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Determination of the exchanged goods quantity in the
ES under uncertainty conditions

""What to do ""'not knowing' what it is? - Create a
method, based on the knowledge of system
functionality, so you could find it, and verify that it
works and gives good results. Then this method, by
frequent applications, you can enhance and refine it or
create new one.“

ed.

Lecture content

1) Determining the quantity of goods
exchanged under conditions of uncertainty -
Typical Load (Daily) Diagram (TLD).

2) How do we create TLD?

3) How to correct TLD from calculated values
to real values?

4) The settlement amount actually measured
with the contractual.
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Typical Load Daily Diagram Method

We know that knowledge of LD for the defined time T of electricity
delivering or consumption in Coupling Points (CP) is first step for
realization of barter trade in ES:

1. We are able to assemble LD for all consumers or suppliers which know
their LD — In ES they are entities with the measure equipment of category
A,B and if they have some historical data.

2. The consumers (but also more and more suppliers ) with measurement
category C (integral measurement) are connectmg to ES via coupling
points (CP), which is also defined as common (CClI

. There is necessary to define their LD and without hlstorlcal measured
data, but without knowing it is impossible.

. Therefore the method of typical load diagrams (TLD) for defined period
T. Period of the exchange process electricity in ES for consumers in CP of
category with measurement C is one year in CZ ES.

5. TDD is an alternative procedure for determining the size = estimate of the
hourly consumption of a group of eligible customers with type C
metering, i.e. it replaces the continuous metering for this group of
customers.

6. But we always need statistical data (which we can get from measured
values from the past) to be able determine LD. However, the question is
how many time series (LD) samples we need with approximately the same
load profile value, so that we can say that we have obtained a DZ that
corresponds to the real (measured) course with sufficient accuracy.

~> w

Procedure for the determination of normalised TDD

LD =P¢p =f (t), can be considered as a time series. A time series is a
sequence of values of a statistical character, in ES there are values of
Pcp[Wh] (call indicators) arranged in terms of time away from the past
to the present. :

« System indicator (P¢) must be materially and spatially defined consistently
throughout the period T. The indicator has continuously changes over time
and time series indicates the indicators status in certain moments. The
status values may not directly depend on the length of the interval between
readings (at longer intervals may of course lead to greater change.).

Simple counting indicator values of this series does not make sense - we get a
value that has no meaning.

« But we always need statistical data (measured LD values from the past).

« However, the question is how many measured samples of LD we have to
have for customers with approximately the same load profile (composition
of appliances) in order to obtain their LD course with sufficient accuracy,

Determination of the number of statistical samples

The question is, how many historical data we need to be able compile

time series LD with sufficient accuracy:

« Determination of the samples number is given by the formula of
mathematical statistics, in which the required number of samples
is determined by the reliability level, degree of change value and
the accuracy level.

« In the case of ignorance the distribution law of the sampled
values is advisable to choose the values of these criteria which are
sufficiently large to ensure adequate accuracy.

Therefore, the selected values must be able to ensure:

— reliability level on 95 %, i.e. for a range of two standard
deviations,

— degree value changes on the level of 0.5and - 0.5, i.e. the
maximum probability of occurrence, the accuracy is chosen
arbitrarily,

— for the purpose of TDD system was chosen accuracy level of
10%, with respect to the cost measurement.

For such values of the selected criteria is available Yamame simplified
formula that is a function only of the size of the precision level as the
independent variable and the number of customers in the group.
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Yamaneho formula

The value of the accuracy level depends on the number of samples =
number of customers in the groups with approximately same LD:

N
1+n.e?

n — total number of customers in a given TDD,
e - accuracy level (value 0,1 =10 %),
V - required number of samples in the group.

With the chosen level of 10% accuracy occurs the saturation, when the
number of elements is on the level of 1000 units and sufficient number is
equal to 100 pcs. — see next slide.

In practice TDD it means that the number of measurement samples in all
types is the same even the number of elements in the groups are much
greater.

