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Energy Systems Integration
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Energy system integration is the process of coordinating the operation and planning of energy systems 
across multiple pathways and/or geographical scales to deliver reliable, cost-effective energy services 
with minimal impact on the environment. 



NREL    |    4

International Institute for Energy Systems Integration (iiESI.org)
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EERA JP in ESI 



• Formed in 1989 as the Utility Wind Interest Group

• Became ESIG in 2018 with a merger with iiESI

• Non-profit educational association that provides workshops, resources and 
education

• Total system view of the energy systems we use today, focusing on the 
combined strength of electricity, heat and fuel systems

• Committed to industry collaboration, forward thinking and knowledge sharing

• Supports engineers, researchers, technologists, policymakers and the public 
with the transformation of energy systems in a way that is economic, reliable, 
sustainable, thoughtful and collaborative

www.ESIG.energy

Energy Systems Integration Group



• Denver May 2019
• Limited to approximately 60 participants 
• International effort

• Asia – 2
• Europe – 12
• North America – 42
• South America - 2 
• Australia 1 

• Across all segments   
• Research and Academic – 29
• Industry – 29
• Government – 1

ESIG Towards 100 % Workshop 



• Discussions permeated by a sense of the dimensionality and complexity of the 
undertaking

• Challenges range from engineering to economic to social sciences 

• Human behavior and societal acceptance present major unknowns

• They require a mix of research, knowledge transfer and education 

• There is significant uncertainty about the technologies that will emerge as dominant 

• Each electricity system is different, which will drive regional solutions as is the case 
today

• Global coordination of efforts in research, education, and implementation is desirable

Workshop Takeaways/Insights 
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G-PST Launch BNEF Summit October 20th 2020 
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Global Power System Transformation (G-PST) Consortium

What?
A new Consortium 

focused on 
identifying shared 

problems and 
developing 

innovative solutions 
for Power System 

Operators

Core Team

Founding System 
Operators

Why?Who?

Example Developing 
Country System 

Operators

The engineering 
knowledge required to 

support the global energy 
transition is not being 

created or transferred at 
sufficient speed and scale

(Partnerships under development)



NREL    |    12

Why work 
with System 
Operators?

System Operators are responsible for implementing power system 
transformation

Policymakers and other stakeholders listen to System Operators, 
which can help raise confidence and ambition

System Operators must transform procedures and grids to integrate 
high levels of clean energy and can attract private investment 

System Operators best learn from and become inspired by their 
peers, including those at the forefront of integrating RE

System Operators have an emerging role in cross-sector 
electrification and end-use efficiency efforts
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Global Power System Transformation Consortium will advance 
action in 5 key pillars

CORE TEAM – All Core Team members contribute to all activity pillars

REGIONAL LEADS – Coordinate regional peer learning networks and country-level TA delivery efforts for 
Africa, Asia, and Latin America and the Caribbean

INTERIM SECRETARIAT – Work program coordination, partnerships and support, outreach, etc.
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1. Research 
Innovations 

2. Tools, 
Knowledge & 
Capacity

3. Localized 
Technology 
Solutions

1. Grid 
Modernization

2. Ambitious Plans 
and Visions

3. Confidence to 
Realize Low-
Carbon Solutions

Outputs Outcomes

G-PST Consortium Ecosystem of Collaborators
Impacts

Peer Exchange & 

Learning

Dire
ct 

Support

Research

1. Significant private 
investment in 
advanced power 
systems 

2. Reduced energy 
and delivery costs 
for consumers

3. Significant 
emissions 
reductions for the 
power sector

4. Increased system 
reliability and 
resiliency

5. Jobs and 
economic 
development

G-PST 
Core Team

Founding 
System 
Operators

Example
System 
Operators

Outputs, Outcomes and Impacts
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G-PST Consortium Governance & Funding Model

Steering Committee 
Founding System Operator (FSO) 

CEO Group

National Research Institutes & 
Global Teams (incl. Core Team)

Research Agenda Group

Executive 
Leadership and 

Oversight

Operational 
Management 

and Control

Implementation 
and Financial 

Accountability

Government Research Agencies 
and Research Foundations

Sponsors

Pillar 1

Six CEOs meet regularly to provide advice and 
guidance to the Consortium on key activities

