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Abstract 

This paper investigates two major titles as trend parameter and the envelope pattern where they are applied to the original 

population data of the energy consumption of the domestic sector in a mega city, representing the developing countries, to 

predict the future development of energy requirements. The occupied house consumption is accounted for the purification and 

modification of original input data. An official sample for the domestic customers at north Cairo (the Capital of Egypt) over 26 

years has been comprised in the investigation and analysed. Linearly, a sample for the trend of energy curves is hosted and 

investigated. The determined performance, for the readings of the reflected trends for energy readings, is discussed and 

examined. Secondly, envelope characteristics for the energy data (population) are projected along the duration of the data (26 

years) while the annual rise rate of domestic energy consumption is assessed and discussed. An envelope performance has been 

implemented mainly for the maximum values of the model studied as well as for its two parts reflected where the average 

value for the model and its parts are implanted. The envelope margin has been determined and clarified as the wave covering 

the initial data. The original values of extracted envelope are managed and modified to reach the persist of function pattern in 

the drawings while a comparison for the modification is fulfilled. Finally, the trend style is applied for the generated envelope 

to get the slope of energy growth. The long term of the model is introduced for the accuracy degree of prediction into stages 

where the time duration stages (26 years) are taken as 4 (1992-1996), 8 (1992-2000), 18 (1992-2010), 23 (1992-2015) and 

finally the original time duration of 26 years (Jan 1992-Jan 2018). Results of different durations are calibrated to the original 

26 years model since it is the most accurate output results. The determined results for the accuracy of prediction are tested 

either in percentage of the original (26 years) or as a per the introduced system of unit value for each year, in general, 

sequentially. A neural network is proposed for the prediction of energy development for the domestic consumption. 
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1. Introduction 

The energy is the today world title because the continuous 

energy utilization leads to the lake of sources. Thus, all 

countries are going to reduce the implementation of 

traditional energy sources as possible, while others are 

concentrating in the creation of new energy sources. Since 

the nature has its natural energies, the strategy is directed 

towards the utilization of renewable energies to replace the 

traditional types. So, forecasting for the future requirements 

becomes the target for each country since the prediction can 

save some of the future energy. Thus, the prediction is a vital 
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to receive good results although it may be applied by 

complex methods. So, the simplification of methods for the 

future visions may be the aim to get results with minimum 

computational effort and time. Recently, the heightened 

interest in the assessment of the current state of environment 

and the detection of its change lead to a corresponding 

interest in statistical trends. So, the trend analysis to 

characterize the variability of an environmental quality 

indicator is active for expected data while the features of 

parametric and non‐parametric methods may be needed. 

The load on file servers was empirically determined as 

constant with little variation over time and then, one of 

variables could be removed due to simplified analysis. The 

diagnostic server performs data analysis for failure prediction 

and diagnosis [1-4]. 

Whatever, the uncertainty in the spatial pattern of rainfall 

trends was assessed for a while in some countries where 

changes in rainfall are the highest concern due to global 

warming-induced climate change. The evaluation was based 

on the ability of gridded data to estimate the spatial patterns 

of magnitude and significance of annual and seasonal rainfall 

trends evaluated. A set of statistical indices, including Kling–

Gupta efficiency, modified index of agreement, was 

expended. A variation in the spatial patterns of rainfall trends 

obtained using different gridded datasets. Long-term trend 

revealed no change in annual rainfall although changes in 

seasonal rainfall only at a few grid points over the last 

century was recorded. Thus, the trend concept is valid to get 

accurate prediction [2-4]. 

Also, the energy costing is a master title in economics around 

the world due to the modification every day in the equipment 

style for control and protection schemes or even operation 

including the new types of electric power generation. Thus, 

the characteristics of tariff are defined well according to the 

progress of a country economics. The new stations and the 

performance of optimal power flow in electric networks may 

direct the problem of costing for the consumed energy to 

include the varied shape of load curves. This transforms the 

importance of renewable energies in such networks. 

However, the price of energy must be updated according to 

the modification in the economic system so that the tariff of 

electric energy is prudent for the technology of economic 

evaluation. Primarily, the pricing of energy depends on two 

terms of cost as [3]: 

C˳	 = CF	 + CV                            (1) 

This general equation means that, the costing of energy (C˳) 

must depend on, firstly, the capital fixed cost (CF) of stations 

(Power Stations, Substations & Lines) with the ends of 

utilization (Cables, Counters and Accessories). Secondly, the 

variable cost (CV) means the consumed power needs. This is 

important so that planning and prediction concepts may be 

the target to face future requirements for the development [3-

5]. 

2. The Effect of Population 
Duration 

Modelling of intermittent faults begins with the analysis of 

interarrival times of their manifestations (errors) since it is 

done by calculating the difference between the time stamp 

information of each intermittent error and by formulating the 

hazard function to identify the associated distribution 

function. The maximum likelihood estimates of Weibull and 

exponential parameters as well as the chi-square goodness-

of-fit tests were extracted [2-3]. An overview of statistical 

approaches for detecting and estimating linear trends in 

environmental data becomes a basic method. So, trend 

(Regression) analysis quantifies and explains trends to find 

data patterns or even a “noisy” data over time while a “trend” 

is an upwards or downwards shift over time. In economics, 

“trend analysis” usually refers to analysis on past trends in 

market trading since it allows the behaviour prediction. It 

might, for instance, be applied to predict a trend such as a 

bull market run although various tools exist to analyse trends 

in data. They range from the relatively humble (linear) to 

more complex (nonlinear). 

Although trend analysis can be extremely helpful in many 

applications (from climate change to sociological analysis), 

it’s important to keep in mind that it is not fool proof [4-7]. 

However, the trend analysis is a technical way to predict the 

future movement of a measurement since it uses time series 

observations over a significant period to predict the future 

behaviour. It can be applied in many disciplines in 

meteorology, including identifying precipitation, 

temperature, stream flow predictions, identifying evaporation 

and wind speed trends, etc. However, the trend analysis was 

used in many other areas for identifying future behaviour of 

observations (malaria prevalence trends) in Ethiopia [5], the 

trends of human immunodeficiency virus in US [6], 

economic recession in UK, the suicidal rates and 

hospitalization, mortality and fatality due to sepsis [7]. 

Economic, social and political decisions are bound to the 

climate change or variability. 

It is feasible to perform an enough experiment on a large 

enough scale to extract trend information although yet the 

importance of such large-scale trend information, to accurate 

reservoir evaluation and forecasting, cannot be 

overemphasized. Numerous upscaling techniques to predict 

the petrophysical properties from sample-derived trend 

information were presented. These techniques are restricted 

to single-phase permeability study of a porous material 
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sensitively. 

Importantly, the translation between large-scale and small-

scale sample permeability varies greatly from sample to 

another because the large-scale tends have a higher 

permeability. Properties commonly subjected to trend 

analysis in the petroleum industry are porosity vs. 

permeability and formation factor, and permeability vs. 

formation factor. Property measurements for all subsamples 

are collected and analysed to discern trend information. 

