV reference fleet, 50% simultaneous availability implies that approximately
two vehicles are present at the relevant time, though not necessarily the same two every day.
At 70 kWh nominal capacity and a 50% usable share, the upper bound is 35 kWh per available
EV, or 70 kWh per two-EV activation. This yields upper-bound annual V2G throughput of
3.5, 7.0 and 10.5MWh at 50, 100 and 150 activation days (Table 4).

Table 4: Annual value of flexibility under the reference price spreads. V2G rows are upper-bound
fleet scenarios; BESS rows are the dedicated-storage reference.

System Utilisation case Max throughput Value Annual value Basis

V2G, 4 EV / 2 devices 50 activation days 3.5 MWh/y €175/MWh €613 Scenario
V2G, 4 EV / 2 devices 100 activation days 7.0MWh/y €175/MWh €1,225 Scenario
V2G, 4 EV / 2 devices 150 activation days 10.5 MWh/y €175/MWh €1,838 Scenario
BESS 240 kWh 200 eq. cycles 24 MWh/y €220/MWh €5,280 Reference
BESS 240 kWh 250 eq. cycles 30 MWh/y €220/MWh €6,600 Reference
BESS 240 kWh 300 eq. cycles 36 MWh/y €220/MWh €7,920 Reference

At €175/MWh, the three V2G scenarios are worth €613–€1,838 per year for the com-
plete four-EV interface set. A 240 kWh BESS at the gross spread of €220/MWh is worth
€5,280–€7,920 per year, because both the energy per cycle and the number of cycles are
larger. Even the most optimistic V2G scenario delivers about one third of the annual value of
the least utilised BESS case. This gap is the economic content of the operational hierarchy:
a well-used EV does not substitute for stationary storage on annual energy value.

10 Calibration with Nissan Leaf operational data
The fleet comparison of Sections 4–9 rests on assumptions about EV behaviour that cannot be
derived from equipment data sheets: how much of the battery is usable without compromising
mobility, how often a vehicle is available to the building, how much energy an activation can
deliver and how many activations occur per year. The operational hierarchy of Section 3
rests on two further premises: that smart charging offers substantial flexibility before any
discharge, and that the vehicle is present at the hours when stored PV could serve it. This
section tests these assumptions and premises against measured operation of a Nissan Leaf
at the Valleverde pilot site.
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10.1 Site, instrumentation and period

The Valleverde pilot site is a condominium of twelve flats whose electrical demand includes
space heating and cooling. It is equipped with a 27 kWp photovoltaic array, a 44 kWh building
battery and a 10 kW bidirectional charger serving a Nissan Leaf with a 62 kWh battery.
Over the monitoring period the building consumed 97.2MWh and the PV array produced
56.3MWh. Because heating and cooling are part of the building load, demand is highest in
winter, when PV production is lowest; the building battery therefore plays a different role
in each season, and the seasonal pattern recurs in several of the results below.

The monitoring period runs from 1 January 2025 to 28 September 2026 (636 days). Site
energy flows (PV production, building load, building battery, charger energy to and from
the vehicle) are recorded at five-minute resolution. Vehicle telemetry provides odometer
readings, GPS position and SOC. The vehicle is considered present when its position lies
within 150 m of the charging bay. Where vehicle telemetry was interrupted for more than 36
hours, the odometer increment across the interruption was distributed over the intervening
days in proportion to their duration.

The site operated the hierarchy of Section 3 in the following form. PV generation and
the building battery supply the building first. The EV charges from PV surplus remaining
after the building battery, and from the grid when required to maintain its operating floor of
40% SOC. V2G discharge supplies the building when the vehicle is connected, the building
battery cannot cover the load and the vehicle SOC is above the 40% floor. The building
battery was not used to charge the vehicle.

10.2 Definitions

Presence. A day counts as a presence day if the vehicle is at the site for at least 30
minutes. The afternoon window is 12:00–17:00 and the evening window 17:00–22:00, the
period in which residential demand typically exceeds PV production.

Charging deferral margin.

Tflex = Tconnected − Trequired, Trequired =
Eneed

Pcharge

, (1)

where Tconnected is the time the vehicle is at the charger during the day, Eneed is the energy
required for the following day’s driving (distance multiplied by the measured net specific
consumption) and Pcharge = 10 kW. Tflex is the time by which charging can be deferred while
still meeting the mobility requirement.

Discharge flexibility.

Eflex = max
(︁
0, (SOCarrival − SOCreserve)× 62 kWh

)︁
, (2)

where SOCarrival is the SOC at the first presence interval of the day.
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V2G eligibility scenarios.

• Conservative: at least 30 minutes in the evening window, SOCreserve = 60%, Eflex ≥
4 kWh.

• Reference: at least 30 minutes in the evening window, SOCreserve = 50%, Eflex ≥ 4 kWh.

