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Abstract

The main objective of the present study is to develop the energy input estimation equations for the residential-commercial sector (RCS)
in order to estimate the future projections based on genetic algorithm (GA) notion and to examine the effect of the design parameters on the
energy input of the sector. For this purpose, the Turkish RCS is given as an example. The GA Energy Input Estimation Model (GAEIEM) is
used to estimate Turkey’s future residential-commercial energy input demand based on GDP, population, import, export, house production,
cement production and basic house appliances consumption figures. It may be concluded that the three various forms of models proposec
here can be used as an alternative solution and estimation techniques to available estimation techniques. It is also expected that this stud
will be helpful in developing highly applicable and productive planning for energy policies.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction of energy production and consumption. Modelling in some
areas of application is now capable of making useful con-

There are a large number of factors external to the energytributions to planning and policy formulatiof]. In this
sector which are considered to be significant for determin- regard, energy planning is not possible without a reason-
ing the future level of the energy consumption and pro- able knowledge of past and present energy consumption and
duction in both developed and developing countries. Such likely future demand$5].
factors include population growth, economic performance, Genetic algorithms (GAs) are well known types of
consumer tastes and technological developments. Furtherevolutionary computation methods today and have been
more, government policies concerning the energy sectoradapted for a large number of applications in different ar-
and developments on the world energy markets will play a eas. These include from image processing in mediffhe
key role in the future level and pattern of energy production to the optimal power flow[7] and determination of heat
and consumptioffil]. transfer coefficientd8]. Interest is also growing within

Residential energy consumption depends mainly on thethe studies performed in the energy-related fields, such as
available amounts of local resources, which are closely con-nuclear energy[9], solar energy{10], low energy design
nected with the present rural economy and living standardsin buildings [11], optimization of building thermal design
[2]. In the EU residential sector, about 57% of the total fi- [12] and cogeneratiorj13]. However, its use in mod-
nal energy consumption is used for space heating, 25% forelling and estimating the energy demands is very limited
domestic hot water and 11% for electric[]. [14].

Energy modelling is a subject of widespread currentinter-  In this study, the residential energy input estimation equa-
est among engineers and scientists concerned with problemgions are developed in order to better analyze energy use

and make future projections based on GA notion. In this

mponding author. Tek-90-232388-4000/1897; regard, Turkey is. givgn as an illustrative e?<amp|e and GA
fax: 1+90-232388-8562. ' Energy Input Estimation Model (GAEIEM) is used to esti-
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2. Genetic algorithms (GAS) SSE. The three basic operations of GA are performed based
on the fitness function evaluation.
GAs were first proposed by Holland in 19755] and Once obtaining set of strings, the GA selects the new de-

further developed for engineering applications by Gold- signs with higher level of fitness than members of the cur-
berg[16]. They manipulate concepts derived from biology rent population by performing selection operation. Selection
and are philosophically based on the Darwin’s theory of operator biases the search process in favour of the more fit
survival of the fittest[17]. Similar to the natural evolu- members based on their fithess values. More fit members of
tion process where a population of a given race adapts tothe population can participate more than once, while less fit
a natural environment, a population of designs is created members may entirely suppressed that lead to an increase
and then allowed to evolve in order to adapt to the de- in average fithess. The fithess value of tte member in

sign environment under consideration. These algorithms the population can participate in this operation based on its
encode a possible solution to a specific problem on simple probability. The probability of thé&h member in population
chromosome string like data structure and apply specifiedis computed as follows.

operators to these structures so as to preserve important in- f;

formation, and to produce a new set of population with the P; = . (2)
purpose of generating strings which map to high function Yicafe

values. The next essential part of GA is referred to as crossover

GAs were characterized by bit string representations of pperation. The crossover operation allows for an exchange
potential solutions for a presented problem and these bitof design characteristics among the mating members. The
string representations change and improve these coded solucrossover operation is performed by randomly choosing two
tions by using GA operations. The basic operations of GA, a sites on each of the chromosomal strings of selected two mat-
selection, a crossover of genetic information between repro-ing parents, and swapping strings between the sites among
ducing parents and a mutation of genetic information affect the pair based on a designer choice of crossover probability
the binary strings characteristic in natural evolution. The bi- pc. Typical probability values range from 0.5 to 0.8. An il-
nary representation and the basic operations of GAs can béustration of the crossover operation for string length of 12
summarized as follows. by displaying crossover sites indicated by under line is as