Commonly trend analysis of a function y (beside others) may 

be used, to derive the relationship between porosity and 

permeability, employing a linear least square regression 

technique by [7-10] 

y = ax� + 	                                 (2) 

The introduced model is examined for the mega city (Cairo, 

the capital of Egypt) where it contains two sets. The first 

consists of 8 samples while the second has 7 [8, 11]. This is 

investigated by the proposed procedure since it may be 

shorter and easier. Basically, the original data should be 

transformed into another category where the processing effort 

may be reduced greatly. Simultaneously, the prediction 

pattern would be extracted without the complete analysis for 

the raw data of populations. 

2.1. Original Data 

When electricity sectors were regulated, utility monopolies 

used short-term load forecasts to ensure the reliability of 

supply and long-term demand forecasts as the basis for 

planning and investing in new capacity. However, since 

1990s, deregulation process and the introduction of 

competitive electricity markets were reshaping the landscape 

of traditionally monopolistic and government-controlled 

power sectors. Generally, electricity is traded under market 

rules using spot and derivative contracts. At the corporate 

level, electricity load and price forecasts have become a 

fundamental input to energy companies’ decision-making 

mechanisms. The costs of over- or under contracting and then 

selling or buying power in the balancing market are typically 

so high that they can lead to huge financial losses and 

bankruptcy in the extreme case. Then, electric utilities are 

most vulnerable, since they cannot pass their costs on to 

retail customers [9]. 

The original data are processed for statistical parameters of 

the model (mean, maximum and minimum values) for both 

sets and model as shown in Figure 1, but the average for 

either maximum or minimum is listed in Table 1. It should be 

mentioned that, the treated data for minimum has been 

implemented for purification to get real results. This is the 

starting point of processing to predict the energy growth. 

 
Figure 1. The original parameters of model & sets. 

Source: North Cairo Electricity Distribution Company 

Table 1. The average values. 

Data Av1 Max1 Min1 Min2 MinActual2 

Av 178.408 379.795 37.378 73.734 155.125 
Data Av (All) Max (All) Min (All) Max2 Av2 
Av 287.377 999.869 22.9744 1000.33 396.511 

 

The statistical parameters are inserted for testing to find the 

overall pattern while the computational processing includes 

the limit parameters (for sets or model) and the mean value 

analysis besides their predication for various durations. The 

analysis is expanded to be directed towards the modelling 

period effect since it is well defined that the long-term results 

are more accurate in the statistical computations. In other 

words, the same original data may be considered for different 

time terms where the classification is occupied for new four 

terms besides the original one. So, the time duration will be 

taken as 4, 8, 18, 23 and the original 26 years. Similarly, the 

original model would be considered as a model plus its two 

sets to expand the pattern vision for the overall analysis. 

The statistical parameters of average (Av), maximum (Max) 

and minimum (Min) are symbolled for the first set (1), 

second set (2), and model (All) or (m). The effect of duration 

time length for the model and sets on the accuracy of results 

concerning the development is tested where different time 

lengths are assumed as 4, 8, 18, 23 and finally the original 

reference duration of 26 years. The original data are taken the 

same exactly as the original input data so that the comparison 

between all results will be sharply accurate. The statistical 

parameters would be analysed where the average and limits 

values are accounted. The computed strictures are discussed 

sequentially while the starting will be the average of energy 

consumption. The results of mean value of each set besides 
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the model are introduced in Figure 2. 

The results clarify that, the increase of time length is 

corresponding to the rise of mean value of the average value, 

but the second group appears to be very close to the model 

characteristics. It is seen too that; the short-term evaluations 

induce a mean value less than that of long-term while the 

other two limit values (maximum and minimum) are 

illustrated in Figure 2. Secondly, the minimum in both sets is 

usually zero although the study considers the occupied 

houses conditions. 

 
Figure 2. The effect of modelling duration length on parameters. 

Thus, the manual recording system for readings of the 

monthly energy consumption leads to noises and deformation 

in the actual pattern. If the minimum values are moved to a 

specified value referring to the meaning of sunned value of 

energy consumption, the actual reading will be received as 

plotted for second set to illustrate the difference between the 

readings for occupied houses and original populations 

without any modifications. 

2.2. Development Rate 

Estimating the energy usage is a good tool for decision and 

policy makers when predicting future energy usage in short-

term and long-term manner will determine energy type which 

must be used mostly to change the trend, as it is happened in 

the recent years. The amount of energy required in various 

areas is influenced by different factors such as water, wind, 

temperature, etc. Having multiple factors, predicting the 

energy consumption is really a complex problem. Nowadays, 

several models are being accounted in different places 

because they are useful to map the input data to output. 

Machine learning models as the artificial neural network 

(ANN) may produce prediction for energy consumption with 

high accuracy if they used by governments to save energy 

policies [10, 11]. 

Since the goal is the determination of future energy 

consumption through analysis of the original population, the 

rise rate RR of energy consumption should be measured. In 

addition, the energy consumption may be represented by the 

domestic sector so that the results may be a good indicator 

for prediction processing and consequentially the deduced 

corresponding results. The studied model has been examined 

for the Development Rate (DR) of consumption as are drawn 

in Figure 3. The expression for the RR of readings of each 

time term computations may be formulated as: 

DR =
Vstart�Vi

Vstart
                                  (3) 

The results, as printed in Figure 3, indicate that the DR of 

average energy of the model is highly decreased from 35.5 in 

the very short term (4 years) to 1.875 in the 8 years term. The 

reason may be the first readings of zero at the starting time of 

living in apartments, or even during living sometimes, so that 

the model is going to the stable characteristics in the 

recording of monthly readings. 

 
Figure 3. The derived development rate. 

Otherwise, this value is increased to 7.5 for the long-term of 

18 years and 23 years while it is then modified to about 10.5 

in the reference long-term of 26 years. The target values for 

maximum of the model as the prediction needed are 

computed where the developed results are 18.75, 22.5, 21.25, 

21.875 and finally 21.25 for the very short and long terms of 

4, 8, 18, 23 and 26 years, respectively. 

2.3. Rise Rate of Development 

The first-time term value is, normally, the base of the ratio 

system for calculations although it is zero value in the cases 

of minimum values. So, in the case of minimum values the 

base will be taken as the next term of time length so that the 

ratio can be accounted in real digits. Then, the RR would be 

expressed as the ratio of Specified Rate Value SRV and Base 
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Rate Value BRV in the form 

RR	 =
��	

BRV
                               (4) 

Then, the RR is estimated for the deduced rate values above 

and the results are presented in Figure 3. The results indicate 

that, the base is taken as the very short-term values (4 years 

model) where others are related in a per unit system. It is seen 

that; next short term of 8 years length is differencing in a wide 

range where the all values are increased relatively. This may 

be appeared due to the weak consumption at the beginning of 

life in a place because the installation works will be of the first 

interest of human needs. Also, the ratio becomes steady after 

that up to the last original long-term model when the ratio is 

increased a little. It is shown too that; the minimum ratio is the 

highest increase due to the small value of the base. 

The RR of the average energy consumption for the model 

totally goes away from that of the 4 years model (0.05, 0.21, 

0.21 and 0.296) for the time models of 8, 18, 23 and 26 years, 

respectively. The average RR of the model is raised slowly 

where it is raised to 0.0528, 0.2113, 0.2113 and 0.2958 ratio 

corresponding to the time term of 8, 18, 23 and 26 years, 

respectively. However, the target rate ratio of maximum of the 

model is changed to 1.2, 1.1333, 1.16666 and finally 1.333 for 

the time term of 8, 18, 23 and 26 years, respectively. Contrary, 

the minimum value ratio for the model is approximately 

constant about the unity in the per unit system. 

