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A REGIONAL GAS SUPPLY MODEL
1. Network Model of a Gas Supply System

The problem of the gas supply ofsa region, in fact, includes such
problems as (a) determining consumers of natural gas under limited
resources of this fuel, (b) optimal distribution of gas and other types
of fuel, (¢) finding optimal gas flows from sources to consumers, and
some others. The regional gas supply (RGS) model consists of a gas
pipeline network and some bipartite graphs which correspond to distribu-
tive networks of other types of fuel. A network RGS model with a
non-linear objective - function for technical and economic designing of
RGS systems can be described mathematically as follows [1].

Let by, denote a capacity of an arc kv; dp and sp — the amount of
and demand for fuel in a node k; puy(xrw) — cost function which
depends on the wanted flows. x, of fuel. All the values are given in
natural gas equivalent.

The problem is to find (xx,) minimizing

hé’q Pro (Xro) Xro (1)
subject to

O0<tno<<bry (VkvesQ), (2)

S aw— Sxm=di—su (k=1, ...; K), (3)

where Q is the network under consideration. If the node %k is a source,
then d, >0, sp=0; if £ is a consumer, dy=0, s,>0; if k£ is a transitional
node, dp=s,=0. ’

Pro(Xry) =cry for the arcs of the gas main and gas distributive net-
Wortk with the fixed flows xx, of natural gas, where ¢y, is the fixed link
cost;

Pro(Xrv) = (Cro+ar) for the arcs leading from the sources of gas,
where a is the cost of one unit of natural gas extraction;

Pro (Xrv) =P for the arcs leading to the consumers, where B, is the
cost of using one unit of gas;

Pro(Xro) =Cro(lhv, X¥no) for the arcs which are in project; here li,
is the distance (in kilometres) between the nodes £ and vu;

Pro(Xrv) = (an+cCcrv+PBs) for the arcs leading from the sources of
other types of fuel to the consumers.

It is assumed that the total demand for fuel is equal to its total
supply.

Gas holders can be included into the RGS model for taking into
account the winter demand increase. The gas holders are considered
as consumers in the summer period and as sources in winter. The
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problem of gas holders allocation can be solved by dividing the annual
demands of the consumers into two parts corresponding to summer and
winter periods and by considering summer and winter networks sepa-
rately. .

2. Algorithms and Programs

A general scheme of the RGS system optimizétion consists of the fol-
lowing principal steps:

I. determining an optimal fuel distribution among the consumers, based
on annual or seasonal demands and supplies;

II. determining an optimal daily fuel distribution;

I11. finding the gas pressures at initial first nodes of the distributive gas
pipelines; :

IV. determining an optimal gas distribution among the consumers of the
distributive gas pipelines with the calculation of pressures;

V. finding new values of the gas pressure at the initial nodes of the
distributive gas pipelines on the basis of the gas flows found at Step IV.

The problem of Step I is solved by the transportation costs recal-
culation (TCR) program in the following way [2].

At Step I the construction costs of the minimal capacity gas
pipelines are chosen for the pipelines which are at the design stage,
and transportation costs are calculated on the basis of the length of
these pipelines. Then the transportation problem is solved.

At Principal Step the transportation costs are corrected to correspond
to the gas flows found at Step I. For this, .an interval bit<<

<xro<<bi is to be found, and the cost c¢i is to be chosen according

to that interval and the length of the pipeline kv. Then the transportation
problem with the recalculated costs is to be solved.

The iterative process stops when two successive solutions of the
transportation problem have equal values of the objective function (with
a given accuracy).

When turning from annual demands to the daily ones, the network
is defined more exactly and the consumers are desaggregated.

The distribution of natural gas over the distributive network is
optimized by means of the above-mentioned TCR program. For the
pipelines which are at the design stage, the costs are calculated in the
following way. The costs on every basic arc kv of the solution (Xy)
found at the previous iteration are determined as follows:

c
Xrv

pkv(xkv) = lhv, : 5

where the cost ¢ corresponds to the minimal feasible diameter d of the
pipeline. d is chosen from the given variants with the consideration of
the following restrictions:

d=min(d;), j=1, ... J;
d<<min(d;), t=1, LA

and the restrictions on the gas pressure and speed. Here J is the number
of the variants of the pipe diameters; T is the number of pipes leading
into node %, and (di;) are diameters of these pipes.

All the basic arcs are considered until the necessary values of gas
pressure are obtained at the end nodes of the pipelines, The iterative
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process must stop when two successive solutions of the problem have
equal values of their objective functions (with a given accuracy).

Then the gas pressures at the initial nodes of the distributive gas
pipelines are calculated again by means of the optimization of gas
main flows which correspond to the gas distribution plan found. If
there is significant difference between the gas pressures foundearlier
and the new values, the distributive gas network is to be optimized
once more. Practical experience has shown a good convergency of the
suggested method. In fact, the process ends in two or three iterations.

The programs are written in FORTRAN IV version for the ES
computers, and can be used for networks with up to 2000 nodes and
10000 arcs (for the ES 1022 computer).