The required number of samples have to be increased by 30%, which form
a reserve for cases where measurements are for any reason, incomplete or
otherwise unusable

The dependence of the samples number (V) in the total number of
consumers (N) at different levels of accuracy values (e)

The more accuracy with reality we would like to have, more date we need:
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If the sufficient accuracy value is 10 %, only 100 data of CP of
measure category C we have to have to the disposal LD.

Dividing of TDD and Evaluation of statistical TDD samples

Before measuring time series - LD = f (time) - we need to divide
customers/suppliers connected to CCP into individual groups according to:
« consumption/deliver character,
« consumption/deliver value of PCCP Pm

ax):
- tariff structure — more component price (LT, MT, HT)
« combination privies points.

« InCZ, categorization of TDD types for consumers was based on tariff
structures from 1. 7. 2001 in E

« With the respect to tariff structure were 7 types of TDD implemented.

« Each class of TDD was monitored the total number of customers and the
number of customers at the intervals consumption.

« Defined precision of TDD.

« Other criteria (failure of samples ...)

« The number of measurement samples in each class TDD in ES CZ is 128

« Measured consumed values represent the type of electricity load
diagrams for each of the selected groups of customers with a comparable
nature of electricity consumption.
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single tariff
[CTooer =
double tariff

TLD (TDD) types

Group C = Use electricity for no-residential use - GDP creation.
Group D = Use electricity for residential use:
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Normalized Load Daily Diagram (Typical) - TDDn

The normalized TDD (index n) of delivery is 8760 relative values of average

hourly (h) sampling year (8784 ,,h* values in a leap year — duration LD =T ),
relative to the value of the maximum from annual average hourly values of

measurement TDD samples:
Average hourly values, used to determine the TDDn, are converted to normal climatic
conditions (in 2005, the thirty-year national average daily temperatures). TDDn values are in
the range 0-1 and define the shape of the load profile of the group of end customers under
normal climatic conditions. The total sum of the relative values of average hourly values
expresses the utilization time of maximal value [hour / year]:
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Determination of the total work in CP with the help of the LD time values:

« It replace the hourly real value in the CP, which are equipped only
with measurement of type C with sufficient accuracy

» We can estimate year (T = 8760 h) consumption of the CCP with
measurement C = Normalized LD - TDD,,

0

years consumers consumption:

value of hourly consumption: 0,=W, = p;,

Wy=Oy=l'T

8760
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time [hours]
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= 8760
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Hour consumption of it consumer

Consumer in CCP with ,,C“ category measurement have to have:
« The LD in the period T of one year (inddex y) O;" [Wh] value which can
have from:
« privies (measured) period T
« Information of TDD — new connection
« Then the estimeted (planned) value of LD i-th consumer in h-th hour of
the day D in period T is:

Oh_oy* pih
T T

N
P, - hour value of t-th type LD of year TDD (8760 values)

8760
y n I .
T o= ,Z] pI years utilisation time of maximal value P, of TDD

Influence of different climatic conditions and position of POM on the
course of TDD
Electricity consumption could be dependent on the location of the POM,
taking into account the geographical location as well as the demographic
location:

« The territory of the Czech Republic is small in terms of geographical dimensions, so
that different natural conditions given by latitude and longitude can significantly
reflectin it.

« Areas with a higher altitude, which affects the nature of consumption, occupy a
small area and cover a small part of the volume of consumption (each region has its
own specific area).

« The nature of settlement, and thus the nature of consumption, is not very different
by territory (the greatest weight is in agglomerations).

« TDDs have the same shape in all regions.

« The course of TDD 5 (households with storage water heating or storage heating)
differs in individual regions due to the behavior of final customers in these regions.

« There are 7 national and 8 regional type diagrams.

« There are 7 national and 8 regional type diagrams .