 
Figure 4. The deduced RR for parameters. 

It is seen from Figure 4 that, the very short term (4 years) 

presents a high divergence of RR with all other time lengths 

in two points only where the maximum value of the first set 

(it is unity relative to all others). The derived values of the 

RR are 0.703, 0.9375, 0.9375 and 1 for the time length of 8, 

18, 23 and 26 years, respectively while the original long-term 

model gives the same rise value for the maximum of first set 

only. Secondly, the divergence RR has been occurred too for 

the minimum value of second group (0.6) as original data 

without any correlation since the base RR was referred to the 

8 years length data. 

All other RRs are near the unity while the other values for all 

deduced parameters are all close together in all time length. 

If the original long-term is taken a reference (base value, the 

RR for each time length term) approaches from this original 

as illustrated in Figure 5. The long-term is better than the 

short one which means that the accuracy of prediction needs 

a long-term model or sample. 

The above results could be analysed together for each group 

of the parameters where the average (mean value), the 

maximum and the minimum are rearranged in the per unit 

system accordingly. Whatever, the change ratio has been 

inserted in order to clarify the style of limit dependency 

(Figure 6). It is exposed that; the maximum change ratio is 

appeared for the minimum values after modification since the 

zero reading at starting is disappeared. This correlation goes 

to the real reading of energy consumption because the 

manual system for recording the readings is negative one. It 

is updated by the automation or even the digital smart 

systems which is now the most applied one. 

The minimum readings are the largest change from the base 

value of the per unit system so that the variation of change 

ratio is mainly greater for the minimum values in general. So, 

the next high change ratio is the minimum value for the 

minimum value of the second set before modification while 

the values of minimum of the first set come third level after 

the above two said but before the model minimum. Also, 

average groups of the model, including first and second sets 

take the less change ratio although the maximum groups 

come at the lowest change ratio. This phenomenon is real for 

all model of different time lengths. 

 
Figure 5. The computed statistical RR% of limits. 
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Figure 6. The estimated change ratio for all time durations. 

3. Trend Coordination 

Principally, the trend base is a good tool for the prediction of 

coming hazard phenomenon of breakdown or natural 

disasters so that it may prevent negatives or loss of things 

besides saving the important life of people. It is simply 

alarming for people about future if there is a danger or not as 

the trend concept is useful for the prediction of weather to 

arrange the requirements for each case. Also, it is important 

for the operation failure of important continuous working 

devices such as generators in power stations, filtration of 

chemical contents in water stations, transformers in 

substations, servers in internet, etc. 

The failure distribution mathematically characterizes the 

probability of system failures as a function of time while the 

exponential, gamma, Weibull and lognormal are well-known 

in failure analysis [1]. If the shape parameter (a) equals 1, the 

distribution function reduces to the exponential where the 

hazard function z(t) will be the time-varying failure rate. The 

Weibull hazard function is defined as a function of the scale 

parameter X in the form: 

�	��� = ��	��	�����                          (5) 

If CY c 1, the hazard function is decreasing with time; If a = 

1, a > 1, a < 1 the hazard function is constant with time, 

increasing with time. For permanent faults, the statistics 

showed an exponential distribution of significance. Since 

intermittent faults are repairable by replacement, they are 

associated with a physical subsystem, sometimes referred to 

as a field replaceable unit. It is required to collapse multiple 

error log events into a single logical event and then into a 

single physical failure. For example, error events left on a 

timeline were called intermittent while all the rest were 

called transient. Periods of increasing error rate, appeared as 

clusters errors or decreasing interarrival between errors, were 

observed [1]. 

3.1. Trend Mode 

Various models including computer models, statistical, 

graphical, ANN, fuzzy logic techniques, and stable linear 

Langevin equations are implemented because of simplicity 

and then, nonparametric-test-based models and graphical 

methods in identifying the climatic trends are popular due to 

simplicity and less complicated. The short-term rainfall 

prediction for real-time flood forecasting using linear 

stochastic autoregressive moving average models, ANN, and 

nonparametric nearest-neighbours’ methods were compared 

[11]. The gene expression programming has merits over the 

ANN in atmospheric temperature prediction for Tabuk, KSA 

while the graphical method, for obtaining rainfall trends to 

two catchments in tropical climate of Sri Lanka, was the best 

[12, 13]. In addition, it does not require the residuals from the 

fitted regression line to be normally distributed because it is 

nonparametric, in other words, a distribution-free test [14]. 

The slope takes the median direction to find its the trend 

where it is widely accounted in assessing the trend magnitude 

for rainfall series over the time. Most of the data series, used 

in statistical analysis for trend identification, are assumed as 

serially independent although some of hydrological data 

(water quality series, stream flow data, antecedent rainfalls, 

etc.) are not serially independent at least during some time 

periods. These hydrological data, therefore, statistically show 

significant serial correlation but even moderate correlation in 

the data series produces some errors in the trends [15, 16]. 

The limitations of statistical trend tests are mostly based on 

its null hypothesis although pre-whitening of data series may 

reduce the serial correlation. Innovative graphical method to 

identify positive/negative trends in climatic data was 

presented since it was used for several areas [17, 18]. 

The practical application and methodology of trend analysis 

in environmental science may be explained and the non-

parametric estimation and testing as well as parametric 

techniques would be clarified. Looks at trends in all aspects 

of a process including mean, percentiles and extremes [19]. 

Linear Regression is a parametric statistical procedure, 

suitable for analysing trends in data over time. However, with 

the usual approach of interpreting the log slope of regression 

line, concentration trends may often be obscured by data 

scatter arising from nonideal hydrogeologic conditions, 

sampling and analysis conditions, etc. [20]. 
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A recent evidence synthesis from the European Commission 

exploring the impact of interventions on health disparities 

shows a remarkable lack of interventions reported according 

to socioeconomic status and disadvantage [21]. USA has 

taken a lead in pragmatically studying cities showing 

declines in child obesity. Thus, the trend analysis is a good 

tool for the development of a country, if desired, since the 

trend performance can assist for advancing of the 

development in general. 

Scientists and engineers have employed various experimental 

approaches to establish trends but the resulting data from 

these approaches generally has a large amount of scatter and 

deviation [22-23]. The digital representation includes, but is 

not limited to, a 2D or 3D image of a sample for the material. 

Computerized analysis techniques may then be utilized to the 

acquired image to visualize the internal structure and/or to 

characterize the material. Depending on the analysis, several 

characteristic properties are measured, quantified, and inter-

related. Therefore, the trend investigation leads to good 

results in different levels of live or planning or even in the 

individual scale [21]. 

3.2. Individual Trend 

However, the simplification of planning and prediction 

problems is always a vital target for the development of 

countries so that the extensive data input may be reduced 

through the trend strategy in the computational processes. 

For example, the touched model in this paper can be 

introduced for such simplification through the trend strategy 

where the multi digital system would be transformed into 

only two points for each data set. Thus, the computational 

effort as well as the computational time consumption even 

for the ANN can be minimized since the reduction of original 

data is possible. This idea will be performed for the 

individual samples of model where 26 years readings should 

be transformed into only two values per each. The 

development trend characteristics for the individual 

customers are analysed (Figure 7) although the individual 

characteristics for each customer may point to the normal 

diversity between to be a mirror for customers. 