• Maximum: present at any time of day, SOCreserve = 40%, Eflex ≥ 1 kWh.

The Reference reserve of 50% corresponds to the usable-share assumption of the fleet model
(Section 4); the Maximum reserve equals the operating floor of the site. A day is V2G-active
if at least 1 kWh was discharged from the vehicle to the building, irrespective of the eligibility
rules.

Net specific consumption.

enet =

∑︁
EtoEV −

∑︁
EfromEV

distance
, (3)

which excludes energy that passed through the vehicle battery and returned to the building.

10.3 Analytical approach

The analysis proceeds in three stages, each building on the previous one. The first stage
characterises mobility demand and the energy balance of the vehicle; flexibility is defined
relative to the energy the vehicle needs for driving, so demand must be characterised before
flexibility can be measured, and the energy data must be shown to be consistent with that
demand. The second stage measures charging flexibility, testing the premise that smart
charging is the first EV lever. The third stage measures discharge flexibility, testing each
V2G assumption of the fleet model in turn. Table 5 lists the analyses, the question each
answers and the assumption it tests.
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Table 5: Analyses of the calibration, in order of presentation.

Analysis Question Assumption or premise
tested

Figure

Stage 1: mobility demand and energy balance
Daily distance How variable is mobility de-

mand?
Uniform usable share 4

Monthly consump-
tion

Is measured energy consistent
with driving?

Data consistency 5

Energy balance How much energy enters and
leaves the vehicle?

EV as heavy user 6

Origin of charging How much charging uses local
PV?

Scope for stored-PV
charging

7

Stage 2: charging flexibility
Deferral margin How long can charging be post-

poned?
Smart charging first 8

Diurnal presence At which hours is the vehicle
available?

Night charging from
stored PV

9

Stage 3: discharge flexibility
Presence windows Is the vehicle there in the

evening?
Availability 10

Eligibility funnel Which condition limits V2G? Availability versus SOC 11
Arrival SOC With how much charge does it

return?
50% usable share 12

Energy per event How much energy is available
when eligible?

35 kWh per activation 13

Days per year How do counts compare with
the scenarios?

50/100/150 activation
days

14

Year comparison Are the results stable between
years?

Robustness 15

Realised through-
put

How much energy did V2G de-
liver?

3.5–10.5MWh per year 16

10.4 Stage 1: mobility demand and energy balance

10.4.1 Daily distance

Motivation. The fleet model assigns every vehicle the same usable share of 50%, implicitly
treating mobility demand as constant from day to day. If demand is in fact highly variable,
the energy a vehicle can release depends on the day, and V2G availability must be assessed
day by day rather than as an annual average. The distribution of daily distance tests this.
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Figure 4: Distribution of daily distance over 636 days.

Result. The vehicle travelled 34,738 km. Mobility demand is highly uneven: 167 days
involved no driving, 221 days between 1 and 50 km, 148 days between 51 and 100 km, and
100 days more than 100 km, of which 20 exceeded 200 km (Figure 4).

Implication. On a zero-kilometre day the mobility constraint is weak and the battery
could in principle support the building; on a day above 150 km the battery is committed to
driving and is a poor candidate for discharge. A uniform usable share is an average across
these regimes rather than a description of any individual day. The eligibility analysis of
Stage 3 is therefore performed day by day.

10.4.2 Monthly distance and net consumption

Motivation. Every subsequent indicator combines distance with charger energy. Before
relying on them, the two data sources must be shown to be mutually consistent: net energy
drawn by the vehicle, after removing the energy it returned to the building, should scale
with distance and fall within the range expected for this vehicle model. A monthly view also
reveals the seasonal structure of driving.
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Figure 5: Monthly distance (bars) and net specific consumption (line), computed as energy deliv-
ered to the vehicle minus energy returned by V2G, per kilometre.

Result. Distance varies from 238 km (October 2025) to 2,701 km (May 2025), while net
consumption remains within 110–190Wh/km in almost every month (Figure 5). Over the
full period, 9,458 kWh was delivered to the vehicle and 4,023 kWh returned to the building,
giving 5,435 kWh of net energy and enet = 156Wh/km (144Wh/km in 2025, 169Wh/km
in 2026). The only outlier, March 2025 at 13Wh/km, is a month in which V2G discharge
nearly equalled charging and the vehicle ended the month at a lower SOC than it began;
monthly values of enet include such changes in stored energy, which average out over the full
period.

Implication. Net consumption is stable and plausible for the vehicle model. This provides
a consistency check between the charger-energy and odometer datasets. It also shows that
gross charger energy would overstate mobility demand: without subtracting V2G returns,
the vehicle would appear to consume 272Wh/km.

