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NSEE is partnered with Sabre Canada of Calgary and Indrivetec of Zurich
to deliver PCS Projects, in Canada & the USA

 Sabre Canada, based in Calgary, is the
commercial lead on the projects
e Sabre packages the Power Converter Systems,

transformers and switchgear at their facility in

Calgary
* Indrivetec provides the power converters from
I N D R IV ET E their factory in Bulgaria, and engineering and
Innovative Drive Technologies AG technical support from their head office in Zurich

SWISS engineering



Presentation Description

NSEE

The need for Power Flow Control and Grid Stability
while integrating erratic Al loads;

This presentation describes the variety of solutions that NSEE/Sabre/Indrivetec can supply for
Al Data Centers to interconnect to the bulk power grid.

NSEE takes a total energy approach to system design, taking into account the needs of each stakeholder, and
the realities of reliably feeding and operating such large erratic loads.

With these Series PCS solutions, the modelling requirements for interconnection permitting in markets like
ERCOT are much more simple, similar to a standard BESS project

We concur that it should be the burden of a data center developer to include power conditioning systems
that will smooth out the load drawn from the grid, such that it appears stable, and can even help support
instabilities in the grid caused by others or events.

The following slide shows how erratic an Al Data Center load can be, and then how it can be served by a
smooth power feed from the grid

The presentation also shows how a wide variety of storage and on-site generation BYOG assets may be
connected, in order to ensure seamless operation of the Data Center, essentially using the Power Conversion
Interface as an Uninterruptible Power Supply.



Block Diagram Example - Standard Load Interconnection
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Load (MW)

A measured example of an Al Data Center load that needs to be smoothed by the ESS

Ultra-Capacitor solutions may be needed when the duty cycle is too great for
batteries, or a combination of the two if bulk storage is also required.
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Block Diagram Example - Standard Load Interconnection
with Parallel BESS
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Block Diagram Example - Standard Load Interconnection
with Series BESS
CLR inherent in design HV Bulk Grid
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Block Diagram Example - Standard Load Interconnection
with Series BESS
With optional cooling load bypass HV Bulk Grid
for efficiency & cost savings
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Block Diagram Example - Standard Load Interconnection @;E
with Series BESS & BYOG (&CLR)
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Block Diagram Example - Standard Load Interconnection @;E
with Series BESS & BYOG
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Block Diagram Example - Back-to-Back AC/DC/AC PCS
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A solution for integrating data centers into the grid without the power quality concerns to the HV Bulk Grid
grid that Al data centers bring if synchronized.
. : . : o POI
This solution provides clean power to the gas turbines as well as bi-directional power exchange Clean Power
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Block diagram of a 6MW AC/DC/AC Converter System
with 20 ft. containers for packaging Ultra-Capacitors
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Flexible arrangements of AC/DC and DC/DC Blocks can be connected
as required on a common DC Bus
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Many Units can be connected in parallel to achieve high power ratings,
Grid Forming and Black Start on either side can also be supplied.
Example; 40 parallel blocks = 200MW
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Skid Mounted PCS
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1 Un-Synchronized Feeder
i 58Hz - 62Hz

Connecting Synchronous Generators to the
Non-Synchronous Load Bus

NSEE holds a Patent for the design of a system where the
synchronous generators can be connected to a MV feeder
without having to submit to standard generator interconnection
permitting and limitations from the bulk grid.

The main advantages of this system design include overcoming
the size limitations of the bulk grid and not incurring PCS losses
between the generator and load.

Other advantages include less mechanical stress and higher
efficiencies on the turbine or engine, and not being required to
trip during a grid loss (for UPS power).

Depending upon the system and chosen generators, the variable
frequency capabilities of the GFM output inverters may be able to
make use of the rotating inertia of the generators to reduce the
amount of energy storage needed, and protect against torsional
stress by controlling generator torque.
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Next Steps

Overview From AC to VDC Benefits Partners

From AC to VDC
Moving to an 800 VDC Architecture

Data center architectures will gradually evolve from today's AC distribution to 800
VDC. The NVIDIA 800 VDC architecture supports all existing data centers while
providing a smooth path to an all 800 VDC future.

2025
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A flexible arrangement for feeding an 800VDC Data Center

Connection
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Block Diagram Example - Back-to-Back AC/DC/AC PCS
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Flexible arrangements of AC/DC and DC/DC Blocks can be connected
as required on common DC Buses, as per the previous slide, for Islanded
Generation, Grid and 800VDC output w/Ultra-Caps & Batteries
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Example, planned large off-grid Power and Data Center
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* Some projects are being built off-grid
to avoid interconnection delays.