The start point of 1st customer is the same as the end point 

because the energy consumption is constant. Also, the start 

points for both customers C8 and C9 are 0 but all others have 

a larger value. The customers (C1, C4, C5, C6, C7, C8, C9 

and C12) have a starting points less than 200 kWh but the 

others are starting above. This means that, the 1st set mostly 

has a start point less than 200 kWh except customers (C2 and 

C3) since they have a starting point ≤ 300 kWh. Contrary, the 

customers in the second set have larger start points except C9 

and C12 (under 200 kWh) all remainder customers start at 

high values. On the other hand, the general vision indicates 

that the 2nd group has only a customer C14 has the reverse 

direction for the start value relative the end value where its 

points of start and end are 1450 and 1180 kWh, respectively. 

 
Figure 7. The trend performance for all customers. 

The results, driven in Figure 8, lead to the popularization of 

the data to be the input for the ANN so that the 

computational effort and time will be sharply saved. The 

customer C9 has the highest rise for the start and end points 

since its start and end are 0 and 1470 kWh, respectively. 

Contrary, the customer C14 takes the opposite direction 

although the customerc1 gives the same point for either the 

start or the end point (160 kWh). However, the customers C1, 

C4, and C6 has the same start point of 160 kWh while 

customers C11 and C15 have 220 kWh starting. 

 
Figure 8. The trend characteristics for the customers. 
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3.3. Annual Trend 

The study of consumption progress may be needed to cover 

the point of prediction visibility in a certain place if the target 

is the development strategy for energy consumption. Then, 

the trend becomes a good saver for computational effort and 

time when large population may be greatly reduced to only 

two digits each as shown in Figure 9. It is based on the first 

year of the model 1992. 

 
Figure 9. The yearly input data reduction. 

 
Figure 10. The annual trend for 2nd set data. 

The given analysis would be introduced now for illustration 

while the second set may be accounted for the trend 

calculations. It is seen (according to the presented data for 

the second set) that, the start point of maximum value for the 

second set is varied between 0 kWh in 1992 and 1340 kWh 

in 2014 while the end point is varied between 600 kWh in 

1993 and 1800 kWh in 2010. Similarly, the start point for 

average value is changed between 0 kWh in 1992 and 420 

kWh in 2017 but the end goes between 200 & 650 kWh in 

1993 & 2010. Otherwise, the minimum start point begins at 0 

kWh in 1992 to 240 kWh in 2016 although it ends between 0 

kWh in 1992 and 360 kWh in 2015. The deduced values for 

the yearly trend are printed in Figure 10 for the second set 

where the curves in Figure illustrate the condition of this set. 

These curves prove the importance of the process of recoding 

so that the manual system should be transformed into the 

automation as well as the smart readers instruments. This 

proposed replacement must resolve the problem of recording 

where the occupied houses can be inserted well in the 

original data. 

Thus, the maximum value for 2nd set has the same start and 

end points approximately (760 and 720 kWh) in 1998 and 

(1340 and 1360 kWh) in 2014. The reverse direction for the 

path between start and end points is appeared for one case of 

maximum in the year 1993 because it starts at 1010 and ends 

at 600 kWh. Recurrently, the average value for the trends 

calculated is occurred in the reverse direction in 1993 (start 

250 and end at 200 kWh) as well as (start of 300 with end of 

260 kWh) in 1998 (See Figure 11). 

 
Figure 11. The yearly trend for 2nd set data. 

3.4. Trend Modification 

The uncertainty, in the spatial pattern of rainfall trends in six 

widely used monthly gridded rainfall datasets, was assessed 

for 1979–2010 in Bangladesh where changes in rainfall are 

the highest concern due to global warming-induced climate 

change. The evaluation was based on the ability of gridded 

data, to estimate spatial patterns of the magnitude and 

significance of annual and seasonal rainfall trends. A set of 

statistical indices were applied. This proves that, the trend 

concept is valid to get accurate prediction. Planning or design 

is the most required item in all countries where the life 
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doesn’t stop. So, the study of a subject to get the maximum 

efficiency will be valuable because economists and scientists 

are interested in such items. Then, the visibility study for a 

project can be the right way to be advanced. The percentage 

typical distribution for domestic sector (type of customers) in 

advanced countries reaches 23% while in others it is 30% 

[24]. 

However, the first value required to be deduced for the future 

of a power system in order to be inserted in the planning of a 

country or companies of electricity would be the maximum 

consumption of energy. Then, the maximum energy 

consumption should be transformed into the corresponding 

maximum load or in other words into the electric power. So, 

the required power demand for the power station to be 

installed will be in hands. So, the future power demand can 

be confirmed through the statistical analysis. Thus, the 

estimated maximum values for the studied model and its sets 

are presented in Figure 12. 

 
Figure 12. The yearly trend for maximum value. 

 
Figure 13. The average trend dependency. 

Referring to the investigated model and its sets the average 

value appears to be one of the important factors with respect 

to the total fuel consumption in the electrical consumption 

besides all types of energy sources injected in the power 

system. The average values for the model and its sets are 

printed in Figure 13 to illustrate the overall characteristics for 

the long term of the model of 26 years where the average 

trend for the model comes as the average of both sets while 

the average of first set is the higher one. These results are the 

same as deduced for the treatment in past papers [8]. The RR 

of the model is identical to the rise of second set since the 

energy consumption of first set is lower than the second. 

Generally, the minimum value is important for the operation 

of power system since it is close to the no load condition of 

operation. Then, hot alternators in power stations will operate 

under emergency control because the no load condition 

operates at critical cases. Otherwise, the minimum value has 

no importance for the statistical study since the most 

important is the maximum to design the future demand 

power in the electric network. Also, the average value is a 

target because it is related to the future energy consumption 

along the year or time. The results of evaluations are plotted 

in Figure 14. 

 
Figure 14. The minimum trend dependency. 

 
Figure 15. The overall trend characteristics (26 years). 
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Finally, the humble representation for overall of the 

analysed model can be clarified in Figure 15 where the used 

digital numbers are two for the model and similar for each 

set inside. 

4. Envelope Analysis 

The envelope theorem is a result about the differentiability 

properties of the objective function of a parameterized 

optimization problem. As parameters of the objective are 

changed, the envelope theorem shows that, in a certain sense, 

changes in the optimizer of the objective do not contribute to 

the variation in the objective function. The envelope theorem 

is an important tool for comparative statics of optimization 

models. For a specified item, with respect to real-valued, is 

continuously differentiable functions where choice variables 

(parameters) must be inserted to get the best one. The 

Lagrangian (L) expression of this problem is the target to 

solve it through the Lagrange multipliers λ while the solution 

maximizes the objective function with its constraints (hence 

the saddle points) of (L). 

Envelope theorems describe enough conditions for the value 

function to be differentiable in the parameter and explain its 

derivative. Also, it denotes the partial derivative with respect 

to the aimed variable. Namely, the derivative of the value 

function with respect to the parameter equals the partial 

derivative of the objective function with holding a maximiser 

fixed at its optimal level where the term derives from 

describing a graph as "upper envelope" of the graphs of 

parameterized family of functions [H]. 