10.4.3 Energy delivered to and returned by the vehicle

Motivation. Section 3.1 argues that an EV is first a flexible heavy user of the building and
only secondarily a source of stored energy. If this holds, energy delivered to the vehicle should
consistently exceed energy returned, and discharge should appear as a partial, seasonal return
of previously supplied energy rather than as an independent storage service. The monthly
energy balance tests this.
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Figure 6: Monthly energy delivered to the vehicle and energy discharged from the vehicle to the
building.

Result. Charging exceeds discharge in every month (Figure 6). Discharge is concentrated
in the PV season: from November to February it is close to zero, while in June and July of
both years it reaches 49–74% of the energy delivered in the same month.

Implication. The vehicle is a net electricity consumer over the monitoring period, consis-
tent with the heavy-user interpretation. V2G discharge occurs mainly when the vehicle has
been charged from PV surplus and the building is short in the evening; in the heating season,
when the building load is highest, the vehicle arrives with too little energy to discharge. The
gap between the two series is the energy consumed by mobility, which is not available to the
building under any discharge rule that preserves mobility.

10.4.4 Origin of charging energy

Motivation. The proposed hierarchy ends with night-time charging of EVs from energy
stored in the building battery during the day. The scope for that step depends on how much
vehicle charging currently comes from the grid while local PV is being exported. Splitting
charging energy by origin quantifies this scope.
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Figure 7: Monthly energy delivered to the vehicle from PV surplus and from the grid.

Result. Of 9,458 kWh delivered to the vehicle, 5,297 kWh (56%) came from PV surplus
and 4,161 kWh (44%) from the grid (Figure 7). The PV share is 49–84% from April to
September and 0–9% from November to February. In the surplus months, the grid still
supplied 107–313 kWh per month to the vehicle.

Implication. Grid charging in the surplus months is the energy that stored PV could have
supplied. In those months the building battery was full while PV was still exported on most
days (Section 3.1), so the data indicate that the limiting factor is not the availability of
PV energy but its timing: PV is produced while the vehicle is often away, and the vehicle
charges from the grid after sunset. Stage 2 examines whether the vehicle is present at the
hours when stored PV could reach it.

10.5 Stage 2: charging flexibility

Stage 2 tests the central premise of the hierarchy: that controlling when the vehicle charges
provides substantial flexibility without discharging it. Two properties are required. The
deferral margin must be long enough to move charging to a different part of the day, and it
must fall at hours in which that shift is useful.

10.5.1 Charging deferral margin

Motivation. Smart charging is only a meaningful lever if the vehicle is routinely connected
for longer than it needs to recover its driving energy. If the margin were small, charging
would have to start on arrival and the building would gain nothing by scheduling it. The
distribution of Tflex over presence days measures the size and frequency of that margin.
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Figure 8: Distribution of the charging deferral margin Tflex on presence days.

Result. On 534 presence days, Tflex was non-negative on 533 (99.8%), with a mean of 17.4
hours and a median of 19.1 hours (Figure 8). 450 presence days offered more than 12 hours
of deferral margin, 77 days between 4 and 12 hours, and only 7 days less than 4 hours.

Implication. The monitored vehicle almost never needed to charge on arrival. Charging
can wait for a PV surplus, a low-tariff period or energy stored in the building battery and
still meet the departure requirement. This flexibility requires no discharge, imposes no
additional battery cycling and needs no remuneration beyond the tariff at which the energy
is sold. With a deferral margin available on practically every presence day, the measured
data are consistent with the ordering of Section 3: schedule charging first, and discharge
only when the building still requires energy and the contract remunerates it.

10.5.2 Diurnal presence

Motivation. Tflex measures how long charging can be postponed but not when the vehicle
is available. A margin located around midday would allow the vehicle to absorb live PV
surplus; a margin located overnight would allow it to absorb PV previously stored in the
building battery. Stage 1 showed that the unused potential lies in the second case, so the
hourly profile of presence determines whether night-time charging from stored PV is feasible.

19



Figure 9: Share of days on which the vehicle is at the site in each hour, for all days and for days
with Tflex ≥ 0.

Result. Presence is highest overnight: 73–76% of days between 00:00 and 06:00, peaking
at 82% at 06:00 (Figure 9). It falls to a minimum of 54% at noon and recovers to 63–69%
from mid-afternoon into the evening. Because a deferral margin exists on 533 of 534 presence
days, the profile restricted to days with Tflex ≥ 0 almost coincides with the full profile.

Implication. The vehicle is most often present when PV is not producing and the building
would otherwise either retain stored energy, export surplus at the low tariff or later purchase
energy for the vehicle. Conversely, it is least often present at midday, which explains why
a substantial share of charging in the surplus months still came from the grid. The profile
supports night-time charging from the building battery as the next step of the hierarchy,
proposed as a pilot in Section 15.

