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omAbstra
t. Natural gas utilities supply about a quarter of the enrgynedds in Europe, from wellhead to 
onsumer, opertations are governedby an astounding diversity of pur
hase, transport and storage 
ontra
tagreements whi
h prepare a distribution system to meet future demands.In this report we formulate a natural gas problem, and we evaluate itusing the rolling intrinsi
 valuation.1 Introdu
tionGas storage is prin
ipally used to meet seasonal load variations.Gas is inje
ted into storage during periods of low demand and withdrawn fromstorage during periods of peak demand.The natural gas industry has undergone market reforms in many 
ountriesa
ross the world. As part of this pro
ess, the role of storage in the gas markethas 
hanged. Traditionally, storages were owned by utilities for balan
ing thevariability in demand of their 
ustomers. As a result of the deregulation in theUS and Europe, the natural gas storage servi
e is unbundled from the sales andtransportation servi
es, meaning that storage is o�ered as a distin
t, separately
harged servi
e. In 
ombination with the development of a
tive spot and futuresmarkets, it has be
ome possible to adjust storage trading de
isions to pri
e 
on-ditions.Storage is ultimately needed to ensure se
urity of supply. The seasonal de-mand for gas is traditionally linked to gas heating of houses, resulting in highergas demand in winter than in summer. Besides the usage of gas storages, oneoption is to regulate the output from gas �elds to mat
h the 
urrent demand.This 
an only be done as long as the �elds are reasonably full and 
lose to thegas grid. Finally, on a short-term basis line pa
king 
an be used. This meansthat the volume in the pipeline system is temporarily in
reased.While gas demand in the US, Europe and Asia is growing year on year, theindigenous produ
tion �exibility is steadily falling. This explains the growing



interest to invest in new gas storage fa
ilities. The International Energy Agen
y(2004) estimates the global underground storage 
apa
ity to double in the next30 years (2000-2030), requiring an estimated annual investment in storages be-tween 10 and 20 billion dollars. Additional �exibility in supply will 
ome fromthe fast growing se
tor of Lique�ed Natural Gas (LNG). The LNG-
hain 
onsistsof liquefa
tion plants, LNG-ships, LNG-storage tanks and regasi�
ation plants.The 
ombined investment in this �exible LNG supply 
hain is expe
ted to absorban annual investment of 25-40 billion dollars. These market developments 
all fora

urate investment analysis methodologies, in
orporating the various operating
hara
teristi
s of storages and the random nature of natural gas pri
es.2 E.ON AGE.ON is one of the major publi
 utility 
ompanies in Europe and the world'slargest investor-owned energy servi
e provider. As result of mergers, E.ON in-herited the subsidiaries of VEBA, VIAG and Ruhrgas in Central and EasternEurope. It is also present in Russia, where it has a stake in the natural gas 
om-pany Gazprom and 
ontrol of the generation 
ompany OGK-4. E.ON is presentin most of S
andinavia.2.1 Market unitsCurrently, E.ON is organized in ten market units:
• Central Europe Market Unit led by Muni
h-based E.ON Energie AG
• Pan-European Gas Market Unit led by Essen-based E.ON Ruhrgas
• Spain Market Unit led by Madrid-based E.ON España
• Nordi
 Market Unit led by Malmö-based E.ON Sverige, whi
h supplies powerin S
andinavia
• U.K. Market Unit led by Coventry-based E.ON UK
• Italy Market Unit led by Milan-based E.ON Italia
• Russia Market Unit led by Mos
ow-based E.ON Russia Power
• U.S. Midwest Market Unit led by Louisville-based E.ON US
• Climate and Renewables Market Unit led by Düsseldorf-based E.ON Climateand Renewables
• Energy Trading Market Unit by Düsseldorf-based E.ON Energy Trading.2.2 E.ON RhurgasE.ON Ruhrgas is the lead 
ompany of the Pan-European Gas market unit of theE.ON Group and is responsible for the European gas business from explorationto the supply of major 
ustomers.With a pur
hasing and sales volume of approximately 700 billion kWh,of gas