4.1. Concept 

Traditional envelope theorem derivations use the first-order 

condition if the choice set has the convex and topological 

structure. The objective function must be differentiable in 

the variable (The argument is that changes in the maximiser 

have only a "second-order effect" at optimum and so can be 

ignored). However, in many applications such as the 

analysis of incentive constraints in contract theory and 

game theory, nonconvex production problems, and 

"monotone" or "robust" comparative statics, the choice sets, 

and objective functions generally lack the topological and 

convexity properties required by the traditional envelope 

theorems. The traditional envelope formula holds for 

optimization problems with arbitrary choice sets at any 

differentiability point of the value function, provided that 

the objective function is differentiable in the parameter. 

Theorem 1 proves that, the objective function (under the 

assumptions) of the displayed maximization problem is 

differentiable and the first-order condition for this 

maximization is exactly defined, mathematically. An 

enough condition to be continuous is offered, and 

differentiable almost everywhere and can be represented as 

an integral of its derivative [9]. 

Theorem 2 supposes that the variable is continuous for all 

that there exists an integrable function for all and almost all. 

Then, it is continuous and differentiable for all, and that 

almost everywhere. This result dispels the common 

misconception that nice behaviour of the value function 

requires correspondingly nice behaviour of the maximiser. 

Theorem 2 ensures the absolute continuity of the value 

function even though the maximiser may be discontinuous. 

Theorem 3 implies that the value function must be 

differentiable and hence satisfy the envelope formula when 

the family is differentiable and single-valued and continuous, 

even if the maximiser is not differentiable (e.g., if it is 

described by a set of inequality constraints and the set of 

binding constraints changes at a certain point) [9]. Theorem 1 

implies Hoteling’s lemma at any differentiability point of the 

profit function, and Theorem 2 implies the producer surplus 

formula [9].  

For other applications of the envelope theorem to mechanism 

design are done. One example is the class of trading 

problems with linear utility described. It is noted that, the 

integral condition (theorem 3) still holds in this setting and 

implies such important results as Holmstrom's lemma, 

Myerson's lemma, the revenue equivalence theorem (for 

auctions), the Green–Laffont–Holmstrom theorem, the 

Myerson–Satterthwaite inefficiency theorem, (Jehiel–

Moldovanu impossibility theorems, the McAfee–McMillan 

weak-cartels theorem, and Weber's martingale theorem, etc. 

The details of these applications are provided, offering an 

elegant and unifying framework in auction and mechanism 

design analysis mainly based on the envelope theorem and 

other familiar techniques in demand theory [9]. For a 

multidimensional parameter space, Theorem 1 can be applied 

to partial and directional derivatives of the value function if 

both (objective and value functions) are totally differentiable. 

Theorem 1 implies the envelope formula for their gradients: 

for each while total differentiability of the value function 

may not be easy to ensure. Theorem 2 must be still applied 

along any smooth path connecting two parameter values. In 

consumer theory, the same argument applied to the 

expenditure minimization problem yields symmetry of the 

Slutsky matrix [9]. 

Supposing the existing of a convex set and concave for all, 

the above constrained optimization program would be 

represented as a saddle-point for the (L) where the vector of 

Lagrange multipliers is chosen by the adversary to minimize 

the (L). This allows the application of envelope theorem 4 for 

saddle-point problems, under the additional assumptions of a 

compact set in a normed linear space, and continuous in. For 
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the special case in which is independent, and the formula 

implies that the Lagrange multiplier on the constraint is its 

"shadow price" in the optimization program. It is 

demonstrated that, the generalized version of the envelope 

theorems can also be applied to convex programming, 

continuous optimization problems, saddle-point problems, 

and optimal stopping problems [9]. A maximum (or 

minimum) value function is an objective function where the 

choice variables have been assigned their optimal values. 

These optimal values of the choice variables are, in turn, 

functions of the exogenous variables and parameters of the 

problem. Once the optimal values of choice variables are 

substituted into the original objective function, the function 

indirectly becomes a function of parameters (through the 

parameters’ influence on the optimal variables). Thus, the 

maximum function is also referred to as the indirect objective 

function [25]. 

The envelope theorem says only the direct effects of a change 

in an exogenous variable need be considered, even though 

the exogenous variable may enter the maximum value 

function indirectly as part of the solution to the endogenous 

choice variables [25]. The consumer choice problem of the 

Lagrange multiplier (λ) is representing the value variation in 

Lagrange function when the consumer’s budget changed. 

The Lagrange multiplier as the marginal utility of income (λ), 

with the assistance of the envelope theorem, may be inserted 

to get the first order equations while a consumer’s 

expenditure function and his indirect utility function are the 

minimum and maximum value functions for dual problems. 

An expenditure function specifies the minimum expenditure 

required to obtain a fixed level of utility for the utility 

function and the prices of consumption goods. An indirect 

utility function expresses the maximum utility that can be 

obtained for prices, income and the utility function. Since the 

envelope theorem is the derivation of Hoteling’s Lemma, 

which states that the partial derivatives of the maximum 

value of the profit function yields the firm’s factory demand 

functions and the supply functions, a similar approach would 

be applied to the expenditure function yields Shepard’s 

Lemma [25]. 

4.2. Characteristics 

From the envelope theorem, the Slutsky decomposition in a 

more succinct manner can be derived, the solution for goods 

x and y would be determined based on the utility maximum. 

The method of deriving the Slutsky decomposition through 

the application of duality and the envelope theorem is 

sometimes referred to as the” instant Slutsky” with two 

constraints as a standard utility maximization formula and the 

(L) [25]. This is a simplification of the Kuhn-Tucker 

conditions so that the maximined actual utility as a function 

of prices and income can be achieved. The Lagrange 

multiplier leads to the Roy’s Identity while Envelope theory 

shows the way to deal with the interplay of direct and 

indirect effects of parameters in a constrained maximization 

(or minimization) problem under the conditional Equation for 

the optimization [26]. This simply illustrates the easy concept 

for basics of the envelope characteristics according to the 

envelope theorems. 

It should be noted that, the Envelope theorem has been 

extended to many fields, productively, such as the medical 

one where the Energy Envelope Theory as a self-

management tool developed is tested to reduce symptom 

severity and the frequency of relapses for people with a 

medical factor. Accordingly, patients should not expend more 

energy than they perceive they have, as this results in post-

exertional malaise and higher disability. Instead patients are 

advised to stay within their energy envelope. As the energy 

envelope theory also cautions about the dangers of under-

exertion, its principles are almost identical to ‘pacing’, an 

activity management strategy for patients devised in the UK. 

The Energy envelope theory has been promoted by patient 

organizations as an effective component in the treatment. 

Since the investigated model consists of 2 sets, the 

formulation for the mathematical expression for each 

deduced to find the corresponding point of the model must be 

given as: 

MinAll	 = Min1	 + Min2	                      (6) 

MaxAll	 = Max1	 + Max2	                     (7) 

AvAll	 = Av1	 + Av2	                         (8) 

Originally, the deduced points of the envelope practically are 

illustrated in Figure 16 where all statistical parameters of 

limits and mean value are introduced. The average value for 

each parameter is derived and printed in the same Figure 16. 