10.6 Stage 3: discharge flexibility

Stage 3 tests the V2G assumptions of the fleet model: availability at the relevant time, a
usable share of 50%, 35 kWh per available vehicle and activation, and 50 to 150 activation
days per year. Each assumption is examined in the order in which it constrains a discharge
event.

10.6.1 Presence in the flexibility windows

Motivation. A vehicle can only support the building if it is connected when the building
needs energy. The fleet model captures this with 50% simultaneous availability; for a single
vehicle, the equivalent quantity is the share of days on which it is present in the evening
window, when residential demand exceeds PV production.
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Figure 10: Number of days in the period, days with presence, days with presence in the afternoon
and evening windows, and days of absence.

Result. The vehicle was present on 534 of 636 days, in the afternoon window on 489 days
and in the evening window on 477 days; it was absent on 102 days (Figure 10).

Implication. Evening presence holds on three days in four, above the 50% availability
assumed per vehicle in the fleet model. Physical availability is therefore not the constraint
that limits V2G at this site.

10.6.2 From presence to eligibility

Motivation. If presence is not the constraint, some other condition must reduce the num-
ber of days on which discharge is acceptable. Applying the Reference rule one condition at
a time identifies which condition removes the most days.
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Figure 11: Reference V2G eligibility applied in sequence: all days, presence, afternoon and evening
presence, arrival SOC of at least 50%, and at least 4 kWh above the reserve.

Result. Presence and the time windows reduce 636 days to 477. The arrival-SOC condition
reduces these to 167, and the minimum energy of 4 kWh to 129 Reference-eligible days
(Figure 11).

Implication. At the Valleverde site, the dominant filter is the state of charge at vehicle
arrival, which removes 65% of the days with evening presence. V2G availability at this site
is limited by energy, not by parking.

10.6.3 State of charge at arrival

Motivation. The funnel identifies arrival SOC as the binding constraint but does not show
whether this is a marginal effect, which a slightly lower reserve would remove, or a structural
one. The distribution of arrival SOC answers this and tests the fleet assumption that half
of the battery is available for flexibility.
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Figure 12: State of charge at the first presence interval of each day; days without presence are
shown separately.

Result. The most frequent arrival state is 40–50% SOC (286 days); 81 days began below
40%, and 167 at 50% or more, of which 59 at 80% or above (Figure 12).

Implication. The measured data indicate that this constraint is structural for the moni-
tored vehicle. A 50% reserve equals the SOC at which the vehicle typically comes home, so
on most presence days the Reference Eflex is zero and any discharge would draw on energy
needed for the next trip. The fleet assumption of a 50% usable share describes the battery’s
capacity above the reserve, not the energy the vehicle actually carries when it returns.

10.6.4 Energy available on eligible days

Motivation. Eligible days are few, but their value depends on how much energy each offers.
The fleet model assumes 35 kWh per available vehicle and activation. The distribution of
Eflex on Reference-eligible days tests this figure and shows whether the eligible days are
marginal or substantial events.
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Figure 13: Energy above the 50% reserve on Reference-eligible days.

Result. Mean Eflex on the 129 Reference-eligible days is 16.5 kWh and the median 14.7 kWh
(Figure 13). 47 days offered more than 20 kWh, comparable to half the capacity of the 44 kWh
building battery, while 27 days offered between 4 and 8 kWh.

Implication. Discharge opportunities are infrequent but individually significant for a build-
ing of this size. The measured mean, however, is less than half of the 35 kWh per vehicle
assumed in the fleet model: even on eligible days the vehicle rarely carries the full usable
share above the reserve.

10.6.5 Eligible days against the activation-day scenarios

Motivation. The fleet economics of Section 9 are expressed as 50, 100 and 150 activation
days per year. To compare like with like, the measured counts must be expressed on the same
annual basis. Two annual measures are used: calendar year 2025, the only complete year,
and the full period annualised to 365 days. Realised V2G-active days are shown alongside,
because the operating strategy discharged under less restrictive conditions than the eligibility
rules.

24



Figure 14: Eligible days per year under the three reserve rules, for calendar year 2025 and for
the full period annualised, compared with the activation-day scenarios. Horizontal lines show V2G-
active days per year.

Result. In 2025, 43, 60 and 93 days were eligible under the Conservative, Reference and
Maximum rules; annualised over the full period the counts are 50, 74 and 112 (Figure 14).
The Conservative count matches the 50-day scenario, the Reference count lies between the 50-
and 100-day scenarios, and the Maximum count lies between the 100- and 150-day scenarios.
V2G-active days reached 124 in 2025 and 154 per year over the full period.

