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Description of the EDS Modular Uninterruptible Battery Energy Storage System  

A Design by David T. Miga, CET, Engineer, EDS-Inc. rev 6/2026 

This system uses concepts based on two unrelated systems and combines their 
attributes to create an entirely new and different system: 

A modular battery energy storage system (BESS) backup power system that powers 
your entire house during power grid failures.  

And if you have solar, your house can be powered off-grid with this system. 

Simple explanation of the modular concept 

Think of conventional Uninterruptible Power Supply (UPS) units many people use to provide power to 
their computers and other electronics during a grid power failure. It is a local backup only. Advantage: 
It requires no installation, just plug it into a wall socket and plug your computer or device into the UPS. 
It is modular, portable, small and easily moved to any room in the house. Disadvantage: Only powers 
one or two devices locally, and for a short time only. 

Now, think of Grid-Tied Inverters (GTI) used in solar power panels, which synchronize themselves to 
the power grid and add power to the grid derived from DC power from the solar cells. Each GTI puts 
out a small amount of power, but combined and synchronized, enough power can be generated to 
power an entire house. The Enphase IQ8 system comes to mind. Disadvantage: When the grid loses 
power, so does the entire solar array, since there is no grid reference to synchronize all the GTIs with.  
Advantage: Being modular, each unit is small, and the loss of one or more GTIs may have a minimum 
effect on total system power delivery. Disadvantage: No power from either solar or grid on a nice, hot 
sunny Florida day (or a cold winter day for that matter). 

Description of the invention and solution to solve these issues 

Now, put the two concepts together to make a completely new whole-house power-generating backup 
system: Multiple UPS/GTI units throughout the home/business that put backup power backwards 
through the AC plug, all synchronized with each other to combine their individual outputs to power an 
entire house or small business. These units simply plug into any outlets in any room. Hide them 
anywhere you wish. 



Current technology of backup power systems and their limitations 

Here is an example of a typical home backup scheme: A Solaredge system or Tesla Powerwall along 
with similar schemes from GM and many others, integrates a huge battery box with one large power 
inverter that can generate a “mini-grid” and act as a Grid Forming Inverter (GFI) with an external 
transfer switch that can switch from the utility power grid immediately to its generated mini-grid in the 
house. But this system is very expensive, and requires several professional experienced and factory-
trained installers to install the system, and it is not modular. It is a huge system that must be located in 
a garage and uses many large batteries in a wall-mounted cabinet. It also will not power the entire 
house, only a few dedicated appliances using an additional breaker box that must be wired by a 
licensed electrician to replace the regular breakers for the chosen appliances. Some companies (like 
Enphase) use a single large box with many small GFI units with a master inverter to provide the mini-
grid to provide synchronized power to the house, but it is also very limited in its power capacity. These 
systems typically will only provide backup power to absolute necessary items like refrigerators and 
medical equipment and need additional breaker boxes to be installed to supply power to only a few 
appliances.  Plus inverters large enough to power an entire house simply don’t exist, and President 
Trump (as of current date) has passed laws that disallow large inverters to be imported from China. 

The American-designed and American-made EDS Modular Uninterruptable BESS System consists of 
two major components plus some optional devices:  

1: The Gateway integrates a Solid-State Relay (SSR) to “island” the house (remove it from the grid) as 
soon as a power grid failure is detected. The Gateway unit also employs a GFI to make the mini-grid by 
supplying the required 220VAC split-phase voltage and 60 Hz frequency for the many modular RUPS 
described next. Operation logic and safety features will be described in the details section. 