and a turnover of over 20 billion a year, E.ON Ruhrgas is one of the leading gas
ompanies in Europe.Alongside the long-term pur
hase agreements with produ
ers, E.ON Ruhrgas isin
reasingly a
tive in the upstream business, gas exploration and produ
tion.Through subsidiaries, the 
ompany has stakes in gas �elds and exploration li-
en
es.In order to tap the potential of new pur
hasing sour
es, E.ON Ruhrgas isinvolved in the LNG business. When 
ooled, gas lique�es and 
ompresses to onesix-hundredth of its original volume. In this state, LNG 
an be transported inspe
ial tanker vessels, whi
h makes it possible to obtain gas from regions whi
h
annot be developed 
ost e�e
tively using pipelines. On
e it has rea
hed the portof destination, the lique�ed gas is then returned to its gaseous form so it 
anbe moved through pipelines on the rest of its journey to the 
ustomers. E.ONRuhrgas is involved both in LNG produ
tion and regasi�
ation. In total, E.ONRuhrgas has 
ontra
ted regasi�
ation 
apa
ities of 8 billion m³ at Europeanterminals. Parallel to this, it is stepping up its involvement in gas liquefa
tionproje
ts in the produ
er 
ountries, parti
ularly in north-west Afri
a and theMiddle East. In the medium term, LNG is to 
ontribute more than 100 billionkWh of gas to the E.ON Ruhrgas pur
hasing portfolio.2.3 OR in E.ON RhurgasOR departement of E.ON Rhurgas 
onsist of three teams:OR-Development:
• Development of mathemati
al models and optimization te
hnologies for solv-ing 
omplex planning problems
• Design and advan
ement of IT instruments for optimization, in parti
ular thegas pur
hase optimization
• Identi�
ation of new �elds of appli
ation for OR methods at E.ON RuhrgasAGOR-Consulting:
• Consulting on topi
s of OR for operating departments and 
ustomers of E.ONRuhrgas AG as well as other 
ompanies of the E.ON group with the obje
tiveof 
ost minimization and pro�t maximization
• Rapid prototyping, individual solutions
• Sele
tion of standard OR softwareOR-Resear
h:



• Observation of the state-of-the-art of s
ien
e and te
hnology in the �eld ofOperations Resear
h
• Cooperation with resear
h institutes und universities
• Collaboration within the German Operations Resear
h So
iety (GOR)2.4 EPOSEPOS is an optimization software developped by E.ON.� Optimization of the utilization of the supply 
ontra
ts and storages withinthe E.ON Ruhrgas portfolio� Short-term (exa
t to the day up to 12 months), medium-term (exa
t to themonth up to 5 years), long-term� Taking advantage of the 
ontra
t �exibilities (e.g. 
arry-forward rights, short-fall quantities)� Determination of marginal pri
es, time and lo
ation swaps� Sensitivity analysis for the identi�
ation of risks� Sto
hasti
 programming, s
enario analysis� Obje
tive: Cost minimization / pro�t maximization2.5 Results of optimization:Optimal utilization of all supply 
ontra
ts, storage 
ontra
ts and transportation
apa
ities within the E.ON Ruhrgas portfolio� supply quantities per period, used 
arry-forward, shortfall quantities, re-maining s
ope of a
tion� withdrawn and inje
ted quantities per period, resellable storage 
apa
ities� gas quantities available at ea
h entry, exit or 
ross-border point, 
ross-markettransfers, resellable transportation 
apa
ities� sales quantities per period and market area� pur
hase, storage and transportation 
osts, interest 
harges, sales revenuesper period, overall pro�tResults 
an be presented in tables, network graphs and 
harts and 
an be ex-ported to Ex
el. They 
an be viewed on individual or aggregate level. For analysispurposes 
urrently two s
enarios 
an be 
ompared.



3 Valuation in the natural gas industryNatural gas storage valuation is a 
ompli
ated topi
 in the �eld of asset andderivative valuation. One 
an think of natural gas storage as a dynami
 basketof 
alendar spreads, in
luding not only the spreads among forwards, but also thespreads between spot and forwards. On the one hand, the operation of naturalgas storage is subje
t to many 
onstraints, whi
h make the valuation of thestorage more 
ompli
ated than a pure �nan
ial instrument. On the other hand,it�s di�
ult to simulate the spot and forward 
urves of natural gas, espe
iallywhen one wants to take both spot and forwards into a

