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Our unique platform covers both 
power and transport

Second life batteries Fleet electrificationNetwork infrastructure

Grid-scale battery storage can maximise the use 
of renewables and drive down consumer bills. 
Zenobē builds and operates battery storage to 
make clean power accessible:

- 735MW battery storage live/in construction

- Goal of >3.5GWh by 2026

- First directly connected battery systems on UK 
transmission network 

- Planned investment of >$1.25b into advanced 
battery solutions

We are experts in repurposing 
electric vehicle batteries.

- Largest second-life battery 
business in Europe

- World-leading knowledge in 
residual value

Low risk, zero emission fleets are possible now. 
Zenobē provides everything needed to switch 
to EVs - with a track record that's hard to beat:

- The #1 e-bus platform in the UK, Australia 
and New Zealand

- c.28% market share in the UK and c.30% in 
ANZ

- >1,500 electric buses, coaches and trucks 
supported globally

- Electrified over 75 depots to date
Analytics & software

Proprietary software and 
advanced analytics power our 
results.

- Team of 52 dedicated 
specialists

- Managing and optimising 
power across 75+ sites

Power Transport
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Network Infrastructure

01 Intro to Network Infrastructure

• Network Infrastructure is a global team, 
headquartered in London and with offices in 
New York City and Austin

• The Network Infrastructure team targets 
projects with the following characteristics:

o >100MW

o Transmission connected

o Full, firm access to all markets

o Additional value from location-specific grid 
services contracts (e.g. voltage, fault-
current, inertia)

• NI collaborates with grid operators and top-tier 
suppliers to maximize the capability of grid-
forming technology and navigating challenging 
regulatory / interconnection processes

• Strong internal engineering focus and team 
size, due to complexity and scale of projects

A successful project for Zenobe is one 
where we add value through coordinating 

a complex set of counterparties and 
technical requirements

Amit Barnir
VP US Network 
Infrastructure

Gerardo Ortigoza
Interconnection 

Engineer, US

Tommy Jacoby
Procurement 
Manager, US

Pep Morato
Procurement 
Manager, UK

Michael Truby
Electrical & 

Controls Engineer

Masaya Hishida
Technical 

Engineering

Ming Li
Principal Engineer

Semih Oztreves
NI Global Director

Simon Wood
Director of 

Delivery
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Engineering
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Storage As a Transmission Asset 
(SATA) in the UK

02 Zenobe UK SATA Projects

UK Power Grid needs and inclusion of SATA

• Increased need for additional transmission grid services: inertia, fault-current, 
dynamic voltage control, thermal constraint mgmt.

• Electricity System Operator (ESO) opened a competitive process (“Pathfinder” 
tenders) to procure these transmission services

• Battery storage was embraced by the System Operator to compete against 
traditional transmission equipment (synchronous condensers, shunt reactors) 

• $100m Pathfinder revenue awarded to battery storage, delivering c.$1bn of grid 
savings of which Zenobē won c.$70m of Pathfinder contracts across all 
categories (voltage, stability, constraint)

Success factors

• Transparency on locational requirements and technical data allowed battery 
storage players to optimize siting and engineering design

• Allowed storage to stack SATA alongside normal energy market participation 
(balancing, arbitrage etc.)

• Technology-neutral tenders to procure lowest cost combination of projects

• Additional contracted revenue provided the incentive to build at these 
locations

Note: Savings calculated by ESO. Comparing the cost of pathfinder contracts versus accessing grid services from stand-by thermal generators in GB Balancing Mechanism 
https://www.nationalgrideso.com/industry-information/balancing-services/pathfinders/noa-stability-pathfinder

London
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• Zenobe secured ESO Stability contracts (inertia, SCL) for 3x battery storage 
projects, 900MW in total, in Scotland

• These projects will be the first grid-forming battery projects on the UK grid

o Fully stackable with other services (balancing, arbitrage), as the SCL and 
inertia are minimum guaranteed levels across all operational profiles.

o $250-300m1 savings to grid = 4x savings vs contract cost ($70m over 8-10yr)

o Different p.u. factors are due to procurement needs in the specific areas as 
determined by ESO. Zenobe offered a range of capabilities for each site.

o SCL and inertia are not required as minimum grid code standards for 
battery storage. These contracts are providing 100% additional capability.