2: Several Reverse Uninterruptable Power Supplies (RUPS) which are about the same size of a 
conventional 1500 watt UPS, are plugged in various rooms in the house. But instead of supplying 
power to a local source like a computer, thepower functions are reversible, meaning that they can 
supply power directly into the same outlet in the house that they were receiving power from. They are 
true Grid-Tied Inverters (GTI) and supply sine-wave power, just like the grid, and are synced to the GFI 
in the Gateway and therefore, to each other collectively. Since these are modular, as many as needed 
can be placed throughout the house and will combine their power backwards through the existing 
circuit breaker panel so that the entire house will be powered. Even 220 volt appliances like well 
pumps, water heaters and HVAC units will continue to operate! Ideally, the total amount of RUPS 
should be calculated on the size of the house electrical system. The average American house may use 
as much as 20KW with HVAC on, along with lighting, refrigerator, well pump and other devices, so to 
power the entire house with 20KW, a suggested number of ten 2000-watt RUPS would be needed. 
Each room of the house could hide an RUPS; under a bed, behind a couch, above a kitchen refrigerator 
cabinet, in a closet, in a wall unit cabinet, and so on. Operation logic and safety features will be 
described in the details section. An accessory to this system is the Appliance Bypass Adapter (ABA), 
which allows the system to power up everything except for selected high-power appliances that are 
not absolutely needed. 

 



Here is how the system operates: 

 Normally, during grid power, all the RUPS units throughout the house are staying in sync with the grid 
(and each other) and stay in sync with whatever phase of the split-phase power grid is at that location. 
(Typically, half the load/phase 120VAC is wired to half the house and the other half is balanced to the 
other half of the house, with 240VAC appliances using both halves of the split-phase system for double 
the voltage.) The RUPS are also keeping their batteries charged and waiting for a power grid 
interruption or change in voltage level. Meanwhile, at the main breaker panel, the Gateway is also 
monitoring power of both the grid coming in and the power going out to the house. It is wired in-
between the utility grid input (or any existing solar-powered Grid-Tied system) and the house breaker 
panel, so it is acting as a transfer/island switch. The Gateway is designed to immediately isolate, or 
“island”, the house electrical system (disconnect the house from the grid) with a power grid failure, or 
if voltage from the grid (or solar panels) goes below 80 volts. This allows the dual GFI in the Gateway 
to come on line with all the RUPS in the house staying in sync with the Gateway and each other, 
combining power in reverse to each of the outlets they are plugged into. The power from each RUPS 
goes through the existing circuit breaker for that room, combining all their power into the house main 
breaker panel. The circuit breakers will continue to work for protection and isolation. In a typical house 
with 240VAC split-phase wiring, the RUPS keep their phase intact in sync to the dual GFI in the 
Gateway, so RUPS on each side of the house will combine their 120VAC 180 degree split-phases to 
power the 240VAC appliances. The RUPS also have a 100% reserve power factor built into their 
circuitry so huge quick surges like a well pump or an AC unit compressor turning on won’t overload the 
system. 

There are also some details in the circuitry to make the system safe and compliant with government 
regulations like UL1741-SB and IEEE1547-2018 rules, and to allow the utility grid to power back the 
home gracefully, without a dangerous jolt of a non-synchronized combining of grid power and RUPS 
power, to be described in the details section. 

Details and logic of the Gateway island SSR and RUPS units, along with Appliance Bypass Adapters 

The Gateway monitors the grid for correct frequency and voltage levels. It measures voltage and 
current in both directions by a microcontroller, and in normal operation, the readings would consider 
normal a voltage of 120VAC with current from the grid/solar going in the direction towards the house. 
It knows that the “normal” utility voltage is usually within 115VAC- 125VAC. Therefore, a major change 
of normal voltage, loss of voltage, current, frequency or phase, or reverse current will immediately be 
flagged in milliseconds. Any voltage under 113VAC turns off the battery charging circuit. Any voltage 
under 80 volts is flagged as a utility grid failure. 

The GFI in the Gateway has a crystal-controlled and very accurate 60.3Hz oscillator. It has a digital 
Phase Locked Loop (PLL) GTI circuit that will “pull” its own oscillator in sync with the 60Hz power from 
the utility or solar inverters, and like the Gateway, will pause charging its batteries under 113VAC. It 
will continue to run on its own when the grid voltage falls under 110VAC using its built-in dual GFI.  

The GFI in the Gateway is designed to deliver 110VAC, intentionally less than the normal voltage from 
the grid. It has two identical DC converters that invert DC to AC and deliver simultaneous AC power. 



