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Abstract – Many users are interested in integrating Battery 
Energy Storage Systems (BESS) into existing facilities but are 
bogged down by details such as inverter and battery 
technologies.  The previous paper provided an overview of 
BESS and a theoretical application at a microgrid facility.  This 
paper provides additional details about considerations for 
specifying the BESS for three unique applications: spinning 
reserve replacement, peak demand reduction, or frequency 
regulation.  The paper considers unique aspects of an 
industrial facility including cost of process outages, large motor 
loads, variable levels of thermal generation. 

 
Index Terms — Battery Storage, Energy Storage, Inverter, 

BESS, Lithium-Ion, Spinning Reserve, Grid Stability, Electrical 
Reliability  

I.  INTRODUCTION 

Battery Energy Storage Systems (BESS) can provide 
significant benefits to industrial facilities as discussed in [1].  
Specifying such a system requires consideration of several 
factors that this paper endeavors to lay out for an engineer.  
There are several aspects of BESS that are outside the scope 
of this paper such as Environmental, Social, and Governance 
(ESG) or legal/contractual.  In addition, lithium batteries are 
assumed, and other technologies are not considered since 
lithium batteries account for the majority of the market share, 
particularly as applied in applications of spinning reserve 
replacement, peak demand reduction, or frequency regulation.  
However, many of these considerations are specific to the 
inverter and control system and can be applied to other battery 
technologies and energy storage systems. 

II.  SYSTEM OVERVIEW 

The simplest BESS specification involves a power rating, 
energy rating, and interconnection voltage.  Sending these 
details in a Request for Proposal (RFP) would give battery 
vendors, engineers, and contractors enough information to 
develop preliminary costs and schedules.  However, it will also 
result in numerous meetings to determine details that could be 
provided with the RFP by considering the topics in this paper. 

A. Power and Energy Rating 

Depending on the application, the primary specification for 
the BESS is either the power or energy rating and the other 
specification becomes secondary.  For example, in a 

frequency regulation application, the BESS is specified first in 
terms of how much power it must discharge.  The required 
energy is derived from how long that expected frequency event 
persists (or several events), but this has a larger tolerance than 
the primary requirement of a minimum power. 

A power system study determines the minimum requirement 
for the primary specification (and may determine or support the 
secondary requirement).  The studies shown in Table 1 may 
be used. 

Table 1 – BESS Studies vs. Application Selection 

Study Required for 
each Application 

Spin 
Res. 

Peak 
Dem. 

Freq. 
Reg. 

Motor Starting x x x 

Load Shed x 
 

x 

Demand Factor 
 

x 
 

N-1 Contingency x x 
 

Time of Use (TOU) 
 

x 
 

 

B. Grid Connected versus Islanded 

Aside from sizing, as discussed above, the equipment within 
a grid connected BESS is often very similar to an islanded 
system.  However, the use and controls of the equipment are 
very different.  Some of the controls are integrated with the 
inverter at the factory and must be specified early in the 
process.  This includes grid-forming capability, real and 
reactive power ramp rates, and protection settings such as low 
voltage ride through (LVRT) or frequency tripping. 

Islanded power systems and microgrids have been a 
research topic for many years that continues today.  A recent 
report entitled, “Research Roadmap on Grid-Forming 
Inverters” highlights many of the existing challenges [2].  
According to this report, “Today’s inverter-based generation 
sources generally use phase-locked loops (PLLs), which rely 
on externally generated voltages by synchronous machines to 
operate” [2].  This poses a challenge for industrial facilities that 
desire black start or islanding the system without diesel 
generators or gas turbine generators because the controls 
within the inverter must be capable of operating in a microgrid 
application.  Both the inverter and the power plant controller 
(PPC) must be configured to operate in an islanded mode.  
Many of the settings for such a configuration are determined 
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by stability studies.  These studies may involve consideration 
of the virtual inertia provided by the BESS compared to the 
loads within the desired microgrid.  This can be estimated 
using equation 6.31 in [3].  BESS has an advantage over PV 
and Wind because it is fully dispatchable and at such a fast 
ramp rate that it “emulates the kinetic energy stored in the rotor 
of synchronous generator” [4].  It is important to note that the 
traditional stability analysis does not translate well into a highly 
inverter-based grid.  Considerations of rotor angle stability or 
voltage stability are replaced with PLL angles, grid-forming 
control angles, PLL frequency-locking, location of reactive 
generation, and fast inverter controls as discussed in [2].  
Specific to black start capabilities, one paper illustrates 
successful starting of a large induction motor through MATLAB 
simulation [5]. 

