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Abstract. The numbers of people on Earth constantly and rapidly are increasing. Number of people with access to electricity is
also increasing. Unfortunately classic fuel sources are limited, and the problem of sustainable energy strategies that effective and
safety, is a priority, at nationally and at internationally level. Energy efficiency can be made in different sectors: industry, buildings,
lighting, transport, power and last but not least reduce greenhouse gas emissions (GHG). The main of this paper is to analyze the
energy efficiency of the views listed above, with the emphasis placed on reducing greenhouse gases. For the calculations needed
was software to GEMIS.
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DURABILITATEA SI EFICIENTA ENERGETICA
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Rezumat. Numarul populatiei pe globul pamdntesc neincetat si rapid creste. Numdrul populafiei ce are acces la energia electricd
de asemenea este in crestere. Din pdcate sursele de combustibili clasici sunt limitate, iar problema strategiei energetice durabile,
eficiente si sigure este prioritard, cdt la nivel national, atdt la nivel international. Eficienta energetica poate fi efectuata in diferite
sectoare: industrie, cladiri, iluminare, transport, energie si nu in ultimul rénd reducerea emisiilor gazelor cu efect de sera. Scopul
de baza al acestei lucrdri este de a analiza eficienta energetica din punctele de vedere enumerate mai sus, cu accentul de baza pus
pe reducerea gazelor cu efect de sera. Pentru efectuarea calculelor necesare a fost utilizat softwarul GEMIS.

Cuvinte cheie: energie, gaze cu efect de serd, emisie, durabilitate, sigurantd, eficientd energeticd.
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AHHOTAUMA. Yucno modetl na 3emie, nocmosnno u ovicmpo pacmem. Hucio model, uMerowux OOCMyn K S71eKmpoIHepSUU
makaice pacmem. K coocanenuio, Kiaccuueckue UCMOYHUKU MONIUGA O2PAHUYEHbl, U npobiema cmpamecuil d(Phexmusnoo,
6e30nacHo20 U YCMOUUUBO20 PA3GUMUSL IHEPSeMUKU SIGISeMcs NPUOPUMemnoll 3adauell, KaK HA HAYUOHAILHOM, MAK Hd
MeNHCOVHAPOOHOM  YpOGHe. DhhekmuerHocms UCNONb30BAHUSL IHEPSUU MOJCEN OblMb  GbINOJIHEHA 6 PA3IUYHBIX OMPACTAX:
NPOMBIUICHHOCUY, 30AHUL, O0CEeUeHUsl, MPAHCNOPMA, JHEePeemuKky U He 6 MNOCACOHIO 0Yepedb COKPAWEHUIO 6blOPOCO8
napHuxogvlx 2azos. OCHOBHOU UYenbl0 OAHHOU CMAmbU SGIAeMcss AHAIU3  IPOEKMUSHOCIU UCNOAb308AHUS  IHEPSUU 8
COOMBEMCMBUU € BLIUUENEPEUUCTICHHBIMU, € AKYEHMOM HA CHUDJICeHUe 6blOPOCO8 NAPHUKOGbIX 2a308. [[ns pacuemog 6bli
ucnonvsoean software GEMIS.
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. INTRODUCTION reduce the output of greenhouse gases. But barriers in the
innovation process seem to be a core problem.

One of the essential technological innovations that Table 1
have accelerated the development of civilization is Growth in electricity access required to achieve
electricity. Actually we cannot imagine civilization life universal access by 2030
and activity without electricity. World

In these early years of the twenty first century 1990 population with electricity access (m) 31
electricity is once again poised to permit fundamental 2008 population with electricity access (m) 5.2

e - TR . 2008 population without electricity access (m) 15
shifts in the nature of our civilization. We face a future in 2030 population (m) 83
which concerns for our global environment, for social Annual growth rate in electrified population 2.9%
welfare and for stable market economics are all linked to achieved since 1990 (%)
the future development of electricity systems. Annual growth rate in electrified population 2.1%

L7 . required to achieve universal access by 2030
The prospect of modern societies depends on their (%)

ablllty to deal with the challenge of climate Change in the Source: Based on data from IEA global electrification database and Global Insight WMM
next decades. Technological innovations may help to
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Energy solutions for our past, present and future
energy mixes are commonly formulated by participants in
a complex decision-making process. The principal
participating groups in our society, responsible for
achieving results in energy choices, are identified in an
IAC Report [1] as follows: multinational organizations
(IEA, UN, World Bank, regional development banks,
etc.); governments (national, regional, local energy policy
makers); science and technology community (academia
and associations); private sector (industry, consultancies
and foundations); non-governmental organizations (World
Energy Council, Earth watch, etc.); media (Scholarly
journals and popular media (print, web, radio, TV);
general public (social networks, etc.).

These organizations, in special the governmants
have to solve the problem of calculation the future energy
scenario, which will be competitive, reliable, sustainable,
durable and reasonable. Providing universal energy access
will pose a number of critical challenges related to gaps in
national and local institutional capacity and governance
required to produce, deliver, manage, operate and
maintain these solutions (including strengthening the
capabilities of public sector utilities to provide improved
services for all their customers in a commercially viable
manner and without political interference), see Table 1.