However, one is negative in reference to neutral/ground and one is positive. The outputs of each 
inverter switch alternately, phase to phase, to deliver split phase 220VAC with 110VAC legs 180 
degrees apart simulating the utility grid. Unlike conventional competing single-phase 240VAC systems, 
no expensive or heavy center-tapped split-phase power transformer is required to establish a true 
ground reference. Even if the utility’s power transformer (always used to provide a safe center-tapped 
ground reference for the house) is destroyed and is no longer there to safely split the phase equally the 
EDS BESS system will simply provide this ground. 

The GFI in the Gateway employs a digitally synthesized sine-wave DC converter system that does not 
require the usual heavy and expensive transformers that most other architectures require. All 
switching is done by state-of-the-art Silicon-Carbide Metal-Oxide Field-Effect Power Transistors 
(SiCMos) and industrial quality Silicon Controlled Switched thyristors.  Batteries in the Gateway and all 
the RUPS are parallel/series-connected LiFeSo4 batteries that do not emit gasses while charging as 
AGM/lead acid batteries do, and do not explode or catch fire as Li-Ion batteries can. Battery life is 
between 15 and 20 years with these batteries. Therefore, all units are safe to use in any house or 
business and will last for a long time. Also, note that there are no moving parts to wear out. Even the 
transfer “relay” is a solid-state heavy-duty commercial Bi-Polar Thyristor design SSR that can switch 
power in less than 16 milliseconds. Other systems use a relay or “contactor” that uses contacts that 
can arc, pit, and even weld themselves in the wrong position, causing a major short and possible fire. 
This transfer/Island circuit is self-monitoring with status indicators, and communicates with the 
Gateway. The Gateway is easily installed by one person, typically in less than an hour. A qualified and 
licensed electrician should be used to provide evidence to the utility company that the job is safe and 
legal to code. No other breaker boxes need to be installed! 

The RUPS are single GTI units with one ground-isolated DC converter that provides half sine wave with 
its polarity switched 60 times a second using a quad-SiCmos bridge circuit on the hot rail of the AC line, 
so it exactly simulates 110VAC RMS power. An AC optoisolator and precision comparator regulate the 
AC voltage via feedback through a digital potentiometer. The battery pack is a nominal 208VDC, so no 
transformer is required to convert to 110VAC. Each battery pack has 64 individual current, voltage and 
heat monitoring protection circuits.  

A safety system is built into the RUPS; if the RUPS is unplugged from the wall outlet, either during 
normal utility grid power, or during backup power, the open connection with no current flow is 
immediately detected. Therefore, the RUPS is immediately shut off per UL1741-SB regulations, sensing 
no connection load on the power cord, thus preventing a shock to the user. Additionally, this unique 
design also complies with UL3141 standards, making it safe for the home. 

Like the Gateway, each RUPS has an internal GTI that is phase locked to the house grid, just as the 
Gateway is locked onto the utility grid. So whether the house is powered by the utility grid, or by the 
GFI in the Gateway, the oscillators in all the RUPS will remain in sync to the Gateway and each other.  

When power is returned from the grid, the Gateway is immediately aware of this and will again lock its 
GFI to the grid frequency and phase, and now will run as a battery charging circuit for its battery pack. 
This forces all the RUPS to track the Gateway which is tracking, and in sync with the power grid. When 
the Gateway measures and discovers that both power sources are in exactly the same phase, only 



then will it turn the transfer “relay” SSR to again join the utility power grid with the RUPS grid in the 
home. Each RUPS is designed to output slightly less than the normal grid voltage, as does the Gateway. 
For example, if most homes receive 120VAC from the grid, the RUPS will set themselves to 110VAC 
output. When the RUPS sense the higher grid voltage, they go into their monitoring and battery-
charging modes like the Gateway, ready for the next grid interruption. When voltage is reduced to 
110VAC, indicating that the utility power or solar power is insufficient, the RUPS runs its inverter in 
sync to the Gateway to supply power to the home. Also, note that there are no moving parts to wear 
out in the RUPS as well, and each RUPS has its own Internal SSR (ISSR) to isolate it if necessary. 