SATA contract requirement
Fault-current Inertia

Project kV
Rated Power 

(MW)
COD

Max SCL 
(MVA)

p.u.
Min inertia 

(MVA.s)
p.u.

Blackhillock 275 200 24Q4 120 0.6 380 1.3
Kilmarnock South 400 300 25Q4 480 1.6 1500 5.0

Eccles 400 400 26Q3 960 2.4 3000 7.5

Zenobe UK SATA projects

02 Zenobe UK SATA Projects

* Fault-current is referred to at Short-circuit level (SCL) 
Source: National Grid ESO Stability tender results https://www.nationalgrideso.com/industry-information/balancing-services/pathfinders/noa-stability-pathfinder#Phase-2-(concluded). 
1. Savings calculated by ESO, comparing the cost of pathfinder contracts versus accessing grid services from stand-by thermal generators in GB Balancing Mechanism https://www.nationalgrideso.com/industry-information/balancing-services/pathfinders/noa-stability-pathfinder

• Fully financed and under construction. Operational Q3 2024

• Located in Northeast Scotland (Aberdeenshire)

• Will provide inertia and fault-current via Pathfinder contract

Relevant learnings from this project:

• With the rise of intermittent generation, ESO procured fault-current to manage local grid stability, as well as more system-wide inertia

• ESO created a market signal and provided transparency on SCL requirements and effectiveness inc. retained voltage at all substations

• Zenobe’s three projects won alongside five synchronous condenser projects
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Zenobe UK SATA projects – timeline, compliance, challenges 

02 Zenobe UK SATA Projects

• As a key player in the GBGF workgroup, Zenobe worked with the ESO from 2019-21 on the grid code studies and compliance process

• For the 3x Stability Pathfinder projects, Zenobe is required to meet GC0137 and demonstrate the stability services through:

o Dynamic simulations (Electromagnetic Transient (EMT) studies), Factory Acceptance Testing and On-site testing*

Key Challenges

• Significant volume and complexity of study work required to provide simulations demonstrating plant performance

o Engineering team worked alongside consultants, ensuring they understood requirements and carried out studies to ESO’s 
satisfaction

• Coordinating with suppliers on the submission of plant-level models (i.e. issues around supplier IP), as part of GC0137

• Complex stability services such as inertia and SCL cannot be tested on site at the power station level

o Upon energisation, ESO will test certain aspects of the stability performance by injecting test signals into our plant

o Our plant will be recorded by Dynamic System Monitors, installed on site, and assessed post-event to confirm we met the 
contracted requirements

• Presents complexities with commercial contracts (i.e. performance validation) in the event of our plant not responding as required to a 
system event and agreeing how it can be proved that the issue has been resolved before another system event occurs

GB Grid-forming 
(GBGF) workgroup 

established

2019 2021 2022 20232020

GBGF grid code 
modification 

report published

GBGF grid code 
GC0137 fully 
implemented

ESO Stability Pathfinder Phase 1 
contracts awarded (synchronous 

condenser only tender)

ESO Stability Pathfinder 
Phase 2 contracts 

awarded. Zenobe won 3x

GBGF modelling 
and establishing 

compliance process

ESO sets out future market 
design including a Day-ahead 

Stability market by 2026 
Pathfinder tender process:

Grid-forming code process:
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SATA opportunity for the West Texas grid

03 West Texas issue

Source: ERCOT Assessment of Synchronous Condensers to Strengthen the West Texas System version 1.0

1. SCL = Sqrt(3)*3.6kA*345kV = 2151 MVA

• Problem = Growth of grid-following inverter-based resources 
(solar, wind, battery storage) is decreasing grid stability

• Technical issue = Need for increased inertia, voltage control 
and fault-current support

• Proposed solution (see right):

o 6x 350MVA synchronous condensers

o Each providing 350MVAr of reactive power and 2,1501 MVA 
of short-circuit level of fault current

o Inertia (exact amount TBC)

o Capex of $60m-$80m per synchronous condenser ($360-
$480m for 6x)