Some factors that it is necessary to take in to account
for planning/calculate a good energy scenario are: energy
supply, energy delivery, grid connection, costs of
solutions, quality of access provided by technologies,
access to modern fuels and technologies, capacity
development energy efficiency etc.

In this article, we try to analyze the sustainable,
durable development and efficiency in energy sector and
energy efficiency.

2. SUSTAINABILITY

The term "sustainable development™ was used for fast
time in 1987 in the World Commission on Environment
and Development, known as the Brundtland Report. The
report defined sustainable development as development
that ensures the needs of present without compromising
the ability of future generations to ensure their own needs.

Examples of the sustainability we can consider:
planning, architecture, agriculture, eco fashion and home
accessories, water sector and energy sector.

Sustainable technology in the energy sector is based
on utilizing renewable sources of energy such a solar,
wind, hydro, bioenergy, geoenergy, geothermal and
hydrogen. Wind energy is the world's fastest growing
energy source; it has been in use for centuries in Europe
and more recently in the United States and other nations.
Wind energy is captured through the use of wind turbines
that generate and transfer electricity for utilities,
homeowners and remote villages. Solar power can be
harnessed through photovoltaics, concentrating solar, or
solar hot water and is also a rapidly growing energy
source [3]. Sustainable water technologies have become
an important industry segment with several companies
now providing important and scalable solutions to supply
water in a sustainable manner.
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The availability, potential, and feasibility of primary
renewable energy resources must be analyzed early in the
planning process as part of a comprehensive energy plan.
The plan must justify energy demand and supply and
assess the actual costs and benefits to the local, regional,
and global environments. Responsible energy use is
fundamental to sustainable development and a sustainable
future. Energy management must balance justifiable
energy demand with appropriate energy supply. The
process couples energy awareness, energy conservation,
and energy efficiency with the use of primary renewable
energy resources [4, 5, 6].

From a sustainability perspective, a material,
component or system may be considered durable when its
useful service life (performance) is fairly comparable to
the time required for related impacts on the environment
to be absorbed by the ecosystem.

Some characteristics of sustainability are [14]:
the probability operation without failure - describes the
objective function in period 0 to t.

R@®) =P(E>1) 1)
where & random variables.
the probability of failure — is the probability, that in a
given time interval failure occurs.

Q) =PE <t) =1-R(D) )
R(t) non-growing time function, Q(t). non-decreasing
time function. The probability that R(0) =1, R(x») =
0.
the probability density of failure:

__dR(t)
dt
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the intensity of failury, rate of probability density of

failure and the probability operation without failure:
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the middle time of operation without failure

m=E®©) = [} tf(©de (5)
where:
E — middle value, & —random failure time, m — integrate
value.

m = [ R(t)dt (6)
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D) = E(§)* — E*(§) = [, f(Hdt—-m>  (8)
D() =2 [, R(Ddt —m? ©)

the deviations o':

a(§) = +yD($)
(10)



To solve such problems in energy sector using
methods such as: Monte-Carlo, method of incident
matrix, method of minimum cats and others.

3. ENERGY EFFICIENCY

Energy efficiency measures in industry include
switching away from energy-intensive materials (e.g.,
clinker substitution in cement), improved maintenance,
using efficient burners, and cogenerating power by using
waste heat from industrial processes. National policies
that set targets and standards have resulted in significantly
higher industrial efficiency in Japan and the Netherlands
than most other countries [7]. Awareness, training and
performance management to change the mindsets of
management and staff is also crucial. Special attention
should be focused on small and medium-size enterprises
and on systems approaches that go beyond the process or
technology level.

The biggest opportunities in building energy savings
are improvements to insulation and design (e.g., windows,
shell) and efficiency of heating, ventilation and air
conditioning (HVAC) systems (e.g. district heating).
Denmark [8] and China [9] are examples of countries
where significant savings have been achieved through the
effective introduction of building codes and standards.

For short- to medium-life assets such as appliances
and lighting, the focus is on switching to more efficient
devices such as appliances with low standby power
consumption, and CFLs and LEDs rather than
incandescent lighting. Making lighting more energy-
efficient is often the first efficiency measure undertaken
due to the low cost and ease of capture (e.g., as in
Bangladesh, Bolivia, China, Cuba, Ethiopia, India,
Mexico, Philippines, Rwanda, South Africa, Sri Lanka,
Thailand, Uganda, and Viet Nam). Several developing
countries have also successfully introduced standards for
various appliances, including chillers (Thailand, India,
Philippines), electric motors (China), refrigerators (Brazil,
Mexico) and air conditioners (Thailand).

Similarly, in the transport sector, a mix of energy-
efficient vehicles provides significant potential, inter alia
by improving the fuel consumption of the vehicle fleet
through improved fuels and engine technology as well as
the increased use of all-electric and hybrid electric
vehicles.