TECHNICAL DETAILS OF THE SYSTEM 

The EDS Battery Energy Storage System (BESS) ©EDS, Inc. 2023, rev 8/10/2026 consists of multiple 
modular system control & bi-directional sine-wave Distributed Energy Resource (DER) 
converter/inverter circuits  that are integrated into the EDS Gateway and accompanying RUPS 
modules. This DER complies with UL1741-SB certification, as well as updated IEEE1547-2018 rules and 
UL3141. All circuitry, pc board designs and assembler software are designed and tested by Dave Miga, 
under his company, Electronic Design Specialists. All power semiconductors are state-of-the-art (SiC 
mosfet) silicon carbide devices.  
 
This DER converter board can be installed in the Gateway or the RUPS modules with software selection 
and various hardware value changes for the grid voltage sensor. The Microchip Microcontroller (MCU) 
generates the top 180 degrees and bottom 180 degrees of a 60Hz sine wave Pulse Width Modulated 
(PWM) at 6.25KHz at two different mcu outputs. These are low-pass filtered and integrated individually 
into upper and lower parts of a 60Hz clean sine wave with no crossover distortion. This sine wave 
modulates a high-frequency 200KHz triangle wave generator via two comparators into pwm. Since the 
pwm of this sine wave generator is only 6.25KHz it is too low to feed the SiC mosfets directly, so the 
high-frequency triangle generator is used to take advantage of the high-efficiency silicon carbide 
power mosfets. 
 
The Microchip microcontroller (mcu) controls the comparators and SiC mosfet drivers and four SiC 
mosfets as full bridge switcher inverter to reproduce a high-frequency PWM 60Hz power waveform 
from a 208VDC bank of LiFePo4 batteries. Therefore, no power-robbing toroid transformers are 
required. The converter can either run freely as the Gateway using its GFI during a grid failure, or in an 
RUPS unit, can become a GTI converter to sync with the EDS Gateway and other RUPS units of the EDS 
BESS.  Sync is established at the start of each cycle so switching is Immediate, within a few 
microseconds. When a RUPS is plugged into a 120VAC outlet, it will charge its battery packs using its 
dual totem pole bridgeless power factor correction booster circuit in continuous conduction mode. 
This 99% efficient circuitry uses a unique dual coil parallel activated SiC design to boost 120VAC into 
235VDC to charge the battery pack achieving 80-Plus Platinum rating. When AC grid voltage goes 
below 110VAC, indicating that the main grid or solar power has been replaced by power from the 
Gateway, the power factor correction booster circuit switches off, and to backup power GTI converter 
mode and syncs with the Gateway and other RUPS units on line. If AC voltage disappears from the 
outlet, for example if the RUPS is unplugged, the RUPS will shut down as a safety feature in compliance 
with UL1741-SB. If the converter circuit is used in a Gateway, it keeps the grid SSR (solid state relay) 



active and charges its own battery pack during normal utility power. If AC mains drop slightly under 
120VAC, the Gateway DER will attempt to help power boost into the grid in compliance with IEEE1547-
2018 rules. However, If AC mains drop below 80VAC, the grid SSR relay automatically switches off to 
isolate the location from the power grid in compliance with UL1741-SB. The Gateway keeps the SSR off 
line and allows the DER inverter to run as a GFI, crystal controlled, to allow all the RUPS to sync to it. 
The gateway has two inverter boards, one for each phase of the split phase normal for the home. The 
circuit receives DC current information from a TMCS1123 current sensor with its overcurrent circuit 
that limits inverter running DC current at a maximum of 10A. The battery pack uses 126 A123 Systems 
ANR26650 LiFePo4 batteries in a 2P63S arrangement which allows 5 amps continuous or 10 amps 
surge, giving the inverter a 1KWHr power capability with up to 2000 watt surge. Temperature sensors 
on the battery BMS boards and the SiC mosfets add additional protection by checking parameters 
every three milliseconds. Under an overheat situation, the WARNING LED and piezo sound every two 
seconds until the system cools off.  In a discharged battery situation, the WARNING LED and piezo 
sound every two seconds, and the LOW BATTERY LED remains on, and battery charging will start as 
soon as utility power returns. When battery packs are fully charged, the red LOW BATTERY LED turns 
off and normal operation resumes. LED indicators show yellow for standby, green for converter 
running, red for overheat and low battery conditions.  The external DC Ammeter shows positive or 
negative current and indicates charging with a red LED. A second TMCS1123 current sensor measures 
AC current between the inverter and the grid and will shut off an Internal Solid State Relay (ISSR) 
disconnecting the converter from the grid if current exceeds 10 amps AC. This TMCS1123 current 
sensor also sends a signal to the external 10-segment LED meter.  The ISSR circuit also measures 
voltage and phase differences and will shut off the ISSR until voltages and phase differences between 
the power grid and the converter are within acceptable limits.  
 