ount at the same time.3.1 Gas supply obje
tivesThe obje
tive of gas supply plannig is to minimize gas supply 
osts while main-taining su�
ient supply to meet potential peak requirements and provide forfuture growth in demand.Over the short term, this means dispat
hing the available gas supply to meetvaridable demand. On the long term, the obje
tive of supply plannig is to 
on-stru
t an optimal portfolio of gas sour
es in
luding gas pur
hases from pipelines,storage, and transportation of gas pur
hased dire
tly from the produ
er.3.2 Problem Constru
ts
• Time periods The dispat
h periods 
an be daily, weekly, monthly,or any ag-gregation of these. The plannig horizon 
an range from one year to over ade
ade.
• Storage:Existing gas storage fa
ilities or potential storage servi
e 
ontra
ts have amaximum monthly inje
tion volume, a maximum monthly withdrawal vol-ume, and a maximum storage 
apa
ity.
• Gas transportation:The dispat
h of gas from sour
es to dispositiones 
an be 
hara
terized byde�ning a network of nodes and ar
s. Ea
h ar
 
an be given maximummonthly �ow value.
• obje
tive fun
tionWe want to maximize the 
ash �ow, it means that the present value of all
osts is minimized. this in
ludes variable 
osts on all gas ressour
es, storages,and transportation ar
s.



Fig. 1. Gas storage fa
ility4 Intrinsi
 valuationIntrinsi
 valuation is the optimization of the storage given a single forward 
urve.In the intrinsi
 valuation, the obje
tive is to �nd assets that are pri
ed bellowwhat they should be, given their 
ash �ow, growth and risk 
harateristi
s.In this part, we will formule the model, and experiment it on OPL studio.4.1 De�ne the model:
V : maximum inje
tion .
W : maximum withdrawal.
vi : inje
tionfor ea
h month i.
wi : withdrawal for ea
h month i
f li : �ll level4.2 ConstraintsIn storages, we must not ex
eed the storage 
apa
ity, that why we de�ne themaximum amount of inje
tion and withdrawal in ea
h month, it means :

vi ≤ V ∀i ∈ {1, ..., n} (1)
wi ≤ W ∀i ∈ {1, ..., n} (2)



We will see later that the inje
tion and withdrawal depend on the �ll level.the �ll level is de�ned as the �ll level of the month before,plus the amountinje
ted minus the amount withdraw, without ex
eeding the maximum value.
0 ≤ fli ≤ maxlevel; ∀i ∈ {1, ..., n} (3)

flb = v0+

∑

(i ∈ 1..(b− 1))
vi−

∑

(i ∈ 1..(b− 1))
wi ∀i ∈ {1, ..., n}(4)

Fig. 2. Intrinsi
 valutation
4.3 Experimentationwe experimented the intrinsi
 valuation, using OPL Studio, with the databellow :



Number of months n 12

V 500

W 300

t 0.1p [20.677423, 15.36418192, 9.589754844,
10.0454631, 8.458243217, 11.41387457,
9.54732029, 12.12946067, 7.07770257,
8.18243037, 10.08700768, 14.25066198]

v0 24.482

maxlevel 1200Fig. 3. data of the intrinsi
 valuationWe obtain :Months n 12

v [500, 500, 0, 0, 0, 500
0, 500, 0, 0, 0, 24, 482℄

w [ 0, 0,300,300,300,0
300,0300,300,224, 48,0℄� [24.482 ,524.48,1024.5,724.48,424.48,124.48
624.48,324.48,824.48,524.48,224.48,0℄the obje
tive fun
tion 11601.8324112726Fig. 4. Results of the intrinsi
 valuation