Implication. Two conclusions follow. First, the number of eligible days depends strongly
on the mobility guarantee offered to the driver: relaxing the reserve from 60% to 40% more
than doubles it. Second, realised V2G activity approaches the 150-day scenario in frequency
but not in energy. Over the full period the vehicle discharged 15.0 kWh per V2G-active day,
43% of the 35 kWh per vehicle assumed per activation. Eligibility under a contractual rule
and discharge under an operating strategy are different quantities, and economic assessments
must state which one they use.

10.6.6 Consistency between years

Motivation. The monitoring period contains one complete year and nine months of a
second. A result that held in only one year could reflect an unusual pattern of use or
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weather. Comparing the main counts year by year tests whether the ranking of charging
flexibility, realised discharge and eligibility is robust.

Figure 15: Days with Tflex ≥ 0, V2G-active days and eligible days (Reference and Maximum) by
calendar year; 2026 covers January to September.

Result. In 2025, 264 days offered a deferral margin, 124 days were V2G-active, and 93
and 60 days were eligible under the Maximum and Reference rules. The first nine months of
2026 give 269, 145, 102 and 69 days respectively (Figure 15).

Implication. The ranking is identical in both years, and the 2026 counts after nine months
already exceed the complete 2025 counts. The conclusions of this section are therefore not
an artefact of a single year: charging flexibility is the most common EV resource, followed
by realised discharge and, well below, strict eligibility.

10.6.7 Realised V2G throughput

Motivation. The economic value of V2G depends on annual energy throughput, not on
the number of days. The fleet model gives upper bounds of 3.5 to 10.5MWh per year for four
vehicles. The cumulative energy discharged by the monitored vehicle provides the measured
counterpart for one vehicle.
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Figure 16: Monthly (bars) and cumulative (line) energy discharged from the vehicle to the building.

Result. The vehicle returned 2.04MWh to the building in 2025 and 1.98MWh in the
first nine months of 2026, 4.02MWh in total over 269 V2G-active days (Figure 16). The
cumulative curve is flat from October to February and rises steeply from April to September.

Implication. At about 2 MWh per year, a single vehicle delivers somewhat more than half
of the four-EV lower bound of 3.5 MWh and roughly one twelfth of the 24MWh per year
attributed to a 240 kWh BESS at 200 cycles. The throughput is material for a building of
this size but seasonal, and it does not approach that of dedicated storage.

10.7 Implications for the utilisation scenarios

Table 6 sets each fleet-model assumption against its measured counterpart for the monitored
vehicle.
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Table 6: Fleet-model assumptions and measured values for the monitored vehicle.

Quantity Fleet assumption Measured, Valleverde

Availability at the rele-
vant time

50% of vehicles Evening presence on 75% of days

Usable share above re-
serve

50% of capacity Arrival SOC typically 40–50%; ≥
50% on 167 of 534 presence days

Energy per vehicle and
activation

35 kWh 16.5 kWh (Reference-eligible days);
15.0 kWh (V2G-active days)

Activation days per year 50 / 100 / 150 43 / 60 / 93 in 2025 (Conservative
/ Reference / Maximum); 124 V2G-
active

Annual V2G throughput 3.5–10.5 MWh (4 EV) 2.04MWh in 2025 (1 EV)
Charging deferral margin Not modelled Median 19.1 h; available on 99.8% of

presence days

The measured vehicle is more often available than the fleet model assumes, but carries
much less energy above the reserve when it arrives. Availability and energy therefore err in
opposite directions, and the energy error dominates: applying the measured Reference rate
of 60 days per year and 16.5 kWh per event to two simultaneously available vehicles gives
about 2.0 MWh per year of contracted V2G throughput, below the 3.5MWh lower bound
of Table 4. The activation-day scenarios remain useful as bounds, with the lower end of
the range supported by measurement. Charging flexibility, which the fleet model does not
quantify, is the largest EV resource observed at this site.

11 Gross operating return: utilisation changes the result
For consistency throughout this note, the operating profitability of each configuration is
expressed as the gross operating return on incremental CAPEX (GOR),

GOR =
annual operating value
incremental CAPEX

, (4)

where the annual operating value is the annual energy shifted multiplied by the applicable
price spread (Table 3). GOR is not a conventional project return: it excludes financing,
operation and maintenance, replacement and discounting, and serves only to compare con-
figurations on a common basis. The investor perspective, including financing, is treated
separately in Section 12.

The comparison must reflect the different operating roles of stationary and mobile bat-
teries. Assigning EVs the same 200–300 equivalent cycles as a dedicated BESS would credit
them with an availability that Section 10 shows the monitored vehicle does not have. BESS
returns are therefore evaluated at 200, 250 and 300 equivalent cycles per year and V2H/V2G
returns at 50, 100 and 150 activation days per year, with 70 kWh delivered per two-EV ac-
tivation. Two additional points place V2G at the measured Reference rate of 60 days per
year: one with the fleet assumption of 70 kWh per activation and one with the measured
33 kWh (two vehicles at 16.5 kWh).
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Figure 17: Gross operating return on incremental CAPEX (GOR). Left: dedicated BESS by
equivalent cycles per year. Right: four-EV V2H and V2G by activation days per year; markers
show V2G at the measured 2025 Reference rate of 60 days, with 70 kWh and with the measured
33 kWh per two-EV activation.