Genetic operations manipulated the bit string representa-follows.
tions of possible solutions to considered problem. The rep-
resentation of the coefficients into binary strings requires Parent 1= 01010011011 — Child 1 =01010®10111
determining the bit string length, and then using scaling pro- Parent 2= 10001®@10111 — Child 2 = 1000101101
cedures to associate design variable values to binary coding:
The lower and upper bound values of the associate design Mutation operation is another essential operation in GA
variables appointed into the corresponding binary number process, and is one safeguards the process from a premature
of Xmin = 0000000,Xmax = 1111111, while assuming that loss of valuable genetic information in the population dur-
there is a seven-digit binary number. The values betweening selection and crossover operation. In both selection and
the lower and upper bounds are scaled and converted to thecrossover operations, the search process would heavily de-
corresponding binary strings using several scaling methods.pend on the initial population. Therefore, there is a risk of
For instance, 2 bit string representations using linear scalingpremature loss of some genetic information from the pop-
method can be shown as follows. ulation. The mutation operator is invoked with a low prob-
ability (pm) at a randomly selected site on chromosomal
string of the randomly chosen design. The operation consists
of a switching of a 0-1 or vise versa. Low values of muta-
tion probability (~0.01-0.03) are recommended, as higher
Each string represents one design, and multiple strings,,a|ues tend to be disruptive to the convergence process. An

constitute the entire set of designs. Multiple designs can bejjiystration of the mutation operation in the population is as
represented by head-to-tail stacking in any given order. By fqiows.

taking w; as the coefficients of the GAEIEM, the stacking

Actual values 0.00 0.33 0.67 1.00
Binary representation 00 01 10 11

of weighting variables can be represented as follows. Initial population New population
Weighting w1 w2 w; . 1000100100D011 100100100011
variables 00100a.00010010 0010100010010
Binary string 000... 11 001... 01 111... 00 ... 111000100101001 1200000001@001
representation 10110011001010 10100011001010
01010011000110 01010m 1000110

A sequence of such strings can be introduced to construct
a population of designs, with each design having a corre- The operations described above are performed for succes-
sponding fitness value, which is the sum of squared error sive number of generation. Successive number of generation
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continues to produce new design with improved fitness until figures produce the estimation of the residential energy

a specified number of function evaluations. input values of Turkey, which is best match the measured
The GA works according to rules as defined by the laws demand and reference values. The fitness funckog,

of evolutionary genetics based on fithess evaluation. Thetakes the following form:

model seeks thefittest model to the observed values. In

the GAEIEM, the model parameters of gross domestic prod-

uct (GDP), population, import, export, house production,

m

min F(x) = ZSj(Eactual— Epredicte@2 (2
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Fig. 1. (a) Population trend. (b) GDP and its corresponding fitted polynomial trends. (c) Import and export trends. (d) Residential housing and cement

production trends. (e) Television, refrigerator, vacuum cleaner and washing machine trends.
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where Eactyal and Epredicted are the observed and predicted + w12X1Xe + w13X2 X3 + w14X2 X4 + w1sX2 X5
energy values, respectivelyy the number of observations + w16X2Xe + w17X3X4 + w1X3Xs + w19X3Xe
ands; the weighting factor.

The genetic processes continue to search new designs with
enhanced fitness until a specified number of function evalu-  +w24X3 + wpsX5 + waeX2 + w27X3 (3)
ations.

Iterative search after many generations of evolution leads _ .
the population to an optimal design. A set of design in the WhereX; represents the population, GDP, population, ex-

population is altered in structure and constitution based on Port, import, residential housing production, cement pro-
the fitness, and searches after many generations of evolutiorfluction, house appliances sales of refrigerator, washing ma-
towards to an optimal design. The fitness indicate gyths- chine, television and vacuum cleaner, whilgis the corre-
nessof design, and therefore, the objective function is a log- sponding design variables.

ical choice for the fitness measure. The GAEIEM searches

the most fitted members by minimizing the error. The algo-

rithm randomly selects a set of models by minimizing error 3. lllustrative example

and evolves them to create the best model. The quadratic
forms of the GAEIEM can be written as follows:

+ w20X4X5 4+ w21 XaXe + wzzxi + w23X§

The model developed in this study is applied to
E_ ¥ ¥ Xotoe X st Xerwr X the Turkish residential-commercial sector (TRCS), of
= w1+ w2k1 + wW3A2 + waA3Ws 4w A5W7 A6 which energy utilization structure is summarized

