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Abstract— Faced with the complexities of managing natural
gas-dependent power system amid the surge of renewable inte-
gration and load unpredictability, this study explores strategies
for navigating emergency transitions to costlier secondary fuels.
Our aim is to develop decision-support tools for operators
during such exigencies. We approach the problem through a
Markov Decision Process (MDP) framework, accounting for
multiple uncertainties. These include the potential for dual-
fuel generator failures and operator response during high-
pressure situations. Additionally, we consider the finite reserves
of primary fuel, governed by gas-flow partial differential
equations (PDEs) and constrained by nodal pressure. Other
factors include the variability in power forecasts due to renew-
able generation and the economic impact of compulsory load
shedding. For tractability, we address the MDP in a simplified
context, replacing it by Markov Processes evaluated against a
selection of policies and scenarios for comparison. Our study
considers two models for the natural gas system: an over-
simplified model tracking linepack and a more nuanced model
that accounts for gas flow network heterogeneity. The efficacy of
our methods is demonstrated using a realistic model replicating
Israel’s power-gas infrastructure.

I. INTRODUCTION

The coupling between gas and power grids, particularly

from the perspective of power system operators, has been

well-explored in the literature. For instance, [1] examines the

effect of increased wind penetration as a renewable energy

source on the connected natural gas system. The dependency

of unit commitment in power systems on gas infrastructure

is addressed in [2], which explores coordination methods

between the two systems. A simpler, steady-state model

of the gas system is used in [3] to develop a gas-aware

unit commitment problem. In contrast, dynamic models are

reintroduced in [4], where a rank minimization approach is

employed to solve the gas-aware look-ahead commitment

problem more tractably. Finally, [5] acknowledges the ex-

change of uncertainty between power and gas systems via

gas-fired generators and proposes methods for managing this

uncertainty.

It is important to note, however, that much of this research

focuses on standard operational conditions. The critical issue

of gas-grid interdependency during emergency scenarios

remains largely unexplored.
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In addition, the availability of alternative fuel sources for

gas-fired generators is often overlooked. Nevertheless, the

advantages of maintaining a significant dual-fuel capability

within the generation fleet –particularly in the face of po-

tential supply disruptions – are well recognized. According

to [6], approximately 13% of U.S. electricity generation

capacity has the flexibility to switch between natural gas

and oil. However, the specific challenges regarding timing,

reliability, and the complexities involved in transitioning

from primary to secondary fuel sources at scale remain

largely unexplored.

Notably, this problem is of a special significance for

energy management in quite a number of relatively small

and partially isolated countries or regions, including Ireland

[7], South Korea [8], Texas, US [9], and Israel, to name

a few. In this article, we use Israel as a case study, as

its grid relies heavily on gas-fired power units, creating a

strong interdependency between the electric system and the

gas system. The Israeli gas system currently operates with

only two injection points and does not rely on imports or

storage, at least at present. Any disruption or fault in the

gas system necessitates nearly instantaneous actions on the

electric system side to ensure an adequate supply of electric-

ity during uncertain, pre-emergency, or emergency periods

when gas becomes unavailable. Within this critical time-

frame, operators must swiftly devise strategies to transition

from primary fuel sources, typically gas, to secondary fuel

sources, typically diesel.

The main contribution of this article is the introduction of a

modular scheme model for emergency planning, in response

to an unforeseeable gas shortage, that relies on a Markov

Decision Process (MDP) to represent the inherent stochastic

nature of the process. This model is then used to address

two fundamental questions. Firstly, what strategy should

a power system operator adopt when operating dual-fuel

generators, which might not be fully reliable, to transition

from their primary to secondary fuel? Secondly, what are

the implications of such a decision in terms of reliability,

economic impact, and customer satisfaction?

This manuscript is structured as follows. In Section II, we

elucidate how an optimal policy for a system-wide transition

from primary to secondary fuel can be phrased as a MDP

problem. Section III details ways to tackle the solution

of this problem and why, given the inherent complexity

of this formulation, we delve into both approximate and

heuristic methods to solve the problem. Section IV outlines

our empirical methodology, showcasing it through several
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results as general guidance to system operators, which is the

intention of this preliminary work, would be more difficult.

III. METHODOLOGY

Our approach streamlines a complex stochastic optimiza-

tion challenge by integrating key factors into the objective

function. These include: (a) limiting simultaneous transitions

of dual fuel generators, (b) optimizing gas re-distribution

along the system (subject to pressure limits), (c) minimizing

operational costs, (d) reducing switching efforts, (e) delaying

the switch to secondary fuel to hedge against premature gas

supply restoration, and (f) curtailing the load shedding costs.

This encapsulates a risk-economy trade-off and addresses the

inherent stochastic nature of fuel transitions.

To illustrate the inherent uncertainties and challenges in

the decision-making process, let us examine a simplified

example. Suppose the operator perceives an immediate re-

quirement for a swift transition to secondary fuel. An initial,

straightforward response might be to instruct all dual-fuel

generators to switch fuels simultaneously and promptly.

Should this transition occur seamlessly and efficiently, it

would be considered an ideal outcome. Nevertheless, this

rapid and uniform approach carries significant risks. A failure

in one or more units during such an abrupt transition could

lead to a decrease in the power supply, causing insufficient

energy distribution to consumers, and may necessitate load

shedding, which is highly undesirable.

On the other hand, if the operator opts for a cautious

approach, transitioning one unit at a time, this method might

still lead to load shedding. In a simplified scenario, the

linepack – the gas volume within the system – might be

depleted before completing the transitions. In a more com-

plex system analysis, which takes into account the inherent

dynamics of the natural gas system, generators might need

to be disconnected due to pressure drops below acceptable

limits at their associated gas stations.

