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Winter Storm Uri

Source: ERCOT, “February 2021 Extreme Cold Weather Event: Preliminary Report on Causes of Generator Outages and Derates” 
http://www.ercot.com/content/wcm/lists/226521/51878_ERCOT_Letter_re_Preliminary_Report_on_Outage_Causes.pdf

Generator outages or derates due to lack of fuel, 
contaminated fuel, fuel supply instability, low gas 
pressure, or less efficient alternative fuel supply. 

http://www.ercot.com/content/wcm/lists/226521/51878_ERCOT_Letter_re_Preliminary_Report_on_Outage_Causes.pdf
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Coupling points of gas and grid systems

Underground storage or LNG 
terminals may require electricity to 
inject gas into the pipeline network

Compressor stations may 
require electricity to operate

Gas fired power plants require natural gas 
delivered at sufficient pressure

Electric systems can 
adapt in real-time, but 
gas network response 

time depends on 
topology and conditions

How do we capture these coupling points in modeling?
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Co-simulation can offer a means of capturing system 
interactions without the need to develop 
“one model to rule them all”

GasGrid

+ Preserve modeling details
- May be computationally intractable
- Often requires building (and supporting) 

new modeling capability

Integrated 
Model

Gas

Grid

+ Can potentially fit with existing tools
+ Easier to solve
- Loss of some modeling details

Simplified 
Model

GasGrid

+ Preserve modeling details
+ Utilize existing tools
+ Scalable into sub problems 

Co-
simulation

Gas
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HELICS is a flexible, open-source platform for modeling 
the co-simulation of cyber-physical-energy systems.

– Scalable from 2 simulators on laptop to 100k+ 
on high performance computing environments

– Supports Python, C, C++, C#, Java, Julia, MATLAB, 
FMI, etc.

– Cross-platform: Linux, Windows, OSX

Information, demos, and docs at https://www.helics.org/

Hierarchical Engine for Large-scale Infrastructure 
Co-Simulation (HELICS)

As part of DOE’S HELICS+ project, NREL is working with SAInt and other national 
lab and industry partners to advance co-simulation of gas and grid systems

https://www.helics.org/


Do we know co-simulation works?
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• NREL partnered with Encoord 
Inc., whose modeling tool SAInt
allows for integrated gas-grid 
modeling

• We compare modeling results 
from SAInt with results from 
SAInt’s grid and gas modules run 
separately and connected via 
co-simulation 

Co-simulation validation 

Source: Encoord Inc., “Case Study: HELICS+ Natural Gas and Grid Validation and Optimization” 
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Co-simulation tests

• 3 networks (2 test cases, 1 
model the Belgian 
gas/power system)

• Each network tested under 
normal operating conditions 
and a stress-case with a 
compressor outage

• Each case has “coupled” 
nodes with gas generators 
that have min delivery 
pressures

Source: Sergi and Pambour, 2022
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Co-simulation 
validation: 
gas pressure

• No differences in 
pressures between the 
two modeling approaches

• Co-simulation captures 
the pressure drop that 
occurs when a compressor 
goes down

Integrated Co-simulation
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Co-simulation 
validation: 
power generation

• No differences in power 
generation

• Both approaches capture 
turning down generator in 
response to compressor 
station outage

Integrated Co-simulation
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Co-simulation 
validation: 
power generation
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• Simulators converge 
relatively quickly

• Thus far we have only been 
modeling coupling in one 
direction (gas generator 
offtakes)

• Adding bi-directional 
coupling (e.g., electric drive 
compressors) would likely 
increase iterations

Co-simulation convergence
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Journal article published in Energies 
(Sergi and Pambour 2022):
https://www.mdpi.com/1996-1073/15/14/5277

Encoord case study website: 
https://www.encoord.com/resources/case-
studies/helics

Resources on co-simulation 
validation

https://www.mdpi.com/1996-1073/15/14/5277
https://www.encoord.com/resources/case-studies/helics


What types of problems can we study 
with co-simulation?
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Co-simulation research questions

How does coordination between gas and 
electric sectors in forward markets (day-
ahead, intra-day) help reduce 
constraints?

Does the importance of coordination 
change as systems incorporate more 
renewable energy sources?

How does the timing of natural gas 
requests from gas generator affect 
operations?

Source: Guerra et al., 2020
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We explore these questions on a subset of the 
Colorado gas and power networks

– Gas network data provided by Kinder Morgan, 
includes topology, non-power sector uses, and 
offtake pressure constraints

– Power system data based on networks develop 
in previous NREL work, with a high wind/solar 
cased based on projections from Western 
Resource Advocates (Overturf and Fansworth, 
2020)

System modeled for four weeks in each season

A case of study in Colorado

Source: Guerra et al., 2020
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Power system only: results from the first iteration of the power system model, before any communication 
with the gas network.

Co-simulation: results after simulating gas offtakes from the power system model in the gas network; 
reflects curtailed gas but has not yet reoptimized the power system in response to gas constraints. 

Coordination: results after re-optimizing the power system with constraints from the gas simulation.

Gas/grid co-simulation 
employed at multiple 

market levels (day-ahead, 
intra-day, and real-time) 

Source: Guerra et al., 2020
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Coordination helps reduce unmet gas demand

Coordination avoids dropped load or potentially costly 
operator intervention

Reasons for dropped load are different seasonally:
• Summer: High gas demand from generators, system 

is maxed out
• Winter: High gas demand from other consumers + 

high wind variability, system takes time to respond
Source: Guerra et al., 2020
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Co-simulation 
coordination 
dramatically reduces 
the amount of gas 
that is requested but 
not delivered

After coordination, 
moving to “shaped” 
hourly flows reduces 
unmet gas

Note difference in axis scales!

Source: Guerra et al., 2020
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Journal article published in 
Journal of Cleaner Production 
(Guerra et al., 2020):
https://www.sciencedirect.com/s
cience/article/pii/S09596526203
48034

More detailed NREL report: 
https://www.nrel.gov/docs/fy20o
sti/77096.pdf

Links to studies

https://www.sciencedirect.com/science/article/pii/S0959652620348034
https://www.nrel.gov/docs/fy20osti/77096.pdf
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• Co-simulation offers a promising way to leverage existing tools to 
capture gas-grid interactions

• Ongoing efforts:
– Expand co-simulation exchange to include more coupling points 

(e.g., compressors)
– Use coupled modeling to understand system behavior during 

times of stress

Summary and ongoing work
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Levels of co-simulation

Planning
(e.g., investment decisions)

Operations
(e.g., change generator dispatch)

Centralized
(e.g., single objective function, with sectors 
communicating physics- based constraints)

Market-based
(e.g., sectors exchange prices to communicate)

This presentation
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Brian Sergi: bsergi@nrel.gov

NREL/PR-6A40-84354

Thanks!

mailto:bsergi@nrel.gov
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