Whatever, the trend of each envelope is indicated too based 

on the linear function while the rise characteristics are 

remarked referring to Figure 16. 

Since the original envelope may contain some impurities 

in different points, the purification must be inserted within 

the computational processing. Thus, the envelopes of limit 

parameters (Maximum and Minimum) for the model and 

its sets are derived and then they are introduced in Figure 

17. The trend of variation for the envelope function is 

exposed in Figure 17, too, where envelope trend for 

maximum is higher increasing than the corresponding 

minimum curve. 
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Figure 16. The original envelopes (model & sets). 

 
Figure 17. The extracted envelopes for the model and two sets. 

If the model is considered individually, the envelopes of both 

maximum and minimum values for the two envelopes may 

be treated, and then, the results can be drawn in Figure 18. It 

is seen that; the minimum envelope is practically lying at 

zero while the maximum envelope has been processed for the 

trend analysis. The results for linear and log styles are also 

announced in Figure 18. Both trends are linear with the same 

growth (RR) to facilitate the computational processing for the 

prediction requirements. 

 
Figure 18. The final envelope of the model. 

It should be mentioned that, the envelope differs from the 

original data because the envelope points connection may 

lead to a variation in the concept leading to a new pattern 

(new coordinates). The reason would be the insertion of 

maximum or minimum of the other set since the second or 

first set can add or subtracted a value. 

 
Figure 19. The calculated envelopes for maximum values. 

The envelope characteristics here are different from that of 

the values of the model despite it is extracted from the 

original values where the above mathematical Equations will 

not be valid. Also, the accounted curves for the maximum 

values are taken for the annual energy consumption as shown 

in Figure 19 while the controlling conditions for relationships 

of the model value of envelope may be expressed by: 



 International Journal of Economics and Business Administration Vol. 6, No. 2, 2020, pp. 42-62 54 
 

Min1e	 �	Min	(All)e	 �	Min2e	                    (9) 

Max1e	 �	Max	(All)e	 �	Max2e	                 (10) 

Av	(All)e	 =	Av1e	 +	Av2e	                     (11) 

Accordingly, the above Figure 19 illustrates some points for 

the envelope of maximum for the second set maximum (Red) 

exceeding the corresponding values of the model. 

Additionally, the major limit parameters are studied for the 

envelope characteristics while the results are introduced in 

Figure 19. Contrary, the minimum values are important for 

the case of light loading of alternators in power stations in 

order to keep the stability of network operation. This leads to 

the necessary for estimation of the envelop for minimum 

values of the model so that results are extracted as drawn in 

Figure 20. 

 
Figure 20. The determined envelope for the model (1st + 2nd) groups. 

The average of the envelope is determined because it 

represents the direction mode of actual rise of the energy 

consumption. Although the tested sample of the first set is 

inserted for the calculations of envelope, the energy 

consumption of the customer C9 is added to find out the 

effect of summing per customer. However, the summation of 

second set means the same idea, but the individual customer 

effect may clarify the importance of the envelope strategy in 

such cases. Moreover, the trend of envelope points for 

average to the target value (energy consumption in future) so 

that the easy prediction process can be achieved. The average 

values for the envelope are determined for all maximum 

points of the deduced envelope where they are constant for 

first, second and model at the values 577.4186, 1725.8837 

and 1794.9302, respectively (Figure 21). 

 
Figure 21. The effect of adding a customer’s energy. 

4.3. Envelope Margin 

In physics and engineering, the envelope of an oscillating 

signal is a smooth curve outlining its extremes while the 

envelope generalizes the concept of a constant amplitude. 

This means a modulated sinusoidal wave varying between an 

upper and a lower envelope. The envelope function may be a 

function of time, space, angle, or indeed of any variable. In 

geometry, an envelope of a family of curves in the plane is a 

curve that is tangent to each member of the family at some 

point, and these points of tangency together form the whole 

envelope. Classically, a point on the envelope can be thought 

of as the intersection of two "infinitesimally adjacent" 

curves, meaning the limit of intersections of nearby curves. 

This idea can be generalized to an envelope of surfaces in 

space, and so on to higher dimensions. The individual 

members of the family of curves are differentiable curves as 

the concept of tangency does otherwise not apply, and there 

must be a smooth transition proceeding through the 

members. But these conditions are not enough - a certain 

family may fail to have an envelope. 

A naiver example of this is given by a family of concentric 

circles of expanding radius. If the Envelope of a family of 

curves is introduced where each curve Ct in the family is 

specified as the solution of an equation ft (x, y) = 0 (implicit 

curve), (t is a parameter). Then, the function F (t, x, y) = ft (x, 

y) is differentiable when the envelope of the family Ct is 
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defined as [9] 

F	�t, x, y� 	= 0                       (12) 

� 

�!
�t, x, y� = 	0                      (13) 

For some values of t and u, if t = u, the intersection of the 

two parameters is defined by 

F	�t, x, y� 	= 	F	�u, x, y� 	= 0               (14) 

This Equation may be rewritten in the form 

F	�t, x, y� 	= 0                      (15) 

#F	�u, x, y�	– 	F	�t, x, y�%	/	�u	 ' 	t� 	= 	0    (16) 

However, the values of an envelope are a function of time 

(symbolled by e) so that the occurred margin in these values 

may be a good tool to define the overall characteristics of the 

problem studied. So, the Equivalent envelope margin (M) can 

be expressed mathematically through the start and end points 

Vs & Ve, respectively, as 

M =	Vs	 '	Ve	                        (17) 

Therefore, investigated model and its two sets are introduced 

for the envelope margin analysis while the results of 

evaluations are found in Figure 22. 

 
Figure 22. The evaluated Envelope margins. 

 
Figure 23. The equivalent margin for model & sets. 

The above original registered data Avm (recorded), but these 

data contain a multi month readings sometimes. This must be 

correlated to be distributed equally on the present reading 

month and all past zero readings Nmo (past) because the 

apartment is usually closed, and the counter has been 

installed inside to ensure the occupied houses condition. So, 

the average month reading Avm (reading) can be expressed 

mathematically as 

Avm�reading� 	=
Avm�01230414�	

Nmo�567!�
                 (18) 

Appling this formula to all assumed months where the pre-

registered value has been missed, the new treated values for 

the energy consumption would be accounted as seen next. It 

should be noted that, all consumers have such readings at 

different points because most of consumers use the 

traditional counters (not smart one). On the other hand, the 

counters in Egypt have various performance with diverse 

types as there are the traditional old counter, the prefunded 

(prepaid) electronic cart, the inside installed counter, the 

outside installed one and the smart electronic type, etc. All 

treated values will be appeared in red colour. 

