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Background and motivation

Current situation of (natural) gas in Austria

Area-wide transmission and distribution network
infrastructure (≈ 46 000 km)

Supply of 1,245,000 households and 103,000
companies (incl. industry)

Important transmission route from east (i.e., gas
import) to west (i.e., gas export) and seasonal gas
storage

Defossilization and related (natural) gas demand
reduction in line with Austrian and European
decarbonization pathways

Holzmann, A. & Strimitzer, L. (2019) Netzeinspeisung von erneuerbarem Gas.
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Background and motivation

Consensus between science and policymakers on natural gas

”Our results suggest that, globally, a third of oil reserves, half of gas reserves and over 80
per cent of current coal reserves should remain unused from 2010 to 2050 in order to meet
the target of 2.0°C.” McGlade, C. & Ekins, P. (2015) Nature 517(7533), 187-190.

Source: Auer et al. (2020) e&i, 137(7), 346-358.

(top) Kleine Zeitung; (bottom) EBP
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https://www.kleinezeitung.at/wirtschaft/5968089/Bund-und-Laender-einig_Heizen-in-Oesterreich-kuenftig-ohne-Oel-Gas
https://www.ebp.ch/de/projekte/die-zukunft-der-gas-infrastruktur-im-metropolitanraum-zuerich


Background and motivation

Reliability of gas supply against the risk of stranded assets

Voitsberg

M
AR

CH

THAYATH
AYA

KAMP

DONAU

DONAU

TRAUN

SALZACH

ENNS

MUR

MUR

DRAU

MUR

DRAU

GAIL

INN

IN
N

ILL

RH
EI

N

BODENSEE

DONAU

Quelle:
E-Control GmbH Stand: 06 /2008

LI
.S

T.

S   C   H   W   E   I   Z   

T    S    C    H    E    C    H    I    E    N    

S 
 L

  O
  W

  A
  K

  E
  I

  

U   N   G   A   R   N   

S    L    O    W    E    N    I    E    N    

I    T    A    L    I    E    N    

D    E    U    T    S    C    H    L    A    N    D    

Mitterberg

Berndorf

Hö�ein

Moos-
brunn

Fischamend

Orth

Breitstetten
Hirschstetten

Süßenbrunn

Wildendürnbach

Pottenhofen
Altprerau

Stadlkirchen

Teufelsgraben
Harmannsdorf

Thann
Thann

Puch
kirchen

Haidach
Lindach

Schwanenstadt

Haag

O�en-
hausen

Atzbach
Zell a.

