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NSEE is partnered with Sabre Canada of Calgary and Indrivetec of Zurich 
to deliver complete ESDSYC (Energy Storage Driven Synchronous Condenser) 

Projects, and other PCS Projects, in Canada & the USA

• Sabre Canada, based in Calgary, is the 
commercial lead on the projects

• Sabre packages the Power Converter Systems, 
transformers and switchgear at their facility in 
Calgary

• Indrivetec provides the power converters from 
their factory in Bulgaria, and engineering and 
technical support from their head office in Zurich



Presentation Description
The need for Grid Stability solutions; 

This presentation describes the variety of solutions that NSEE/Sabre can supply for Grid 
Stability and Reliability due to increased IBR Penetration and Data Centers with fast changing 
loads.

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.

This presentation also shows how our Novel ESDSYC can offer big improvements in stability and 
oscillation damping over free-wheeling synchronous condensers.

P5 of the presentation shows test results from NREL of using a free-wheeling sync condenser 
with flywheel in parallel with a grid forming BESS under a frequency dip, and the time and 
amount of rating from the BESS to stabilize the oscillations, compared to our P11 results for 
damping after a phase angle jump.

The last slides show the opportunities available to connect BESS projects with back-to-back 
PCS units to tie different feeders together without synchronizing them.



An example of an SC/BESS in parallel as a solution that is being 
used to add inertia and fault current contribution to the BESS.
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A performance example (NREL) of a parallel connected 
Sync Condenser and BESS with grid forming inverter

The time to settle the oscillations for a step change in load is about 8 sec.

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



An example of an ESDSYC/BESS
*Note that the whole system is considered grid forming at the POI
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*By driving the sync generator with an induction motor, like a gas 
turbine, the whole system acts like a gas turbine to the grid, but with 
the ability for bi-directional power flow and much faster dynamic 
performance



35 kV
70 MVA 
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GFL BESS

SG

Synchronous
Condenser

In the event that there are problems with control or coupling of the 
induction motor, the system could be re-configured to run as a standard 
BESS with a Sync Condenser.

The new BESS could also be used as a static freq. converter to start the SC

The ESDSYC is agnostic to the battery vendor choice.

Pilot Project Risk Mitigation Plan

GFM BESS
30MW x 2hr
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This system simply replaces the turbine that 
usually drives a standard synchronous 
generator with an induction motor.

In this case, the generator can also be used as 
a synchronous motor to drive energy into the 
batteries

The energy to drive the generator comes from 
the batteries, instead of gas or steam through 
a turbine, through the power converters, like a 
VFD,  which can also absorb power, like in 
dynamic braking mode.



A more detailed description of an ESDSYC as envisioned, sized 
similar to an LM6000 gas turbine
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• Basic System Layout of an ESDSYC

• Batteries are used as an energy source to 
drive the generator with very tight speed 
and/or torque control modes

• The sync condenser runs connected 
24/7, acting as both a motor and a 
generator

• Shaft speed can be monitored very 
accurately and torque changes can be 
made very quickly

• In normal operating mode, speed is 
monitored and torque is controlled, 
within battery and inverter limits and 
outside parameters and grid monitoring 
available as control signals also

• Under grid fault conditions, the sync 
machine provides system inertia, fault 
current and can ride through grid faults 
and phase angle jumps.



FFR Performance evaluation comparison between ESDSYC 
and a standard inverter BESS

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

Generally about 150mSec vs 250mSec 
to full output

Comparison of a standard 100MW 
BESS under FFR vs. an 80MW 
BESS combined with a 20MW 
Induction Motor ESDSYC

Generally about 80mSec. Faster to 
full power and an extra 30MW 
short term inertia boost

Time (sec)

Time (sec)

FaFR (Faster Frequency Response)



FFR Performance evaluation comparison between ESDSYC 
and a free-wheeling Synchronous Condenser

(based on an existing Wind Farm Interconnection studies)

Power output response of the Sync 
Condenser under driven ESDSYC 
compared to a free-wheeling SC

*note that the 20MW Induction Motor is 
driven at 30MW for 30Sec. Before 
settling at 20MW for continuous duty.

Grid Frequency Drop to 58Hz at 
a RoCoF of -5Hz/sec

*note that the free-wheeling SC drops into negative power as it 
corrects back to zero, and undesirable feature during FFR 
events.

Time (sec)



Example ESDSYC Power Output Response

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

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

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



Block Diagram Example – Back-to-Back AC/DC/AC  PCS

35 kV

A solution for integrating data centers into the grid without the power quality concerns to 
the grid that AI data centers bring if synchronized.

This solution provides clean power to the gas turbines as well as bi-directional power 
exchange and grid stability services to the bulk grid through DC isolation

G GG

Data Center Loads

 Clean Power

Distorted Power

Measured sample load swings

Skid Mounted PCS

HV



Many Units can be connected in parallel to achieve high power ratings,
Grid Forming and Black Start on either side can also be supplied

MV Feeders are NOT 
synchronized to each other.

Each side is connected similar to 
a standard BESS connection..

Batteries can also be mixed with 
Ultra-Capacitors for longer 
duration energy storage added to 
the high cyclic power 
conditioning needed for Data 
Centers

35 kV 35 kV
Skid Mounted PCS

Energy Storage Elements
20ft. Containers

Energy Storage Elements
20ft. Containers

4.5MVA



Such AC/DC/AC ESS solutions can be used to strengthen weak grids, 
connect different transmission lines together to control power transfer, as 
well as data center integration, renewables integration and energy storage, 

ESDSYC and power quality enhancements
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Key Takeaways:
1. The higher the distribution voltage, the higher the potential integration capacity. For 

example, the chart above shows that the 12kV line segments have more hosting capacity 
than the 4kV line segments. 

2. The closer the line segment is to the substation, the more DERs it can accommodate. In 
the above chart, Line Segment 1 is closest to the substation.

Integration Capacity Analysis
To determine the hosting capacity available for DERs, each utility:

• Evaluated each circuit’s DER hosting capacity by considering thermal ratings, 
protection system limits, and power quality standards to meet safety standards 

• ICA analysis performed by line section, between 3 – 4 segments per circuit
• Displayed results via online maps

Distribution feeder solutions are also available to overcome limitations 
of DER penetration ratings and feeder distances

This would no 
longer be the 
case

This example from 
Southern California 
Edison shows how 
they limit DER ratings 
om a feeder by feeder 
basis



An example application of a back-to-back BESS, used to drive 
a distribution feeder as an islanded microgrid
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The PCS connected to the upstream grid is sized and programmed to always 
protect the upstream grid. Thus, the downstream feeder is isolated and can 
have significantly more DER connected, with net energy being exchanged within 
the feeder.



To overcome a lack of fault current on the downstream feeder, 
as well as possible oscillations and instabilities, 

an ESDSYC can be added to the BESS
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The Synchronous Generator can be sized as 
necessary for fault current level, but not larger than 
necessaryM

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


