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Dwdopm~.t of Software Algorithm for Energy Modehg and Forecasting 

AlmxAm 
The problem of rqetitive cahhtions involved in the comparative analpis of forecasted energy loah to 
determine the most applicablt d l  out of a variety has been reduced by the development of a 
forecasting software algorithm done in this woh. Thrwr models and two test tools were catered for by tbe 
developed software at this p h i n a r y  stage. They me the linear, cmpownd gt.owth and cubic models 
while the test tools are the rank of coaeehtion coefficient (ROCC) and the memi ahlute pementage m r  
-).The numerical modebg and forecasting procedures were presented and an algorithm flow chart 
was s-ntly dcvelopad fur thc software. The propmnhg language selected for the design of the 
so- is MATLAB_@te of its v c r d l i ~  in mathematid applications. On the completion of the 
software, it was applied to an existing enagy consumption case stndy available in l i teram to ascertain its 
reliability. Tbe results obtained were in the range of the estimations found in literahre. 
K-:M- F m ? c & @ W ,  ( k n p d p w i 6 ,  WC Soikaw 

1.0 INTRODUCTION 
In the recent times, the application of inkmctive software algorithms have made tremendous impact in the 
fietd of technow and engineering, various computer-aided mehods are now used in virtually dl its 
aspects df human endeavour. This work is on the devclopmenf of a software algorithm to model and 
forecast energy Ioads with a possible choice of tbree d B e m t  forecasting models. The &veloped 
software does not only remove the tedium aasoGiated with Energy modeling md foffca;sting procdum 
but also speeds it up dramatically tbercby making the pro& of d p i n g  hundreds of mcrgy load values 
&er and faster. Ener8y is considered as one of the most important resources of any c o ~ u a i t y  
or country. The energy avaihbic in a country and the extent i$ -tion a=& the rate of 
indusld grow-& in h t  country (W, S., et al, 2000). 
Diffmt  researchcxs are continually propounding new h o d s  for e n q y  modelling an8 forecasting 
(Fadare, 2010; hege et al., 2012; Antonio et d, 2004; Breipbl and Douglas, 1998,). Different models 
must be applitd to meet diffamt class of load forecasting dtpending on the hlet o b j e c h  (Zaid et a4 
2003). Models that b ~ e  b a n  used o m  the years include; ngrcgsion methods and .quadratic), 
-cia1 N e d  N& (ANN), Static state estimation meth* the Gaussian Process models, 
time d e s ,  expert systems, fUzy logic, the rcfeacnce forecast, Earecast by the use of national 
eeonomic and d e ~ o g q h i c  v d c 8  and many o k  (Doughs et d, 2004). In this work, the models 
used arc Linear mode4 compound-growth model, and the eubic d l  a p p d ~  The Pearson's 
rank of conelation coefficient and m e a n - a b m l u ~ ~  are wed for testing the model that suits 
theforecast 

FORECASTING MODELS AND MIMBRICAL COMPUTATIONS 
2.1 DWption of Porecdng Mad& and Test Toola 
The dmlopment of the software algorithm done in this work was based on three forecasting models, 
namely, the Linear, Cubic and compound growth models. The Linear Model has the form of 
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repmtafioa of two specific variables, tbe independent and dependent variables. Y is load at a given year 
%itstates that, Y = = a + M w h  nand bcaabeotrtainedhmeqaation(1) 

v=ma + bxXand m = a p f  bzxZ ........................... (1) 

The Ex& atgmithm has an expredlsion common to n d  a- h e  equation which is y = mx + 
,c, whm n b the number of years and the consfanb m and c can bt obtained h m  equation (2) and (3) ; 

Thc Compoaed4hwtMgodel is eqxmed in fonn of equation (4) and the constants c and d em be found 
. when solved simultaaeodiy fram equation (5). 

