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Abstract:

Natural gas plays an important role in the futuesedlopment of electricity markets as it is the feas
emission intensive fossil generation option whileliionally providing the needed flexibility in pia
operation to deal with intermitted renewable getiena As both the electricity and the natural gas
market rely on networks, congestion on one markay fead to changes on another. This influence
has been analyzed by Abrell and Weigt (2010) fetadic partial equilibrium market model setting
showing upstream and downstream feedback effecssiglized European framework. The objective
of this paper is to extend the static model by ipocating dynamic restrictions — particularly seedo
and daily demand variations, natural gas storagd, pumped hydro storage — and an investment
representation to evaluate the interaction betwleeth network markets under realistic market

conditions.
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1 Introduction

A transition of existing energy systems is suppdsedke place in the coming decades. Furthermore,
in developing regions of the world a significantcri@ase of energy demand will occur. Both
developments will require a large amount of invesita in energy production and transport
infrastructure. Energy markets are interlinked ve#tth other as different energy products can be see
as substitutes (eg. heating oil/gas vs. heatiny litmass vs. electricity) and in the electriciector
primary and secondary energy inputs are transforrhedaddition energy markets often rely on
network structures. The relations of different ggemarkets and network congestion effects must be
considered when analyzing the development of tleeggrsystem as a whole.

Abrell and Weigt (2010) show this combination okrgy network models for a static market setting
using the MCP format. They show that changes ih ltlo¢ supply in the natural gas market and the
generation dispatch in the electricity market irmigthe respective downstream and upstream markets
beyond the pure price connection. In this papeextend the static model of Abrell and Weigt (2010)
by firstly incorporating the time dimension: Thetural gas market is largely characterized by
seasonal patterns whereas the electricity marketefsied by daily load levels which requires a
matching of the two time frames. Furthermore, tlogagie options for the two markets are included as
storage operators: seasonal storage for naturadrgh@umped hydro for electricity. Given this basic
dynamic setting in a second step investment optmasncluded. The investment options include the
extension of natural gas and electricity networgacities as well as investment in new natural gas
generation capacities. The dynamic model will bglied to a stylized model representation.

The remainder of this paper is structured as faloBection 2 describes the modeling framework for
the inclusion of time periods and storage. In ®&ct8, the investment formulation is presented.
Following, in Section 4, the basic numerical exanigd initiated and the first results are obtained.

Section 5 summarizes the current state of the naatehighlights future steps.

2 Dynamic Market Formulation

Following the basic model setting including timeipds and storage representations for the natural
gas market, the electricity market and the combimedel are presented. The models are formulated
as Mixed Complementarity Problems (MCP) and aredas Abrell and Weigt (2010). We provide
the optimization setting for each market particisaas well as the market clearing conditions
equalizing demand and supply. The full MCP formiolats provided in the Annex; Table 1 provides
the underlying notation for all models. We assumdgrt competition, i.e. all market participantseta
prices as given. However, the equilibrium concelfgwas an easy adjustment of the underlying
competition assumptions. The MCP model is formualatethe General Algebraic Modeling System
(GAMS; Brook et al., 2008) and solved using the PFerris and Munson, 2000) solver.



Table 1: Notation

Indexes and Set Variables
ecE Node in the electricity network CAP Capacity
0.h€G Nodes in natural gas network DEM Demand
geac Origin node of natural gas F Flow
i€l Plant types P Price
k€K Load segmets PC Scarcity prices of capacity
€L Lines in the electricity network PD Demand price
teT Time periods PF Fuel price (endogenous)
GE Mapping betweeis andE PHUB Marginal system price in the electricity market
PN Nodal price
PS Supply price
PT Transport service price
S Storage Level
T Transporter and traded volume
W Storage withdrawal
\% Storage injection
X Natural gas extraction
Y Power injected/withdrawn into electricity grid
Parameters Superscripts
a LNG liquefaction loss +/- Positive or negative direction
B LNG regasification loss buy Bought quantity
n Plant efficiency e Electricity
o Storage related efficiencies gas Natural gas
a Demand function intercept inv Investment
b Demand function slope line Lines in electricity network
c Marginal cost liq Liquefaction
cinv Investment costs (annualized) LNG Liquefied natural gas
cap Capacity new New investments
pf Fuel price (exogenous) pipe Pipeline
PTDF Power Transmission Distribution Factor | reg Regasification

2.1 Natural GasMarket

In the natural gas market we explicitly model fivarket participants and final consumers. Natural
gas producers extract the gas and sell it eitharltdG operator or to trader transporting via piped.
LNG operators transport the gas from liquefactimmetgasification plants and sell it then to theléra
using pipelines. Only the trader serves final desnay buying natural gas and the pipeline transport
services necessary to transport to the final comssiniThe pipeline operator provides associated
transport services. The storage operator buys dsefrgm the pipeline trader and sells it to again t
this trader in a later period. Three markets inrthtural gas market are explicitly modeled: thepbup
market, the pipeline transport service market, taedinal demand market.