Grid connected BESS are not concerned with PLL or black 
start capability.  In addition, stability is not a major concern for 
most inverters if the grid is at least moderately stiffer than the 
inverter source.  This relative stiffness is quantified by the short 
circuit ratio (SCR), defined as the maximum 3 phase fault 
power at the point of interconnection, divided by the inverter 
power rating.  Typically, stability is not a concern if the short 
circuit ratio is greater than about three.  The SCR threshold for 
stability concerns will be confirmed as part of a system impact 
study, typically performed by the Independent System 
Operator (ISO) or Transmission Service Provider (TSP).  The 
primary concern for grid connected BESS is electricity rates for 
charging the batteries.  To address this, many facilities are 
taking advantage of the investment tax credit using PV 
generation that is available or being developed in combination 
with BESS [4].  In other cases, time of use billing and/or 
wholesale rates are used strategically as agreed upon in the 
interconnection agreement.  The PPC is configured based on 
these parameters and the remaining components of the BESS 
do not need special consideration. 

One additional consideration for grid connected BESS is the 
potential impact on power factor at the point of interconnection 
(POI) and/or where the utility meter is located.  If the existing 
facility has a billing rate structure or other commercial incentive 
to operate above a specified power factor, adding BESS to 
reduce real power may unintentionally result in additional 
power factor or reactive power charges.  This can be mitigated 
with most BESS installations by configuring the PPC to 
contribute reactive power as required to maintain power factor 
above 0.95. In addition, BESS inverters could be used instead 
of shunt capacitor banks to improve power factor at the POI or 
boost bus voltage near a large motor. 

III.  INTEGRATION CONSIDERATIONS 

A. Connection Location 

BESS inverters are commonly interconnected through a 
step-up transformer to a medium voltage (MV) system (15kV, 
25kV, or 34.5kV).  The BESS side of the transformer is 
typically 600V to 690V.  The transformer provides ground fault 
current isolation since it is commonly ungrounded wye on the 
inverter side.  This also limits the fault current impact of the 
inverter since the transformer will not source any ground fault.  
In some cases, ground current from the step-up transformer 
may be beneficial—additional details can be found in [7]. 

 Because BESS is connected at medium voltage, MV cable 

routing and location of the interconnecting switchgear or 
overhead line must be considered, particularly if islanding or 
black-start functionality is desired.  Large distances not only 
impact cable and installation cost, but also increase complexity 
for communications (PPC to inverters) and auxiliary power.  

Auxiliary power is a critical service for BESS since it ensures 
the batteries remain within the temperature limits specified by 
the battery supplier.  Loss of auxiliary power could risk voiding 
a warranty or performance guarantee with the battery supplier.  
This is primarily because elevated temperatures, particularly 
above 130°C with near 100% state of charge (SOC) [8], 
damages the batteries.  Auxiliary power may be supplied from 
an external source or derived from the battery bank (typically 
on smaller systems).  External auxiliary power is commonly 
supplied at 480V, which can come from a 480V MCC or a 
separate MV feed from the interconnection switchgear, which 
is then stepped down through a transformer.  The load is 
typically around 3% of the battery power rating but varies 
based on the climate.  An example BESS MV feeder 
(continues beyond the extract) and auxiliary power feed is 
shown in Fig. 1. 

 

Fig. 1 Example BESS MV Feeder and Aux Power 

AC short circuit values are very small for BESS inverters so 
the impact on the interconnected system is typically negligible.  
However, in some rare cases this can pose a problem if the 
protection system depends on high fault current to detect faults 
or provide selective coordination.  Several solutions are 
available for the protection and selectivity challenges of a weak 
source, including different types of directional overcurrent and 
zone-based protection.  The largest consideration is that the 
inverter may have difficulty maintaining stability if installed in 
locations with low short circuit current as discussed in the 
NERC report, “Integrating Inverter Based Resources into Low 
Short Circuit Strength Systems” [9].  For this reason, it is 
important to verify the expected SCR (SCR = SC MVA/ BESS 
MVA) is greater than the manufacturer stated minimum.  
Detailed studies using time domain models (PSCAD or EMTP) 
will help to illuminate some potential issues, but the SCR 
provides an expedient initial check.  In addition, some inverters 
allow for control of the short circuit output.  An NREL report 
indicates “Tests of 2 grid tied inverter systems…2-4 times 
rated current for 0.06 – 0.25 cycles…Low voltage ride-through 
test of an inverter showed that it could produce 1.2 times peak 
current for a period of approximately 7 cycles” [10]. 