Generally, the overall trends for the envelope may be 

determined using the mathematical expressions in terms of 

the Rise of Duration i (DRi) and duration (Di) as: 

DRi	 = 	End	Point	 ' 	Start	point	                (19) 

RY 	=
8�i	

Di
                                   (20) 

Modification effect may clarify the overall trends for the 
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envelope so that it is applied mathematically for this case 

based on the introduced Value Vo, the modified value VM, 

yearly rise RY and the modified percentage ratio RM% as: 

VM =
VM0

Vo
                                (21) 

RY =
VM0

Vo
                                (22) 

RM% =
V0	-	VM

Vo
                            (23) 

On the other side, the RR has been considered for the effect 

of adding an energy consumption of a customer (C9) on the 

RR. This includes the statistical parameters (average, 

maximum and minimum) while the results of the RR are 

evaluated signifying to the deduced values before. The 

results of estimations and the referred values are drawn in 

Figure 22 although the vertical rise has been accounted for 

each. Also, the results of rise performance are expressed in 

Figure 22 since the trend strategy for the envelope disparity 

as a variable function. It is noticed that, the maximum 

function addition differs a little because the customer 

characteristic of C9 may be the lowest one in the second set. 

So, a relative decay in the maximum of envelope has been 

appeared in Figure 24. 

 
Figure 24. The rise effect due to a sample addition. 

5. Growth Prediction 

As energy demand grows globally, the energy management 

system is becoming increasingly important. Energy 

prediction is an essential component in the first step to create 

a management plan. Conventional energy prediction models 

focus on prediction performance, but in order to build an 

efficient system, it is necessary to predict energy demand 

according to various conditions. In the experiments with 

household electric power consumption data for several years, 

a real result can be achieved. As industrialization has 

progressed globally and the industry has developed, the 

demand for energy has reach so high that energy has become 

an important topic in national policy. In addition, energy use 

is rapidly increasing due to economic growth and human 

development since these phenomena can be attributed to 

uncontrolled energy use such as overconsumption, poor 

infrastructure, and wastage of energy. Among the demanders 

of various energy sources, scientists estimate that residential 

energy consumption will account for a large proportion by 

2030 where 39% of the US total energy use is referred to as 

building energy consumption. An energy management 

system like a smart grid was proposed to demand control for 

soaring energy [27]. 

Formulating an energy plan would be the first thing to do 

while this is the decision of initial energy baseline, the energy 

performance indicators, the strategic and operative energy 

objectives, and the action plans. Then, planning and action 

takes place, the plans conducted in the previous phase must 

be checked to ensure that they are effective. In the last phase, 

the results are reviewed, and a new strategy must be 

established. Therefore, it is necessary to study the energy 

prediction model to construct an efficient energy 

management system [27]. Several methods have recently 

contributed very well in the advancement of prediction 

models used for energy consumption. Such models highly 

improve the accuracy, robustness, precision and the 

generalization ability of conventional time series forecasting 

tools. Energy consumption is among one of the essential 

topics of energy systems because energy consumption came 

under consideration after 1970s energy crisis. 

5.1. Parameter Growth 

It is known that, energy consumption throughout the world is 

rapidly increasing so that each country tries to use as less 

energy as possible in different areas from building to farms, 

from industrial process to vehicles. As energy comes from 

three different resources like fossil fuels, renewable and 

nuclear resources, it needs so much effort to keep tracking of 

energy consumption of these types in different area. 

However, by doing so, the energy can be predicted since it is 

consumed in different areas with planning to specific usages 

[10]. While there have been a variety of empirical studies on 

point forecasts (best guess or expected value of the spot 

price), probabilistic (interval and density) forecasts have not 

been investigated extensively to date. However, this is 

changing and nowadays both researchers and practitioners 

are focusing on the latter. As the Global Energy Forecasting 

Competition in 2012 was on point forecasting of electric load 
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and wind power, the 2014 edition aimed at probabilistic 

forecasting of electric load, wind power, solar power and 

electricity prices [9]. 

The building is identified as one of the largest electricity 

users since the reduction of energy consumption in the 

building sector has a considerable opportunity and a 

significant impact on the growth of energy demand. 

Consequently, it would reduce the carbon emissions 

production, globally. The opportunity of energy savings can 

be analysed by reviewing the relationship between the pattern 

of load power weekly and energy consumed patterns daily. In 

meantime, the activities in the building/rooms related to 

consume electrical energy based on the working time, 

lecturing schedules, academic calendar and field observations 

for energy user and load behaviours [28]. 

The model analysis according to the above Equations is 

derived where the results of first set are printed in Figure 25. 

The results for the maximum value and the same for the 

average value are appeared in two groups of curves since the 

higher curves correspond to the maximum values of the 

envelope for the first set. However, the effect of length term 

is considered which varied 4-26 years. Otherwise, the 

prediction concept has been introduced and the energy 

consumption in the year 2035 according to the trend of the 

envelope of first set as a part of the investigated model. 

 
Figure 25. The growth trend for the first set. 

Similarly, the growth prediction for energy consumption of 

the second set is considered while the results of estimations 

are presented in Figure 26. The same parameters are plotted 

in Figure 26 for both average values and maximum values. 

Also, the same conclusion can be derived as said for the first 

set above. 

 
Figure 26. The growth trend for the second set. 

Finally, the growth of the model based on the envelope 

characteristics is deduced mathematically although the 

envelope curves are treated for the purification style. This 

purification is accounted for all envelope characteristics 

presented in this paper. The prediction of energy growth for 

domestic energy consumption is implemented and the results 

of evaluations are appeared into two groups (Figure 27). First 

is the higher for maximums of the model which related to the 

power demand required for power stations design. Second is 

the average energy corresponding to the future needed to 

cover the domestic energy consumption in 2035 as presented 

in Figure 27. 

 
Figure 27. The growth trend for the model. 

5.2. Accuracy 

It is customary to talk about short-, medium- and long-term 

forecasting, but there is no consensus in the literature as to 

what the thresholds should be: Short-term forecasting 

involves horizons from a few minutes up to a few days ahead 

and is of prime importance in day-to-day market operations - 
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Medium-term, from a few days to a few months ahead, is 

generally preferred for balance sheet calculations, risk 

management and derivatives pricing - Long-term, with lead 

times measured in months, quarters or even years, 

concentrates on investment profitability analysis and 

planning, such as determining the future sites or fuel sources 

of power plants [9]. 

Trend concepts may be implemented through linear 

characteristics or the logarithmic or the exponential or others 

but linear one is easiest with acceptable results. The analysis 

of log trend is composed of at least two error processes: 

transient and intermittent while the mixing of data from 

multiple processes requires many more events to verify a 

hypothesis using traditional statistical analysis. 

By the shape of interarrival time function of the intermittent 

errors, it is observed from actual error logs that, a failure 

prediction heuristic was developed, implementing in a 

distributed on-line monitoring and predictive diagnostic 

system for a campus. Trend analysis utilized the general 

system behaviour as captured in the system error files for 

fault diagnosis and failure prediction where the basic 

hypothesis exists a period of instability prior to a hard failure. 

A work was demonstrated the feasibility of hypothesis from 

observing clusters of disk errors on DEC computers, but 

interarrival times of error events were specified to decrease 

prior to repair [1]. 

i. Maximum Value 

However, the maximum value for the energy consumption 

means the maximum load which is required for the design of 

generating station so that its study expresses a vital item for 

the design of electric networks. Since the maximum energy 

can be transformed directly onto the maximum load, the 

present model gives the data needed where the maximum 

energy has been processed and all results are analysed. 

Otherwise, the prediction of energy in the years 2035, 2030, 

2025, and 2020 has been deduced in sequential time duration 

for the model with the real input original data each. 

