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Impact of Power-to-Gas on Cascading 
Failures in Interdependent Electric and Gas 

Networks
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By 2030 the EU has committed to increase the share of 
renewables up to 27%, a percentage that is meant to grow 

even more in the future.

Introduction
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Possible consequences and associated risks:
• Volatile generation erodes safety margins
• Increased dependence on gas-fired power plants

(GFPP)

Electrical  network Gas  network

Introduction
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• Safety issues
• Enhanced 

interdependencies

Renewable 
Increase

• Better Forecast
• Planning
• Storages
• …

Solutions
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Power to Gas
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Investigate the effect of PtG in the context of 
cascading failures

Research 
Objective

Gas Network Electrical 
Network
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Operational constraints and corrective actions

Gas curtailment can affect the electrical system limiting the power output of gas-
fired power plants
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Gas Model

Constraint Value Correction
Maximum pressure 100 bar Gas curtailment

Minimum pressure 10 ÷ 42 bar Gas curtailment

Compressor envelope 4000 ÷ 9500 rpm
3500÷20000 m3/h

Compressor shutdown

Power required by the 
compressor

Depending on  the 
working set point

Compressor shutdown

Ramp rate of power
plants

0.5 p.u./h Ramp up/down 
limitations

Gas Network
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Event based, steady-state 
DC power flow model

Electrical Network

Cascading failures process

Island Detection 
function

Check Number 
of Islands

Anomalous operating 
condition: line 

overload, GFPP outage

Line Overload: Remove 
the corresponding 
branch

Update 
IslandSystem

Use primary frequency control and 
load shed to compensate the 
power imbalance

For Each Island, 
Restore Load 

Generation Balance

Overload Simulation

For Each Island

• Run DC power flow
• Identify and disconnect 

Overloaded Circuits

Output: demand 
not served (DNS)

If New Island is generated
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Electrical Network

Operational constraints and corrective actions
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Constraint Value Correction
PP capacity 680 ÷1100 MWe Generation limitation

Minimum PP output 340 ÷550 MWe Power plant shutdown

Line rating 700 MW Line disconnection

GFPP ramp rate 0.5 p.u./h Ramp up/down limitations

Maximum line 
temperature

100 °C Line disconnection when 
temperature reaches
threshold
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Gas Network Electrical 
Network

GFPPs

Compressors

ܲீ ி ൌ ௦ܯ ∗ ܸܪܪ ∗ ߟ

ܲ ൌ
௧ ∗ ܳ
η ∗ ݉ ∗ β െ 1

Gas flow required for GFPP

Electric power required for 
compressor operations

Interdependent Systems

AA5
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AA5 Ho eliminato la presentazione dell'algoritmo ed invece ho spiegato come viene fatto il collegamento tra i modelli. 
Le violazioni dei vincoli dei sistemi e le possibili reazioni implementate vengono comunque spiegate nelle tabelle nelle slide 5 e 7
Antenucci  Andrea; 03.09.2015
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Case Study

IEEE39 40 branches, 27 nodes

9 GFPP
3 Compressors
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Total generation after removing PP2

1 2

3 - 4 5

1. Remove PP2

2. Min. pressure violation and 
gas curtailment

3. Power line disconnection

4. Load shedding

5. Island formation and new 
power balance

6. Additional power lines 
disconnections and load 
shedding

7. New steady state

6 7

Cascading process triggered by PP removal
Electrical network perspective

Power Balance
Line overload

Power Balance

Power Balance
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Cascading process triggered by PP removal
Gas network perspective



|| 11/27/2015 15

Results: Effect of PtG following a random component failure

 Shut down PP
 Time of simulation: 25 h
 PtG injection: [0,5]% of TGD 

(440 kg/s)

 Electrical demand: 6254 MWe
 Non-electrical gas demand: 257 

kg/s
 Total Generation: 7377 MWe

Settings

PtG locations Node 23 Node 19Distributed
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Results: Effect of PtG following a random component failure

Localized 
distributions 

introduce larger 
improvements

Oscillations are 
caused by 

different island 
formation

Strong non-linear 
behavior
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Results: Effect of a Sudden Decrease of Renewable Power

 Instantaneous interruption of 
RES

 Time of simulation: 25 h
 Electrical demand: 5164 MWe

 3 RES Scenarios
 Total gas consumption = const
 Total Generation: 7377 MWe

PtG locations

Settings

Distributed

3 different generation portfolios

Scenario RES GFPP Other

1 10% 85% 5%
2 20% 75% 5%
3 30% 65% 5%

Node 23 Node 22Distributed
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Results: Effect of a Sudden Lack of Renewable Power

PtG % increase with RES shareLocalized distributions introduce larger improvements4% distributed PtG  25 plants of 80 MWe (efficiency 52%)
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Improvements

 Power to gas can positively affect security of system 
operations

 A relatively small amount of PtG share can prevent 
cascading failures events

 Localized PtG injections entail larger networks resilience
 Large introduction of RES can induce instabilities in the gas 

network
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Conclusions

 AC model implementation
 Gas storages introduction



Thank you!
Questions?




