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conn®  Background

e Natural gas is a crucial energy source for the
next decade.

* Dependence on natural gas imports has
increased, making supply vulnerable to
disruptions and price fluctuations.

* Natural gas prices are highly unstable,
especially compared to other commodities.
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Source: NGI's Daily Gas Price Index, NGI calculations, Bloomberg

3. Warm winter
Gas demand decrease (industrial, electricity)
High storage filling level

I. Ukraine invasion

2. Winter gas supply uncertainty
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oMt Background

e Optimization models for natural gas systems
are vital for policymakers and companies.

* These models enable impact assessment,
forecasting, and what-if analysis.

* Modeling natural gas systems is challenging
due to specialized infrastructure and the need
for daily and long-term representation.
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comitas INatural gas optimization model
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comitas INatural gas optimization model
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comias  Natural gas optimization model- Objective function
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comias Balancing zone and virtual hub
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T i Balancing zone
e Simplifying representation of the

Gas transmission and distribution
network.

Virtual Hub

* Connect entry and exit points from
a downstream gas market.

* Monitor daily shippers’ balances
and allow them to buy or sell gas in
a virtual hub.
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comiLas Balancing operations in a virtual hub
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comiLas Balancing operations in a virtual hub
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comiLas Balancing operations - regasification terminals
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comitas INatural gas optimization model
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comiLas Balancing operations - regasification terminals
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coMi2®  Business problem

* Daily level + multiple years
* Detailed representation

e Significant computational burden
associated with such detail in large-
scale gas systems.
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ki Business problem

e Under deterministic optimization, perfect Daily LNG unloading
foresight leads agents to anticipate all future

12000

shocks perfectly, resulting in unrealistic
o o 10000
decisions.
8000
 This is particularly the case with the LNG 6000
carrier unloading schedules.Where daily 1000
patterns present spikes on specific days of the »* . I
month Ay o .
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Daily LNG unloading - Historical data
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Twelve years of historical data.

A two-stage approach to represent the daily LNG carriers unloading in natural gas optimization models 24



comilLas  IWO-stage approach

UNIVERSIDAD PONTIFICIA

ICAI ICADE CIHS

Daily LNG unloading - Historical data

4000
Historical data. 3500

3000
Daily unloading volumes of 2500
2000

LNG. 1500
-y 1000
500

N <IMHOANdOOOMN~NOUWLNTONANdO NN O MAN O
TN NN A NT OO0OONTOVOO A= MW AMmW NG
A AT A AT AN AN NN NNOOOONND ST T NDN N NN

Twelve years of historical data.

The probability of vessel arrivals at

the regasification plant per day is
calculated for each month. January 31 days * |2 years = 372 total data

January probability of vessel = # days with unloadings/372
Arrivals per day

A two-stage approach to represent the daily LNG carriers unloading in natural gas optimization models 25



comilLas  IWO-stage approach

UNIVERSIDAD PONTIFICIA

ICAI ICADE CIHS

Historical data.

Daily unloading volumes of
LNG.

The probability of vessel arrivals at
the regasification plant per day is
calculated for each month.

The binomial distribution is used
to define daily vessel arrivals.
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Twelve years of historical data.
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Historical data.

Daily unloading volumes of
LNG.
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Twelve years of historical data.

the volume to be unloaded is sorted
according to the maximum berthing
capacity.
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Historical data.

Daily unloading volumes of
LNG.

The probability of vessel arrivals at
the regasification plant per day is
calculated for each month.

The binomial distribution is used
to determine daily vessel arrivals.
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Twelve years of historical data.
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the volume to be unloaded is sorted
according to the maximum berthing
capacity.

Synthetic daily
profile of LNG
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 The proposed methodology has proven effective in representing LNG
carriers in particular and all other fundamentals (demand, contracts, etc.)
relevant to the decision-making process in the gas market.

e This two-stage methodology is sufficiently robust to represent the
dynamics of LNG carrier unloading realistically and consistently.
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