The gas network is defined by nodgandh € G and pipelines denoted as directed and ordered pair
(g,h) € GxG with capacitycapghpipe. Natural gas transport via LNG is not restrictgdaloc capacities,
but by the technical characteristics of the corewaides. Time periods are giventlsy T®, whereT®

is the set of time periods in the natural gas marke

Final demand is represented by a linear demaratiumwhich varies over time:

DEM;* = aJi” + b} °PDJ* VgeGteT (1)

The natural gas producer is assumed to maximizitphy selling productionX’®) at its production

siteg for the supply priceRS™) given his extraction capacity restricticag®):



_ gas , gas gas , gas
Mmaxygns T = gt PSge Xge —Cge Xge 2)

gas gas
Xge < capy,

VgEGtETE 3)
The LNG trader maximizes its profit by buying arelliag gas T-"°) on the on the supply market
accounting for liquefactioncép™) and regasificationcap™®) constraints as well as the corresponding

efficiencies ¢ andp) and transport costs on LNG routeS'f):

LNG

= gas G gas Tght GrLNG
maxpine T = Ygne Py BTnge = PSge 5= = Cght Tght @)
Xh T,fgf < capgig VgEGtETE (5)
YhTont < capéif VgEGLtETE ©)

The pipeline trader maximizes its profits by buygas %) on the supply market at a supply ndde

transporting it through the network accounting tiansport feesRT"™), and selling on the demand

market while accounting for a nodal mass balarlog/(€onservation constraint):

_ gasmgas gasmbuy pipe ~gas
maXTPuyT;gasFLgas = Zght(PDht ght — PSgt gt ) - Zgght PTght Fgght (7)
gt “ght " gght
gas buy _ gas gas ~ G
ZgFgght+( Gt )l_fg:h_zg Ghgt T Tgne VG hEGLET (8)

The storage operator buys and sells gas inter-texhg@counting for capacity restrictions of its
storage facilities (the overall capacitya™®), and the injectioncep'®) and withdrawal ¢ap"%*)
capacities) and the inter-temporal storage baldinkeng past periods storage leved,(;) with the

current level &):

max,yoasyg0s T = Tg0 PSgs S0y W — PDIV ©)

ST = S + 0, 79vEAY — Wi vgeGteTS (10)
Sgeo < capg‘fas VgeEGteTE (11)
Ve < capgfas VgEGtETE (12)
Wi® < cap;';gas VgEG,tETE (13)

Finally, the pipeline operator maximizes its prdiit selling transmission capacity for a transped f

(PT?™) accounting for the networks capacity restricijcap”™):

. — pipe ppipe pipe pipe G
maXng;l’t’e T= Zght PTght tht ~ Cgnt tht Vgeag,teT (14)
FIwe < caphlh? v g heGteTt (15)

Market prices are determined by market clearingditmms. On the supply market total supply from
producers, LNG traders, and storage operatorsaagihtide has to be at least as high as total whelesa

demand:

TLNG
X5+ SnBTIGE + ol WIS 2 TR 4 B, vgeGeert oo

On the demand market total provision of tradedigessto cover residual demand and storage demand:



YnThyt = DEM® + V1% VgEG,tETE (17)

And for a pipeline the physical flow has to covitrades on that pipeline:

F;,ife > Ng Faone VgEGtETE (18)

2.2 Electricity market

In the electricity market we assume that all trgdsimanaged by the system operator with generators
selling their power plant output and storage opesabuying and selling at their respective nodes.
Similar to the gas market final demand is suppbgdsystem operator only. The market formulation
follows a hub price approach as presented in H@B31) thus the price at a specific node is given b
the overall market clearing price of the whole sgstPHUB) and the transmission fee of the node
(PTo). Nodes in the electricity network are givendxy E. A node is characterized by the generators at
these node and electricity demand. Generators wathefmore differentiated by their respective
technologies type € |. Nodes are connected via line€ L [ EXE of a given capacitgap'™. Lines

are not ordered pairs of nodes as electricity &mm in both directions. Each time period’ TF, with