• Zenobe recommends grid-forming battery storage to be 
considered in this procurement, alongside synchronous 
condensers

Effective at providing inertia, fault-current & dynamic 
reactive power

<2 years build time

Highly cost competitive, especially if stackable with energy 
services, vs ONLY procuring synchronous condensers

Proposed 6x 350MVA synchronous 
condensers in West Texas
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Zenobe proposed SATA solution for West Texas grid

04 Zenobe SATA Proposal

2024 2026 20272025

• Design work
• Negotiate supplier  

contracts

Q3Q2 Q3-Q4 Q4 Q1

• Finalize contracts
• Project financing in place

• Construction start 
(12 months total)

• Energization

• Commissioning. 
• Start of contract 

delivery

Q4

Source: Submitted Zenobe modelling for Pathfinder stability contracts

• Zenobe is proposing a grid-forming battery storage solution to help address the Stability issues identified by ERCOT in West Texas

• The solution will provide fault-current, inertia and dynamic reactive, but will require further technical analysis with ERCOT team to 
optimal inform solution design and sizing

• Zenobe works with world-leading battery integrators and grid-forming inverter suppliers to maximise the SATA capability and bring a 
cost competitive solution

300MW grid-forming BESS

BESS contract 
cost (10yr)

• $5m p.a. (for 10 years)
• $10m-$30m cheaper per synchronous 

condenser (350MVA)

Services provided
(100% availability across 

full MW range)

• 450-750MVA* of fault-current (1.5-2.5 
p.u.)

• >2GVA.s of inertia
• 160-220MVAr reactive power range

Indicative SATA project and contract cost Project timeline – Pre & construction timeline

• *SCL amount dependent retained voltage / fault impedance, measurement timing (e.g. 100ms), assumed MVAr initial dispatch

• Inertia capability can substantially higher if coordinated with lower active power output requirement e.g. 0MW output = 9GVA.s 
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Grid-forming battery storage to provide Stability:

• Can be deployed much faster than poles & wires or significant DG system redesigns

• Zenobe is deploying grid-forming battery storage in the UK to solve the stability issues that will be present in every grid

• Grid operators can save money by procuring grid-forming battery storage (stacking alongside other revenues) vs only procuring single-
use transmission asset, as shown from the UK experience

• This requires grid operators to be transparent on technical and locational requirements, and allow battery storage developers to 
optimize siting and engineering design to compete with existing solutions

• However, very little grid-forming technology is being deployed on US grids as there is no incentive and it adds significant upfront design 
& engineering cost and project complexity

Reasons to avoid minimum standard route for stability services from battery storage:

• From a process, compliance and timeline perspective, delivering stability services with grid-forming technology is relatively new to the 
sector and technically complicated, as shown with the UK compliance process

• Enforcing a minimum standard for stability services will add complexity to all battery storage projects. This will increase project costs 
and impact timelines, increasing overall system cost

• Stability services like fault-current and reactive power and highly location specific. It is not cost effective to enforce system-wide 
minimum standards for these services compared to targeted, location-specific tenders

• Even if minimum standards for stability services are set, the capabilities might not be built in the locations needed

Zenobe suggestions

• Engagement with grid operators is needed to fully understand the technical issues

• Open procurements (e.g. synchronous condensers) to include grid-forming battery storage to provide a market signal, as per the UK 
experience

• Pilot solutions could be deployed very quickly across US grids to prove the technology use case and potential savings from SATA

Conclusion and recommendations
05 Conclusion
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Appendix – Modelled SCL contribution from BESS vs 
Synchronous Condenser solutions

Appendix

2) Modelled absolute SCL from 300MW BESS (green) and 3x 
synchronous condenser configurations, across MVAr range

1) Modelled fault current from BESS and synchronous condenser, 
depending on measurement time and retained voltage

250MVA 
Synchronous 
Condenser

42.5MVA 
Synchronous 
Condenser

Arrows pointing to 
minimum SCL. For all 
modelled solutions, 
this aligns with the 

most negative initial 
MVAr dispatch
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Appendix – Fault Ride Through studies

Appendix

• As per the Grid Code ECP.A.3.5 requirements the first fault considered was a 3-phase fault, applied at 
the connection point busbar. The fault was applied for a duration of 140ms. Figure D-1 shows the 
sequence voltages at the connection point as well as the sequence currents of the PPM fault 
contribution. The real power recovers to 90% of the pre-fault value in under 300ms following the fault 
clearance, less than the 0.5s minimum requirement.

