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1. Preface 

This document provides an overview of the design constraints and guidelines for SunPower’s Helix 

Storage solution.  The focus of this document is to familiarize the reader with the hardware components 

of the solution, its various features and sub-components, and to serve as a useful reference document 

during design and installation.  This document is not intended to replace the details presented in a 

construction drawing set or the Customer Installation Guide (see 8.1 Supporting Documentation). 

This document applies only to projects that utilize Lockheed Martin’s Grid Star 2.0 Energy Storage 

hardware.  

 

2. Abbreviations 

AC Alternating Current 

CT Current Transformer 

DC Direct Current 

ESS Energy Storage System (where system may encompass multiple ESUs in addition to 

controllers and meters) 

ESU Energy Storage Unit 

NGOM Net Generation Output Meter 

O&M Operations and Maintenance 

PCS Power Conversion System 

POI Point of Interconnection 

PT Potential Transformer 

PVS Photovoltaic Supervisor (SunPower’s Energy Storage System controller)  
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3. Safety, Codes, and Standards 

3.1  General Safety Statement 

Installation of the Energy Storage System (ESS) should be carried out by qualified personnel only.  Per 

NFPA 70E requirements, the qualified personnel must be trained in Safety-Related Work Practices, Job 

Hazard Analysis, First Aid and CPR, Arc Flash Hazards, and PPE Requirements.  Before any work is 

performed in or around the ESS, power must be shutoff to the equipment to avoid the possibility of 

electric shock. 

3.2  Fire Safety 

This section serves as a general overview of fire protections.  For detailed description of fire protections 

and first responder information (see 8.1 Supporting Documentation).   

The ESS should be located away from any heat source, and any combustible materials near the installation 

should be removed.  Each Energy Storage Unit (ESU) within the ESS installation contains an integrated 

smoke detector and over temperature safety device that will disconnect both AC and DC circuits and shut 

the system down if a fire is detected.  Additionally, an internal Battery Management System prevents 

thermal runaway.  To further isolate a thermal event and prevent propagation, each ESU is contained in 

a double-walled NEMA 4X galvannealed steel enclosure.   

Beyond these protections, the unit also has a number of electrical and software protection measures 

detailed in 3.3 Electrical Protection. 

3.3  Electrical Protection 

Each ESU is equipped with the following electrical protection measures:  

• DC fusing in each battery rack and module 

• DC contactors at each storage rack 

• 480VAC circuit breaker with electronic and shunt trip 

• Hardware emergency stop loop 

Additionally, internal control firmware has protection settings that monitor operational data such as 

temperature, current, voltage, and power.  If pre-defined limits set by the Battery Management System 

or ESU controller are exceeded, the system will trip offline and report faults to the user.  All faults are 

latching and require a reset command from the SunPower PVS or local ESU controller to clear the faults 

and resume operation.   
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3.4  Code and Compliance 

Wiring and installation must be done in accordance with requirements listed in the latest applicable 

ANSI/NFPA 70 and local electrical codes. 

Siting and installation must also follow any stipulations set forth by applicable fire or building codes such 

as IFC, NFPA 855, or CFC section 608. 

Additionally, each site will have unique utility requirements and be studied by the utility accordingly.  

Requirements for interconnection of storage are briefly summarized in section 6.1 Site Interconnection 

but full requirements will be detailed in utility documents (such as Rule 21 for California) or 

interconnection handbooks. 

3.5  Certifications and Listings 

The following certifications apply to the ESS and control hardware (PVS): 

 

Figure 1:  ESS and PVS UL Listings 

3.6  Lightning Protection 

Lightning surge protection is also integrated into each ESU, though this will not protect against a direct 

lightning strike.  A site level lightning strike protection scheme should be designed for the site if direct 

lightning strike protection is a concern.  Requirements to be assessed by project Electrical Engineer of 

Record on a project by project basis. 