Dedicated BESS achieves 15–16% at 200 cycles and 23–24% at 300 cycles, almost inde-
pendently of size (Figure 17). V2H achieves 6–18% and V2G 3–10% across 50–150 activation
days. At the measured Reference rate, V2G yields 4.1% with the fleet assumption of 70 kWh
per activation and 1.9% with the measured energy per event. Under the reference price
assumptions and with utilisation set on an activation-day basis, V2G has the lowest GOR of
all configurations, despite its low incremental CAPEX per kilowatt; its capital buys power
that the monitored vehicle rarely had the energy to deliver.

12 From gross operating return to ROE
GOR and return on equity (ROE) must not be confused. GOR describes the operating re-
turn on the incremental investment; ROE describes the return to the investor after financing
costs, which are largely fixed and therefore amplify differences in utilisation. To illustrate
the investor perspective, the simplified financing structure of Table 3 is applied: 33% eq-
uity, 64% debt at 5% annual interest and a 3% non-interest-bearing contribution, 10-year
straight-line depreciation, and a 20% tax rate applied to positive pre-tax income. ROE is net
income divided by the equity share of CAPEX, on the same utilisation bases and markers
as Figure 17.
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Figure 18: Illustrative ROE under the assumed financing structure, on the same utilisation bases
and markers as Figure 17.

Dedicated BESS remains positive in every case, from 5–8% at 200 cycles to 23–27% at
300 cycles (Figure 18). V2H becomes positive only above about 110 activation days per year
(12.5% at 150 days). V2G remains negative throughout the scenario range, from −30% at
50 days to −9% at 150 days, and reaches −28% to −34% at the measured utilisation; it
would require more than 190 activation days per year at 70 kWh each to cover interest and
depreciation. EV-based returns therefore depend on assumptions that the measurements
do not support for a single vehicle: that the battery is available with sufficient energy on
most days, that user participation is maintained and that the 15% energy bonus is adequate
compensation.

13 What the comparison shows
The comparison reveals a fundamental duality. Dedicated BESS provides more predictable
and controllable flexibility per unit of building investment and retains the full economic
value of that flexibility for the asset owner. V2H and V2G exploit batteries purchased for
another purpose and therefore require little incremental capital, but their value is conditional
on user consent, vehicle presence, SOC, mobility requirements, charger compatibility and
compensation for additional battery use. Under the reference economic assumptions and the
measured utilisation envelope, these conditions give V2G the lowest gross operating return
of the configurations considered (Section 11).

The Valleverde measurements separate the two kinds of EV flexibility. Load flexibility—
the ability to choose when the vehicle charges—is abundant, recurrent and concentrated
overnight. Discharge flexibility—energy above a mobility reserve—is limited by arrival SOC
and available on a minority of days. V2H and V2G are therefore not free storage but
contracted access to a privately owned mobile battery, and the value of an EV in a ZEB
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with stationary storage lies first in its controllable demand. The distinction matters for both
engineering and business-model design.

14 A proposed decision framework
A comparison of BESS, smart charging, V2H and V2G for a ZEB should report the following
indicators separately:

• Available flexibility per euro invested: expected usable energy per unit of incremental
capital (Figure 3).

• Contracted flexibility: the EV flexibility users have committed under enforceable rules,
as distinct from physical presence (Figure 11).

• Available power: the kilowatts deliverable when a flexibility event occurs (Table 1).

• Annual useful energy shifted per euro invested: productive utilisation rather than
nameplate capacity (Table 4 and Figure 16).

• Charging deferral margin: the hours by which EV charging can be shifted without
discharge (Figure 8).

• Gross operating return on incremental CAPEX (GOR): annual operating value
divided by incremental CAPEX (Figure 17).

• Illustrative ROE: net income attributable to equity after explicit financing, depreciation
and tax assumptions (Figure 18).

Energy and power are reported as separate indicators, and utilisation is stated on the basis
appropriate to each asset: equivalent cycles for stationary storage and measured activation
days for vehicles.

