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What is Flexible Interconnection?

Drivers
▪ Low resource costs 

– i.e. cheap/available land

▪ Expensive grid-side mitigation 
measures

▪ Infrequent need to curtail

Approach:   DER control strategy used to defer or avoid system upgrades 
and/or increase distribution system utilization.

Benefits
▪ DER customers: faster, cheaper connection; 

can be temporary

▪ Ratepayers: reduce socialized portion of 
upgrade costs; improved network utilization

▪ Policy objectives: Accelerate progress 
towards DER penetration goals and/or 
emissions targets

Opportunity:    Offer DER customers faster and cheaper interconnection 
to integrate more DER in areas with limited hosting capacity
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Key Challenges for Flexible Interconnection 

Utility

• Revision to interconnection 
analysis methodologies

• Visibility, communication, 
and control

• Cyber security

• Additional field 
demonstrations in the U.S. to 
increase confidence

Developer

• Forecast curtailment based 
on historical data

• Understanding financial risk

✓ Important for getting 
flexible interconnection 
projects financed!

• Additional field 
demonstrations in the U.S. to 
increase confidence

Regulators

• Contractual agreements and 
“principles of access”

• Rules on payment, 
compensation, and tariffs

• Utility obligations to 
accommodate exports 
beyond hosting capacity

General

• Stakeholder education and engagement

• Stop-gap measure vs. enduring solution

• Low data resolution and quality for many distribution systems, loads, and PV

Focus of today’s 
conversation
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“Principles of Access” for Flexible Interconnection

An Umbrella Term…

Can refer to: Description

High-level guiding 
principles

Objectives such as: Network efficiency, fairness, 
simplicity, visibility, certainty

Rules for eligibility Specific geographic areas, size thresholds, 
stipulations for transitioning in or out

Rules for curtailment Control logic governing the order and degree of 
curtailment to alleviate grid constraints

Define how future 
upgrades affect flexible 
customers

Establish if and how any required contributions to 
upgrade costs are done

Financial risk 
management

Establish appropriate amounts of transparency, 
stakeholder education, and methods (if desired) to 
mitigate financial risk

Technical requirements Communications and interoperability requirements 
for eligible customers

EPRI Report 3002018506

EPRI Report 3002019635

Today’s 
focus

https://www.epri.com/research/products/000000003002018506
https://www.epri.com/research/products/000000003002019635
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Advanced Curtailment Strategies

▪ Minimize and distribute curtailment equitably 
across multiple DERs

▪ LIFO and Pro-rata are most common strategies 
used by early adopter utilities to date.

Rules of Curtailment
Basic Strategies

▪ Time-differentiated maximum export schedules

▪ Binary logic (export / no-export)

Curtailment Logic Description

Last-in-first-out (LIFO)
DER units are curtailed in the reverse order in which they applied for connection 

to the network.

Pro-rata
DER units are equally curtailed in proportion to each DER’s contribution to 

network constraints. 

Competitive bidding DER units with the lowest bids to use network capacity are required to curtail.

Emissions-based priority DER units with the highest emissions are curtailed first.
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Last-In-First-Out (LIFO)

DER customers contributing to a specified constraint are curtailed in the reverse order 
in which they applied for connection to the network. 
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Pro-Rata

DER customers contributing to a specified constraint are curtailed proportionally to a 
reference parameter (for example: active power export right before curtailment)
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Pro-Rata – Curtailment Calculations

▪ Examples of allocation keys: 

– Active power export

– Maximum active power available for export 

– DER nameplate

– Combination of multiple factors

▪ Proportion factor 

– Updated every time a curtailment event 
occurs, to ensure total export reduction 
needed is met
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Comparison: LIFO vs. Pro-Rata

LIFO

▪ Higher financial certainty for developers

▪ Potential for gaming of priority rules

Pro-rata

▪ Potential for higher network utilization

▪ Similar incentives to co-finance upgrades



© 2023 Electric Power Research Institute, Inc. All rights reserved.11

Together…Shaping the Future of Energy®





500+ MW Clean Energy Asset Capacity managed by SGS ANM/DERMS 

1,500+ GWh Annual Energy Produced by managed DER

300,000+ tCO2e Annual Emissions Avoided by managed DER 

30+ Operational DERMS systems (UK/US/Other)

>$500M Grid Upgrade Investments Avoided

• “among the most advanced in the world” 
(Wood MacKenzie).

• Multi-use case DERMS as strategic 
investment to become a leading DSO.

• Complete renewable-resource powered 
electrical micro-grid for an entire township

• Integrated with host utility.

• Reference case for province-wide adoption.

• Inverter-tied grid edge control managing 
grid hosting capacity.

• Integrated to Utility DERMS for wide area 
control and management.

• Optimization of residential load and utility-
scale battery. 

• Real-time control of renewable generation 
around thermal generation limits on an 
electrical island. 

• Multi-DER VPP platform to enable EaaS 
business model with access to wholesale, 
ancillary service and balancing markets.

• Microgrid DERMS option for campuses.

• Multiple utility scale batteries for peak 
load management (non-wires alternative) 
with residual capacity traded in the 
NYISO.

• Cyber secure control room interface from 
the cloud.

Reference Projects

Achievements and Results

SGS products deliver real results for customers and the environment



Flexible Interconnection: Proven Enhancement of  DER Hosting Capacity



Flexible Interconnection: Proven Enhancement of  DER Hosting Capacity

• In exchange for avoiding grid upgrading 

expenses, developers agree to enable 

curtailment to overcome grid constraints.