5 Rolling intrinsi
 valuationwe have seen that the intrinsi
 valuation give us one 
urve, for one s
enario, butin the real 
ase, the 
urve 
an 
hange , so for ea
h period t we will have anothers
enario, that why we use the rolling intrinsi
 valuation with diferrent s
enarios.A rolling intrinsi
 valuation a
knowledges that over time the forward 
urve will
hange, and the previous optimal position might not be optimal any more.Atthat moment, we 
an unwind our existing position and assume the new optimalone. In that way we slowly add value above the initial intrinsi
 valuation.Before de�ning this method, we need to show how we get these s
enarios.5.1 Monte 
arlo methodsmonte 
arlo methods are used in �nan
e and mathemati
al �nan
e to valueand analyze instruments, portfolios and investments by simulating the varioussour
es of un
ertainly e�e
ting value, and then determining their average valueover the range of resultant out
omes.The advantage of monte 
arlo methods over the
hniques in
reases as the di-mentions of the problem in
rease.Features of E.ON pri
e simulation modelTo get pri
e simulations ,we need to de�ne the market parameters as follows:
• Forward 
urves : A
tual Commodity Forward 
urves
• Volatilitie: Term-Stru
ture-of-VolatilityVolatility is a statisti
al standard deviation of the logarithmi
 per
entagepri
e 
hanges whit
h measures the non-smooth pri
e �u
tuations
• Correlation: it measures the linear relationship between two pri
es.
• Cointegration: Relationship between all di�erent 
ommodities
• Mean Reversion: is the expe
ted time taken for the pri
e to revert half wayba
k to its normal level/equilibrium whit
h measures the attra
tion of thenormal pri
e level (parti
ularly after extreme pri
e jumps)



Fig. 5. High Correlation

Fig. 6. Low Correlation



Fig. 7. Mean reversion6 De�ne the model:
• V : maximum inje
tion level
• vij : inje
tion for ea
h month i.in the s
enario j
• W : Maximum withdrawal.in the s
enario j
• wij : withdrawal for ea
h month i, in the s
enario j
• flij : �ll level for ea
h month i in the s
enario j
• pij : Gas 
ost for month iin the s
enario j
• tij transa
tion 
ost for month iin the s
enario j
• fl0 �ll level at starting period
• v0 inje
tion at starting period
• w0 withdraw at starting period
• cf0 
ash �ow at starting period
• maxlevel maximun �ll level
bullet deltawij : di�eren
e between the volume inje
ted in the month i,in thes
enario j and the volum inje
ted in month i, in the s
enario j
bullet deltavij :di�eren
e between the volume withdrawed in the month i,in thes
enario j and the volum inje
ted in month i, in the s
enario j6.1 Constraints
• Storage 
onstraints:

vij ≤ V (5)



Fig. 8. Pri
e simulation for 4 Markets



∀i ∈ {1, ..., n}

wij ≤ W ∀i ∈ {1, ..., n} (6)
0 ≤ flij ≤ maxlevel (7)

∀i ∈ {1, ..., n}

flbj = v0 +

∑

(i ∈ 1..(b− 1))
vi −

∑

(i ∈ 1..(b− 1))
wi (8)

∀i ∈ {1, ..., n}

vij = vi(j−1) + deltavij (9)
wij = wi(j−1) + deltawij (10)

deltavi(j−1) = 0; deltawi(j−1) = 0; (11)
∀j ∈ Scenarios6.2 Experimention1. In the �rst example, we have 12 s
enarios for 12 months.using this data:give us the results bellow:NbMonths 12V 500W 300t [0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1]p [9.54732029, 12.12946067, 7.07770257, 8.18243037, 10.08700768,

14.2506619816.02040065, 12.98122902, 11.02476992, 9.156611144,
9.129846038, 7.516150383]

fl0 24.482

maxlevel 1200

v0 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]

w0 [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]

cf0 0 Fig. 9. Data of the rolling intrinsi
 valuation



s
enario 1 Obje
tive value: 7267.957158663176s
enario 2 Obje
tive value: 7267.957158663176s
enario 3 Obje
tive value: 8070.95090393344s
enario 4 Obje
tive value: 8120.107300847179s
enario 5 Obje
tive value: 8649.688366847178s
enario 6 Obje
tive value: 8715.09096756984s
enario 7 Obje
tive value: 8880.791115352282s
enario 8 Obje
tive value: 8880.791115352282s
enario 9 Obje
tive value: 11497.0110381054s
enario 10 Obje
tive value: 11703.6937807422s
enario 11 Obje
tive value: 11703.6937807422s
enario 12 Obje
tive value: 11703.6937807422Fig. 10. Results of the rolling intrinsi
 valuation with one blo
kWe note that the obje
tive fun
tion value in
reases from s
enario to another,and the optimal value of the obje
tive fun
tion is the one of the s
enario 16.2. in the se
ond example,we have 25 blo
ks, and ea
h blo
k 
onsists of 12Months and 16 s
enarios. a blo
k of months and s
enarios is de�ned su
hthat their results are dependent. We use the same data as before, the resultsare:



Blo
k 1 Obje
tive value: 5297.765954612345Blo
k 2 Obje
tive value: 2646.573235893629Blo
k 3 Obje
tive value: 4078.161997278785Blo
k 4 Obje
tive value: 3155.237758243943Blo
k 5 Obje
tive value: 5699.255651269528Blo
k 6 Obje
tive value: 4278.797192644119Blo
k 7 Obje
tive value: 3629.733772650141Blo
k 8 Obje
tive value: 2929.830749169918Blo
k 9 Obje
tive value: 2000.371327686692Blo
k 10 Obje
tive value: 1747.530341636656Blo
k 11 Obje
tive value: 3365.419708543585Blo
k 12 Obje
tive value: 541.5914382119179Blo
k 13 Obje
tive value: 3091.70121204948Blo
k 14 Obje
tive value: 1759.463603720663Blo
k 15 Obje
tive value: 3931.97260685539Blo
k 16 Obje
tive value: 3155.769230737685Blo
k 17 Obje
tive value: 3724.628738500594Blo
k 18 Obje
tive value: 1738.796790547845Blo
k 19 Obje
tive value: 3225.961468803787Blo
k 20 Obje
tive value: 1233.420755908011Blo
k 21 Obje
tive value: 4488.829081924042Blo
k 22 Obje
tive value: 1064.306123917578Blo
k 23 Obje
tive value: 8310.212229557803Blo
k 24 Obje
tive value: 910.7355073100115Blo
k 25 Obje
tive value: 3944.176638844106Fig. 11. Results of the rolling intrinsi
 valuation with 25 blo
ks





7 Portfolio modelWe have seen in the last part that the obje
tive fun
tion is in
reasing, andtherefore the best solution is the one of the s
enario. The di�eren
e bettweenthe last obje
tive value and the intrinsi
 value is 
alled : extrinsi
 or time value ofthe asset.In this part, we apply the rolling intrinsi
 method on our portfolio,andwe will see if it will be the same. First we will de�ne the network and the modeland �nally give the results using OPL Studio.7.1 Network buildsOur Model of gas transmition and ditribution is simple to visulize. Super�
ially,we summerize the problem as follows:Base-demand natural gas is pur
hased at supply points, held in storage fa
ilities,and tansported through the network to meet the demand of di�erent marketregions7.2 De�ne the modelSome 
onstants and variables are de�ned in the se
tion before,.
• Storage 
onstants and variablesAs an approximation, we will assume that the volume inje
tion and volumewithdrawal depend linearly on the �ll level of the last month:let be :

alphavs
betavs
alphaws

betawsthe 
oe�
ients of this two linear fun
tion.
minvs(m) : minimum inje
tion in the sorage s, in the month m
maxvs(m) : maximum inje
tion in the sorage s, in the month m
minwis(m) : minimum withdrawal in the sorage s, in the month m
maxwis(m) : maximum withdrawal in the sorage s, in the month m

• Supply 
onstants and variables:
NbSuppliers : Number of suppliers
cyiy(m) : suppliers gas 
ost, in the month m
minyiy(m) : minimum supplier volume, in the month m
maxyiy(m) : maximum supplier volume, in the month m
Limitsy(m) : spe
ial limits for the supplier volume (seasonal or yearly bounds),in the month m



Fig. 12. E.ON Portfolio



Fig. 13. Relationship between �ll level and inje
tion rate

Fig. 14. Relationship between �ll level and withdrawal rate



• Hubs variables:
NbHubs Number of hubs
ph(m) :hub gas 
ost;
th(m) :transa
tion 
ost
PriceFactorh(m) :
MaxStep : number of step of the pie
ewise 
onstat pri
e-demand fun
tion
ActualT radingh(m) aggregated traded volume of all steps before
dh(m) : the demand of the market region asso
iated with hubsh in the month

m

• Network Varibles:
cen(m) : transportation 
ost of the edge n in month m
capn(m) 
apa
ity of the edge n in month m