15 Future experimentation: the building battery as a
PV–mobility buffer

The operational hierarchy assigns the building battery a night-time role: recharging EVs
that were absent while the PV array was producing. The Valleverde data show that the
opportunity for this role is recurrent. The vehicle offers a median deferral margin of 19
hours and is present on three nights in four (Figure 9); it usually returns with too little SOC
for responsible discharge (Figure 12); and 44% of its charging energy comes from the grid,
including during the surplus season (Figure 7). Together these results point to scheduled
charging of the vehicle from the building battery as the next step of the hierarchy, ahead of
any expansion of V2G.
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Hypothesis. On days with positive deferral margin, energy remaining in the building
battery after the flats’ night-time demand has been reserved can be delivered to the parked
vehicle overnight at a local tariff between the export price and the retail price. The vehicle
departs with the SOC required for the next day; the building battery regains headroom for
the next photovoltaic day; and energy that would otherwise be exported at €80/MWh is
sold locally. The building remains the priority load: when the battery cannot hold both the
flats’ reserve and the vehicle charge, the vehicle is served from the grid.

Control requirements. The reserve for the flats is set before any energy is offered to the
vehicle, using a day-ahead and preferably two-day forecast of PV production and building
load. The forecast must account for heating and cooling demand, which dominates the
building load outside the surplus season. The vehicle is charged within its deferral margin,
and V2G discharge remains available as the last layer when the building is still short, the
vehicle is above the contracted reserve and the owner accepts the incentive.

Pilot at the Figino site. The Figino pilot site is proposed for this experiment. The
Valleverde results indicate that a single vehicle can offer the required deferral margin at
night; the Figino pilot tests whether a building battery sized for a real ZEB can act as a
buffer between daytime PV and night-time EV demand without compromising supply to the
flats. Energy delivered from the building battery to the vehicle is metered separately from
PV and grid charging, together with the reserve withheld for the building and the departure
SOC achieved against the driver’s requirement.

Success criteria.

• Annual energy transferred from the building battery to the vehicle, and the export it
displaces.

• Price paid by the EV owner relative to retail, and value retained by the building relative
to the export tariff.

• Additional equivalent cycles on the building battery attributable to vehicle charging, re-
ported separately from cycles serving the flats.

• Hours in which the building SOC reserve was breached, with a target of zero.

• Share of the measured deferral margin used to shift charging.

16 Conclusions
In a ZEB equipped with adequate stationary storage, the BESS is the primary storage and
dispatchable flexibility resource. Its role includes absorbing daytime photovoltaic surplus,
supporting evening and night loads and recharging EVs that were not present during solar
production. At the Valleverde site, whose load includes heating and cooling for twelve flats,
the building battery was full while PV was still exported on most days for six months of the
year.
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EVs parked at the condominium are best regarded as flexible heavy users of the ZEB
rather than as distributed storage. Their charging demand is an economically useful destina-
tion for photovoltaic energy previously stored in the BESS, increasing self-consumption and
asset utilisation. The measured vehicle had a charging deferral margin on 99.8% of presence
days, with a median of 19 hours concentrated overnight, while only 60 days in 2025 offered
energy above a 50% reserve on evening arrival.

EV integration should first exploit smart charging. Choosing when an EV charges pro-
vides substantial flexibility without increasing battery discharge throughput. V2H and V2G
are a supplementary and conditional resource, not a routine replacement for stationary stor-
age.

For economic modelling, BESS and V2G are not assigned identical annual cycling. Dedi-
cated BESS is evaluated at 200–300 equivalent cycles per year and V2G at 50–150 activation
days per year, of which the measured single-vehicle operation supports the lower end. Under
the reference economic assumptions and the measured utilisation envelope, V2G has the low-
est gross operating return of the configurations considered and a negative return on equity
under the assumed financing, whereas dedicated BESS is positive in every scenario. This is
not a general verdict on V2G: it indicates that, in this configuration and for the monitored
vehicle, V2G does not justify its incremental infrastructure relative to smart charging and
dedicated storage.

The central design question is therefore not whether EV batteries can technically support
a ZEB, but when their use creates additional system value after stationary storage, smart
charging, mobility requirements, user consent and battery remuneration have been consid-
ered. The proposed Figino pilot addresses the next step: supplying night-time EV charging
from stored PV through the building battery.

Limitations
• Device costs are indicative midpoints of market ranges and the certification status of

specific V2H and V2G products is not assessed.

• Vehicle warranty conditions, cycle accounting and bidirectional-charging compatibility
vary by manufacturer and are not evaluated.

• The value spreads exclude round-trip efficiency, auxiliary consumption, maintenance, soft-
ware, aggregation and replacement costs.

• The financing structure is illustrative and its 3% non-interest-bearing share is a simplifying
assumption.

• The adequacy of a 15% energy bonus for sustained EV-owner participation has not been
tested against fixed fees or revenue-sharing alternatives.

• Contractual availability probability and annual cycling are treated deterministically; a
stochastic sensitivity analysis would refine the ranges.

• The empirical calibration covers one vehicle at one site from January 2025 onward; it
constrains, but does not validate, the four-vehicle fleet model.
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• Charging from the building battery to the vehicle was not part of the monitored operating
strategy.

