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Abstract—The adoption of electric vehicles (EVs) is becoming
increasingly popular because of environmental concerns, the
greater availability of models, and increased cost-competitiveness
with gas vehicles. Because EVs have both charging and
discharging capabilities, they provide great potential to help
electric utilities with grid operation. When the grid demand is
high, EVs can discharge to the grid to reduce the peak load, and
vice versa; therefore, electric utilities have designed different
policies to encourage EV charging station operators to charge or
discharge at certain time periods. The New York State Public
Service Commission established the Value of Distributed Energy
Resources (VDER), or the Value Stack, to compensate for energy
created by distributed energy resources, including EVs. This
paper presents an optimization-based approach to identify the
“golden hours” and “golden spots,” i.e., the effective time periods
and geographic locations for EV charging station operators to
charge or discharge under the VDER program that can provide
them the highest benefit. The proposed methodology can be
applied to other compensation mechanisms and distribution
systems as well. By working with industry partner NineDot
Energy, realistic charging station information is used in this
study, and the proposed approach is tested on a distribution
feeder. The results from this study can help electric utilities and
EV charging station operators determine the ideal
charging/discharging time and the ideal locations for the charging
station(s) in their distribution systems to achieve maximized
benefit.

Index Terms— Electric vehicle, peak load reduction, smart grid,
VDER, vehicle to grid.

l. INTRODUCTION

The global transition to electric vehicles (EVs) has gained
significant momentum in recent years because of increasing
environmental concerns, greater availability of models, and
increased cost-competitiveness with traditional gas vehicles
[1]. Beyond their role in transportation, EVs offer the ability to
both charge electricity from and discharge electricity to the
electric grid [2]. This feature provides EVs great potential to
support the operational efficiency of electric utilities. When the
grid demand reaches its peak, EVs can discharge to the grid to
reduce the peak load. Conversely, during times of low grid

demand, EVs can charge from the grid to fulfill their batteries
[3]-[5]. With this potential from EVs, electric utilities have
designed various strategies and policies to incentivize EV
owners and operators to engage in grid-balancing activities
[6]-[9]. Notably, the New York State Public Service
Commission has introduced the Value of Distributed Energy
Resources (VDER) program, often referred to as the Value
Stack. Under the VDER compensation mechanism, energy
contributions from distributed energy resources (DERS),
including EVs, are compensated, offering an intriguing
opportunity for EV owners to reap economic benefits while
supporting the grid’s stability [10].

In the literature, researchers have developed a variety of
studies to evaluate DER operation under the VDER program.
The authors in [11] developed a model to assess the value of
distributed solar and wind power systems configured as either
behind-the-meter systems or front-of-the-meter systems for
each parcel of land in New York to study the impacts of VDER
frameworks on DER deployment; however, this method did
not consider the deployment of EVs. In [12], the authors use a
gradient boosting model with sample weights to estimate the
probability of a household installing solar in a given census
tract with the VDER framework. This study did not consider
EVs, and the benefits from VDER after installation were not
calculated. The approach to maximize revenue from a solar
photovoltaic and energy storage system installation operation
under the VDER pricing structure is presented in [13].
Although this paper considers energy storage systems, whose
operation is similar to EV charging and discharging activities,
it does not consider the additional constraints for EVs, such as
traffic and user behavior.

In this paper, we propose an optimization-based approach
to identify what the “golden hours” and “golden spots” for EV
charging station operators to participate in the VDER program,
where the golden hours are defined as optimal time periods to
charge and golden spots are defined as optimal locations for
EV charger placement, both for maximized benefit. This
approach enables operators to maximize their benefits within
the framework of the VDER. We used real-world data,
including charging station information, charging/discharging
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policy, and prices from the VDER program. This proposed
method is tested on a distribution feeder from the Synthetic
Models for Advanced, Realistic Testing: Distribution Systems
and Scenarios (SMART-DS) tool [14]. This study aims to offer
valuable guidance to help EV charging station operators
determine the best time periods for their charging/discharging
times and locations for their charging stations within the
distribution system. The contributions of this paper are as
follows:

e An optimization-based approach is developed to
identify the golden hours and golden spots for EV
charging and discharging decisions under the VDER
framework.

e This study considers the constraints from EV charging
power, charging station limits, user behaviors, and EV
charging station operators’ expectations.

e The output of this method will contribute to the
convergence of EV technology and the evolving
landscape of energy utilities, shedding light on the
path toward a more sustainable and efficient energy
future.