TF being the set of time period in the electricitydab is characterized by different load segnieit

K to cover the off-peak and peak characteristic

Demand is assumed to be time varying and linear:

DEME,, = alk, + b&k,(PTE, + PHUBy,) Ve€EkeK,teTE (19)

The electricity producer is assumed to maximizdifgrgiven his plant capacity restriction:
fel.

maXyet 1= Yeike(PTéke + PHUB)XShee — pn L,tXeth (20)

X, <captl, Ve€E,i€elLkeK,teTF (21)

The storage operator buys and sells electricitgritémporal during load segments but not during

periods accounting for capacity restrictions of sterage facilities and the inter-temporal storage

balance:

maxyyet et T = Teie| (PTéke + PHUB. ) (00t “ Weie — Viir)] (22)

Sk, =S8 1 +aleVEL, -~ WS, Ve€E keK,teTE (23)
Se. < capstl Ve€EkeK,teTF (24)
Ve, < cap’fl ve€eE,keK,teTE (25)
WE, < caplét ve€eE,keK,teTk (26)

The network operator accounts for all trades basethe net injections and secures line capacities
limits. Power flows are obtained using a powergfandistribution matrix®TDF):

maXye T = Yokt PTE YS! (27)

| PTDF,, Y| < cap{ine ViELkeEK,teTE (28)
Total supply at a node minus local demand equalsiét injection at each node:

Xeé., — DEME., = Ve€eE keK,teTE 29
ekt ekt = ekt



In the overall system supply has to equal demand:

Y X, >Y.DEMS, VkeK,teTF (30)

2.3 Combined Market Representation

For the combination of both markets the underlyimgtwork topologies need to be matched,
identifying which gas and electricity nodes arentital. This mapping between the set of natural gas
and electricity nodes is denoted @§(g,e) and associate each electricity node to exactlyrateral
gas node.

In a similar manner, the s€tc TEZ x T¢ denotes whether a electricity period is associatitd a
period in the natural gas model. This set represiet mapping of electricity to natural gas periods
The actual combination of both market environménteen implemented via the fuel price element in
the profit function of the electricity generatoexjgation 20). Whereas in a single electricity marke
formulation pf is an externally defined parameter it needs t@imecan endogenous variable for the
combined model. In order to obtain the price theketaclearing for natural gas demand (equation 17)
has be complemented by including the demand ofralaggas fired power generation. Thus, the
interaction of the two markets is depicted by adittmhal fuel market in which natural gas tradems a

suppliers and electricity producers represent dmahd:

e
EnTige = DEMJE + VA% + 5 rer T VgEGLET (31)
EGE
iirgasr

The profit function of the generator is then adpdsas follows:

el ZT PDe
maxxgllctT[:Zeikt(P Sot ¥ PHUB ) XSt — X eike p;,tXeth Y eikt LXelkt (32)

i#rgasr el i=rgasr et

3 Investment representation

For the investment representation we rely on amuaized cost estimation to prevent price spikes in
the year of investment and dependence of investreaisions on the modeled time frame. The
investments are implemented in the respective tpppfimizations of the market participants adding a
second cost element in addition to the variablegscdsurthermore, the respective capacity value
becomes a variable and an intertemporal balancatiequs added. The latter is similar to the sterag
balance representation: the actual capacity irogeris given by the capacity in the former perteti
and the added new capacity in the current period.

In a first approach we consider the possibilityestending generation capacity. Furthermore, two
infrastructure investment opportunities exist: astens in the natural gas and electricity netwarlt a
investments into electricity generation. Natural garoduction, LNG facilities and storage are

excluded from investment. For electricity transngissextensions we neglect the feedback effect on



the underlying power distribution, consequently BDF matrix remains unchang@éollowing the
adjusted profit objectives are presented, the Ersier-Conditions for the MCP formulation are
provided in the Annex.