3. Solution of a Detailed Problem

Consider an RGS model with the consumers detailed up to power units.
The problem is formulated as follows:

el N ¢ x() — min, (4)
i€EM hvEQ,
o W<d; (VieM), (5)
iveEQ,
ISV ) = { % (VieM, VjieN), (6)
hj 0 .
kjsQ,
Sisien ( ) x0)j=1" (Vi< N), (7)
ieM kjeQ,
) — Jd=0 (kM ke N, VieM), (8)
ke, heQ,
¥ =0 (Veve Qi VieM). (9)
Here M is the set consisting of m sources of fuel, each source i having
‘an amount d; of the i-th type of fuel; N — set of consumers (units)
i (j=1, ..., n) with the demands s;; Q; are the distributive networks of
every i-th type of fuel (these subnetworks have common nodes — the
consumers); ¢ is the transportation cost on the arc kv of the subnet-
work Qi; x() — the variables to be found; sign(x) is a function that

is equal to 0 when x=0, and to 4+1 when x>0. If the unit j cannot
use the fuel of the i-th type, then c(hi)i=+oo. Restrictions (6) and (7)

mean that each unit must-be supplied from one source only.

The problem (4)—(9) can be represented in a matrix form, so that
each subnetwork would be a bipartite graph. Suppose that the problem
is transformed in that way and consider it as a special minimum cost
flow problem. :

The partitioning method for solving the problem is based on some
ideas of G. Kron’s «diakoptics» [3] and can in general be described
as follows [4].

I. Partitioning the given transportation network Q into smaller isolated
subnetworks Q¢ and a subnetwork Qumii: Q=Q'U Q2U...U Q™ U Qmu1;
Q*NQ'=T, k£, k, |<<m. Subnetworks Q7 consist of one source i con-
nected by the arcs with any number of consumers, The arcs that are
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not included into these subnetworks and all the sources and consumers
form the subnetwork Q1.

II. Changing-the partitioning of the network Q to reduce the number
of the negative cycles in a feasible solution at the next step. The negative
cycles consisting of four nodes and arcs are to be excluded by changing
the places (subnetworks Q?) of some consumers. :

I1I. Finding a feasible solution of the problem by a separate optimi-
zation of each subnetwork.

IV. Changing the partitioning of the network according to the feasible
solution found at the previous step.

V. Improving the solution by eliminating possible negative cycles and
comparing the new solution to the one of the previous iteration. Return-
ing to Step II.

The algorithm ends when at some iteration a worse solution is
obtained than at the previous iteration, and this previous solution is to
be accepted as an approximate one.  The algorithm is programmed in
FORTRAN 1V version for ES computers. Problems with up to 102
sources and 104 consumers can be solved with the help of the program.

4. Practical Experience

Our models and programs have been used for the European part of
the USSR gas supply optimization in projecting the gas main North
Tyumen — Central and Western regions.

The Institute of Economics has participated in technical and eco-
nomic projecting of the gas supply system in the North-European part
of the USSR, the Baltic Soviet republics, Byelorussia and some other
regions.

The methodology of RGS systems optimization developed at the
Institute of Economics has been accepted by the Ministry of the Gas
Industry of the USSR and has been widely used [5].
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RAJOONI GAASIVARUSTUSSUSTEEMI MUDEL

Artiklis on kisitletud mittelineaarse sihifunktsiooniga gaasivarustussiisteemi vorkmude-
lit ning esitatud siisteemi optimeerimiseks iteratiivne kulude iimberarvutamise algo-
ritm. Samuti on uuritud gaasivarustussiisteemi detailiseeritud mudelit, mis sisaldab
diskreetseid muutujaid ning mida lahendatakse dekompositsioonimeetodil. On juhitud
tahelepanu kirjeldatud algoritmidele vastavate FORTRAN-programmide kasutamisvoi-
malustele.

Eesti NSV Teaduste Akadeemia Toimetusse saabunud
Majanduse Instituut 18. 11T 1982

Hava KATAHOBHY, Muxaua KOPYEMKHH, Ilaaso POOBA
MOJEJIb PAMOHHOU TA30CHABXAIUWEW CUCTEMBbI

PaccmatpuBaercst cereBasi MoJe b pailoHHOH rasocuabxkatouedi cucrempl (PI'C) ¢ nHesnnuei-
HO# 1esneBoil ¢pynkiueii. PI'C mMomeaupyercs B BHAE TPAaHCIOPTHOI ceTii, cOCTOALLCH H3 CeTH
ra3onpoBOJOB H HECKOJBKHX JABYJAOJbHLIX T'Pa(oB, COOTBETCTBYIOUIUX CETAM paclpeieeHHs
ApYrHxX BHAOB TomiuBa. [IpuBoaurcst obliasi BbluncantenbHas cxema onrumusaunun PI'C,
BKJIIOYAIOLlasl aJTOPHTM HTEPaTHBHOrO Mepecuera 3arpar. PaccMaTpuBaeTcs Takxke MO-
neab PI'C ¢ AHCKpPeTHbIMH NMepeMeHHLIMH /s PelleHHs AeTa/M3npOBaHHON 3alayd pacrpe-
nejenusi tomsuBa. OmnuceiBaeTcss JeKOMMO3HIHOHHBIH MeTOJ pelleHusl Noc/efHeH 3amaun.
YKasblBalOTCsl BbiUHCaAHTeabHBIe Bo3MozuocTH POPTPAH-nporpamm, peasusyloliux NpHBE-
neHHble aaroputMbl. Kpatko o6o6uiaercst mpaKTHYECKHI OMBIT.

‘HHueruryr akoHomuku [Tocrynuia B pejfakiyio
Arademuu nayx dcrownckoti CCP 18/11T 1982
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