The rest of this paper is organized as follows. Section Il
describes the VDER program. Section 111 introduces the details
of the proposed approach. Section IV presents the selected
distribution network and the results generated from the
proposed method. Section V summarizes the paper and
discusses potential future work.

1. VALUE OF DISTRIBUTED ENERGY RESOURCES IN
NEW YORK

The New York State Public Service Commission
established the VDER, a new mechanism to compensate
energy created by DERs [15]. The VDER program
compensates projects based on when and where they provide
electricity to the grid, and compensation is in the form of bill
credits. The number of credits is determined by the DER’s
energy value based on Locational Based Marginal Pricing
(LBMP), Installed Capacity value (ICAP), environmental
value, demand reduction value (DRV), and locational system
relief value. After a DER is installed and connected to the grid,
the electric utility will determine the value of the energy
produced using the VDER program based on the electricity it
injects to the grid. Then the utility will allocate the monetary
value of the energy produced to the bill.

In this paper, we consider only the VDER components that
are related to energy storage systems because we are focusing
on EVs, which can be considered as stand-alone storage
systems. The VDER for energy storage systems is calculated
by the following:

e The LBMP is the day-ahead wholesale energy price as
determined by New York Independent System
Operator (NYISO). It changes hourly and is different
according to geographic zones.

e The ICAP is the value of how well a project reduces
New York State’s energy usage during the most

energy-intensive days of the year. Most ICAP rates
change monthly.

e The DRV is determined by how much a project
reduces the utility’s future needs to make grid
upgrades. The DRV is locked in for 10 years.

The VDER for EVs are calculated with these three values.
The detailed number of each value is presented in Section V.

I1. METHODOLOGY

This section presents the methodology of the approach we
propose to identify the golden hours and golden spots for EV
charging/discharging.

A. Problem Formulation

In this study, we aim to let the EV charging station operators
maximize their revenue in a period by selecting the appropriate
charging/discharging time and charger locations. The problem
costs and revenues involved in the proposed approach are
summarized in Fig. 1. The cost for the EV charging station
operators includes the electricity cost and the facility cost. The
electricity cost includes the electricity bill based on the energy
usage for charging and a monthly demand charge. The facility
cost includes the operations and maintenance costs of the
charging station. The benefits for EV charging station
operators are the rewards from the VDER program, including
LBMP, ICAP, and DRV revenues.

Electricity Cost Benefit
Usage
Electricity LBMP
Cost
Demand
charge Revenue from
B — e ICAP
Operation utility
Cost
Facility Cost
Maintenance DRV

Cost

Fig. 1. Costs and revenues considered in the proposed approach
B. Golden Hour and Golden Spot Identification

In this study, we aim to identify the golden hours and golden
spots for EV charging station operators to maximize their net
revenue. These terms are defined as follows:

e Golden hours: Events or call windows provided by the
utility operator that have the highest benefits for grid
exports.

e Golden spots: Bidirectional, vehicle-to-grid-enabled
EV charging stations that provide significant technical
benefits to the local electric distribution grid.

We formulated the objective function as:

max Y¢er(B — C) 1)

where B, is the total benefit at time step t, and C; is the total
cost at time step t. The total benefit can be expressed as:
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where P*5€"*79€ s the discharging power at time step t; and

BEBMP BICAP “and BPRV are the rewards from LBMP, ICAP,
and DRV, respectively. s/4? and sPRV are indicators of
whether time step t has ICAP and DRV revenue, which is
determined by the electric utility.