Special components: Texas Instruments TMCS1123B4A isolated current sensors, Texas Instruments 
UCC21220DR SiC mosfet drivers, MCT9001SD dual optoisolator senses low AC voltage and provides line 
phase sync, an MC662CMX dual Rail to Rail opamp is the 6KHz pwm sine wave low pass filter, a 
MCP6562 dual Rail to Rail comparator mixes the triangle wave and filtered sine wave, a TLC555 is the 
200KHz triangle oscillator, an N74LVC1G06DBVR high-speed inverter drives complimentary inputs to 
the SiC mosfet drivers,  four UnitedSiC UJ4C075033K3S Silicon carbide mosfets rated 750VDC, 33mOhm 
Rds, 47A, 242 Watts. These SiC Mosfets feature a cascode circuit configuration in which a normally-on 
SiC JFET is co-packaged with a low-capacitance Si MOSFET. This allows amazing speed and efficiency in 
comparison to conventional IGBT devices. These SiC Mosfets are the main power devices that 
complete a dual-totempole/full bridge configuration to create pulse-width-modulated 60Hz. The 
internal ISSR circuit uses an SI8751AB-IS isolated SiC driver to control the two IMBG40R011M2HXTMA1 
SiC mosfets in a back-to-back AC switch and are controlled by the AC current sensor and the 
differential voltage and phase sensor circuits, as well as the mcu. The mcu monitors these safety 
circuits, as by itself it has no overcurrent safety functions, but does control the converter and ISSR and 
can shut both down on overheat or low battery conditions. Filtering the 200KHz pwm generated sine 
wave into a perfect 60Hz waveform with less than 6% distortion is done by one 220uH 10Amp toroid 
choke on each leg of the output bridge with three high-voltage 0.1uF ceramic capacitors across legs. 
These inductors also provide the boost to charge the 208 volt battery from 120VAC. Ground-plane 
electro-mechanical interference (emi)  is filtered to earth ground via 0.1uF capacitors. The converter 
actually runs at 60.3Hz so that the grid can force the DER into GTI catchup frequency quickly within 



one millisecond. The system control is by a PIC16F628A 8-bit (!) mcu with an external 20MHz crystal, 
programmed entirely in mission-critical assembly software. 
 
Patent Claims  
 
1: The concept of portable multiple modular backup devices in sync with each other collectively 
supplying power to one target location in a home or business power network by simply plugging into 
ordinary outlets. 
2: The dual DC transformerless bi-directional converter architecture that is switched by electronic 
devices in reference to true ground so no split phase power transformer is required. Efficiency of a 
simpler circuit saves power and heat and eliminates the danger of a “lost ground”. 
3: The communication of the Gateway and RUPS bi-directional DER converters by the precision voltage 
comparisons of normal voltage and backup voltage and phase frequency difference to detect system 
conditions.  
4: The Appliance Bypass Adapter (ABA) automatically disconnects power to any non-critical power 
appliance so that the BESS system is not overloaded by unnecessary appliances when in backup power 
condition. The appliance is reconnected after two minutes when normal power is returned from the 
grid. The ABA device can, for example, plug between the hot water heater and the wall outlet. 
5: The PFC boost charging circuit utilizes the same two inductors and the same four SiCMosFets that 
create the PWM sine wave during inverting, saving component count, increasing efficiency, decreasing 
cost and increasing reliability. The parallel activation of the totem-pole SiC Mosfets is unique in this 
design, creates more efficiency with less circuitry than other older and more complicated designs. 
6: Our claim that this system can work with conventional solar systems to eliminate any need for the 
power utility company and to run the home off-grid if desired. Solar charges the BESS batteries during 
the day, and when solar power falls too low to power the home, the Gateway activates all the RUPS to 
run the house all night on the battery packs. 
 