 

4. Helix Storage Overview 

The Helix Storage solution is a system of hardware and software comprised of the following: 

• Integrated, 3rd party Energy Storage System (ESS) 

• SunPower’s Control System (PVS) 

• Metering equipment 

The ESS includes an integrated Power Converter/Inverter, thermal management system, and between 2 

and 4 racks of Lithium Ion batteries.  The battery charges and discharges as commanded by SunPower’s 

local controller, the PV Supervisor.  
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5. ESS Siting and Location 

The ESS is comprised of one or more Energy Storage Units (ESU).  The ESUs are available in either a 500 

kW (4 battery racks), 380 kW (3 battery racks), or 250 kW (2 battery racks) configuration.  All ESU 

configurations utilize the same container with the same dimensions.  

5.1  ESU Dimensions 

Regardless of the kW rating of the unit, maximum dimensions for each ESU are 150.25” x 72” x 101.25” (L 

x D x H).  Figure 2 below shows the front view of the ESU, while Figure 3 shows the top view with included 

dimensions for access door swing. 

 

Figure 2:  Front View of ESU 

 

  



 

SunPower Corporation  Helix Storage Design Guideline 
 Page 7 of 24  

 

Figure 3:  Top View of ESU 

 

5.2  ESU Siting Considerations 

When siting the ESUs, the main considerations include the foundation upon which the ESUs will be 

secured, physical clearance, power, and networking.  The ideal ESU location allows hard wired connections 

for power and networking to be made with the least labor and materials used, while simultaneously 

meeting proper clearance requirements.  A concrete pad will typically be required for foundation as well, 

which may be shared with other equipment.  The following clearance and siting criteria must be 

considered when selecting an appropriate location: 

• Outdoor only. 

• Latest NEC and NFPA requirements for proximity space clearances. 

• Latest applicable local electrical and fire codes. 

• Close proximity to the Point of Interconnection (POI) or connecting transformer. 

• 6” extension of concrete pad past exterior ESU dimensions. 

• Minimum concrete pad thickness of 6”. 

• Front clearance of 60” minimum.  This can either be included on the pad or start at the edge of 

the pad, in which case the clearance zone must be a level-grade non-combustible material such 

as gravel. 

• 3” spacing between ESUs for multi-unit installations. 

• Installation requires crane and semi-trailer truck access (see Figure 11 and Figure 12). 



 

SunPower Corporation  Helix Storage Design Guideline 
 Page 8 of 24  

• Minimum of 36” clearance above the units for ventilation and crane access. 

• SunPower recommendation of 5’ from exterior of any building or connected equipment. 

• SunPower recommendation of 10’ from any fire exit. 

• Fencing or bollards as required by local jurisdiction. 

• No installation in flood areas. 

• Additional requirements enforced by insurers, such as FM Global, or other entities. 

Figure 4 below shows the mechanical and environmental limit specifications for the system. 

 

Figure 4:  Mechanical and Environmental Specifications 

It should be emphasized that the 60” clearance required in front of the unit is not only for door swing and 

maintenance access.  It is a keep-out zone which should not enable storage of combustible materials or 

be accessible by untrained personnel.   

In addition to the above, the ESS will need to be accessible by both SunPower and Lockheed Martin 

personnel for commissioning, troubleshooting, and O&M responsibilities.  Both parties shall be given 

access to locks or other security features installed on the unit or fence. 

5.3  Fencing and Bollards 

Fencing and bollard requirements change depending on local requirements, however as standard 

SunPower recommends a fence to be included.  In areas with vehicle traffic, bollards are also 

recommended in addition to a fence.  Bollards in front of the unit should be removable to allow 

maintenance access, and it is recommended that entrance openings in the fence should be large enough 
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to allow a telescopic handler to access the unit in case of battery or inverter replacement.  The telescopic 

handler shown below in is roughly 6 feet wide and 6.5 feet tall. 

