Evaluation of Grey Prediction Method of Energy Consumption
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Summary - Energy management in ceramic industry. Short
data series prediction of energy consumption. Design of
optimal grey prediction model. Qualitative data series
characterization. Calculation of grey prediction parameters a
and b by means of selective procedures in solving
overdetermined linear systems. Evaluation of results based on
prediction error and data series characterization.

1. INTRODUCTION

The basis for strategic approach to production system is an
effective management as a carrier of system knowledge
and ability to ensure the survival of a company. In the
world of total competition it is obvious that control of
production cost is the main component in company
success. Ceramic industry is known as a huge energy
consumer with up to 33% of product cost spent for energy
[1]. Energy cost consists of human and technology
component: basically human component stemming from
the product market demand and from nonawareness of
workers for energy saving habits and technology
component depends on the process at hand. The separation
of these components can yield a fruitfull result in leading
the company toward minimum production cost. The time
of identification of these components demans handling of
short data series. Therefore we have chosen the grey
system technique to assist in obtaining best system
oriented solution [2].

II. DATA AND METHOD DESCRIPTION

There are two major energy supplies used in ceramic
industry: natural gas and electrical energy. Although
participating only 10% in energy consumption electrical
energy amounts to 23% of energy costs in KIO ceramic
industry in 2002, because of higher price for overload
taxation. Therefore the focus of the energy management
system in the KIO ceramic industry has been primarily
concentrated to decreasing electrical energy cost. Data on
electrical energy consumption before and after installation
of new light system for production hall and factory
environment are given in Table 1. Light system is the
highest consumer of electrical energy in KIO d.d. Taking
into account the neccessity for fast identification of costs a
method has been investigated for modeling prediction of
electric energy consumption. Three possible methods have
been taken into account: artificial neural network (ANN)
[3], grey system theory [4],[5].[6],[7], and qualitative data
series modeling [8],[9]. The following prediction
parameters are of interest: time horizon, accuracy and
model testing. Prediction based on the grey

system theory has advantage because it principally needs
only four data points for their construction and testing.
Having only one variable for prediction so called single
variable grey model or GM(1,1) has been applied [10].
GM(1,1) is an order differential equation model that
constructs the predictor in five steps:

Forming of the vector X'” from nonegative primary time
series data as

x© = [X(") (k)]
(D).

Value k in equations (1)..(5) is a nonegative integer:
k=123,...m m=>4

Vector XV of nonegative cummulative data (AGO) is
formed from (1) as

X0 = [X M) (k)]

2,
with the relation
k
XV ky=> X0
i=1
3.
Grey difference equation is formed as
XO()y+az® (k)=b
),

where

ZPk)y =XV (k) +1-a) X P (k-1)
5).

So called IAGO grey prediction model iz formed from
differential equation

(1)
XX =p
dt
(6),
with initial condition
XP0)=x"
N,



as

b
X' (k+1)=1-exp(@)(X 1) —;)exp(—ak)
(3).
Here X’ represents predictive value of X in the next time
interval. Coefficients a, b from equation (4) and a; from
equation (8) are obtained from the overdetermined linear
system of three, four or more equations with two

unknowns a and b [10],[11].

Prediction error equals to

Xk+D)-XP%k+1

e(k+1)= ,
X"V (k+1)
k+1<m ),
where k+1 is the next interval of prediction and

X @ (k +1) is the known target value.

As an example the value a, = a,is the last a in the
calculation of dafrom the overdetermined linear system
(10) where for @ =0.5 and data series X » = (2,3.1).
Target value is: X ¥ (4)=2.

XVk)=(25,6) , Z" =(2,4.5,3.25) and a set of

linear equation (4) equals to

2+2a=>b
3+4.5a=>
1+3.25a=>b

(10).

The correspondent set of equations for determining
average a and b for the use of in equation (8)
is given as:

2+4+2a, =b, 2+4+2a, =b,
3+4.5a, =b, 14+3.25a, =b,

3+4.5a,=b,

1+3.25a, =b, an,

a=(-04,08-1.6) b=(1.23.6-42)
(12),

The average values foraand bare: a=—0.4 b=0.2
and a3 = ay . Therefore, from (8):

X'?(4)=4.082

(13),
e(4)=51%

(14).

More generally, prediction parameters for GM(1,1) are: o
from (5), data series length m from (1), and data series step
A4 (when taking each second data point A = 2, third A = 3,
etc. ).

III. RESULTS

An optimum prediction for light energy demand in KIO
d.d. has been developed with o = 0.4 [10], data series
length m = 4, and data series step 4 = 1. Slightly worse
prediction results are obtained with o = 0.4, m =4 and 4 =
12, that is with the prediction from the same month of the
previous years. Such data on GM(1,1) prediction of
electrical energy consumption of the light system from
Table 1 are given in Table 2. Added are data on prediction
of light system maintenance for a four years period.