Estimated Retail Costs 

The Gateway with the SSR island circuit is in a small wall-mounted box and supplies the split phase 
signal to sync with the RUPS units, as well as supplying 2KW split-phase 220VAC on its own, so it is the 
most expensive and complex piece of the system. It also has LiFePO4 batteries as a large part of the 
cost. Expected retail cost would be about $3000 to $4000. An ordinary licensed electrician would 
charge for one to two hours to install it at the existing breaker box. The only connections required are 
inserting it between the power wires coming into the breaker box. It monitors the utility power and 
controls the SSR island circuit and the RUPS units when a power interruption happens. Each Gateway 
has a 200 Amp capacity. 

The cost of a typical 1000 watt RUPS would be about 50% more than the cost of a conventional 750 
watt UPS used to power a computer system. Most retail UPS units are rated by VA numbers which are 
typically double the true AC RMS wattage for marketing and confusing the average consumer. A typical 
500 watt (1000VA) UPS using old technology AGM batteries retails for $300 but only supplies at most 
14 minutes of power to the computer, and the battery pack only lasts for 2 or 3 years. The EDS BESS 



system uses LiFePO4 batteries with a minimum run time of 60 minutes and a life span of 15-20 years 
and supplies power to the entire house, in parallel and in sync with all the other RUPS units. Therefore, 
a user would simply calculate the required power consumption of their home, decide how long they 
want emergency power to be available, and simply purchase the number of 1000-watt or larger 2000-
watt RUPS they need. As an example, an average house using HVAC on a cold or hot day along with 
using other devices like microwave ovens, lights, well pump, etc. might pull 20KW. If the owner wants 
their entire home powered up for a 60-minute blackout, twenty 1000-watt RUPS at a cost of $500 each 
would be required at a retail cost of about $10,000. And of course, if only the basic necessities, like 
well pump and refrigeration is desired, the owner can simply scale down their cost with less RUPS units 
along with ABA adapters on dryers, hot water heaters and other appliances not required during a 
blackout. Backup systems from Solaredge, Enphase or Tesla would cost deep in the high five to as 
much as six figures, take up lots of valuable space in the garage and would need professional 
installation at an additional cost. They also don’t usually supply power to the entire house, only 
selected branches, so they require additional breaker boxes taking up space and increasing installation 
costs. 

Financials and business plan 

With a clear understanding of the system and detailed description of the layout, installation, 
components, and safety features, anyone who has experienced a devastating hurricane, tornado, or 
any other incident that left them without power, this system, along with a current solar system, allows 
the owner to live either with the grid power or even utility-free for whatever time they wish to pay for. 
Alternatively, those who are living with daily power interruptions that always happen when they need 
uninterrupted power would be passionate about owning a system as described here. The provisional 
patent has been granted, and financing to complete a quantity of units to display to investors in a 
house is required. $2.5M is the estimated amount it will cost to finish the development and building 
the first prototype complete system, consisting of ten RUPS, a Gateway and a few ABA units, which 
will be installed in a home here in the Tampa area. It may then be demonstrated to all interested and 
involved parties.  With an additional budget, a public relations manager and social media director can 
provide public relations and local news stories to the TV/Cable networks. This amount of publicity 
should catch on quickly, especially with those who have already installed grid-based solar and didn’t 
have the budget or knowledge to have a battery energy storage system done at that time.  

At this time, completed circuit boards of one SSR and one DER (that can be programmed for the 
Gateway or the RUPS) are working and can be demonstrated on the test bench. Multiple DERs will be 
needed to build a complete system, as well as enclosures must be designed and constructed, LFP 
batteries need to be bought in quantity, and marketing will be required to inform the public to this 
alternative to the other older systems mentioned. 

As you may know, the inventor David Miga, CET, has a long and well-known history of inventing, 
designing, engineering and building high-tech devices dating from the early 1970’s to the present. A 
history of Dave and many of his designs and inventions are on the https://eds-inc.com/ web site. An 
expert in electronics and embedded system control, Dave has been working as a consultant to fortune 
500 companies as well as small companies and individual inventors.  