 

Figure 5:  Telescopic Handler 

 

5.4  Multiple ESU Layout Options 

Designing a solution to scale with multiple ESUs is straightforward.  Internal power and data connections 

between ESUs allow them to be placed directly adjacent to each other without the need for additional 

conduits or customer connections up to 1.5 MW (up to three 500 kW systems).  Three example layouts 

below show how a multi-unit ESS can be placed.  Figure 6 shows a side-by-side layout with (4) ESUs (note: 

it would only be possible to connect 4 ESUs on one bus if at least two of the ESUs are a 250 kW unit), 

Figure 7 shows a back-to-back layout with (8) ESUs, and Figure 8 shows a face-to-face layout with (8) ESUs 

((8) ESUs would require at least two customer power feeders).  The maintenance/door clearance “Keep 

Out Zone” is shown in each layout, as well as the required 3” spacing between adjacent units. 
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Figure 6:  Side-to-side Layout 

 

 

Figure 7:  Back-to-back Layout 

 

 

 

Figure 8:  Face-to-face Layout 
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In the side-to-side and back-to-back layouts, the clearance zone follows the same requirements as a single 

unit installation (the area can either be included on the pad or be non-combustible, level grade).  However, 

in the face-to-face layout configuration, the clearance zone between the units must be included on the 

concrete pad.  Minimum dimensions for the pad and clearance zones are shown in the below example 

plan views.  These do not include any site specific clearance requirements such as setback from buildings, 

etc. 

 

 

 

 

 

 

 

 

 

Figure 9:  Single ESU Installation Minimum Dimensions 

 

Figure 10:  Five ESU Face-to-Face Installation Minimum Dimensions 
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5.5  Site Readiness and Delivery Procedure 

There are several site readiness prerequisites prior to delivery of the unit that must be met.  The pad must 

be poured and fully cured and 480VAC must be available to feed—at a minimum—auxiliary power to the 

unit.  Peak auxiliary draw is 24A, which is used to power the ESU container’s internal thermal management 

and control systems.  Due to the need for temperature control, the manufacturer requires 480VAC 

connection within 1 week of shipment, inclusive of transportation from the factory.  To minimize cost and 

complexity, the permanent 480VAC connection should be ready and available by delivery so that full 

charge and discharge testing may occur within the same timeframe as initial installation.  If this is not 

possible, power can be temporarily provided by a standalone power source or existing panelboard with 

spare capacity to supply auxiliary power until the permanent power source can be established.  Note that 

in this scenario, commissioning of the system would not be able to be fully performed, as full charge and 

discharge testing would not occur until the permanent power source is feeding the ESS.   

Additionally, documentation must be provided for the storage manufacturer’s review before ESU delivery.  

The pre-delivery documentation checklist includes the following: 

• Top-down pictures of foundation framing of pad before it is poured (including conduit stub-ups).  

This should include annotations showing dimensions to verify stub-up distances will align with 

ESU placement. 

• Construction drawing set including single line diagram, structural elevations, and site plans that 

show the storage unit. 

• Crane lifting plan. 

• Site Responsibility Checklist (see 8.1 Supporting Documentation). 

During delivery of the unit, the installation procedure requires access by crane and semi-trailer truck to 

the pad location.  The images below show example crane and truck from an ESU installation. 

For an example Helix Storage project schedule, see 8.1 Supporting Documentation. 
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Figure 11:  Crane for ESU Lifting 

 

Figure 12:  Delivery Truck for ESU 
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6. Power, Interconnection, and Metering 

Power for the ESS should be on a dedicated circuit and breaker, separate from other generating devices 

or loads.  Multiple ESUs can be bussed together up to 1.5 MW and 2,100 A to create an “ESU branch” (up 

to (3) 500 kW units on one circuit).  Each ESU branch requires one 480VAC power connection, and one 

communication line (typically shielded CAT5e/6 cable) from the PVS.  Both connections terminate at the 

lead ESU.  Lockheed Martin will make the power and communication line connections between ESUs in a 

single ESU branch as part of their commissioning scope.  Figure 13 below shows the electrical 

specifications for one ESU. 