• De
ision variables:
vs(m) amount inje
ted inthe storage s,in the month m
ws(m) amount withdrawn from the storage s,in the month m
fls(m) �ll level of the storage s,in the month m
en(m) the �ow of the edge n in month m
yy(m) amount in supllier node y, in month m
xh(m) amount bought at the hub h, in month m
xhhst(m) amount bought from the hub h,with 
ost asso
iated with step stof the pri
e-demand fun
tion in month m
zh(m) amount selt from the hub h, in month m
zhhst(m) amount sold at the hub h,with 
ost 
ost asso
iated with step stof the pri
e-demand fun
tion in month m
dh(m) Demand of hub h in month m
CF 
ash �ow.7.3 Constraints

• Storage 
onstraints:We have seen before that inje
tion and withdrawal depend on the �ll level, asshown in the example below, For the inje
tion, if we assume assume an emptystorage, we 
an inje
t the maximum value, then after it depends on the �lllevel. For the withrawals it's the inverse, in the beginning we withdraw the



minimum, then it depends on the �ll level. We note the maximum inje
tion
Vs(m)( resp maximum withdtawal ws(m)), for any month and m,

vs(m) ≤ Vs (12)
vs(m) ≤ alphavs × fls(m− 1) + betavs (13)

ws(m) ≤ Ws (14)
ws(m) ≤ alphaws × fls(m− 1) + betaws (15)

• Balan
ing 
onstraint:For ea
h node of our network, the amount of gas entering the node is equalto that 
oming out of node.
∑

s∈Storages

wsn(m) +
∑

h∈Hubs

xhn(m) +
∑

l∈Suppliers

yln(m) +
∑

k∈Network

ekn(m)

=
∑

b∈Demand

dbn(m) +
∑

s∈Storages

vsn(m) +
∑

hinHubs

zhn(m) +
∑

k∈Network

ekn(m)

∀ n ∈ Nodes, m ∈ Months

0 ≤ fli(m) ≤ maxlevel(m) (16)
∀i ∈ {1, ..., n}

∑

m∈Months,s∈Storages

vs(m) =
∑

m∈Months,s∈Storages

ws(m) (17)
fls(b) = fl0s +

∑

r∈1..b

vs(r) −
∑

s∈1..b

ws(r) (18)
∀b ∈ 0..NbMonths, s ∈ Storages

• Suppliers 
onstraints:
minyy(m) ≤ yy(m) ≤ maxyy(m) (19)

∀y ∈ Suppliers,m ∈ Months

lim.lb ≤
∑

m∈Months:lim.StartPeriod≤m≤lim.EndPeriod

yy(m) ≤ lim.ub (20)
∀y ∈ Suppliers, ∀lim ∈ Limitsy



• Hubs 
onstraints :
∑

s∈1..MaxStep

xhh(m)(s) = xh(m) (21)
∑

s∈1..MaxStep

zh(m)(s) = zh(m) (22)
∀h ∈ Hubs,m ∈ Months

xhhst(m) ≤ LiquiditySteph(m) (23)
zhhst(m)(s) ≤ LiquiditySteph(m) (24)

∀h ∈ Hubs,m ∈ Months, s ∈ 1..MaxStep

• Obje
tive fun
tion
CF = cf0−

∑

h∈Hubs,m∈Months,s∈1..MaxStep

xhh(m)(s)×(ph(m)×(1+PriceFactorh(m)/100)s+th(m))

+
∑

h∈Hubs,m∈Months,s∈1..MaxStep

zhh(m)(s)×(ph(m)×(1+PriceFactorh(m)/100)s+th(m))

−
∑

m∈Months,i∈Storages

cwi(m)×wi(m)−
∑

l∈Suppliers,m∈Months

yl(m)× cyl(m)

−
∑

k∈Network,m∈Months

ek(m)× cek(m) +
∑

b∈Demand,m∈Months

db(m)× cdb(m)

−
∑

s∈Storages,m∈Months

vs(m)× cvs(m)

7.4 ExperimentationUsing the data in the table bellow:We obtain :



Months n 12

cv [0.15, 0.25]

cw [0.15, 0.25]

maxlevel [14000, 5000]

fl0 [6000, 2000]

V [3000, 2000]

W [6000, 3000]

alphav [0.285, 0.75]

alphaw [−0.8,−1]

betav [1000, 500]

betaw [13200, 6000]

minv [0, 0]

maxv [3000, 2000]

minw [0, 0]

maxw [6000, 3000]

miny [4000, 3000, 500]