B. Control Philosophy and Operation 

The BESS control philosophy and operation is significantly 
dependent on the intended application.  Mitigating peak 
demand may be as simple as deploying BESS power during a 
certain time each day and charging at night.  Mitigating load 
shedding due to generator tripping (spinning reserve 
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replacement) requires significantly different controller 
configuration.  The requirements should be developed and 
distributed to the PPC developer and the Inverter vendor.  
Special consideration should be given to triggering events and 
ramp rate.  For example, here are a few different requirements 
that could be given for a few different installations or all for the 
same installation: 

1. Fast Frequency Response (FFR) 
a. Trigger: f < 59.8 Hz 
b. Ramp: 20 MW in 0.2 seconds 

2. Generator Trip Recovery 
a. Trigger: Generator breaker trip 
b. Ramp: pre-trip generator MW in 0.3 seconds 

3. Peak Demand Mitigation 
a. Trigger: Load > 75MW 
b. Ramp: P as required to remain < 76MW, 3 sec  

The control system latency must be considered for fast 
response (less than a few seconds).  This includes PLC scan 
time, serial and/or ethernet network communication latency, 
triggering device detection time, and more.  In many cases, 
asynchronous communications on networks with multiple 
devices (TCP/IP) will not support fast deployment of BESS.  A 
timing diagram is useful for any fast response requirement, 
particularly during the commissioning phase as it aids in 
troubleshooting.  It can also be developed early in design to 
ensure feasibility, but it is difficult to capture all the delays until 
testing is conducted.  An example of such a timing diagram is 
shown in Fig. 2. 

 

Fig. 2 Example Timing Diagram supporting fast response 
requirement 

In addition to the control philosophy and requirements, 
general SCADA requirements are important.  Defining these 
early for the SCADA integration engineer, which may be a 
different contract or individual, increases the likelihood of 
successful implementation and provides clarity on how the 
system should operate.  Specifications should include both 
real-time operator interface (HMI) requirements as well as 
logging specifications.  The HMI may require items like manual 

deployment, P control, reactive power control method (Voltage 
setpoint, MVAr setpoint, power factor setpoint), frequency 
trigger, or peak demand MW trigger.  The logging specification 
should include details for long term trends as well as fast 
response deployment waveform capture.  This is useful, not 
only for troubleshooting, but also could be required by the 
battery vendor to maintain warranty—items such as cell 
temperature, voltage, or state of charge. 

C. Design and Construction 

BESS requires a fair amount of coordination that can benefit 
from a Design-Build (EPC) contract versus a traditional 
design-bid-build contract, so it is commonly employed for 
BESS installations.  However, in the case of adding to an 
existing facility or islanded system, the complexity tends to 
increase the risk significantly that will increase the EPC cost 
and add some communication burden between the Owner and 
the Engineer.  Performing the initial specification before 
involving the EPC is likely the best solution.  In addition, it is 
common for the Owner to procure the batteries—including the 
Battery Management System (BMS).  The inverter may also 
be procured by the Owner since several specifics must be 
aligned between the batteries and the inverter.  After defining 
the inverter and the batteries (even if contract negotiations are 
ongoing), the EPC can bid on a well-defined project including: 

1. Battery MW and MWhr, including number of units with 
dimensions and weights (from battery vendor) 

2. Inverter MVA size and quantity with dimensions and 
weights (from inverter vendor) 

3. Inverter transformer MVA size and quantity—may be 
provided by inverter vendor as a skid package or by 
EPC or by owner (should be defined in RFP) 

4. Site layout with notes on required preparatory work 
such as grading or moving existing equipment (include 
possible structural requirements if installed indoor in 
existing building) 

5. MV, auxiliary power, and SCADA interconnection 
location and scope of work 

With these specifications, the EPC can reduce additional 
cost and schedule associated with large risk.  Even if EPC is 
not utilized, having these specifications allows for a smoother 
design phase. 

