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Energy indicators

,»The purpose of comparing each other is to find out our
position to others. Of course, it depends on the
parameter according to which we compare - the
comparison indicator. This parameter can vary
considerably, which is certainly a subjective matter. But
in production systems, it's the same as in sports - we
just want to be the first in a competition where
everyone does the same thing.*

e.d.
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Lecture content

1) What is the criterion for comparing
individual energy systems with each other.

2) Where in the system the comparison is
made.

3) How to determine the material production
realized by the consumed work.

4) Calculation of ES indicators.
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Subject Comparison = Competition of ES

The winner is not the one who has the most but the
one who best meets the conditions of the competition.

«  Obijective function of energy system: ® ®
+ tosatisfied consumers request for the amount
of the work. x R
» consumers is used work for realisation of:

« their business activities (production) or
services for customers — non residential use,
« use work for personal use — residential use.
« The amount of the work is the absolute value that they need in the scope of
period T, which is Load Diagram.
+ The total consumed value is not criterion of the competition but it only
represents what value the competitors has to the disposal.
« The objective criterion which only can guarantee victory is how effectively
we uses our work.

Why is necessary make energy balances?

To make the power balances of the power systems is the base off all. We
are already able to determine total (absolute) value of the primary
sources (balance sources) and finally sources and consumption of them by
consumers:

< The power balance is necessary to make up in regular interval. There
are very useful not only for the power system but for every systems
or equipment which use power for their activity.

» We can say that without the power utilization is nothing — no life, no
movement, no production.

« In power balances in power systems we are making the screening of
energy equipments, eventually, the screening of the power
subsystems, or the whole power economy.

« The power balance of single territory of the whole area (state,
continent and world) is useful for us.

« We can determine the power losses reason. The present state of
power equipment, state after reconstruction should be ensuring.

Objective function of ES with EES subsystem
ES - Energy System for power satisfaction of energy appliances in the
system:

« Itgenerates, transform or directly deliver Finally Energy Sources
consumed by appliances from Primary Energy Sources (Secondary
Energy Sources).

« EES subsystem for electricity consumption — presented by green line.
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Territory power balance

To manage any state region county, region to family it is necessary to make
balances and look for ways to meet demand. Nothing can be control without
real knowledge of the state.

« The territory power balance can be:

— resultant — for privies period,

— forecast balance — for determined future period.
« The goal of the resultant balance is:

— to determine state of the up to now power industry of the definite
territory — state,

— to draw attention in power supplying,
— to identify source materials for forecast balance.
« The goal of the territory power balance is:
— to ensure the necessary power amount in necessary structure,
— toensure development of the technical and economy progress in power
industry.

The basic principle of power balance we know - energy conservation law.
The balance we separate to two basic parts:

— on production side
— on consumption side
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Territorial representation of the ES objective function
Determination total work of the system for period of T=1 year of LDy
absolute values in CZ:
« Inputting energy flows have + notification.
« Circles are home energy sources.
* GDP - value of material product on the given territory.
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Tabular determination of ES objective function - 1
The territory power balance — transformation PEZ to FES of Czech
Republic (ES) in 2008:
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Tabular determination of objective function -2
Tabular determination consumption of Finally Energy Sources by consumer
types:
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Determination of the ES objective function by the balance diagram

Sankeyiv diagram (balance diagram) is graphical presentation of the

composition time course defined value of the system in the defined region.

the author of this is Irish engineer Matthew Henry Phineas Riall Sankey

(*1853 — 11921), who used it in 1898 for steam engine efficiency

determination:

« Sankey diagram is used in technique for the presentation of any energy
appliance .

* In the case of ES the monitoring value is work (energy).

* There is also able to presents the material movement, finance and people
movement etc.

« Diagram is composed for the defined time interval T (period, day, year ,...),
which in the ES case the Load Diagram - DZFS.

« The band diameter value presented the total value (absolute) of the
monitoring value for the determined time.

« For the dynamic processes is Sankey diagram the clearest presentation of
the continues process in ES, which is LD = f(t).

u

Objective function of ES Sankey diagram

Expresion of the total work amount consume for the defined period - 2005
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Senkey diagram of ES Czech Republic - 2008
Expresion of total work amount by ES systém for defined period — absolute
value LD+:
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Evaluation criteria of the ES comparison

Energy efficiency indicators have multiple objectives,

among which the 10 most important are:
Help to understand trends on energy consumption and energy efficiency.
Provide market insights on the penetration of end-use equipment and energy
efficient technologies.
Benchmarking of energy efficiency performance of countries through cross-
country comparisons, a crucial question in international negotiations on
climate change.
Setting energy efficiency targets
Monitoring of the targets set at the national and international levels in
energy efficiency and CO2 abatement programmes.
Policy monitoring to evaluate the impacts of measures so as to justify the
public money spent to support these programmes and to plan future
measures and actions.
Measure the long term impact of measures as these energy efficiency
indicators can feed the technic-economic demand forecasting models needed,
that are characterised by a high level of disaggregation (end-uses).
Improve the dissemination of the progress achieved on energy efficiency,
through dedicated indicators and tools .
Finally, help measuring the multiple benefits of energy efficiency

Methodology for setting indicators

Indicators can be denominated in either physical units, where
energy is directly related to the physical quantity of output, or
alternatively in economic terms, where energy consumption is
linked to the monetary value of production:

. Indicators of energy efficiency can be constructed from aggregated
international or national statistics through to output data from
individual operating units within a plant.