NSEE can integrate these into the grid and use as a grid asset

* These projects could benefit from
connecting some of their capacity to
nearby transmission lines, permitting
similar to a standard BESS project

* This would allow the project to bid into
ERCOT markets, once approved

* By making use of nearby transmission
lines, the connections could be sized
to not require upgrades of these lines,
and improve the stability and both load
and hosting capacity of the areas
around them.




Islanded Power and Data Center HV Grid
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345kV

Nearby HV

Transmission Line #1

Clean Power Interconnection

e Sinusoidal Current

* Smooth Power Flow

e Advance Grid Support

* FFR (mSec) Curtailment

* No PERC1 load modelling
needed
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Ustream Grid Stability and Grid Strength

NSEE is focused on optimizing the entire grid system, including
power generation optimization, frequency stability, short
circuit ratio, system oscillation and associated issues relevant
to a strong and reliable grid.

One of the solutions we are working on involves using energy
storage coupled with synchronous condensers/generators to
provide these services.

A Patent will soon be issued for the system shown.

This will also allow for much more renewable energy,
especially nearby connected solar power, to replace gas
turbines in the functions of forming and stabilizing the grid.

Although there are not yet any ancillary service markets for
such services, integrating such systems into the energy storage
of a data center will allow for higher capacity from the existing
or planned transmission feeders.



Energy Storage Driven Synchronous Condenser (ESDSYC),
sized similar to an LM6000 gas turbine generator

A more detailed description of an

Power Monitor |

LDES Plant Controller

Utility / ISO W
Interface l A A A |

System Controller
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AL AU --
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the Generator Set with an
Induction Motor

+/-20 MW - 320 kg*rm”"2

3600 RPM (+/- 1 RPM)
1800RPM for smaller units



Condenser @

Exciter e

Pony motufo—ﬂ_u— =10

A performance example (NREL) of a traditional parallel connected

Sync Condenser and BESS with grid forming inverter
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In order to produce a steady state FFR output, the BESS needs to be sized
at 275% of the Continuous output in order to stabilize the sync condenser

/

SuperFACTS Plant

Self black start

Energizing transmission line
Islanded operation of loads
Resynchronization with grid
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The time to settle the oscillations for a step change in load is about 8 sec.
The freewheeling sync condensers being added to the ERCOT grid could increase the sub-synchronous
oscillation problems, especially with more LELs added.
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Example ESDSYC Power Output Response

25 deg. Phase Angle Jump; also an example of system oscillation damping

Phase angle jump 25 deg
Case B: (Natural) inertia response
+ P(f) droop through inverter control

A phase angle jump is simulated by switch-
over between two grid supplies with 25
degrees phase displacement. The current and
torque transients are largely settled in about
50 msec, without loss of synchronization

All Hardware-in-the-loop (HIL)
simulations conducted
directly by Indrivetec
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FFR Performance evaluation comparison between ESDSYC
and a standard inverter BESS

Comparison between ESDSYC, with 30MW 80
IM Power shown, and a standard 50MW
BESS, 60 /
same -5Hz/Sec. RoCoF MW 40
e S

Generally about 150mSec vs 250mSec to full 20 S
output /

0

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Time (sec)

Comparison of a standard 100MW BESS 150
under FFR vs. an 80MW BESS combined

with a 20MW Induction Motor ESDSYC 100 V4 :h; -

MW

Generally about 80mSec. Faster to full /
power and an extra 30MW short term 50
inertia boost g:‘/

-0.2 -01 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11 1.2

Time (sec)

FaFR (Faster Frequency Response)



Islanded Power and Data Center HV Grid
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Clean Power Interconnection

e Sinusoidal Current

* Smooth Power Flow

e Advance Grid Support

* FFR (mSec) Curtailment

* No PERC1 load modelling
needed
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Non-Synchronous Energy Electronics, LLC

These, and other customized applications can be configured as needed. We look forward to
discussing in further detail. For more information, please contact;

Alan McDonnell, President
Non-Synchronous Energy Electronics, LLC
5115 Excelsior Blvd., #330

St. Louis Park, MN 55416

(603) 546-5785
alan.mcdonnell@nonsynchronous.com

Kevin McDonnell P.Eng (British Columbie)
NSEE Canada

kevin.mcdonnell@nonsynchronous.com

www.nonsynchronous.com
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