Dividing TDD8 in CZ on the base of the regions (DS)

« Single categories of TDDn are valued in each CZ regions of
territory ES without TDD8, winch is in these regions different :

Distributing systems (consumed CCPs of the consumers in CZ) are situated in the

regional regions i.e. in the regions of the privies Regional Energy Enterprises 15
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Normalized TDDn - CZ - 2022

« For all categories, the values of consumed power are measured in
the individual hours of LD (8760h) and TDDn is compiled:

source: Normalizovane_TDD_2022_CZ.xls
https:/Awww.ote-cr. i diag! dodavek iny/normali. tdd 03-29

TDD1 course in CZ ES in period T in CCP
« Graphic normalized load diagram TDD1 course is time row of
relative values of the power in CCP in 2009 over the period T of =
8760 h:
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TDD distribution systems (supplying PON fo customers in the Czech Republic) are
located in the original areas of competence of REZ, i.e. regions.
18




KEE/EMEE - 10th lecture

Grafic course TDD5-CZin D =24h

The courses of TDD5 — CZ in single distribution systems of Czech Regions:
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Procedure of Load Diagram aggregation
LD of Pccp = f (t), can be considered as a time series. A time series is a
sequence of values of a statistical character (indicators) arranged in
terms of time away from the past to the present.:

.

The aggregation process of times series is based on time indicators — LD
values.

Indicator of Pccpvalue must be materially and spatially defined
consistently throughout the period T.

The indicator has continuously changes over time, time series indicates the
indicators status in certain moments.

The status values may not directly depend on the length of the interval
between readings (at longer intervals may of course lead to greater
change.).

* Values indicator of this series does not make sense if the time row is
inhomogeneous, with the missing values .

.

.

.

How TDDn can differ from real application day

We tray to to know how the statistical LD is deffer from reality its
aplication in day D:
Time series can be divided into three parts:
« Trend (T) - main direction of development of a long-term trend  (increasing
range, decreasing range, etc.)
« Periodic (P), oscillations - periodic fluctuations around the trend, long-
aligning periodic series:
Fluctuations - having a specific frequency, period length, amplitude
(size deviation). Depending on the length fluctuations are:
seasonal - period of one year, fluctuations within a year in certain
months and quarters
cyclic - period longer than one year
short - period shorter than one year, fluctuations in months, in weeks,
in days
« Randomly (1) (e-residue - error estimate) — small fluctuations caused by
intangibles reasons (this component in the time series is always). The basic
assumption is that the random component is a random variable with zero
mean value (balancing positive and negative fluctuations).
« Then time row can be expressed by its components and in additive model:

y(t)= Pcth(t)=T‘+P4+ I
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TDD course Pgp in one week — periodic component

The task is to determine how the vales of LD can change in the day D of their

m ﬂ ARNANEAS !\\! | I
LAV
o ‘u ef \d

ohday Tuesday W Thursday |Frj d\ay\ turday Sund:

’k\ TDD1
)

TDD4

Short Periodic Components of TDD — working days, weel&nds

Time course of TDD in the year

Short periodical components time row of LD — seasons of the year:

first quarter [ second quarter
10080

fourth quarterr

LD periodical components of the year

Short periodical components time row of LD — December :

b Lol Db |

AT bl
| Jﬁﬁw\

F SIS F S
L S T S A L

——

_—
=]

Christmas




KEE/EMEE - 10th lecture

Expression of time series values using components
A time series composed of individual items can be expressed:

e Sum of individual components (i) - Additive model: y; =T; + P; + g

o Multiply of components - Multiplicative model : Yi=T,*P;*¢

« Multiplicative model is possible to trnasform into aditive with logaritmic
transformation: logy, =log T, +log P, + log e,

o If we know the course of periodic components of TDD (measured), then the
only component that can deviate from the measured value is trend:

« The trend value is most affected by the outdoor temperature,
which differs from the temperature at which TDDn was measured.

* The basic relationships between temperature and load, represented
by TDD, were determined.

