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A REGIONAL GAS SUPPLY MODEL

1. Network Model of a Gas Supply System

The problem of the gas supply of j a 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, (c) 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 [l].

Let bkv denote a capacity of an arc kv\ dk and sk the amount of
and demand for fuel in a node k\ Phv(x hv ) cost function which
depends on the wanted flows XiiV of fuel. All the values are given in
natural gas equivalent.

The problem is to find (Xk V ) minimizing

subject to

where Q is the network under consideration. If the node k is a source,
then dk>o, Sh —o;ifk is a consumer, dk=O, Sh~> o; if kis a transitional
node, dh =Sh= 0.

Pkv(Xhv) =Ckv tor the arcs of the gas main and gas distributive net-
work with the fixed flows Xkv of natural gas, where Chv is the fixed link
cost;

Phv (x/t V ) = (Chv-j-Uk) for the arcs leading from the sources of gas,
where a.k is the cost of one unit of natural gas extraction;

phv(xkv) —ßv for the arcs leading to the consumers, where is the
cost of using one unit of gas;

Phv (xkv ) —Chv (hv, Xkv) for the arcs which are in project; here hiv
is the distance (in kilometres) between the nodes k and v\

Pkv(Xkv) (cLh-{-Chv-\-f>v) 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 optimization consists of the fol-
lowing principal steps:
I. determining an optimal fuel distribution among the consumers, based
on annual or seasonal demands and supplies;
11. determining an optimal daily fuel distribution;
111. 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

is to be found, and the cost cj
((

is to be chosen according
to that interval and the length of the pipeline ku. 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 ku of the solution ( Xhv )
found at the previous iteration are determined as follows:

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

and the restrictions on the gas pressure and speed. Here / is the number
of the variants of the pipe diameters; T is the number of pipes leading
into node k, and (dm) 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



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 found earlier
and the new values, the distributive gas network is to be optimized
once more. Practical experience has shown a good convergency of the
sugg ested 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:

Here M is the set consisting of m sources of fuel, each source i having
an amount of the i-th type of fuel; N set of consumers (units)
/ (/=l, n) with the demands sy Qi are the distributive networks of
every i-th type of fuel (these subnetworks have common nodes the
consumers); c(h is the transportation cost on the arc kv of the subnet-
work Qi\ tf-j) the variables to be found; sign(x) is a function that
is equal to 0 when *= 0, and to +1 when x>-0. If the unit / cannot
use the fuel of the i-th type, then cO=-f~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 Qm+i‘ Q— Ql UQ 2 U••• UQm U Qm+u
Qk nQl= 0, k¥=l, k, Subnetworks Q{ consist of one source i con-
nected by the arcs with any number of consumers, The arcs that are



112

not included into these subnetworks and all the sources and consumers
form the subnetwork Qni+l.

11. 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 l ) of some consumers.

111. 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 11.

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 IV 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 [s].

REFERENCES

1. Каганович И. 3., Рейснер М. Я■ Сетевые модели газоснабжающих систем. Эконо-
мика и математические методы, 1970, VI, 454—459.

2. Рооба П. Оптимизация потоков природного газа итеративным пересчетом затрат в
газоснабжающей системе. Изв. АН ЭССР. Обществ, н., 1980, 29, №3,
296—297.

3. Krön, G. Diakoptics. London, 1965.
4. Korchemkin, M. The piecewise solution of a certain class of transportation problems.

ENSV TA Toim. Füüs., Matern., 1979, 28, N 4, 317—324.
5. Инструкция по проведению экономико-математических расчетов на ЭВМ при про-

ектировании районных газоснабжающих систем. Л., 1976.

Presented by К- Habicht
Academy of Sciences of the Estonian SSR, Received

Institute of Economics March 18, 1982



113

Ilja KAGANOVITS, Mihhail KORTSEMKIN, Paavo ROOBA

RAJOONI GAASIVARUSTUSSÜSTEEMI MUDEL

Artiklis on käsitletud mittelineaarse sihifunktsiooniga gaasivarustussiisteemi võrkmude-
lit ning esitatud süsteemi optimeerimiseks iteratiivne kulude ümberarvutamise algo-
ritm. Samuti on uuritud gaasivarustussüsteemi detailiseeritud mudelit, mis sisaldab
diskreetseid muutujaid ning mida lahendatakse dekompositsioonimeetodil. On juhitud
tähelepanu kirjeldatud algoritmidele vastavate FORTRAN-programmide kasutamisvõi-
malustele.
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Илья КАГАНОВИЧ, Михаил КОРЧЕМКИН, Пааво РООБА

МОДЕЛЬ РАЙОННОЙ ГАЗОСНАБЖАЮЩЕЙ СИСТЕМЫ

Рассматривается сетевая модель районной газоснабжающей системы (РГС) с нелиней-
ной целевой функцией. РГС моделируется в виде транспортной сети, состоящей из сети
газопроводов и нескольких двудольных графов, соответствующих сетям распределения
других видов топлива. Приводится общая вычислительная схема оптимизации РГС,
включающая алгоритм итеративного пересчета затрат. Рассматривается также мо-
дель РГС с дискретными переменными для решения детализированной задачи распре-
деления топлива. Описывается декомпозиционный метод решения последней задачи.
Указываются вычислительные возможности ФОРТРАН-программ, реализующих приве-
денные алгоритмы. Кратко обобщается практический опыт.

Институт экономики Поступила в редакцию
Академии наук Эстонской ССР 18/1 1 1 1982
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