Data availability
Site energy measurements and vehicle telemetry for the Valleverde pilot site (1 January 2025
to 28 September 2026) are held by System Evergreen AG and are available on reasonable
request.
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This note is a techno-economic scenario analysis based on the stated reference assumptions,
calibrated with measured operation of one vehicle. It is not a market forecast, an investment
recommendation or a statement that all V2H/V2G equipment has the power ratings or costs
used in the model.

References
[1] Willett Kempton and Jasna Tomić. Vehicle-to-grid power fundamentals: Calculating

capacity and net revenue. Journal of Power Sources, 144(1):268–279, 2005. doi: 10.
1016/j.jpowsour.2004.12.025.

[2] Chunhua Liu, K. T. Chau, Diyun Wu, and Shuang Gao. Opportunities and Challenges
of Vehicle-to-Home, Vehicle-to-Vehicle, and Vehicle-to-Grid Technologies. Proceedings
of the IEEE, 101(11):2409–2427, 2013. doi: 10.1109/jproc.2013.2271951.

[3] Andrew W. Thompson and Yannick Perez. Vehicle-to-Everything (V2X) energy services,
value streams, and regulatory policy implications. Energy Policy, 137:111136, 2020. doi:
10.1016/j.enpol.2019.111136.

[4] Matthieu Dubarry, Arnaud Devie, and Katherine McKenzie. Durability and reliability
of electric vehicle batteries under electric utility grid operations: Bidirectional charging
impact analysis. Journal of Power Sources, 358:39–49, 2017. doi: 10.1016/j.jpowsour.
2017.05.015.

[5] Kotub Uddin, Matthieu Dubarry, and Mark B. Glick. The viability of vehicle-to-grid
operations from a battery technology and policy perspective. Energy Policy, 113:342–
347, 2018. doi: 10.1016/j.enpol.2017.11.015.

[6] J. García-Villalobos, I. Zamora, J.I. San Martín, F.J. Asensio, and V. Aperribay. Plug-in
electric vehicles in electric distribution networks: A review of smart charging approaches.

34



Renewable and Sustainable Energy Reviews, 38:717–731, 2014. doi: 10.1016/j.rser.2014.
07.040.

[7] Reza Fachrizal, Mahmoud Shepero, Dennis van der Meer, Joakim Munkhammar, and
Joakim Widén. Smart charging of electric vehicles considering photovoltaic power pro-
duction and electricity consumption: A review. eTransportation, 4:100056, 2020. doi:
10.1016/j.etran.2020.100056.

[8] Nathaniel S. Pearre, Willett Kempton, Randall L. Guensler, and Vetri V. Elango. Elec-
tric vehicles: How much range is required for a day’s driving? Transportation Research
Part C: Emerging Technologies, 19(6):1171–1184, 2011. doi: 10.1016/j.trc.2010.12.010.

[9] Igor Sartori, Assunta Napolitano, and Karsten Voss. Net zero energy buildings: A
consistent definition framework. Energy and Buildings, 48:220–232, 2012. doi: 10.1016/
j.enbuild.2012.01.032.

[10] Rasmus Luthander, Joakim Widén, Daniel Nilsson, and Jenny Palm. Photovoltaic self-
consumption in buildings: A review. Applied Energy, 142:80–94, 2015. doi: 10.1016/j.
apenergy.2014.12.028.

[11] George R. Parsons, Michael K. Hidrue, Willett Kempton, and Meryl P. Gardner. Will-
ingness to pay for vehicle-to-grid (V2G) electric vehicles and their contract terms. En-
ergy Economics, 42:313–324, 2014. doi: 10.1016/j.eneco.2013.12.018.

[12] Benjamin K Sovacool, Lance Noel, Jonn Axsen, and Willett Kempton. The neglected
social dimensions to a vehicle-to-grid (V2G) transition: a critical and systematic review.
Environmental Research Letters, 13(1):013001, 2018. doi: 10.1088/1748-9326/aa9c6d.

35


	Why nominal battery capacity is not enough
	Related work
	Operational hierarchy in a ZEB with stationary storage
	EVs as flexible heavy users of the ZEB infrastructure

	Reference EV architecture: V2H and V2G
	EV owner consent: flexibility is not free
	Reference technical and cost assumptions
	Available flexibility: energy and power must be separated
	Capital efficiency
	Annual energy throughput and economic value
	Calibration with Nissan Leaf operational data
	Site, instrumentation and period
	Definitions
	Analytical approach
	Stage 1: mobility demand and energy balance
	Stage 2: charging flexibility
	Stage 3: discharge flexibility
	Implications for the utilisation scenarios

	Gross operating return: utilisation changes the result
	From gross operating return to ROE
	What the comparison shows
	A proposed decision framework
	Future experimentation: the building battery as a PV–mobility buffer
	Conclusions