Petten�rst

Höger-
steig

Hocheck

Oberminatal

Munder�ng

Friedburg

Pfa�stätt
Weizberg

Treubach

Schön-
kirchen

Talles-
brunn

PW

PW

WAG

ABG

WAG

WAG

MEGAL

TAG   I+II

TAG

TAG

TAG I

TAG II

SOL

HAG

KIP

MAB

eu
str

ea
m

WAISENBERG

Kiefersfelden

AUERSTHAL

St. Martin

BAUMGARTEN

EGGENDORF

Ladendorf
Ernstbrunn

KIRCHBERG
GR.GÖTTFRITZ

RAINBACH
ARNREITH

Admont

Spital am Pyhrn

Windischgarsten

Klaus an der Pyhrnbahn

Trieben

Kalwang

Bocksdorf

ST.MARGARETHEN

GRAFENDORF

SULMECK-
GREITH

RUDEN

EBENTAL

St. Johann

Hoch�lzen
Fieberbrunn

Kaprun

Hinterglemm

Saalfelden

Ebensee

Seefeld

Telfs

Kühnsdorf   

St.Paul

Frantschach

Wietersdorf

Feldkirchen

Feistritz

Radenthein

Nickelsdorf

Andorf

Neusiedl

Reichersdorf

Traismauer
Korneuburg

Stockerau

Apetlon

Gols

Schwechat

Rust

Mattersburg

Oberpullendorf

Kufstein
Ellmau

Wörgl

Schwaz

Strass im
Zillertal

Schönberg
im Stubaital

Matrei am Brenner

Gries am Brenner

Friedberg

Mürzzuschlag

Waidhofen / Ybbs

Scheibbs

Hart

AmstettenKronstorf

Lilienfeld

St. Ägyd

Gloggnitz

Semmering

Payerbach

Pernitz

Berndorf

Kaumberg

Hainfeld

Bad Vöslau
Baden

Leobersdorf

Mödling
Brunn

Laab

GablitzMelk

Hollabrunn
Gars

Retz

Eggenburg
HornAllensteig

Gr. Sieghartskirchen

Raabs

KarlsteinHeiden-
reichstein

Waidhofen
/ Thaya

Gmünd

Wels

Perg

St. Valentin

Ernsthofen

Eferding

Grieskirchen

Passau

Schärding

Braunau

Ried

SteyrVöcklabruck
Riedersbach

Timelkam

Kirchdorf / Krems
Gmunden

Bad Ischl
St.Wolfgang

Güssing

Fronleiten
Weiz

Gratkorn

Kapfenberg

Bruck / Mur
Leoben

Traboch

St. Michael in
Obersteiermark

Knittelfeld

Judenburg
MurauTamsweg

Liezen
Stainach

SchladmingBischofshofen

Bad Aussee

Hallein

Werfen

Lend

Bad Hofgastein

DorfgasteinFusch an der
Großglocknerstr.

Kuchl

St. Johann
i. Pongau

Bad Gastein

Wolfsberg

Althofen

St. Veit / GlanSpittal

Lienz

Zell am See

Kitzbühel
Kirchberg

Westendorf

Reutte

Imst

Landeck

Bludenz

Feld-
kirch

Dornbirn

Götzis

Gänserndorf

Poysdorf

Mistel-
bach  

Dt.Wagram

Gföhl

Krems

Tulln

Zwettl

LangenloisFreistadt

Weitra

Gleisdorf

Mellach

Werndorf

Rudersdorf

Fürstenfeld

Hartberg

Bruck 
/ Leitha

Oberwart

Neunkirchen

Wiener Neustadt

Leibnitz

Wettmann-
stätten

WEITENDORF

Eibiswald

Deutsch-
Landsberg

Völker-
markt

ARNOLDSTEIN

Villach

Traisen

ETTENDORF
Radkersburg

MURFELD
Spielfeld

Heiligenkreuz

Jennersdorf

Lutzmannsburg

Raiding

Deutschkreutz

Pamhagen

Gattendorf

Andau

Laa / Thaya

BAD
LEONFELDEN

OBER-
KAPPEL

Rohrbach

Burghausen

Haiming

Lavamünd

FINKENSTEIN

Kittsee

Mörbisch

W I E N 
ST. PÖLTEN

L I N Z 

S A L Z B U R G 

G R A Z 

I N N S B R U C K 

BREGENZ

E I S E N S T A D T 

K L A G E N F U R T 

0 - 340 m

340 - 1000 m

1000 - 2400 m

2400 - 3750 m

Gletscher

5 0 10 3020 40 50km

TAG
WAG
SOL
HAG
PW
MAB
KIP
ABG

Trans-Austria-Gasleitung (DN900-1050)
West-Austria-Gasleitung (DN800)
Süd-Ost-Leitung (DN500)
Hungaria-Austria-Gasleitung (DN700)
Penta West (DN700)
March-Baumgarten-Leitung
Kittsee-Pipeline
Austria-Bavaria-Gasline

Erdgasleitung in Betrieb geplant oder in Bau

Erdgasfeld

Meßstation (international) Abzweigstation

Verdichterstation Untertage-Erdgasspeicher

Erdgasleitungen & Erdgaslagerstätten in Österreich

OMV Gas & Power

2050?

Zwickl-Bernhard (EEG) 17. Symposium Energieinnovation 2022 February 17, 2022 4 / 14



This work’s scope (system analysis)

Main research question:
How does the cost-effective transmission and distribution gas network in
Austria until 2050 look like?

What impact does the expected decline in gas demand as a result of the
defossilization of the provision of energy services have on the decision of
decommissioning and refurbishment investments of gas pipelines at the local
levels in Austria?

Core objective:
The cost-effective development of the existing gas networks (incl. transmission
and distribution network levels) in Austria until 2050.

In particular, the development encompasses the decision of decommissioning
and refurbishment investments of gas pipelines at the community level.
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Methodology

Overview of the modeling framework
INPUTS
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(modeling framework)

Utilization of pipelines
and gas demand

not supplied

For each pipeline
(e.g., high-pressure)
Existing capacity
Pressure level
Year of construction
Technical lifetime
...