IV. PREDICTION EVALUATION

Evaluation of GM(1,1) method can be done considering
external features i.e. compared to ANN prediction and to
semiqualitative prediction. But being superior to both
methods in prediction accuracy there only remains to
evaluate the internal method features. There are two
distinctive features of the grey method that are interesting:
its volatility in choosing data series combinations and
exactness of the solution of the system given with
calculating parameters a and b from (4). Volatility of data
series combinations in prediction of electrical energy
consumption is rather limited, thus the solution of the
parameters a and b were analyzed in more detail. In order
to introduce some necessary short term data patterns [8] for
relevant analyzis, typical graphical signatures as “A”, “V”,
“M”, “W”, “J” and “L” are used, Table 3, column 1.
Added to Table 3 are prediction errors to goal function
equal to data mean value, column 3; prediction errors for a
and b parameters with ommition of one value of the a and
b parameters outside of the 2¢ from their mean values [12],
column 4; prediction errors for a and b parameters with
ommition of both parameter values when lying outside of
the 2o from the mean value, column 5. Test of the results is
given with the inclusion of 1% random noise into
prediction data, columns 6,7, and 8. Data for Table 3. have
been obtained from GM(1,1) model with the following
prediction parameters: a = 0.5, m = 5 and 4 = 1. Data
series X© (k) are given in column 2.

V. DISCUSSION

Grey system modeling from GM(1,1) exhibits usually
optimum accuracy for a = 0.5. As visible from Table 2,
results of prediction highly depend on the nature of data:
the more human induced data the lower prediction
accuracy. In GM(1;1) used for demand prediction of
electrical energy nevertheless the parameter a = 0.4 was
found as a better suited , Table 2 and [10]. However the
accuracy of the prediction depends highly on the shape of
the data series used for prediction. For short data series



some of these shapes can be approximated with
characteristic signatures such as given in Table 3, column
1. Standard solution of the overdetermined system given
with (4) exhibits spread out of prediction accuracy between
2.00% and 23.3%. Calculating the solution for a and b
from (4) in such a way that data exceeding 2o range should
not be taken into account two possible results can be
expected: one with dropping out only parameter a or b that
exceeds 2o range or one with dropping out parameter pair
a and b that exceeds the 20 range either in a or in b part or
in both of them. The cases where solutions exceeded 3¢
have shown generally unstable solution of the GM(1,1).

Parameter a, was calculated as the last nonomitted value of
a. The first solution gives better results than “full
calculation” in three signatures: “M” “J” and “L” but two
solutions were worst: “A” and “W”. The second solution
with omitting a pair of values exceeding 2c range gives
better solution than “full calculation” for “M” “W” and
“L”, slightly worse for “J” and equal for “A” and
“V”.Mean accuracy of the “full calculation” was 8.49%,
omitting one value exceeding 20 range was 7.42%, and
omitting a pair of values exceeding 2o range was 5.25%,
giving thus prommising results for further investigations of
the method.

Table 1. Data on electrical energy consumption of light system for production hall and factory environment in KIO ceramic industry

from 2002 to 2004.

Year 2000 2001 2002 2003 2004
Month KWh KWh KWh KWh KWh
January 85625 117321 103064 115628 114274
February 116172 111237 125188 136748 94000 *
March 80602 109773 116894 131598 88589
April 98400 119912 122398 130077 75432
May 91100 115016 120251 129935

June 98288 108345 134989 123669

July 86283 107640 112156 124862

August 109841 122218 134312 145377

September 118625 120227 126808 139932

October 101351 114937 134676 137466

November 110389 123788 131819 122452

December 102646 97255 94284 121597

Total 1199323 1367669 1456837 1559340

* start of new light system

Table 2. Data series and GM(1,1) prediction for light costs with a = 0.4, m =4 and 4 = 12.

Samp | Electrical Prediction of Maintenance Prediction of Maintenance Prediction of

le energy electrical energy | material costs maintenance material per maintenance
consumption, consumption, material costs item material
kWh kWh

1 115628 88381 713,89 482,26 5 3,49

2 136748 124541 2669,59 1555,64 10 6,86

3 131598 94655 445,00 166,63 15 5,99

4 130077 107012 421,42 266,67 12 5,72

5 129935 102675 1952,60 513,06 45 13,02

6 123669 119603 1407,00 4649,83 21 15,19

7 124862 96580 3408,56 5243,90 18 42,63

8 145377 122312

9 139932 123899

10 137466 119124

11 122452 120588

12 121597 98320




Table 3. Prediction errors of signatures for different solutions of parameters a and b from the equation (4); prediction of series mean
value with a = 0.5, m =5 and 4 = 1. All errors are given in percentages.
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