 

Figure 13:  Electrical Specifications 

For large systems with multiple ESU branches, one 480VAC connection is required for each ESU branch 

(for example, a 4.347 MW ESS would require (3) branch circuits of (3) 500 kW ESUs each).  However, one 

ESU will be designated as the “system lead” ESU for the entire set of all ESUs installed. The PVS still just 

requires one shielded CAT5e/6 connection to the designated system lead ESU, however, shielded CAT5e/6 

in conduit must be run from the designated system lead ESU to all other branch circuit lead ESUs. 

6.1  Site Interconnection 

Typically, the ESS will be connected to the line side of a site, and if there is a solar PV system on site as 

well, AC coupled on the same tap as that system.  Each Utility will have their own requirements for 

interconnection and these must be reviewed to understand the design impacts.  Such utility requirements 

may include:  

• Utility lockable disconnect switch at the point of coupling for the ESS and PV 
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• Net Generation Output Meter (NGOM) separate from the customer meters that compares the PV 

production against the Utility Main Meter to verify the ESS has not exported any energy to the 

grid 

• Disconnect switch on the main service side of the NGOM meter 

• Disconnect switch or breaker on the PV side of the NGOM meter 

• Non-export relay and controls if ESS exceeds a certain power rating 

• Telemetry on utility meters if ESS exceeds a certain power rating 

 

An example system architecture is shown below in Figure 14. 
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Figure 14:  Example Site Electrical Architecture 
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6.2  Equipment Layout and Routing 

On a site with Low Voltage Service (480V), the ESS is ideally placed as close to the POI as possible to 

minimize conductor distance.  The layout below shows an example of equipment placement.  The 

proposed scope is installation of rooftop Solar PV and a ground mount 500 kW ESS.  On this site, the ESS 

and Solar PV both share a switchgear.  The switchgear also shares a pad with the ESS, which is directly 

adjacent to the POI. 

 

Figure 15:  Example Low Voltage Service Site Layout 

 

On a site with Medium Voltage Service (600V-69 kV), the ESS is ideally placed as close as possible to the 

transformer feeding it.  The ESS may share a transformer with PV on site, or have its own dedicated 

transformer.  In the example layout below, the transformer is shared by both the PV and storage.  It is 

also co-located with and shares the same pad as the ESS and switchgear. 
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Figure 16:  Example Medium Voltage Service Site Layout 

 

For specific scenarios not covered by the above examples, please consult with SunPower’s Storage 

Application Engineer (8.2 Contact Information) to understand best practices for layout. 

6.3  Conduit Routing and Terminations 

Separate conduit is required for the 480VAC branch connection and the communications connection.  

Conduits must be brought underground and routed through a 22” x 20.7” cutout in the bottom of the left 

bay in the ESU, shown in Figure 17.  While bottom entry is preferred, there are also options for side conduit 

entry into the unit.  Site design must be reviewed by battery manufacturer for side entry option. 
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Figure 17:  ESU Conduit Entry Area 

 

The power and communication cables will be terminated at a lead ESU in the branch and then internally 

connected to other units in the branch on site, if applicable, by the storage manufacturer’s commissioning 

team.  Only the connection to the lead ESU will be in the installation contractor’s scope.  See Figure 18 for 

terminal details.  Figure 19 shows example of conductor and communications entry into the unit.  

Reference the Customer Installation Guide in 8.1 Supporting Documentation for further details. 

 

Terminal Terminal Type Cables/Phase Cable Sizes Number of Terminals available 

Main Compression lug 6 (CU/AL) up to 750 kcmil B, K (recommended) 

Ground Mechanical lug 1 (CU/AL) up to 600kcmil K 

Figure 18:  ESU Electrical Terminals 
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 Figure 19:  ESU Cable Entry and Bend Radius 
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6.4  Grounding 

The ESS must interface with a grounded wye configuration on the 480VAC/secondary side of the 

transformer connected to the ESS.  For sites with main service at 480VAC, it must be verified that the 

utility transformer meets this requirement. 