• As the retained voltage is less than 50%, full reactive current injection is required. The pre-fault reactive 
current is 0.308p.u., while during the fault the reactive current is maintained at 1.338p.u. Therefore, 
the PPM exceeds the minimum FFCI requirements.

Fault Ride Through study tests that were completed: 

• 3 phase fault at the PCC with 0% retained voltage for 140ms (see example 
shown on the right)

• Solid phase-phase fault at the PCC for 140ms
• Phase-phase-earth fault at the PCC with 0% retained voltage for 140ms
• Earth fault at the PCC with 0% retained voltage for 140ms
• Balanced Fault with retained super-grid voltage of 30% for 384ms
• Balanced Fault with retained super-grid voltage of 50% for 710ms
• Balanced Fault with retained super-grid voltage of 80% for 2.5s
• Balanced Fault with retained super-grid voltage of 85% for 180s



Disclaimer
THIS PRESENTATION HAS BEEN PREPARED FOR INFORMATIONAL PURPOSES ONLY.  ALTHOUGH THE INFORMATION CONTAINED IN THIS PRESENTATION HAS BEEN OBTAINED 
FROM SOURCES WHICH ZENOBE ENERGY BELIEVE TO BE RELIABLE, IT HAS NOT BEEN INDEPENDENTLY VERIFIED AND NO REPRESENTATION OR WARRANTY, EXPRESS OR 
IMPLIED, IS MADE AND NO RESPONSIBILITY IS OR WILL BE ACCEPTED BY US AS TO OR IN RELATION TO THE ACCURACY, RELIABILITY OR COMPLETENESS OF ANY SUCH 
INFORMATION.

THE INFORMATION AND OPINIONS CONTAINED IN THIS PRESENTATION ARE NOT INTENDED TO BE THE SOLE BASIS UPON WHICH THE IMPLEMENTATION OF THE 
OPERATION CONTEMPLATED HEREIN (THE “OPERATION”) CAN BE DECIDED.  IT IS THEREFORE ADVISABLE FOR THE RECIPIENT(S) TO MAKE ITS/THEIR OWN JUDGEMENT 
AND ASSESSMENT OF THE INFORMATION AND THE OPERATION CONTAINED IN THIS PRESENTATION.

OPINIONS EXPRESSED HEREIN REFLECT OUR JUDGEMENT AS OF THE DATE OF THIS PRESENTATION AND MAY BE SUBJECT TO CHANGE WITHOUT NOTICE IF ZENOBE 
ENERGY BECOME AWARE OF ANY INFORMATION, WHETHER SPECIFIC TO THE OPERATION OR GENERAL, WHICH MAY HAVE A MATERIAL IMPACT ON ANY SUCH OPINIONS. 
ZENOBE ENERGY WILL NOT BE RESPONSIBLE FOR ANY CONSEQUENCES RESULTING FROM THE USE OF THIS PRESENTATION AS WELL AS THE RELIANCE UPON ANY OPINION 
OR STATEMENT CONTAINED HEREIN OR FOR ANY OMISSION.

THIS PRESENTATION IS CONFIDENTIAL AND MAY NOT BE REPRODUCED (IN WHOLE OR IN PART) NOR SUMMARISED OR DISTRIBUTED WITHOUT OUR PRIOR WRITTEN 
PERMISSION. THE RECIPIENT(S) OF THIS REPORT AGREE(S) TO KEEP ITS CONTENT STRICTLY CONFIDENTIAL AND UNDERTAKE(S) NOT TO DISCLOSE THE INFORMATION 
CONTAINED HEREIN TO ANY PERSON OTHER THAN THOSE OF ITS/THEIR EMPLOYEES WHO STRICTLY NEED ACCESS TO IT FOR THE PURPOSE OF THE OPERATION
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