The total cost formulation can be expressed as:
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where €™ is the cost from the utility at time step t,
c/MY s the facility cost at time step t, P7"“"9° is the
charging power at time step t, C7'*““"*"*”" s the electricity price
at time step t, €3¢ js the demand charge, s3¢™%™ s the
demand charge indicator, C°P¢"“**°™ is the operational cost at
time step t, and C;mantenance js the maintenance cost at time
step t.

In this study, the charging station for the EV charging station
operator is located in a parking garage. The corresponding
charging station constraint can be expressed as:

h . i h
perarge mln(Ntvethle’Ncharger) « penarge (6)

t charger
discharge __ . vehicle charger discharge
Pt = min (Nt N ) * Pcharger (7)
i arkin,
Ntvehlcle — th 9% a (8)

Where NPetcle js the number of vehicles that can be
charged or discharged at time step t, N €"#79¢" is the number of
chargers at the charging station, P is the charging power
for the charger, P4acte’?® is the discharging power for the
charger, N”*™9 is the number of vehicles parked in the
garage at time step t, and « is a coefficient that determines the
possibility that a vehicle parked in the garage will charge or
discharge.

For the golden hour identification, we choose time step t that
has the highest revenue ((B; — C;)) compared to other hours.

For the golden spot identification, we consider two aspects
including 1) total revenue and 2) grid impact. Here we choose
the location that has the highest revenue during a period of time
compared to other locations. In addition to the revenue, we
consider the grid impacts from charging and discharging
because the charging and discharging activities at different
locations will cause different changes to the nodal voltages.
The voltage-load sensitivity matrix (VLSM), proposed in [16],
[17], is used to estimate how the charging/discharging load
will impact the voltages of the distribution system. The VLSM
can be expressed as:

|6V = [VLSMp||6P| (9)

sV (1) P11 Pin 8P (1)

(10)

5V(Tl) pn]_ pnn 5P(Tl)

where 8V (i) is the voltage change at node I, and 6P (@) is
the power change at node i. It is noted that the VLSM in (10)
includes all the load spots in the distribution feeder. If the
charging station operator has already had some spots as
potential charging station location, we only need to calculate
the VLSM for these spots. The following can be derived from
(9) and (10):

oV (@) = Xj-1pij 6P()) (11)

where p;; represents the real power sensitivity factors at
bus i with respect to bus j.

The detailed VLSM calculations can be found in [16]. In
this paper, the voltage constraints for each node are set to
0.95 p.u.—1.05 p.u., which can be expressed as:

0.95 < V() + X}, pij 6P(j) < 1.05 (12)

where V(i) is the original voltage at node i before the

charging and discharging activity. The calculated 6P (j) range

for each node will be another constraint to the maximum
allowable charging and discharging power.

V. SIMULATION RESULTS

This section presents the distribution system model, the
parameters used for the case study, and the golden hour and
golden spot identification results.

A. Distribution System Model

One distribution feeder from the SMART-DS data sets [14]
is selected in this study, and the topology is presented in Fig. 2.
The black dot on the bottom right is the location of the
substation. This feeder has 8,340 buses, 16,166 nodes, and
10,059 loads. There is a three-phase capacitor bank with 450-
kVAR rated power in the middle of the feeder (marked as
yellow) for reactive power support. The loads are marked in
red. Each load has a yearly load profile and the model is
developed in OpenDSS [18], [19]. The VLSM is calculated for
all the loads in this model and is used to estimate the maximum
allowable charging/discharging power based on (12).

B. Parameters

In this study, we use one month of hourly data in July to
identify the golden hours and golden spots. Based on the
information the EV charging station operator provided, the
discharging window is 2 p.m.—6 p.m. every workday, and the
charging window is 10 p.m.-8 a.m. every workday. The
discharging and charging powers for each charger are 15 kW
and 5 kW, respectively.

The EV charging station is located in ConEdison’s territory,
so its summertime-of-use electricity price for small business is
used [20]. The electricity price for on-peak hours (8 a.m.—



midnight) is 25.5 cents/kWh, and the electricity price for off-
peak hours is 1.8 cents/kWh. It is noted that this only includes
the ‘delivery’ charges, and the ‘supply’ costs are not
considered in this study. There is also a $17 charge once per
month. The VDER revenue parameters are downloaded from
the VDER calculator. The LBMP price in July is shown in Fig.
3, the ICAP revenue is $0.015/kWh, and the DRV revenue is
$0.854/kWh. The EV charging station operator will receive the
ICAP and DRV revenue if the EVs are discharged from 4
p.m.—8 p.m. on a summer workday.