Therefore, the ideal strategy likely falls between these

extremes, necessitating a balanced approach that carefully

navigates the trade-offs. This project aims to understand

these complexities and devise a decision-making framework

that offers optimal and practically viable solutions to the

operator.

a) Dynamic Programming Approach: Dynamic Pro-

gramming (DP) offers a theoretically robust framework to

solve MDPs given known transition probabilities. However,

DP faces computational challenges, often becoming pro-

hibitively expensive as the dimensionality of state and action

spaces increases – a situation typical in power systems

with numerous generators. Particularly demanding is the

incorporation of constraints on transition numbers per step,

such as K ≤ 10. To respect this limitation, we identify

functions of primary variables from exponentially large sets,

emphasizing the need for practical, albeit approximate, so-

lutions as presented in this study.

b) Parameterized Markov Processes: For this research,

we generate a sequence of actions to be followed by the

system operator from a parameterized Markov Process, a

pragmatic approach that generates and evaluates multiple

viable action plans based on rule-based selections. Although

this method may not guarantee the discovery of an optimal

solution, it facilitates the iterative refinement of strategies

and inspires the development of novel alternatives. While

Parameterized Markov Processes (PMP) may not achieve

an optimal solution, it is still successful at mitigating load

shedding in the event of an emergency, when convergence to

optimality may not be sought. Moreover, the parameters, and

thus the “correct” heuristics, may be learned from experience

rather than fixed. Such an evolving policy may converge

to optimality if recovered through Reinforcement Learning

(RL) [12]. An in-depth analysis of PMP and its implications

will be further discussed. In Section IV-A, we adopt a

simplified approach to model the gas system, focusing solely

on its linepack (overall current capacity). This abstraction

facilitates the exploration of a broader range of scenarios

and hyper-parameter settings, albeit in a less detailed manner.

Subsequently, in Section IV-B, we narrow our focus to the

most realistic scenarios and employ a detailed model to

simulate gas flow across the network. This involves solving

the Partial Differential Equations (PDEs) that characterize

gas flows for each generated sample path in the Markov

Process (MP).

Algorithm 1: Prescribed emergency plan at time t.

Input: Maximal number of actions K and reserve

capacity R;

1 action← 0;

2 while action < K do

3 if available capacity < demand + reserve then

4 start up an offline unit on secondary fuel;

5 else

6 transition a main fuel unit to secondary;

7 end

8 action← action + 1;

9 end

IV. NUMERICAL INVESTIGATION

As outlined earlier, we convert the MDP Eq. (5) into pa-

rameterized Markov Process to explore different operational

scenarios. This approach allows us to examine a subset of

the decision-making elements of the original MDP. A time

resolution of ∆t = 5min was chosen for these experiments.

A. Linepack Limited Emergency Policy

In this first set of simulations, the two systems are ap-

proximated by “copperplate” models. In that setup, the two

meaningful control parameters are the maximum number of

actions K per time step the operator can perform and the

reserve capacity R which acts as a fail-safe during transition

failures. In order to study their effect, the fundamental MP

rules are detailed in Alg. 1. The available capacity is defined

by adding up the capacity of available units as
∑

σg;t∈G
pmax

g
.

We simulate 10, 000 runs for each parameter set. In all the
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strengthens the argument for random generator selection, as

discussed in the following paragraph.

d) Effectiveness of random policy: In panels (b) and

(c), Strategy 1, corresponding to a random selection criterion

for generator transitions, with all units in play, is shown in

black for comparison. It should be noted that the random

policy is overall effective, and is indeed more effective than

any of the regional policies 2A-2C, achieving the greatest

probability of near-zero load shedding. The success of the

random policy is not surprising, as the model of the Israel

system assumes that all generators are homogeneous; i.e.,

their upper and lower dispatch limits are the same, and the

coefficients of the heat-rate curve in Eq. (2) are also identical.

Moreover, the system is assumed to be “copperplate” without

transmission constraints, further increasing the homogeneity

of selecting units for transition. Under these assumptions, the

relative success of the random policy justifies the use of a

probabilistic decision-making procedure in unit commitment.

However, as the model is enriched and realistic parameters

and attributes are learned, rules of thumb in the spirit of

Strategies 2A, 2B, 2C, 3A, and 3B may be developed that

possess an inherent advantage to a random policy. This is

already evident in Strategy 3A, whose relative success may

be interpreted as a consequence of the primary distinguish-

ing factor between the power units, the pressures of their

supplying gas stations. This further emphasizes that the gas

dynamics must be faithfully accounted for in the decision-

making process on the power system side.

V. CONCLUSION AND PATH FORWARD

This project seeks to equip power-system control room

operators with tools tailored to aid in formulating strategies

to address critical or near-emergency scenarios demanding

swift decision-making. While our goal is not to replace

operators, we strive to provide them with computational tools

that streamline decision processes in situations where natural

gas resources are scarce and unreliable, thereby increasing

the risk of load shedding. Our solutions prioritize simplicity,

cost-effectiveness, trustworthiness, and explainability. To the

best of our knowledge, this manuscript is the first to frame

the problem, formulate it using a Markov Decision Process

(MDP), and then suggest an intuitive but reduced approach to

its resolution by evaluating multiple parameterized Markov

Processes (MPs). While we do not claim to provide a defini-

tive finite solution, we pave the way for a holistic resolution

to these challenges. Future work will involve generalizing to

a fully constrained optimal power flow model as described

in Section II. Other simplifying assumptions, such as the

homogeneity and identical performance of generators, will

also be relaxed. As well, efficient incorporation of the gas

dynamics, potentially including compressors, will be com-

pleted. Finally, the heuristic-driven policies will evolve into

a learned optimal policy via RL. In total, these adjustments

will enable broad applicability and scalability of our method

to a variety of interconnected power and gas systems.
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