For the natural gas network operator the pipelagacity is the respective investment choice and the
profit optimization is given by:

max gpipe T = Yigne P Tont Foni® — Coni Fant® — cinvg R°CAPEY® Vg€eGteT (1)
FhPe < CAPRY® Y g,he€G,teT @)
CAPLY® = CAPLYS + CAPLY"™ vgeGteT 3)

For the electricity network operator the line capeis the investment choice:

maxyel T = Yokt PTEL YL — cinvllé'ne CAPlltine 4)
|Xe PTDF, YE| < CAPf™ vieLkeK,teT (5)
CAPli"® = CAP}j"¢ + CAP™ ™" Vi€ LteT (6)

Finally, electricity generator can decide about méant capacities:

fre .
maxyel = eke(PTeke + PHUBL)Xgie — 1 XEle — cinvEiCAPS, ©
X8, < CAPY Ve€EkeEKteET (8)
CAPS = CAPS , + CAPE-"Y vgeGteT (9)
4 Test Case

The developed dynamic and investment setting vélltésted using a simple example system. The
objective is to verify the model formulation. Anpied analysis in the European market context will

be included in future paper version.

41 Data

The test example consists of a simple four nodarahgas network with an additional LNG supply
node; the electricity system is a three node gpttmboth networks residual demand is only located
one node and the network capacities are limitee. tBipology is provided in Figure 1 including the
mapping of gas and electricity nodes.

The production, generation, storage and LNG dataggbvided in Table 2 and Table 3. The demand
function is assumed to be linear with a slope dnd varying intercepts depending on the time gerio
(winter and summer in natural gas) or the load ssgr(off-peak, mid, peak in electricity). The only
varying parameter over the periods is the domesticral gas demand at nogegrowing by one unit
for each consecutive season (i.e. starting withngéercept of 10 in the first summer period t1 and

ending with an intercept of 15 in the last summeriqa t11; the same holds for the winter periods).

2 |mplementing the feedback would require that tH®P becomes a function of the underlying networgology and
chosen line capacities which complicates the mfmeiulation and is omitted at this stage of modssign.

7



This will induce the potential for investments metnatural gas sector. In the electricity secter th
initial parameters are kept fix for the considepediods. Thus any investments occurring in eleitjric
infrastructure in the combined setting after thistfiwo periods (covering the first summer and aint
seasons) will be caused by the changed naturalayetitions.

Figure 1: Network representations

natural gas network combined network

electricity network

Table 2: Natural gas market characteristics

Gasnode | Production | Production Lique. Regas. Demand Pipeline Pipe
capacity costs capacity capacity inter cept capacity
gl 15 1 pl 2
g2 4 p2 2
93 10 p3 4
94 10-15 (summer) p4 10
20-25 (winter)
g5 10 10 p5 10
Table 3: Electricity market characteristics
Electricty Plant type Plant Demand Line Line
node capacity inter cept capacity
el gas mid 2 11 10
gas peak 2 12 10
e2 base 4 13 2
mid 4
e3 5 (off-pak)
10 (mid)
15 (peak)

4.2 Single Market Results

In a first step the single markets are simulateglawting any endogenous price setting for the gab f

in the electricity model. Implementing the dynars&tting with storage possibilities provides in both
markets the option to increase production in tikedemand times (summer season in natural gas, and
off-peak segment in electricity) to store energy fllowing high demand times. In the natural gas

setting we observe an increasing usage of theimxistorage capacities due to the increasing demand

8



level. In the electricity sector the storage usitisn remains constant over the time periods witiga

level of injection in the off-peak and a lower idien during the mid-load segment. The storage is
completely depleted in the peak period.

Adding the investment option we observe a graduadstment in the natural gas setting extending the
pipeline between producer and demand. The investtead to a shift of the price development
compared to a no-investment setting (Figure 2}hinlatter case the demand price increases steadily
over time due to the increasing demand level withagie as only option to influence prices over the
periods. In the investment case the increased démarompensated by increased investments leading
to a greatly reduced price increase only coverrgibhcremental investment cost increases. Figure 2
also highlights the price differences between tve demand summer seasons (odd time periods) and
the high demand winter seasons (even periodshelelectricity market investments only occur in the
first period as all remaining periods have constimhand parameters. Consequently the price level is
constantly lower in the investment setting. Storagdization is lower in both markets when
investments are included as part of the necessargge price differential is reduced by increased

transport and/or generation capacities.