2o wele
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>

Fig. 2. Topology of the selected distribution system
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The number of wvehicles available for charging and
discharging is randomly generated following some rules. For
example, there will be more vehicles in the garage during the
daytime if it is close to an office, and there will be more vehicles
in the garage during the evening if it is close to a shopping mall.
If the maximum number of available vehicles in the evening is
approximately 40 but there are only 10 chargers present in the
garage, the largest number of vehicles that can charge or
discharge at the same time is 10 for this garage.

C. Golden Hour ldentification

The optimizations in (1)—~(8) are solved to identify the
golden hours of the charging station. The revenue is calculated
for each hour in that month; Fig. 4 shows the results for an
example day. As shown, the revenue is much higher from 4
p.m.—6 p.m. The reason is because this time slot is within the
discharge window and also has ICaAP and DRV revenue. We
selected one golden hour each workday and the golden hour
counts for July are shown in Fig. 5. The identified golden hours
are 4 p.m. for 13 days, 5 p.m. for 7 days, and 6 p.m. for 2 days;
therefore, the golden hour for this charging station is identified
to be 4 p.m. It is noted that because of the high DRV rate, the
golden hours are all happening at the overlap of discharging

window and hours with DRV revenue. Although there are
some small revenue differences at each hour because of the
different available vehicles that can be discharged, all these
hours can be identified as golden hours.

(G _

g —— Benefit -

T 100 Cost

g —— Revenue

£ 50

)]
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Q 9 = =
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Fig. 4. Golden hour identification on an example day
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Fig. 5. Golden hour counts in July
D. Golden Spot Identification

All 10,059 loads in the feeder model are considered as
golden spot candidates. The load locations are marked in red
in Fig. 2. The size of the charging station is determined by the
original rated load in the feeder model. If the original rated load
is higher, the charging station will have more chargers. After
solving the optimization in (1)—(12), we obtain the monthly
revenue for all the golden spot candidates. Fig. 6 shows the
revenue for 30 selected locations. The revenue for some spots
can be as much as five times higher than the low revenue spots.

We classified all the spots as low revenue spots, medium
revenue spots, and high revenue spots, and they are marked in
purple, yellow, and red, respectively, in Fig. 7. As shown,
most low revenue spots are located closer to the feeder head.
The reason is because the voltages for the nodes at the feeder
head are usually higher, which can limit the discharging
flexibility because the discharge will cause a voltage rise that
may violate the voltage upper limit. Similar results also happen
in the area close to the capacitor location. The higher voltage
in that area caused more mid revenue spots than high revenue
spots. Most high revenue spots are located at the end of the
feeder because of their low voltages leading to higher
discharge flexibility. However, there exists spots with short
distance from the feeder head but high revenue. That’s because
the charging station sizes for these spots are large. The
identified golden spot is marked as a big black dot at the top
left of Fig. 7. This spot has relatively low voltage and a large
charging station. It is noted that these results are based on the
current VDER program and the voltage constraints from
utility. In future scenarios, if the compensation program has
changed or the distribution systems have voltage regulators
integrated, EV charging station operators can still use this
framework and the outcomes may differ.
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V. CONCLUSION AND FUTURE WORK

This paper presents a method to determine an EV charging
station operator’s charging and discharging strategies under
New York State’s VDER program. The benefits from different
revenue streams such as the LBMP, the ICAP, and the DRV
are calculated to determine the golden hours and golden spots.
The grid impact is also considered for the golden spot
identification based on the VLSM. The actual charging station
parameters and a realistic distribution feeder model are used to
evaluate the proposed method. The identification process can
be used by the EV charging station operators to design their
charging/discharging strategy and determine the location of the
charging station. Future work in this study will test the
proposed method on more distribution feeders and validate the
actual operation in the field.
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