In addition to internal grounding lugs, the enclosure also has external grounding pads for externally 

terminating grounding electrode conductor(s) as pictured below.  The holes are ½” course thread, with 

the standard grounding ring topology using 5/8” diameter copper cables as a minimum. 

 

Figure 20:  ESU External Grounding Pad 

6.5  Metering 

As seen in Figure 14 above, there are (3) types of customer meter required in addition to any utility- 

owned meters.  The Site Meter (sometimes known as a “Consumption Meter”) measures the main service 

feeder, including overall net load data and generation sources on site.  The PV Output Meter(s) measure 

power from the array(s). The Storage Meter monitors the charge and discharge of the battery.  Two types 

of Acuvim IIR meter enclosures are available: Type P1 for voltages in the range of 120VAC-415VAC and 

Type P3 for 480/277VAC. 

The CT and PT selection for each meter depends on its application.  Typically, the PV meter requires 333mV 

Nominal Input CTs.  Both the storage meter and site meter require 100mV Rogowski Coil CTs.  PTs are only 

required in applications 690V or above to step down the voltage to the right magnitude for the meter.  

Reference the Acuvim Meter IIR Selection and Ordering Guide in 8.1 Supporting Documentation for 

further details. 
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7. Controls and Communications 

 The PVS is the SunPower device that acts as the master controller for both the PV and storage on site.  

The site, PV, and storage meters must all connect to the PVS so it can monitor the power flow in and out 

of the site, the PV output, and the charge and discharge of the battery.  The connection between devices 

is shown in an example site layout in the following diagram. 

 

  

 

Figure 21:  Example Site Communications Architecture 
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7.1  Communication Distance Restrictions 

Cat5e/6 Ethernet cable is the recommended media for connecting devices.  In order to avoid data loss or 

noise, Cat5e/6 runs must be kept below 330 feet.  To maintain this constraint, the PVS must be placed 

within 330 feet from the Site meter, PV meter, ESS meter, and ESS.  All of these devices must connect to 

the same PVS.  Distances over 330 feet between connected devices may require fiber infrastructure and 

converters, or radio transmission, which increases the cost of design, materials and installation.  In this 

scenario, the project SCADA Engineer or Electrical Engineer and Storage Application Engineer must be 

consulted before finalizing.  

In instances where there are one or more PV arrays that are greater than 330ft away from the POI, 

multiple PVSs can be installed on site.  PVS(s) installed at the PV array(s) would be dedicated to PV 

inverters, while the PVS controlling the ESS would be required to connect to the ESS itself and all meters 

(PV meter(s), Site Meter(s), and ESS meter(s)). The PVS(s) dedicated to the PV inverters would not need a 

hardline connection between one another or to the PVS that controls the ESS.  The example layout below 

shows the communication routing on a site with multiple PVSs.  

 

Figure 22:  Example Site Communications Layout 
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7.2  WAN and Internet Connectivity 

The PVS has an integrated cellular modem that enables essential two-way communications with 

SunPower’s cloud.  An external cellular modem is also installed for redundancy and troubleshooting 

purposes.   

Independent of SunPower’s cellular connections, Lockheed Martin has their own modem internal to the 

lead ESU. Both SunPower and Lockheed cellular access are required for proper monitoring and operations 

of the energy storage system.  
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8. Appendix 

8.1  Supporting Documentation 

The following documents can be located on the Dealer Portal, under the Documentation subpage for Helix 

Storage:  http://spectrum.sunpower.com/portal/content/na/comm-helix-storage 

1. GridStar 2.0 Customer Installation Guide 

2. GridStar 2.0 Information for First Responders 

3. GridStar 2.0 Site Responsibility Checklist 

4. Helix Storage Example Schedule 

5. Acuvim IIR Selection Guide 

8.2  Contact Information 

Please contact the SunPower Energy Storage Application Engineer with any design questions. 

Casey Smith <casey.smith@sunpower.com> 

(510)-260-8425 

 

http://spectrum.sunpower.com/portal/content/na/comm-helix-storage
mailto:casey.smith@sunpower.com