D. Maintenance 

BESS maintenance is minimal compared to systems such 
as flywheels or diesel generators—a lot of this is due to 
minimal moving parts.  Most of the maintenance is defined by 
the battery and inverter vendors since the industry is nascent, 
although many of the details will be familiar to operators of 
large drive systems or large uninterruptible power supplies.  It 
typically includes visual inspection of the battery cells, 
connections, cooling system (fans or hoses for liquid cooled), 
fire suppression system, and torque check on electrical 
connections.  The BMS provides continuous monitoring that is 
useful for diagnostics and in some cases prognostics.  
Typically, the battery vendor continues to support the system 
and requests this data via remote internet-based connection 
or monthly exports.  It can be used to determine cells that need 
replacement or have experienced excessive cycling or loss of 
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life.  This supports the warranty, which can be based on 
operating temperature, number of cycles, and/or depth of 
discharge.  In many cases, the number of batteries is 
augmented after five years to maintain the required energy 
over the 20-year typical design life. 

IV.  KEY EQUIPMENT 

A. Battery and Battery Management System (BMS) 

For industrial facilities, the batteries are typically defined by 
the study for the intended use case such as spinning reserve 
replacement, peak demand reduction, or frequency regulation.  
After this, the approximate size can be determined by 
requesting information from a potential battery vendor or by 
using 500 square feet per 1 MWhr (author’s estimated value 
based on several projects).  The batteries can be located 
indoors or outdoors.  Indoor installations provide a narrower 
ambient temperature envelope to the batteries; however, the 
batteries still impose loads on the room HVAC system and 
these loads need to be evaluated.  Outdoor installations 
require supplemental heaters or coolers—fans or liquid 
cooling—on the battery modules.  The inverters can also be 
installed indoors or outdoors, but the transformers are 
generally installed outdoors since the most economical 
solutions employ liquid-filled pad-mounted transformers.  Fire 
suppression can be integrated with the battery system, typical 
for outdoor installation, or can be provided externally in 
collaboration with the battery vendor, which may be 
advantageous for indoor installations.  

DC system topology, particularly location and rating of 
fuses, is often developed during detail design or provided by 
the battery vendor.  However, this may not result in a design 
that is optimal to the owner particularly with regards to fuse 
selectivity.  Fuses should be placed and coordinated to 
minimize down time, and often that is opposite of traditional 
coordination such that the group fuses operate prior to the 
string fuses.  This results in replacing one set of group fuses 
instead of dozens of string fuses.  Coordinating the fuses to 
achieve this is more complicated than typical AC coordination 
studies due to the high short circuit current from the batteries 
and dependence on the DC system L/R time constant.  In 
addition, most fuses are current limiting fuses, so the let 
through current must also be determined and confirmed to be 
less than the bus bracing in the battery combiner panel (BCP).  
This is developed in DC design, but some initial consideration 
is beneficial especially if augmentation is expected.  An 
excerpt of a typical one-line diagram is shown in Fig. 3. 

 

 

Fig. 3 Typical DC one line 

The Battery Management System (BMS) is a critical system 
accompanying the batteries that optimizes the life of the cells 
and maintains battery system operation within the cell safe 

operating envelope.  The BMS uses numerous sensor inputs 
including voltage, current, and temperature to characterize the 
battery system performance, warn the operator of 
performance problems or recommended maintenance, and 
optimize the life of the battery.  The BMS sensor inputs may 
be derived at the group, string, or cell level depending on the 
type of BMS procured and the size of the battery bank.  Within 
the IEEE Power and Energy society (PES) Energy Storage 
and Stationary Battery (ESSB) committee the P2686 working 
group is drafting a new standard, “Recommended Practice for 
Battery Management Systems in Energy Storage 
Applications” to provide further guidance on this topic.   

