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ABSTRACT

The back propagation neural network and the gray model for predicting
natural gas consumptionhave been introduced in the present article. Two
new methods for predicting natural gas consumptionin China have also
been pointed out based on the back propagation neural network and the
gray model. The experimental results show that both models can predict
natural gasconsumption in China and the experimental data are in agree-
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ment with the quantitative analytical conclusions drawn from the calcu-
lated data. This proves that two types of new models can be used to
predictnatural gas consumption. It results in good economic and social

benefitsin China.

INTRODUCTION

Natural gashasalot of advantages such asbeing
clean,highly efficient, abundant and easily storable. The
globd naturad gasyiddand consumptionin 2005 reeched
2.763x102 m® and 2.749x 102 m?, respectively. The
demands for natural gas had gradually increased to
3.3% of the global natural gasproduction every year
and were 25% of total energy. Chinesenatura gascon-
sumptionwasonly 1.7% of total world natura gascon-
sumption; however Chineseincrement in natural gas
consumption got 20.8%. Natura gasasaclean energy
iswiddy usedindifferent areassuch aseectricity power,
car market andresidential fuel, etc?.

In the present paper, the back propagation neura
network and the gray model have been discussed. Two
new methodsfor predicting natural gasconsumptionin
Chinahave aso explained based ontheback propaga
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tion neura network and thegray model.
DISCUSSION

Theback propagation neur al network!®

A back propagation neural network was onetype
of anatificid network. RumdhartM ccldlan pointed out
the back propagation neura network!. It was supposed
that N typesof sampleswere.

(x,y)Jj=L2,:-N)

Where X- output; y - hope output
The back propagation neural network solved was

listed asfollows.

(1) Eachbeginningvalue(w=(a,.6,.®,.6,)) did not
egual 0 and aspeed rangewas0<U<1.
Wherew,, 0. @,. 0, € R- unknown parameters.

(2) Forward scatter propagation was cal culated asfol-
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lows.
h,=g(ox,+6),(j=12,--n)
7= flox, +6,).(j=1.2,n)
Where f.g— R — R’sdifferentiablefunction.
(3) Backward scatter propagation was described as
follows.
net, = ox; +6,
net, = ,h. +0,
5, =(@,8,)h (net,)
6,=(v,~3)f (net)

(4) We ght averagevd ueswerewritten asfollows.
= +u Z e

0, =6+ NZ. el
=

N
, =, 1) e
J=1

N
0, =06,+ HZ el
(5) Calculatlon would be stopped if error square

(SSE = Z(l . — 7)) satisfied agiven condition,

otherwi sego back step 2.

Predicting amodel for natural gas consumption
based on sample of ascatter diagram waswritten as
follows.

-k
? 1+ be™
It was supposed that thebeginning va ue (\y), the speed
(u) and theiteration number were (0.1,--0.1,0.1,0.1),
5x10°® and 5216, respectively. Thefina resultswere
listed asfollows.

SSE = 1.999976
W =(0.227855, -0.103626,0.225404, 0.072450)
i 13.798844

V = ATRSS 4
7 143.449909¢0227855=

TABLE 1 presented theresultsfor predicting natu-
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ral gasconsumption. Theexperimental resultsshowed
that actual natural gas consumptionwasvery closeto
predicting natural gas consumption, so theback propa-
gation neurd network wasagood mode for predicting
natura gasconsumption.

TABLE 1: Theresultsfor predicting natural gasconsump-
tion

Actual natural gas Predicting natural Relative
consumption gas consumption error (%)
(10" m® (10’ m?)

3.78 3.68 2.65

4.19 4.33 -3.34

4.83 5.03 -4.14

5.56 5.78 -3.96

6.71 6.56 224

7.99 7.34 8.14

8.60 8.12 5.58

9.24 8.86 411

9.67 9.56 114

9.87 10.20 -3.34

10.49 10.77 -2.67

10.92 11.27 -3.21

10.93 11.71 7.14

12.39 12.08 250

12.59 12.40 151

Thegray model®

GM (1, 1) was one of the main and basic gray
models. GM (1, 1) wasdescribed indetails. Theorigi-
nal sampleinthe sequencewaslisted asfollows.
X - f x@(1), 1(0)(2) (OJ(K,)I

New sequence based on the above equation was
written asfollows.

X0 = i (1)(1) O (2), 5 x® (ﬂ)}

X wasdescrl bed asfol lows.

V(@) =3 2P @.(G=1.2..mor
i=1

(=) +(1-0xV(t+1).r=12. -

It wassupposed that x© (¢) + ax® (1)

ply described asfollows.

D
= +ax¥ =5

wn oand0<8<1),
= p. ltwassm-

dr
Two parameters (a and b) were calculated with the

least square method.
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XO(t) and XD(t+1) were obtained asfollows.
XO@) = X0 - X001 = - )" D —2e,
a
(=12 n-1)
n Lt b (—at) b o s \
XO¢+1) = (@0 - D +2 (¢ =12, n—1)
a d

TABLE 2 showed theactua natura gasconsump-
tioninagiven area. Based onthedatum from TABLE
2, theresultsof predicting naturd gasconsumptionwere
obtained and shown in TABLE 3. The experimental
results presented that actual natural gasconsumption
wasvery closeto predicting natural gas consumption,
so the gray model was a good model for predicting
natura gasconsumption.

TABLE 2: Theactual natural gasconsumptioninagiven area

Natural gas consumption (10° m)
1127.91
1244.25
1277.74
1298.25
1501.22
1616.12
1816.25
2012.78
2007.74
2051.07

TABLE 3: Theresultsof predictingnatur al gasconsumption and
relativeerrors

Actual natural Predicting natural

gas consumption gas consumption Relative
(10° m?) (10° md) errors(%)
1616.12 1541.41 4.62
1816.25 1670.53 8.02
2012.78 1810.67 10.04
2007.74 1915.43 4.60
2051.07 2072.45 1.04
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CONCLUSION

Inthispaper, theauthor hasintroduced that the back
propageation neural network and the gray model lead to
and areclosely in accordance with predicting the prac-
tical experimental values. Natural gasconsumptionin
Chinacan beaccuratdly estimated. Theback propaga
tion neural network and the gray mode! point out that
predicting natural gas consumption not only hasavery
important significance, but also providesatheoretica
referencefor chemica plantsor oil companies. Itisim-
portant for Chinese government to design and utilize
rightly and optimize natural resourcesand may increase
Chinese government’s benefits. This mathematical
method is effective, economic, Ssmpleand convenient,
andthusitissuitablefor chemica plantsor oil compa
niesinChina
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