Figure 2: Natural gasdemand price at g4

no Invest Invest

=
o

price
O = N W & U OO N 0 VO

tgl tg2 tg3 tgd tgs tgo tg7 tgd8 tg9otglot gllt gi2

4.3 Combined Market Results

Combining both markets in a dynamic setting withawtestments will lead to changes at the
electricity market as the former exogenously gasepwill now be determined endogenously.
Furthermore, the natural gas demand at rgitles now replaced by the endogenous gas demand by
power producers at this node. Only if the exogelyodefined and endogenously set prices and

demand levels would be equivalent the combiningath models would have no impact. As single



market models often rely on stylized assumptiorttierinput parameters it is unlikely that this viié
achieved for most market representations.

Consequently, for the simple test example combirdioth markets leads to shifts in the obtained
results. For the natural gas market the price lex@kases as the endogenously electricity demand i
larger than parameterized one leaving less nagiasifor the domestic demand at ngdeHowever,

in the electricity market the actual gas based iggio@ is lower as in the single market settingg th
assumed parameterized demand interaction thergfaseflawed in the first place. The lower gas
based generation leads to network problems in lbetreity sector as it reduces the potential for
economic counter flow utilization leading to higlgices and nodal different prices in the eledlyici
market. The results highlight the problem whenirsgttip single market models that only account in a
stylized way for input characteristics of other kas. A combination of models therefore provides a
tradeoff between a more complicated model settimd) lass requirements for well-defined relevant
interaction parameters.

Allowing for investments the results change siguaifitly. On both markets the price level decreases.
Furthermore, due to investments in natural gastplahnodes2 now also a natural gas demand price
at the corresponding nod@g@ occurs. Table 4 summarizes the differences betweesingle market
model investments and the combined results. Wideat that the initial investment setting, espigia

in the natural gas market, varies considerablyiteatb a different market dynamic. Of course, the
obtained results are based on the underlying te@shple assumptions and cannot be generalized but
they show that it indeed is complicated to prowie@sonable estimated on combined energy markets

with only single market representations.

Table 4: Investment values
Single market models

t1 |t2 |t3 ‘t4 ‘t5 |t6 |t7 ‘ t8 ‘ t9 | th‘ tll‘ t12‘
n_gl-->n_g2 1.56 0.37 1 1 1 0.17
| e3 0.22
n_el: mid 0.02
n_e3: ccgt 1.38
Combined market model

t1 |t2 |t3 ‘t4 ‘t5 |t6 |t7 ‘ t8 ‘ t9 | th‘ tll‘ t12‘
n_gl-->n_g2 3.63 4.39 0.36 0.93 0.94
n_gl-->n_g3 0.41 0.27 0.07
| e3 0.36 0.01
n_el: mid 0.54
n_e2: ccgt 0.43
5 Conclusion

In the paper we set up a dynamic model of intemgatiatural gas and electricity network models. The
formulation is based on Abrell and Weigt (2010) ethis extended by introducing time scales for the
10



individual models as well as a mapping between gbales in order to combine the models.
Furthermore, storage facilities are introduced athbsub-models. Finally, we allow for investment
into electricity generation, electricity transmiesi and natural gas pipeline capacities.

Setting up the small test case, shows that intiodustorage facilities has a smoothing price eféect
the storage operators use the possibility of iateporal arbitrage leading to convergence of prices.
Allowing for investments into transmission capastireduces prices as increased transmission
capacities reduce congestion cost. In combiningribdels, we show that there are interaction effects
in the investment patterns which are induced byehdogenous demand and price of natural gas.
However, the test case presented here is too sitegh order to allow for a meaningful conclusions
Currently, we work on extending underlying data #mel model parameterization procedure in order

to include meaningful scenarios and conclusiorssfirture version of this work.
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Annex
Natural Gas M odel

Zero-profit restrictions:

DEM; = agi® + b PDJ" L DEMJ” VgEGLET
cge +PCH" = PSg” 1 X3 VgEGLET
psI®

cond + % +PCNC+PC0 = BPSTS L T VgheGtET
PNg = PDJ” LTy VI hEGLET
T2 = PSYsy LTy VG hEGLET
PTot® = PNG — PN 1 Fo, VGgheGteT
A5+ PC0 = A0, 185 VgEGLET
A9+ PCyO™ > 0 9% PSS L wie VgEGLET
PDIE + PCyI% = g /9425 Ly VgEGLET
Cone. + PChne” = PToE L1 Fhbe VgheGLteT