Therefore, the accuracy determination may be a required title 

for the presented work because the actual original data could 

be considered as the reference data due to its reality. Then, 

the deduced results for each duration can be standardized 

with the original data since the predicted results for smaller 

duration can be referred to the original present data. Thus, all 

processed data are calibrated with the original data while the 

deduced accuracy is indicated in Figure 28. The results in 

Figure 28 are accounted for the error of prediction for each 

time duration (4, 8, 18, 23 years) relative to the original time 

duration of 26 years. The calculated error for different time 

durations is expressed in Figure 28 while the error is 

extremely high for short term modelling. 

 
Figure 28. The prediction error for maximums. 

ii. Average Value 

Repeatedly, the average value of energy consumption indicates 

the consumption in average which is important to save the 

energy sources for covering the requirements. Similarly, the 

prediction of domestic energy consumption in the same years 

has been computed in sequential time duration for the model 

besides its two sets with the real input original data each while 

the results are expressed in Figure 29. 

 
Figure 29. The prediction of error for averages. 

iii. Per Unit Development 

The percentage of either growth (G%) or rise rate (RR) of 

growth for the maximum value of the model depends greatly 

on the model duration where the short term of 8 years leads 
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the higher error. Contrary, the long term presents a more 

accurate results while the longest duration time is introduced 

for the analysis of rise ratio as well as for the growth. The 

reference data should the long-term model of 26 years where 

the relative development may be discussed. The results of 

analysis for the growth up to the 2035 year are extracted in 

Figure 30. The model growth of maximum value increases to 

101.5, 105, 109.2, 113.1% from 2018 to 2020, 2025, 2030, 

2035, respectively. Also, the average value of the model will 

be developed as 104.1, 114.4, 124.8, 135.1% for the years 

2020, 2025, 2030, 2035, respectively. 

 
Figure 30. The percentage growth of energy. 

Additionally, the rise of energy relative to the past year 

before is accounted in order to find out the yearly growth 

sequentially. The results in per unit are illustrated in Figure 

31. The average value of the model as predicted goes to 

1.041, 1.099, 1.09, 1.082 PU for the years 2020, 2025, 2030, 

2035, respectively. 

 
Figure 31. The relative rise of energy growth. 

Repeating for the maximum values, the values are 1.015, 

1.037, 1.036, 1.035 corresponding to the years 2020, 2025, 

2030, 2035, respectively. 

6. The Proposed ANN 

Otherwise, the available software for artificial neural 

networks (ANN) (in the electronic market) through computer 

applications facilitates sharply the aspired problem to go 

directly to a specified target. Then, investigation of the 

quality and the speed of either learning or determination of a 

definite item would be an exact concept. Thus, the accuracy 

level of results could be measured besides the minimization 

of processing time and effort. The proposed system deals 

with the implementation of (ANN) on computers to specify 

the development of energy consumption in a country or a city 

or even a township. The networks are based on (ANN) 

simulation as tailored as integrated neural network (INN), or 

back propagation (BP). 

A combined system consisting of a self-organizing map 

(SOM) and (BP) concept may be implemented. Another 

combination of supervised/non-supervised training 

processing for grouping utility would be reflected since the 

parallelism concept will be utilized for segmentation (or 

regrouping) processing. Thus, the presented ANN is a three-

layer type with different units in the hidden layer while both 

(INN) and BP networks are accurate in applications. 

Generally, a certain feature for each data individually may be 

appointed to be different from any others. This would be 

either parametric such as linear predictive coding or non-

parametric as time and frequency domain representation 

(autocorrelation, energy level, etc.). The deduced feature will 

define data and it should be supplied as training procedure 

for purification. 

The BP will be represented for the supervised training while 

the SOM method takes the unsupervised one. The BP is 

depending on the continuous correlation for deduced errors 

during the processing until the error becomes within the 

permissible (prespecified) limits. In the unsupervised 

method, the output node with minimum distance from the 

training pattern is determined and it changes the weights 

randomly to measure the difference between weights. This 

can be placed on a map to find the overall distribution for the 

nodes of a network. The nodes of output layer must be 

divided into different areas (nodes) related to a certain data 

while the classes of similar data would be introduced in the 

same area leading to the failure of SOM. Hence, another 

stage should be connected to stop the overlapping 

phenomena and to separate similar cases. Also, the error 

must be measured to reach the pre-specified value (for 

calibration conditions). 
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The digital processing can be done in a humble method 

through the application of the proposed ANN as shown in 

Figure 32 where the input would be given as the original 

population data. Then, the SOM network receive these data 

to clean them from any impurities in order to get the 

occupied houses condition. So, the second step receives these 

data to process the calculations for the limits and average 

values so that the results could be transformed into the 

original frame of outage shape. Then, the SOM network 

treats the data received and translate it to the final envelope 

data. Thus, the trend operations may be accounted through 

the ANN to reach the growth base where it gives the 

predicted growth through the output layer. 

The built network must be well trained to go on testing of 

several types for success in his duty during processing. This 

should be based on the system of pattern recognition 

(learning phase) in any control type of works although 

another crucial point concluded in the accuracy of a scanned 

length. It can be verified through the concept of zero crossing 

(in some applications) as it gave satisfactory results in an 

easy manner. A three-layer neural network is defined as the 

input layer based on multi-node system to receive the input 

data and the output layer will be varied according to the type 

of the input groups. It should be noted that, increasing the 

number of hidden units causes the over-fitting so that it may 

lose its effectiveness, taking much time for processing. 

 
Figure 32. The proposed ANN for prediction processing. 

Globally, the grouping technology should be introduced to 

minimize the computational time for large population so that 

the performance of the required sweeps numbers during 

training (learning) can be firstly defined. Whatever, the 

grouping effect must be developed to reduce the processing 

time. Generally, the accuracy depends on the permissible 

error as a principal factor proving that the error can be 

neglected at all as its value approaches the desired value 

practically. It is known that the minimum error is always 

going with the use of a specified number of numerous for the 

hidden layer of the typical 3-layer neural networks. 

7. Discussion 

The ANN must be divided into two stages: the first will be 

the training phase while the second would be the processing 

analysis. The training phase should be built in two steps 

where the first must activated for the transformation of the 

original populations into the occupied houses condition. 

Then, the energy pricing history must be introduced in the 

learning phase so that the energy costing can be directly 

evaluated for long durations. This means that the received 

data must be the input of the neural system while the 

processing should be applied based on the parallelism style to 

save the computational time. This part induces the envelop 

and trend performance to enter the final step of processing 

where the prediction can be easily developed. Thus, the 

accurate results would be received within a minimum time. 

8. Conclusion 

From the given analysis, it is concluded that: 

1. The trend coordinates are sharply saving the 

computational effort and time due to the transformation of 

original populations into only double digits answer per 

customer. 

2. It is guileless to account the accuracy (or error) for short 

term modelling because the accuracy of long-term 

durations is extremely higher as proved by the tests done. 

3. The prediction of domestic energy development up to the 

year 2035 specifies an increase of 4% yearly. 

4. The trend of envelope concept is simpler since it reduces 

greatly the computational effort and time. Thus, it is 

recommended for all other similar areas. 

5. The proposed three-layer ANN system for energy cost and 

power growth prediction is effective. However, the 

computational time for big data processing must be 

minimized by parallelism implementation. 
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