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THE DANISH GAS SYSTEM — IN SHORT

The Danish gas system is an integral part of the
European gas infrastructure.

Every year, approx. 2.5 billion Nm3 of natural gas is
transported to Danish consumers

Approx. 0.8 billion Nm3 is delivered to Sweden and the
wider European market via Germany.

The Danish North Sea gas production are connected to
the gas systems of both Denmark and the Netherlands.

The Danish system was build to transport the Danish
North Sea production to consumption.

There are about 20 plants upgrading biogas to natural
gas quality connected to the distribution grid. One plant
is connected directly to the transmission grid.

One demonstration project with methanation of CO2
with hydrogen is feeding into the distribution grid.
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OVERVIEW OF THE INFRASTRUCTURE ERCINET

Transmissionsledning

Linieventil 80 bar (Energinet.dk) B0/40 bar M/R-station (Energinat.dk) 4
PNy =P -+~
(Lugtende gas)

Fordelingsledning, 40 bar
(Energinet.dk eller regionalt gasselskab)

M 40/4 bar M/R-station

Gadeledning, 4 bar H (Regionalt gasselskab)

(Regicnalt gasselskab)

Stikledning, 4 bar
(Regicnalt gasselskab)

Gadeledning, 4 bar
(Regionalt gasselskab)

20-100 mbar M/R-station
{Regionalt gasselskab)

Source: http://www.naturgasfakta.dk
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DECENTRALISED PRODUCTION

Production from biomethane or power-to-
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GRID DEVELOPMENT AND SYSTEM OPERATION

Production of gas and location

e Distance to grid

* Distance to consumption

Operational challenges — blind angles

* Big changes for a complex system
* We have to re-understand the system
* Security of supply, capacity, economy of operation, risks, gas quality

* New paths of collaboration is needed




CONCRETE EXAMPLE — OXYGEN FROM BIOGAS

Since July 2016 biomethane has been injection into the Danish
transmission grid.

Production about 21 mill. Nm3 per year.

Left over oxygen is in biomethane from the de-sulphurisation
process. Oxygen content is about 0.25 % - the limitis 0.5 % in the
Danish legislation.

Limit for oxygen at the border to the German transmission system
is 0.001 %.

Handling of the biomethane in the transmission system have had
operational costs (hours and compression).

More biomethane injection may critically limit the operational
degrees of freedom of the transmission system operators.

Removing the oxygen is a technical possibility but will increase
the cost of de-carbonise the gas system.

Oxygen removal facilities: Long time investments for short time problems?
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HOW DIFFERENT ARE THE GAS QUALITIES?
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A GRID WITH DIFFERENT QUALITIES!?

The following idea keeps popping up. The main grid is a methane grid while subnet of
different gas qualities are connected with a treatment facility.

Challenges

Balancing ad operation of all the
grids

* Who has the responsibility?
Conversions between gas qualities

* How to make use of surplus heat
from gas treatment?

* How to choose the most efficient
location?

The total economy
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[Synthesis gas (H2+CO)| Local biogas network (CH4+CO2)

https.//www.energinet.dk/Analyse-og-Forskning/Analyser/RS-Analyse-Maj-2015-Energikoncept-2030
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SUMMARY

Challenges for system operation due to renewable gasses biomethane as well as methane

from power

New components (P2G, small scale compressors, sectioning)
Gas qualities (hydrogen, other...)
New flow patterns (on way flow to bi-directional)

How to optimise the of operation along a more integrated value
chain

Billing — calorific value, change of flow direction etc.
How to handle odorisation

Degrees of freedom is changed and probably limited due to more
inter-dependency among connected systems
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