• The curtailment is automatically managed based 

on real-time hosting capacity; this curtailment is 

dynamic as opposed to tripping.

• Allows for system upgrade planning and cost-

sharing based on observed DER capacity 

installed rather than predicted DER capacity.



Unlocking Grid Capacity through Flexible Interconnections 
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Unlocking Grid Capacity through Flexible Interconnections
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What Becomes Important for Implementing Flexible Connections?

Fast-acting
Time-

bounded
Predictable

Repeatable Fail safe
Easy to 

integrate

Automated Secure Flexible



Commercial Innovations in Grid Access Arrangements

Principle of Access Selection:

Last In First Out

Vintaging

Capacity Quota

Figure: UK Power Networks – "Flexible Plug and Play" Project 



Importance of  Real-Time Control

Real-Time Monitoring
• DERMS monitors grid parameters (voltage, 

power flow, current) in real-time for breach of 
preconfigured constraint thresholds

Real-Time Control
• Upon breach of a threshold, control set-points 

are calculated and issued to the 
relevant managed DER (granularly curtailed or 
tripped) to protect the system

• Calculated set-points reflect the DER 
export/import at time of constraint emergence

Fail-Safes
• DER controller/gateway enters failsafe mode 

on loss of comms to centralized DERMS
• DER controller trips the DER for non-

compliance with requested control actions



Case Studies: Orkney Flexible Interconnection DERMS

• Orkney distribution network is connected to Scottish mainland 
by 2 x 33 kV submarine cables with combined capacity of 40 
MW.

• Islands’ load demand is between 8 and 32 MW. 

• Conventional approaches to network planning limited hosting 
capacity to 28 MW.

• An additional subsea cable need to connect > 28 MW 
estimated to cost £30m.

• Flexible connection enabled an additional 24 MW of wind 
power to connect, avoiding grid upgrade costs and time 
delays.



Case Studies: SP Energy Networks Flexible Interconnection DERMS

• SP Energy Networks’ distribution and transmission 
network had run out of generation hosting capacity.

• Two Grid Transformers at the Distribution-
Transmission interface provide 120MVA capacity 
(60MVA Firm Capacity)

• Aikengall Site is on a Load Management Scheme 
(protection intertrip) for N-1 Conditions

• Through the ARC project, Aikengall moved to a 
managed connection to reduce curtailment and 
avoid tripping

• •Dunbar: 48.1 MW renewable generation capacity 
connected.

• •Berwick: 28.7 MW renewable generation capacity 
connected.



Case Studies: SP Energy Networks Flexible Interconnection DERMS



Utility Flexible Connection Zone Grid Upgrade 
Saving ($m)

MW Added

SSEN Orkney 36 47

SPEN Berwick & Dunbar 26 50

SPEN Dumfries & Galloway 47 90

UKPN Cambridgeshire 53 52

UKPN Norwich 83 77

WPD Lincolnshire 50 49

AVANGRID Spencerport & Robinson 2 17

TOTAL $297M 382MW

• 7 implementations of DER Flexible 
Connections managed by DERMS have 
avoided or deferred grid upgrade capital 
investment savings of $297 million.

• SPEN Dunbar scheme analysed by 
Regen for additional local economic 
impact, including:

• $75m Gross Value Add economic 
contribution

• $100k annual community benefit

Flexible Connections: Grid Capex Savings and Clean Energy Additions



Case Studies: Flexible Interconnections in North America



Case Studies: Flexible Interconnections in North America
Flexible Interconnection Project – Spencerport PVs



Case Studies: Flexible Interconnections in North America - What’s Next?

AVANGRID successfully demonstrated the value of Flexible Interconnections and the supporting ANM technology in-situ and will continue to operate the demonstration sites while 
continuing to explore future opportunities to leverage the experience gained to enable DER integration

Lessons Learned and Next Steps

Avangrid Networks – "Flexible Interconnect Through DERMS-Learning from Practical Deployment", 
CIGRE Grid of the Future (2022)



Discussion



Approved for Public Use

Smarter Grid Solutions (SGS) is an enterprise energy software 
company with a unique end-to-end approach to DERMS to deliver 
net zero energy systems. Our unique autonomous, distributed 
control system technology has been developed to provide the 
specific capabilities and necessary flexibility to deliver cost-effective 
solutions that are tailored to our customers’ needs. Our solutions 
provide specialized distributed asset monitoring and control, building 
up from real-time data to advanced look ahead DER management 
and optimization to secure grid and market revenues and value 
streams.

With over a decade of continuous ‘on grid’ operation experience, our 
solution suite is used by leading companies, government authorities, 
C&I customers, and battery fleet, grid and market operators across 
the globe, managing DER assets of all sizes and shapes. Our 
customers have chosen to work with SGS because of the 
architecture and integration flexibility and the ability to provide 
systems that work. Recognizing there are diverse customer needs, 
our solutions address flexible interconnections, delivery of flexibility 
including demand response and non-wires alternatives, aggregated 
DER market participation and microgrids, allowing flexible energy 
system operation, the ability to exploit new market opportunities, 
and implement new business models. From a few to millions of 
devices simultaneously, our software is in live operation, managing 
these assets efficiently, effectively and most importantly, securely.

About Us



LinkedIn

Twitter

YouTube

www.smartergridsolutions.com

https://www.linkedin.com/company/1031903/
https://twitter.com/SmrtrGridSols
https://www.youtube.com/channel/UC70lNlyX7j_uha-N1v6cUhw
https://www.smartergridsolutions.com/
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