Capacity restrictions:

capy” = X L PCJ® VgEGLET
capyi? = Yy Trgt L PC,? VgEGtET
capys = L THNE L PCyf VgeEGLtET
capg,ige = F;,i?e 1 PC;,?;e Vg,heGteT
capgzgas 2 Sjtas 1 PC;ZgaS VgeG,teT
cap;;gas = I/Vg%as 1 PC;;gaS VgeG,teT
capgfas = V;Zas 1 PC;fas VgeGLteT
Balances:

Zg@§;+(;wxnﬁh=zg5$,+gﬁslPN§f VG heGLET
Sgr. =S5 + agf“SVgﬁas - w,® L age VgEGLtET

Market clearing:

LNG
gas LNG Wgasy,,gas buy Tght gas
th +ZhﬂThgt +O_gt Vl(gt > Tgt +Zh_(1 L PSgt Vg € G,t ET

YnThyt = DEMS® + V1% L PDS® VgeGteT
pipe gas pipe
tht ZZg Gght 1 PTgt VgeateT

(1)
)
®3)
(4)
()
(6)
()
(8)
9)
(10)

(11)
(12)
(13)
(14)
(15)
(16)
(17)

(18)

(19)

(20)
(21)

(22)
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Electricity Model

Zero-profit restrictions:

DEM, = agiee + b t(P ¢t PHUBkt) 1 DEMgj, vecEkektel (23)
PL 1 pCely > (PTEk + PHUB) L Xkt VeEEkeKteT (24)
2%, + PCSTE > 2% ., L Sk Ve€EkEKLET (25)

A + PCHE = oW e (PTEL, + PHUBy,) L wg,
(PTgi: + PHUBy:) + PCYE = 0yt A%ke L VE,
PTekt Ze PTDFle (Pcﬁct - PCl-;-ct) 1 Yekt

VeeE,keK,teT (26)
VeeEkeK,teT (27)
vieLkeK,teT (28)

Capacity restrictions:

capl, = XL, L PCE, Ve€EkeEKteT (29)
capsTet > s¢k, L PCSTet Ve€EkeKteT (30)
capet > wg, L pcle VeeE keKteT (31)
caplet > v, L pchd Ve€EEkeK teT (32
capl™® > ¥, PTDF,, Y&, L PCH, VieELkeKteT (33)
cap!™® > — ¥, PTDF,, Y&, L PCje VIELKkEKtET (34)
Balances:

Se, =S& ., +alevel, —wel, Lo2g, Ve€E keK,teT (35)
Market clearing:

x&, —DEME,, =Yg, L PTE, Ve€EkeK,teT (36)
YeXe, > Y, DEME, L PHUBy, VkEKtET (37)
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I nvestment formulation

Natural Gas, network operator:

oo+ PCoe” = PT° L Fhbe Vg heEGLET
CAPLY® = FJ,7¢ L PChEe Vg heEGLET
cinvPPe 4 PCHPST > pCPIRe | pcPPenY | cApPPe g peGreT
0 > pchbe-m L CAPRP" v g he G, teT
CAng,ffe = CAPg”,fi’_e1 + CAng,ffe-”eW 1 Pc;’,iﬁe—i"” VgEGLET

Electricity, network operator:

= Le le Ikt — 1 VieL keK,te
PTE, = ¥, PTDF,, (PCjxe — PCity) Y&, leLkeK T
CAP}/™ > ¥, PTDF,, Y2, L PCjl, ViIELkKkEKtET
CAP}™® > — % PTDF, Y2, L PCpy VIeELkKkEKteET
cinvli"e + PC"-™ > PCl, + PCpe + PCIE™ 1 cAPHTe VIELtET

0 > pclne-nv L CAPlW VIELtET
CAPL"® = CAPY™S + cAPlimenew L PC"™  WleLteT

Electricity, generator:

% + PCEL, = (PTEL, + PHUB,,) 1 XeL VeeEkeKteT
CAPZ = X&., L PCE, Ve€Ek€eEKteT
cinvgl + PCEF™ > PCeL, + PCETY 1L CAPE! Ve€EtET
0 > PceH™ L CAPE"™  vVe€E,teT
CAPS! = CAPE., + cApS-"eY L PCEF™ vgeGteT

(38)
(39)
(40)
(41)

(42)

(43)
(44)
(45)
(46)
(47)
(48)

(49)
(50)
(51)
(52)
(53)
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