Y = antilog (c 4- &) ................................. (4) 

ZlogY=nc+dEXand CX(log)Y=&X+rn ...................... (5) 
The Cubic regression model has the form given in equation (B). It r eka  pmk load b) aad the yeam @). 
Tthe d u e s  of an, a, and % can be solved 6mn the eqnations (7); 

Two test tools are incorporated in the modelling software, namely, the rank of correlation coefficient 
(ROCC) and the mcm absolute pmntage e m r  W E ) .  These tools are used in determining the 
appropriate &el for any given sitdon. The mrnk of codation coe5citnt verifies the validity and 
Teliability of a &qn,model. It foretells how reliable a model can be in its prediction. Its optimal 
value is unity and it i s d n t e d  as equation (8) 

Tbe Mean ahlute  percentage errm W E )  L a measure of mmacy in a fitted time seria value 
in statistical kending. It ususlly accuracy as a percentage and is expressed as equation (9) where 
A, is the achd value and fi  L the forecast value. The least value of M is the optimal unlike highest 
value of rank r (Fung and Turnmala, 1993) 
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2.2 Dacrtptlon of NumwEW Procedares and Need for Reqtddte Algorithm 
There are nine basic steps involved in modeling and fowmting of energy loads using the models 
d i s d  in a t i o n  2.1. They steps are (i) CoIWm and gathwlng of data h m  all local sources such as 
'kiim ha cmz deledddsy h d .  'his is a various tedious stage because the Id m e s  such as feeders 
~y rmmber to hundreds in Borne cases (ii) ~ d c u l d a n  ofmean annual, monthly or daily load dependfag 
on the ttme bash far the f e .  Once the data have been gathered in &p 1, the monthly or yearly mean 
values for eacb of these local points are obtained based on the time in- being considered for the 
forecasting. (Hi) B&rminatlon of t-1 mean loads h r  the time Interval being comfdered. This stage 
invo1ve8 the addition of all the mean d u e s  at the various points to get the total Ioad for the month or year. 
(iv) Generation oftable of data for the applcadtm da l t  models A compdmshe Cable containing all the 
pmmkra and s n m m l t i m  required for all models is generated at this stage wing the toial yearly or 
monthly m daily mean value as the m e  may be. (v) Applicafion ofnwdek ro gmwate load values for 
&b!ng pars. The models are used to predict lcad far &w previous years to twrt the reliability of the 
d c L  (d &p&ca~on of test fms on Im& gmerared in step (v). Using the forecast and actual values 
obtained the test tools are applied. (4 Cornparhion of M E  and d i n g  (r) wmI& for all d d s  
applled. The rnodeb rrre tested for reliability using the Wt took and the best model chosen from results 
obtained. C h h g  the nmt suited model ha& on the least M P E  md highest ranking i' d u e .  
( .  Application d m ~ p m p r f a t e  model to p d c t  mew bend for years ahead The most appropriate 
model based on M.AP&&~ ranking d t s  b herein used to forecast laad fm future years. 

3. DEWU3PMENT OF MODELlNG AND -G A U ; O ~  
.The selected progmmnhg language for the task of developing sof?w;are for energy modeling md 
forecasting is the M A W .  This hpae is windows bascd and much more mahmatics- oriented than 
other high- l m l  Ian-. More so, like Visual BASIC and Visual C* it has a GUI (@hid User 
Tnterface) tool kit which &la the design of highly -tie btufmes. 
The software developed in thii work takes over the n d ~ l  proass of modeling and forecasting energy 
loads after the amputation of the total monthly or ywly loads. The so- goea ahead to (i) model for 
existing yeam, (ii) best for each model (iii) compares test results, (iv) selects the most reliable mob& (v) 
fotecasb for future years, (vi) gmmabs various energy pdla. The flow chat of the soft war^ algorithm 
is presented in Pi- 1 while Figures 2 and 3 are the input and result interface of the developed softwart. 

3 3  SoftwareApplbthn 
The developed softwm was used in f o m t i n g  PHCM (Power holdings copration Nigeria) electricity 
consumption for residential and non midenkid es mnductcd in litemtux ( h j e  et aL 2012). The three 
models namely, War, cubic and compound growth w m  uaud by the software and the reliability of the 
models were tested using the MAPE and mddng 3 methods. The total yearly loads as obtained by Eneje 
et aL are pmmted hT*Le 1. Baaed on the figum in Table 1, equations (10). (11) and (12) are those 
obtsined for ihe,mi&htial Load consumption (Eneje et aL) for the Lincsr, cubic and compound growth 
models nspectivdy. 

..................................... Y = 266.59 + 32.123X (10) 
Y-231.0958+625438X -5.U702xa................ (11) 

.............. Y (nth) = antilog (2.4363+0.03972X) ..(I21 
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The bear, cubic and cornpound growth models for non midentid cansumption as obtained by EnHe et 
a!. are also presented in equations [13), (1 4) and (15) receptively. 