+ wgX1X2 + woX1X3 + wi10X1X4 + w11X1X5 below.
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Fig. 2. (a) Actual and fitted data obtained from GA-PGEIRC scenario 1 of the residential-commercial energy input values of Turkey. (b) Comparison of
GA-PGEIRC scenario 1 and MENR for future residential-commercial energy input value projections of Turkey.
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3.1. A brief overview of the Turkish efficiency value for that is obtained to be 8.98% in the same
residential-commercial sector year[19]. In the TRCS, energy consumption for heating is
too high (more than 70% of the energy consumed) since
The TRCS includes residential, commercial public and buildings have almost no insulati¢a0].
agriculture activities. About 39% and 34% of total energy = Energy use per unit of building area in Turkey could
resources were used in this sector in 1990 and 2000, re-be reduced by nearly half through the application to all
spectively. The highest contributions came from renewable buildings of the new Heat Insulation Standards on build-
energy with 389.25PJ in 1990 and liquid fuel with 253.75 ing envelope$21], issued in 2000. While existing buildings
in 1999. However, natural gas usage has continuously in-require 200-250 kWh/#) the new standards could bring
creased in the residential sector for space heating, waterequirements down to 100-150 KWH/mAt current rates
heating and cooking purposes in several cities. Natural gasof building stock turnover, the estimated energy efficiency
constituted 23.73 PJ of used energy in this sector in 1990, gains could take several decades to materigde?21]
while this value was 103.73 PJ in 2000. In addition, utiliza-  Estimating the energy demands in Turkey has been exe-
tion of renewable energy is spread in the TRCS, especially cuted by the Minister of the Energy and Natural Resources
from sunlight for water heating, from geothermal for water (MENR). Every 5 years in Turkey, the State Planning Or-
heating and space heating and from bio waste for generalganization (SPO) preparedevelopment Plamwith the as-
usage[18]. In 2001, of Turkey's end use energy, 34.48% sistance of expert organizations for all sectors including the
was used by the residential-commercial sector. The share ofenergy sector. The MENR prepares energy production and
this sector in this breakdown is expected to continue to de- demand projections in accordance with the growth targets
crease at approximately 9—12% per year and to reach 28 andjiven by the SPO in Turkey. Energy demand projections
26% in 2005 and 2010, respectively. The energy efficiency based on various factors, including development, industri-
value for the TRCS is found to be 55.75%, while the exergy alization, urbanization, technology and conservation. The
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Fig. 3. (a) Actual and fitted data obtained from GA-RWTVR scenario 2 of the Turkish residential-commercial energy input values. (b) Comparison of
GA-RWTVR scenario 2 and the MENR for the future residential-commercial energy input value projections of Turkey.
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figures are revised each year in the light of the performance 3.3. The GAEIEM scenarios developed
over the past yedP2,23]
Observation ofX; values shows that the growth of the
3.2. Data used Turkish population (P), GDP (G), export (E), import (1),
residential housing production (R), cement production (C),
The data related to the design parameters are collectedhouse appliances sales of refrigerator (R), washing machine
from a variety of sources and covers the period from 1990 (W), television (T) and vacuum cleaner (V) have been in-
to 2023 for energy input values. The GDP and total final creasing according the social development in Turkey.
energy consumption data are collected from the World En-  The scenarios are made in order to perform better predic-
ergy Council—Turkish National Committe4] and the tions of the residential-commercial energy input of Turkey.
MENR [25]. Turkey's general population, GDP, import, In the first two scenarios, two sets of design parame-
export, residential housing production, cement production, ters/indicators have been used in the GA; then important
house appliances sales of refrigerator, washing machineparameters were selected and used in the third scenarios.
television and vacuum cleaner figures are obtained from Scenario 1(GA-PGEIRG: It is assumed that the values
the State Statistics Instituf@6]. Besides this, the future for population ¥1), GDP (X2), export K3), import (Xa),
estimation of the residential-commercial energy input is residential housing productioiX£) and cement production
taken from both the MENR25] and Utlu[27], which will (Xs) of Turkey increase with time. These increment trends
be stated only the MENR projections throughout this study, are plotted inFigs. la—d
since the values up to 2020 are based on the estimations Scenario ZGA-RWTVR Residential housing production
of the MENR. All the data used are also calculated by (X1), house appliances sales of washing machi®, tele-

Utlu [27], with the projected figures between 2020 and vision (X3), vacuum cleanery) and refrigeratorXs) have
2023. been used as a design parameter/indicator. These parameters
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Fig. 4. (a) Actual and fitted data obtained from GA-PGIRWT scenario 3 of the Turkish residential-commercial energy input values. (b) Comparison of
GA-PGIRWT scenario 3 and the MENR for the future residential-commercial energy input value projections of Turkey.
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give valuable important information related to the social and

181

The convergence of the objective function was examined

economic development changes in Turkey. Itis assumed thatin the GAEIEM. The obtained model converges in an ac-
there is a linear increase in these design parameters for theeptable number of generations. The convergence of the al-
future energy input prediction. Trends of these parametersgorithms can be obtained from Cany({28].

are plotted inFigs. 1d—e

Scenario JGA-PGIRWY: The important design param-
eters of populationXz), GDP (X2), import (X3), residential
housing productionX4), washing machineXs) and tele-
vision (Xg) were selected as a residential-commercial en-
ergy input indicator. There is a strong relation among the
residential-commercial energy and indicators.