For each pipeline
(e.g., high-pressure)
Investment cost
Year of amortization
Weighted average
cost of capital
...

Feed-in & demand
Seasonal storage
Spatial data 
(e.g., shapefiles)
...

For each node
(i.e., LAU level)

Linear program
Graph theory based
High spatial resolution (~40km2 resolution)
Investment planning horizon 2025 to 2050
Limited temporal dispatch resolution (monthly per year)
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Methodology

Mathematical formulation (1/3)

Type Description Unit
Set and Index
p ∈ P = {1, . . . ,P} Pipeline for gas transport, index by p
n ∈ N = {1, . . . ,N} Node of the gas network, index by n
l ∈ L = {1, . . . , L} Gas network level (e.g., high-pressure), index by l
y ∈ Y = {1, . . . ,Y } Years, index by y
m ∈ M = {1, . . . ,M} Months, index by m
Decision Variables (Selection)
Capex Capital expenditures EUR
Opex Operational expenditures EUR
Revenues Revenues generated by gas supply EUR
γp,l,y Capacity of pipeline p at l in y MW, GW
qdem

n,l,y,m Gas demand supplied at n and l in y and m MWh, GWh
qp,l,y,m Quantity of gas transported at p and l in y and m MW, GW
Πp,l,y Book value of pipeline p at l in y EUR
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Methodology

Mathematical formulation (2/3)

Type Description Unit

Parameters (Selection)

γ
pre
p,l,y Pre-existing capacity of pipeline p at l in y MW, GW

dmax
n,l,y,m Maximum gas demand at n and l in y and m MWh, GWh

qfed
n,l,y,m Quantity of gas fed at n and l in y and m MW, GW

c inv
l Specific refurbishment investment costs at l EUR/MW/km

Πpre
p,l,y Book value of pre-existing pipeline p at n in y EUR

y inv
p,l Year of refurbishment/decommissioning per p and l 1

ω Weighted average cost of capital %

i Interest rate (for calculating the net present value) %
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Methodology

Mathematical formulation (3/3)

Objective function:

min
x

Capex + Opex︸              ︷︷              ︸
Assets/pipelines

− Revenues︸      ︷︷      ︸
Demand coverage

+ Purchase︸      ︷︷      ︸
Storage


Demand constraint:

qdem
n,l,y,m︸ ︷︷ ︸

Supplied

≤ dmax
n,l,ym︸︷︷︸
Total

⇐⇒ qdem
n,l,y,m + qdem,not

n,l,y,m︸   ︷︷   ︸
Not supplied

= dmax
n,l,ym
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Methodology

Test and verification of the model by different demands and wacc

(a) Simplified gas network topology
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(b) Four different cases (high/low demand and wacc)
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Methodology

Case example: Vorarlberg’s gas network until 2050

Existing network

81km

225km

Representation in the model

84km

97km

Gas network infrastructure in Vorarlberg, Austria
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Illustrative results

Type Decline 2050

Res. linearly 0
Serv. 8% 12%
Ind. 4% 36%

(a) Gas demand development

High-Pressure Mid-Pressure
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Illustrative results

Input Output

Model run Demand constraint Network Result

1 qdem
n,l,y,m ≤ dmax

n,l,ym Cost-optimal without ensured supply Demand supplied (
∗

qdem
n,l,y,m)

2 qdem
n,l,y,m =

∗

qdem
n,l,y,m Cost-optimal without ensured supply (CO) Nodal shadow price (λCO

n,l,y,m)

3 qdem
n,l,y,m = dmax

n,l,ym Cost-optimal with ensured supply (ES) Nodal shadow price (λES
n,l,y,m)

Table: Model runs and related demand constraint variation used to obtain cost-optimal demand supplied and nodal
shadow prices
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Conclusions and further work

Large parts of gas network are decommissioned under assumed gas demand developments

High shares of unsupplied gas demand under cost-optimality of gas networks

Detailed analysis of gas demands at the community level (incl. their energy services covered)

Comparison of gas networks w/ unsupplied demand constraints

Shadow prices at the nodal level (i.e., community level) provides an estimate of the costs
necessary to economically substitute natural gas with alternatives
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