« It has been shown that the relationship between temperature and a
given TDD is the same as the relationship between temperature
and consumption determined on the basis of this TDD.

« Only its numerical expression changes, in direct proportion to the
work done by the diagram (consumption).

25

Smoothing of time series

« Trend has a sigmoid course. Time series first moving away from a
constant value with increasing speed and then after crossing the
inflection point is approaching at low speeds to a constant (Gompertz
curve has the center of gravity behind the inflection point). For
example, time course of the sales volume of consumer goods when the
sale first gooes slowly growing interest in the goods and then gradually
reached saturation. Similarly to the effect of temperature on load Pg (t).
Decreases with rising temperature and decreasing increasing.
Smoothing can be determined by the trend component of time series,
i.e. to cleanse it from periodic and random variations. We are looking
for a trend indicator as a function depending on the time using
regression analysis. In simpler cases, it can be done by the method of
least squares. The trend function (mathematical relationship) can be
used to predict the settlement for the whole time series

Time series trend smoothing - Gompertz curve

By smoothing it is possible to find out the trend component of the time
series, ie to clean it from periodic and random fluctuations:

By smoothing, it is possible to determine the trend component of the time

series, ie to clean it from periodic and random fluctuations.

«  We look for the trend as a function of the dependence of the indicator on
time using regression analysis.

« Insimpler cases, this can be done using the least squares method. The trend

function (mathematical relationship) can be used to predict the adjustment

for the entire time series.

The trend in the exponential model has an S-shaped course.

« The time series first moves away from a certain constant with increasing
speed and then after exceeding the inflection point it approaches with a
decreasing speed to a certain constant, eg the time course of sales of
consumer goods, when sales first starts slowly, interest in goods increases
and then gradually reaches saturation. It is similar with the effect of
temperature

on the load Pcp = f (t), with increasing temperature,

consumption decreases and as consumption decreases,

so does production.

« The Gompertz curve has its center of gravity

behind the inflection point

which respects the inertia of the trend. In Tl =Ink+ a; In a,

Logisticks a Gompertzova rivka
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Regression equations for TDD

The basis for this procedure is the explained decomposition of the load
course into multiple components (waveforms) with a clearly defined
relationship to temperature - the first three terms of the equation:

» These components are defined by a regression equation, the specific
form of which expresses a specific relationship of load to temperature.
The last term is the regression term expressing the effect of the change
in temperature compared to normal.

This trend - regression equation, expressed using a modified
exponential dependence.

Then the total modified exponential regression equation for the
estimated daily course of TDD (using the logistic trend function; S-curve
with an inflection point shift of 0.5) has the form:

.

1

TDD! =K+ky D4k, T +K, | ———————<-05
EsTIMATE d popo T 1+eXp(*kb'(kD*Tsk)) ]

Regression equation values for TDD

It is true that national actual and normal temperatures are used in the
conversion of national TDDs and regional actual and normal
temperatures are used in the conversion of regional TDDs in the TDD5
class. Significance of individual coefficients of the equation:

TDD,

o daily average value of the estimated (theoretical) course of TDD,
K constant component independent of temperature,

W trend regression coefficient,

» order of day of the year,

i normal temperature regression coefficient,

daily average value of normal temperature,

daily average value of the actual temperature,

regression coefficient indicating the amplitude of the nonlinear
b component,

ky regression coefficient indicating the temperature at the inflection point
of the nonlinear functional dependence,

W regression coefficient indicating the saturation rate of the nonlinear

component. 2

Temperature smoothing

All normal and actual temperature curves are smoothed exponentially:

« The conversion is performed for each hour and each TDD class.

« One normal value and one actual smoothed temperature value are used
for all hours of the day.

« For practical use (for sufficient accuracy), it was sufficient to include the
first ten members of the exponential smoothing in the above formula (the
last temperature is therefore used from i =1-9).

« The weight of the influence of temperatures in the previous days is
decreasing.