. At the highest levels of aggregation - the whole economy and
macroeconomic sectors - few indicators of energy intensity can be
constructed.

. Moreover, due to the large level of aggregation, these broad indicators
often include many separate effects that can potentially bias the results.
For example, although declines in measured national energy intensities
for many economies suggest improvements in energy efficiency, other
factors, such as the declining importance of energy intensive sectors
(structural change) and non-energy related efficiency improvements,
also contribute to this result.

Energy data for most economies (ES) came from the IEA’s Energy
Balances from OECD and Non- OECD Countries Database -



https://www.google.com/url?esrc=s&q=&rct=j&sa=U&url=https://www.iea.org/&ved=2ahUKEwjvg5fKwv_2AhUOtaQKHblDAxQQFnoECAIQAg&usg=AOvVaw3yxccEDb1nB5nNxzTDjdOC
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Relations of energy intensity indicators

Indicators define “how well” or only how many energy sources we have
to use for realization of the compared output:

+ Indicators of ES energy intensity define “how well” energy imputes are
utilized for the material production ( which is made by FES utilization
FEZ):

158,=Energy Intensity of the whole ES = (PES total consumption in T
period) / (GDP value made by FES):

IESit=3PES/HDP [energy units / monetary units]

158, =Energy Intensity of electricity consumption = (Total electricity
consumption in T period) / (GDP value made by FES):

1,FES¢ele = JFES, electricity/ GDP  [energy units / monetary units]

Quantity of data required for indicators construction

Moving further down the pyramid increases the understanding of
the multitude of factors that affect more aggregated measurements
of energy efficiency, and ultimately affect other variables such as
national energy consumption:

Data Aggregation Level Efficiency Analysis Level

International National Energy Intensity
Statistics (Mtoe/$GDP)
National Sectoral Encrgy Incensicy
Statistics (Mtoe/Svalue added|

ctoul Efficiency
production or Mtoe/$)

al Plant Efficiency
(toe/tonne)

perational Unit Efficiency

(toe/tonse production)

-« »
Quantity of data required
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Determination of GDP by Production Method:

According to this method, GDP is defined as the market value of final
production achieved in one year, on the territory of a given state:

« We have to evaluate market production, while the sum of value added is
made up of disparate products and services; GDP is given here by adding
the number of products of individual types multiplied by the average market
price according to the equation:

GDP = market price multiply amount of A product plus market price

multiple amount of B product

Individual products and services that make up GDP are categorized into the
following areas:
C - final consumption - (consumption [currency units]) - household expenditure
on the purchase of goods and services, i.e. everything that citizens spend on shops
and services,
G —government - government purchases of goods and services [currency units],
i.e. everything that governments buy,
I — investment - gross private domestic investment [currency units], which is
mainly investment purchases by companies, both for raw materials and for the
expansion and renewal of so-called capital goods (i.e. also damage after the
hurricane),
X —exports - [currency units],
M —imports - [currency units].
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How GDP in relevant year can be published?

Prices and among of the seled goods are changing during individual
year by follow year and made time row from past to present:

« Atcurrent prices of the (prezent) year:

— We take the prices p; [monetary units] (for i=1 to n) of a given
year (,,t), i.e. the sum of current prices (,,c.p.“) in this relevant
year, and multiply it by the number of products in this year g;.
[number of units].

Such GDP is called Nominal GDP - or GDP in current prices :
GDP, =GDP" =3, pj *0i, [currency units]
« At the average prices of the previous year:
— We can have GDP of the given year in the current prices
(average ) of the privies year (,,t-1¢):
GDP PR =3 by * i, [currency units
« At the constant prices of the reference year:
— We are chaining of data in average prices of the previous year by
the corresponding volume index:
GDP™ = Z,]S.,zooo *q,, [monetary units]

] GDP‘CPPR‘

Conclusion
Key Indicators [Compound Indicators]
Population TPES/Population
(million) o2z (tos/capita) s
GDP TPES/GDP
(bilion 2000 US$) 7280 (toe/thousand 2000 US$) et
GDP (PPP) TPES/GDP (PPP)
(billion 2000 US$) 196169 (tos/thousand 2000 Usg pep) | 922
" Electricity Consumption /
Eriergy Production 3342 Population 6511
() (kWh/capita)
Net Imports " CO2/TPES
(Mtoe) 1228 (£ COftoe) 263
TPES CO2/Population
(Mtae) 605 (t COs/capita) e
Electricity Consumption* C02/GDP
(Twh) 85.85 (kg C02/2000 US$) Loz
€O, Emissions ** CO,/GDP (PPP)
(Mt of COz) 12087 (ky CO2/2000 US$ PPP) oz