3.4. Application of the GAEIEM model and results
By providing the upper and lower bounds of param-

eters the GAEIEM is performed using the following
user-specified parameters.

After the application of the GAEIEM, the following
parameter values are obtained, which result in the mini-
mum SSE between the experimental data and estimated
results. The forms of the GAEIEM developed for three
different kinds of approaches are given by the following
equations:

E_GAl—PGERC_

input = w1+ w2X1 + w3Xo + waX3z + wsXy

+ weXs5 + w7 Xe + wgX1X2 + woX1X3

+ w10X1X4 + w11 X1 X5

(4)
wyp = —5772332, wy = 10.221, w3z = 11084, wg =

+wi12X1X6 + wzeXé

Population size 100
b . 0 —81.955, ws = —146059, wg = 28414, wy = 294541,
Generation numbek) 450
. wg = —0.133, wg = 1.156, wig = 2.852, w1; = 0.210,
Probability of crossoverpg) 0.8 ) -
Probability of mutation ) 0.02 w12 = —4.809 andwog = —0.082; remainingy; parameter
values are found zero from the GA results.
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Fig. 5. (a) Comparison of MENR, GA-PGEIRC scenario 1, GA-RWTVR scenario 2 and the GA-PGIRWT scenario 3 for the Turkish residential-commercial
energy input values between 1990 and 2002. (b) Comparison of MENR, GA-PGEIRC scenario 1, GA-RWTVR scenario 2 and the GA-PGIRWT scenario
3 for the future residential-commercial energy input value projections of Turkey.
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EGAZ— RWTVR
input

=w1+ w2X1+ w3X2 4+ waX3+ wsXy
+ weX5 + wgX1X2 + w11X1X5
+ w15X2X5 + w1gX3Xs

+ w20X4Xs5 + wapX2 )

w1 = 4870636, wy = —22751, w3 = —3.992, wy =
0.100, ws = 2.130, weg = —0.165, wg = 0.003, w11 =
—0.002, w15 = 0.002, w1g = —0.0001, w2 = —0.001 and
wz2 = 0.048; remainingy; parameter values are found zero
from the GA results.

E_GAZ— RWTVR

input =w1 + w2X1 + w3X2 + waX3 + wsXy

+ weXs + w7 Xe + wsX1X2 + woX1X3

+w10X1 X4 + w11 X1 X5 + w12X1 X6

+ w17X3X4 + w20X4X5 (6)
wy = —38477375,wy = 752116, w3z = 221263, ws =
—566.735, ws = 185187, wg = —38.694, w7y = 9.125,

wg = —3.526, wg = 6.114, w19 = —3.450, w11 = 0.616,
w12 = —0.172,w17 = 0.776 andwo = —0.001; remaining
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dICtIOI’lS It may be COﬂC|Uded that the GA can be Llsed as an Turkey’ Energy Conversion and Management’ in press.
alternative solution algorithm to estimate the future energy [21] S. Dilmac, N. Kesen, A comparison of new Turkish thermal insulation
values of Turkey as well as any other countries, while the standard (TS 825), ISO 9164, EN 832 and German regulation, Energy
use of GA is easy and does not need many parameters for _ and Buildings 35 (2) (2003) 161-174. _ _
future projections, therefore it is preferable. The results of (22 A Hepbasli, G. Oturanc, A. Kumaz, E. Ergin, A. Genc, N. Iy,

. . . Simple correlations for estimating the energy production of Turkey,

the present study are also expected to give a new direction  gnerqy Sources 24 (2002) 855-867.
to engineers, scientists, and policy makers in estimating €n-23] A. Hepbasli, N. Ozalp, Development of energy efficiency and man-

ergy consumption values and implementing energy planning  agement implementation in the Turkish industrial sector, Energy
studies as a potential tool. Conversion and Management 44 (2) (2003) 231-249.

w; parameter values are found zero from the GA results.
The three forms of the GAEIEM are applied for estimating
the Turkish residential-commercial energy input values and
the results are compared with the MENR projectifis27),
as shown irFigs. 2—5 As can be seen from the figures of GA
results, the MENR25,27] results between 1990 and 2002
are very close the comparative error is less than 1%. GA
scenarios are also capable of locating the economic crisis
at 1994 and 1999. It may be concluded that all the three
scenarios considered seem to be capable of predicting the
Turkish residential-commercial energy input values as an
alternative to the MENR.

4. Conclusions
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