Limits < 20000, 32000, 1, 4 >,< 54000, 70000, 5, 16 >

< 35000, 42000, 1, 7 >,< 45000, 54000, 8, 16 >

< 35000, 42000, 1, 7 >,< 45000, 54000, 8, 16 >

t [1, 0.5]

LiquidityStep [1000, 500]

PriceFactor [0.1, 0.05]

ActualT rading [0, 0]Fig. 15. Data of the portfolio model



and the results are:S
enario 1 Objectivefunction:443736.8282347734
CF :894554.6114669901S
enario 2 Objectivefunction: 438447.0837316765
CF : 1206033.372046366S
enario 3 Objectivefunction:254227.2166502991
CF : 1350947.99733401S
enario 4 Objectivefunction:353544.446318626
CF : 1481620.290452667S
enario 5 Objectivefunction:763459.591397444
CF : 1649054.608545753S
enario 6 Objectivefunction:824022.7626345153
CF : 1773818.530086388sS
enario 7 Objectivefunction:858393.6415290105
CF : 1892717.633991169S
enario 8 Objectivefunction:1084092.045114963
CF : 1999118.98632365S
enario 9 Objectivefunction:1217931.68054853
CF : 2032988.448508124S
enario 10 Objectivefunction:1353091.326135908
CF : 2042577.245630537S
enario 11 Objectivefunction:362319.54040712
CF : 2043965.388223587S
enario 12 Objectivefunction:1368319.077433004
CF : 2043151.481111899S
enario 13 Objectivefunction:1492119.938331604
CF : 2043151S
enario 14 Objectivefunction:1434056.660133362
CF : 2043151S
enario 15 Objectivefunction:1327418.261962891
CF : 2043151Fig. 16. Results of the portfolio model7.5 Valuation on the portfolio modelWe try to see the 
ontribution of ea
h to the resulting obje
t value,the rollingintrinsi
 portfolio value of an asset is given bay the oppurtunity
osts resultingwhen the asset is deleted from the portfolio. we 
an see in the table below, thatthe values of two storages are note additional be
ause the two hubs are linked oneto another, so we 
an use the market whi
h is 
onne
ted to the storage removed.We do the same thing with the suppliers, we 
an see in the table bellow that if



Storage1 Storage2

Market1 Market2

Supplier1 Supplier2 Supplier3

1000010000 1000010000

2000

2000

10000

5000

5000

10000Fig. 17. Network of the portfolio modelwe delete one supllier, the value of the obje
tive fun
tion get higher, be
ause, inour example, the supply 
ost are very expensive.Results with storage 1 Objectivevalue: 1253094.015310288Results with storage 2 Objectivevalue: 1228160.650088211Results with two storages Objectivefunction:1327418.261962891Results with two suppliers Objectivefunction:1829180.400267641Fig. 18. Storage and supllier valuation
7.6 Compare rolling intrinsi
 results and portfolio resultsIf we look at the results of the rolling intrinsi
 method (stand alone the marketevaluation), we noti
e that in the same blo
k, the fun
tion is in
reasing,it meansthat ea
h s
enario gives us a better result as the previous one, and therefore thelast value is indeed the best. But when we apply the rolling intrinsi
 methodin the portfolio model, we see that this is not the 
ase, and that be
ause theportfolio model 
ontains more 
onstraints, espe
ially in our example, supllier
osts are very expensive.



8 Con
lusionIn this report,we have formulalted a natural gas industry problem,with suppliers,hubs and storage 
onstraints. We have de�ned and experimentee methods ofvaluation on OPL Studio, and we have applied these methods to our portfoliomodel. Thereafter, we will valuate ea
h asset, to see the 
ontribution of ea
hone, we will try to remove, or add, assets,it depends on the 
ost of ea
h one, andwe will attempt to integrate these methods in the E.ON optmization softwareEPOS,and we'll see if it 
an make thousands of runs with this valuations.Referen
esWilliam avery, Gerald G.Brown, John A. Rosenkranz, R. Kevin wood Optimiza-tion of pur
hase, Storage ans transmission 
ontra
ys for natural gas utilities MattThompson, Matt Davidson, Hennig Rasmussen: Natural gas storage valuation andoptimization
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