« Itis smoothed according to the following formula (smoothing respects
the delay of the changed temperature).

T, :1-I+1-'I"7,+1~T +i-T +iT
2 4 8

T AT T T
- 2t Tt gy Tt o Tos g To * 305 T

e Tt T
512 1024

10
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Relationship between normal and real TDD
Based on the definition of the static method, the smoothing regression
equation is used to determine the diagram, both for the normal and for
the actual diagram:
« This gives two regression equations for the daily average smoothed
temperatures:
« for normal temperature (computational) Tvp,
« for the average value of the actual temperature Tsk in the initial
measurement period.
These equations differ only by the smoothed daily temperature in the
exponential term.
The error caused by the mathematical modeling of the effect of temperature
thus enters the resulting formula for the actual TDD only in the form of the
difference of the nonlinear members of the regression equation.
Then, for each day d, a regression coefficient can be defined given by the
ratio of the normalized and the actual TDZ:

o TODY,
L —

If we multiply all the hourly values of TDD compiled from the measurement
in the initial period by this coefficient every day, then we get the hourly
course of TDD converted to normal temperatures:

TDD'I"LNORM :K’I'dNORM TDD'hSK BEFOLT

Waether influence (temperature) on TDD

The temperature conversion takes place according to the following
formula where HD is the number of hours on a given day:

« The number of hours in each day of the year can vary - change in
summer winter time.

Ho
> TDD;, 1 h
= +Ky o -
Py T Koo T ) Trenlh i o T
- H,
> 7DD},
=
H

o

« TDD recalculated = k . TDD normed

Regression coefficients for conversion
Coefficients for conversion of nationally valid TDDn

1DD2. 1DD3 TDD6. TDD7

- 013984 Q3572 04413 05744
Pr::;vpm Ky 031785 0.2754; 020001 020789
Ko 168502 2050; 46311 80810
Ko 013418 037579 047672 060096

Soboty S [k, 031134 02709 018543 0.2009;
Ko 142008 13600 5456 15606

Ko 014042 0357236 049830 06481

Nedgle M|k 036442 0.28605 017605 018001
ket 15124 15082 3578 181056

« TDDS5 coefficients are separate for each CZ region.

+ The coefficients TDD1 and TDD2 are not determined - the effect of
temperature on LD values has not been proven.

« The coefficient for TDD8 is also not calculated, it is a diagram of
public lighting and the effect of temperature does not apply there.

33

11
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The course of recalculated normalise TDD

Conversion of consumption to actual climatic conditions on day D

TDDy

TDD", = TDD" * k
DD TDDat

0= 0 ¥ TDD o/ Tune

Cis

=0%" *k=0%* TDD "/ Tun

0 h ZTDD" = Ton 8760
denD

The possibility to TDD use for LD determination to real conditions
« We can use one time measured LD or to measure it permanently:

« Static TDD method is based on determining normalised TDD for
designated groups of final customers with measurement type C and
their conversion into actual weather conditions on the day D.

« Dynamic TDD method is also based on the normalized TDD, but they
are not converted to actual weather conditions on the day D (used for
static methods). These are based on measurements of samples on day
D and data transmission, on the basis of which consists of standard 24
values of TDD of individual groups of final customers on day D.

Conclusion

« Knowledge of the course of the LD for the monitored period of evaluation
of the exchange process in the ES is essential.

« To evaluate CP measurements equipped with category C measuring
devices, the shift process time is used T = 1 year.

« If the CP already has a measured annual consumption, this annual
consumption is taken as the basis for calculating the planned hourly
consumption value of this customer, i.e. this consumption is divided by the
annual use time of the maximum and multiplies the relative value of
consumption (normal temperature corrected).

« If itis a new customer, then its annual consumption value is determined
according to a standardized diagram.

« If the CP moves to another supplier, a deduction must be made on that day
and a settlement must be made on that day. This is followed by the usual
method of determining DZ for the next days.

12