Y = 144.62 + 11.958 @$..,+..-~u .... .."...-.~"-.u. (13) 
Y - 129.641 -I- 24,8011X - 2,1405 ~f,,,.,,. (14) 
Y(nth)= antilog(2.13518+ 0.02947X) ......... (1s) 

Table 1: Input values for Sofhvare application 

The Total Load Form The Peedet hBesideatial A m  For Each Year 

I x~year) I Y  @md)mW I 
1 m06) 284.79 
2 (2007) 345.035 
3 (2008) 368374 
4 (2009) 397.3 1 
5 (2010) 4 19.265 

Tbe Total Laad For All The Feedex In Non-Residenth1 Area For EaGh Ycm 

Table 2: Output valw of Software application 

F- Results Ir;3 for Residential Area 

Year Linear M a i d  Compand Crrowlh Model Cubic Modcl 
1 (2006) 298.7 13 299.24 288.5694 
2 (2007) 330.836 3 27.9 335.9026 
3 (2008) 362.959 359.3 373.0954 
4 (2009) 395.082 393.7 , 400.1478 . 
5 (2010) 427205 43 1.42 417.0598 

Famast Results (FJ far Non-Res'1deOtie1 Area UNIV
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[ ,,,-I 1 
based on teal 

Figure 1: Flow cbm of S o b a r e  Algorithm. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY
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4 RESULTS GENERATTON ANTl VALmATLON 
Presented in this section are the results obtained by applying the developed software algorithm on 
modeling and forecasting electricity lod  consumpthn for the case study found in literature @mjt at al. 
2012). The values prestnted in hblt 2 ax* the Id f-ts calrmlrrted by the sohare. These results an: 
compared ~~y with thost found in literatme. The t h e  categories of result camped m: (i) 
Energy lads forecasted for the previous y- applying thc t h e  discPdlsed models for residential and non 
midedd areas (id) Tmt tools mmlts asiag MAPE and rank of cmhtion coefficient (ROCC) for 
r e s i d d  and non reside- Cii) F o d  had value3 for future year using the most appropriate 
W e 1  b e d  on step (ii) for residential and non residential. The e o m ~ n  of result8 in Figs. 4 - 7 
validates the accuracy of the developed software. All the mulls are exactly the same with those fwad in 
fhe li- (Eneje et aI. 2012). The d t s  of tests done on tadh model applying the MAPE and R O E  
uals sn also compared3 Tables 1 and 2. The d t s  are of the same values thereby establishing W e r  
the rcwity of the sotftware. 

I 
r2006 m 2007 r 2008 a 2009 62010 I 

! 
\ 

Llmar (Enqe] Unmr COmpodnd Conpo~rd Cubic [Enejc C~iblc . 
(Software) 6twd G w d i  el P I )  :Soflwarel I 

[tneje tt a1 [Softwar@) 
1 

Figure 4: Comparison of Forecast ResuIts for Previous Y- in residential Area 
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I 
Cubic (Software) 

I 

Cubicgnwet al) I 
I 

Cmpound Growth [Software) 

Eompound Grwth lEw@.el all 

I i va r  ( S M w a r ~ )  
t 

Linear Kmic) ! 
!' 

-- - . - I .---. -- . - -. ., - . .A - -.-.:;--.:..- -m----------.- f 
Figure 5: Comparison of Forecast Results lor Previous Yeam in Non-residential Area 

3Gl3 

Year 

Pigme 6: Comparison of Forecast Wts for futare Y m  in Residential Area 
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5 0  CONCIL~SIQN 
~~@*eofthigMdk*ehkts ~ , ~ ~ t i y e ~ u f e w r g y m o d e ~ . a n d ~ ~ g b y  
amlwng w m d n g  a tmhtmtid and uni- b ,gqp  WW, -3 has &i&d 

q t a t i - o t x  of energy loads for &iw peiiod rrf time, .hge data d of mod& ~h 
ofthe. mfhme lid in its abiv to be d m  1- and ~ b k n  SQ- mfkwc. Though = and tWO tan tooh &dy, Lbw,  Coinp~raid p,~&, mbiZ MAPE and ROCL: -lctivtly 

~ b m c a t e r a d a k c a t ~ r ~ t s ~ ~ . ~ . a s w e U w ~ ~ ~ t ~ l s w i l l b e d d d i n ~  
w & ~ ~ d ~ a a i a r F ~ ~ ~ t ~ ~ e x ~ t i a g & ~ p r p v e ~ ~ i l i @ c r f - i t s  
q ~ t i o q h m o d d i n g ~ . ~ g  eneygy lo&; 
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