 

B. Inverter (PCS) 

Inverters have matured a little more than batteries but are 
still evolving, particularly in their synergy with battery voltage 
ranges.  The BESS specification should ensure alignment with 
the inverter acceptable DC input voltage range and the battery 
bank terminal voltage range over the planned state of charge 
(SoC) range.  The battery supplier will recommend a SoC 
operating envelope based on the intended battery depth of 
discharge, frequency of cycling, and the required performance 
guarantee/warranty period.  Aligning the inverter and battery 
voltage ranges may require collaboration with both vendors 
who often can each adjust their system operating voltage 
ranges.  After consideration of the DC input voltage, most of 
the specification should include requirements based on the 
intended use as well as any utility interconnection 
requirements, if applicable (grid connected only, though 
islanded systems may benefit from some of the capabilities).  
This may include: 

1. UL 1741 SA [11]: Anti-islanding, low/high voltage ride 
through (LVRT/HVRT), low/high frequency ride 
through, ramp rate, voltage control modes (pf, volt, var) 

2. IEEE 1547 [12]: grid interconnection requirements such 
as protection, power quality and islanding (1547.4 
discusses island systems) 

3. IEEE 519 [13]: power quality/harmonics, but typically 
lower thresholds should be set to minimize system 
impact, particularly if power factor correction capacitors 
are nearby 

4. CA Rule 21 [14] and HECO Rule 14H [15]: not typically 
relevant unless grid connected and located in California 
or Hawaii since any requirements can be detailed in 
combination with UL 1741 SA [11]. 

Ramp rate is not typically a constraint to the system 
requirements as determined by the relevant study results since 
many inverters (and the batteries behind them) can ramp to 
100% in less than a second.  However, ramp rate should be 
specified along with the allowable ramp rate adjustment range 
and the method of ramp rate adjustment, e.g., via SCADA 
system command.   In most cases, the ramp rate is set at the 
maximum for the inverter, and the PPC controls the ramp 
based on the power setpoint. 

The fault ride through requirements should be specified, as 
applicable to the site, and requested from the inverter vendor.  
This include voltage and frequency ride through limits, which 
should be beyond the previously listed industry standards.  In 
addition, any required fault contribution during the fault should 
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be specified.  As previously stated, this fault current can be 
controlled by some inverter vendors typically via firmware 
settings. 

Inverters often derate power output due to elevated 
temperatures, so the maximum expected operating 
temperature should be specified.  One method for defining the 
“maximum” is based on the ASHRAE 0.4% dry bulb 
temperature or the 5-year return of period values.  Using the 
record maximum often results in an overly conservative value 
but may be required for certain applications.  Some inverters 
begin to derate as low as 25°C while others maintain 
nameplate output up to 50°C, but 35°C is typical.  This 
information is available on most manufacturers’ website, so 
the specification should consider this upfront when sizing the 
system. 

Another key specification for the inverter is the reactive 
power capabilities, both VAR output as well as control method.  
As stated, the power output derates with temperature.  It’s 
important to consider the inverters are rated by apparent 
power, rather than real power.  So, any requirements for 
reactive power support will decrease the real power capability.  
This should be considered in the sizing study and specified in 
the inverter specification in terms of the quantity of inverters.  
If the inverter must operate at less than 0.6 power factor at 
maximum power, this should be specified since some inverter 
manufacturers may have limitations below this that require 
upgrading some components.  

The reactive control method should also be specified, 
though many inverters allow for voltage, reactive power, and 
power factor modes.  In most cases, the PPC will dispatch 
reactive power setpoints based on a voltage measurement at 
the interconnection location, but some applications may 
warrant different settings.  For example, operating the inverters 
in voltage mode may provide better stability during faults due 
to the faster response time of the inverter controller compared 
to the PPC.  In addition, most inverters include the option of 
operating in P priority (real power control takes precedence 
over reactive power control if the inverter reaches the apparent 
power limit) or Q priority.  An example of Q-priority during a low 
voltage event is shown Fig. 4. 

 

 

Fig. 4 Example of Q-priority response to LVRT 

This simulation was performed in a transient modeling 
software package based on one ISO’s criteria for evaluating 
the performance of inverter sources during grid disturbances 
[11].  Additional details can be found in [11] and [12]. 
 

V.  CONCLUSION 

Specifying a BESS for an industrial facility requires a few 
key steps: 

1. Determine the application (e.g., spinning reserve, 
demand reduction, frequency regulation) 

2. Determine required studies to size the system 
3. Define the control philosophy 
4. Determine approximate size, installation location, and 

interconnection location 
5. Issue RFP and specifications to the battery and inverter 

potential suppliers 
6. Issue RFP to EPCs or Contractors 

Working through these steps, with the considerations give 
in this paper, will reduce the confusion that can accompany a 
BESS design and installation. 
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