Provides guidance and oversight; Develops and approves annual work program; 
Staffed by 2 FSO CEOs, dev. country SO CEOs, major sponsors & key partners

Set research direction of G-PST Consortium, quality 
control and coordination of research, ensures efforts are 
efficiently globally disseminated

Program-Wide Activities and Pillars 2-5

Overall program management, quality control, and operational oversight 
ensure that all activities follow approved global/country work plans; central 
coordination across entirety of Consortium and with key partners

Proposals to development sponsors

Activities

Development Agencies & Foundations 

Financial/Legal 
Accountability with 
Research Institute

Proposals to research agencies

G-PST Secretariat

G-PST Core Team Institutes

Funding to 
Research 

Institute/Team

Financial/Legal 
Accountability 
with Secretariat

Funding via 
Secretariat

Financial/Legal 
Accountability 
with Core Team 
InstituteFunding 

Direct to Core 
Team 

Institute

Funding and 
Accountability

Coordination

2 CEOs



NREL    |    16

Pillar 1 – System Operator Research and Peer Learning 
Participants: 6 CTOs (or equivalent) from 6 Founding System Operators + Senior Research Institute 
Staff

Immediate Focus: Currently finalizing a number of in focus research programs that are the joint priority 
of the Founding System Operators – will strat these programs before end of 2020

RESEARCH 
AGENDA GROUP
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Research Priorities from Research Agenda Group (RAG)

6+ month 
consultation 
process with 

leading System 
Operators and 

global Research 
Institutes 

Research 
Agenda Group

Consensus Priority Research Program Areas

▪ Understand 
and apply known 
cutting edge 
solutions from 
System Operator 
peers

▪ Translate 
existing state-of-
the-art research 
results into 
application

▪ Commence 
coordinated 
research piloting 
activities

Breakthrough 
technologies

Innovative 
engineering 

solutions

Paradigm 
shifts

Quick 
Wins

Transformative 
Solutions

Short-termLast Six Months Today Longer-term

Effective Coordination to Achieve Holistic Solutions

A. Analytical Tools and 
Methods
ØGenerating new methods and 

insights into the reliable 
operation of future power 
systems

B. Power Electronics 
Design
ØDesigning inverter capabilities 

for future power systems

C. Control Room of the 
Future
ØEnhancing real-time awareness 

and control over future power 
systems

D. Planning for 
Reliability and Resilience
ØCreating innovative and cost-

effective investment 
approaches for reliable and 
resilient operation

All areas 
highly 

interrelated



All Things 
Energy & Power (ESI)

Program A

Program D

Adjacent Issues 
(e.g., markets, 
distribution)

Prog
ram

 C

Pr
og

ra
m B

“In Focus”
Issues

FSO Research 
Landscape
(i.e. 61 questions)
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My Observations on the Research Agenda  

• Highly integrated and communications 
across the programs is critical 

• Needs a global community that has critical 
mass to solve including vendors, OEMs etc.

• Driven mainly by IBR characteristics 

• The Control Room is at the heart of the 
issues

• We have accomplished much – but there is 
more to be done and it is different 

• What about digitilisation ?



Electricity

Thermal

Fuels

Data

Single Technologies 
and Locations

Campus, City
Community

Regional, National, 
Continental

Fossil Nuclear Renewable
Energy Source

Residential Commercial Industry Mobility
Energy Use Sector

O’Malley, M.J., Kroposki, B., Hannegan, B., Madsen, H., Andersson, M., D’haeseleer, W., McGranaghan, M., Dent, C., Strbac, G., Baskaran, S. and Rinker, M., “Energy System Integration Defining and
Describing the Value Proposition”, NREL Technical Report NREL/TP-5D00-66616, June 2016. DOI: 10.2172/1257674

Big picture:  The integrated energy system 

Digitalization 

• Everywhere

• Team Member 

• Glue/Enabler
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Conclusions

• Electricity is at the centre of Energy Systems Integration 

• System Operators are the Key Actors

• Global collaboration is required to get transition done quickly 

• Digitalisation has an important role to play

Let's get stuff done 