Integrated traffic planning and modern public
transportation systems can create signifiant energy
efficiency gains, while concurrently  addressing
congestion and air pollution. This is especially relevant in
rapidly-growing urban areas in developing countries.
Bogota, in Colombia, is a good example. The city created
special lanes for buses, introduced a more effective
pricing system, and replaced the oldest buses with more
efficient models. The project led to a reduced number of
buses while maintaining the level of service, and lower
fuel consumption per passenger-mile. As a consequence,
the project was partly financed by CDM credits.

The power sector can significantly increase its energy
efficiency through implementation of currently available
improvements in many forms of power generation, and in
improved electric grids that enhance reliability and reduce
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transmission and distribution line losses [10]. Reducing
these line losses requires both improved maintenance and
significant capital investment [11]. This is a particularly
important opportunity in the developing world, where
losses are typically significantly higher. (Transmission
and distribution losses of 35-50 per cent are not unusual
in the developing world, compared with 6-8 per cent in
developed markets.)

Much of the recent attention to energy efficiency has
its origins in the need to reduce carbon emissions; energy
efficiency opportunities make up about a third of the total
low cost opportunities to reduce GHG emissions globally.

In next part of this article we will compare different
sources of electrical energy with their GHG emissions.

4. GREENHOUSE GASE EMISSIONS

One of the computation software used in our article
is the balance computer program GEMIS, which is a
database with energetic and economic data from the
sector of EPS. It was developed in 1987 by Oko-Institut
in Darmstadt (FRG) [13] and is updated annually.
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Graph 1. Tons of GHG emissions per 1 GWh of different
typical sources

One of the major pollutants emission of greenhouse
gases is Brown Coal Power Plant (BCPP) and Combined
Cycle Power Plant (CCPP).

5. COMPARISON BETWEEN RECOMMENDING
SCENARIO AND CZECH NATIONAL ENERGY
POLICY

The following part of article is dedicated to comparing data of
emissions green house gas for proposed and reference scenario,
three radical scenarios and three scenarios from Czech National
Energy Policy. The reference scenario is a real mix of options
for year 2010.

Scenario A, C, E are from the Czech National Energy Policy
of August 2011, the values for year 2020.

Nuclear Scenario takes into account the moderate
development of co-generation and renewable resources, limiting
the construction of coal power plants, construction of new
nuclear power plants.

Coal scenario is characterized by a moderate development of
co-generation and generation from renewable energy sources,
new coal plants and new combined cycle power plant.

RES scenario extensively use renewable energy sources, ie,
biomass, hydropower and wind power.

The optimal scenario takes into account the moderate
development of the use of renewable energy sources and
construction of new nuclear power plants or block, decreasing
use of coal power plants, coal and combined cycle power plants.



Table 2

Input date
Sources Optim.  Ref. 2010 Scen.A Scen.B Scen.E Scen. RES ScenCoal Scen.
2020 Nucl.
BB 3 6.04 7.58 7.6 7.58 5.6 8.6 5.6
CB 31.3 40.97 3341 30091 33.42 28.91 324 229
CCPP 3 3.7 1.3 1095 7.99 8.95 10.9 10.9
HSPP 138 138 145 14.96 14.8 14.4 143 19.2
HPPWP 20 142 15 15 25.2 155 149 226
HPPP 3 15 9.0x10" 14 1.80x10" 5.1 2.26 2.26
NST 25 1 2.4 16 15 2 16 159
Duk.
NST 6.0x10"  6.15x10" 2 6.16x10"  6.16x10" 25 2 2
Tem.
BCPP 7.21x10"  3.35x10" 253.36x10"  3.26x10" 1 5.2x10" 5.2x10"
sC 2 15 1.9 1.48 1.48 2.5 8.0x10" 8.0x10"
WM 9  59x10" 2 5.9x10" 5.9x10" 25 1 9.0x10"
BS PP 1 132 13 2 1.22 1 6.0x10" 6.0x10"
Total 89.9 85.49 85.69 87.84 95.36 90.05 90.03 90.02
Table 3

The output values of greenhouse gases emissions with the
program GEMIS for different energy development scenarios
for the Czech Republic for year 2020

Emissions [kt] CO,eq.x10* CO,x10* CH, N,O
Scenarios A 5.53 5.31 66.6 177
Scenarios C 5.44 5.20 76.87 1.72
Scenarios E 5.71 5.47 75.58 1.79

Ref. 2010 5.65 5.51 35.96 1.58
Optim. 2020 455 4.44 28.21 1.30
Scen. Nucl. 4.20 4.03 51.94 1.25
Scen. Coal 5.38 5.18 60.13 154
Scen. RES 4,75 4,58 47.65 1.38
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Graph 2. Evaluation scenarios on the power supply for CO,eqv.
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Graph 3. Evaluation scenarios on the power supply for SO,eqv.

After the calculations in program GEMIS, we obtained the
following results viz. Graph 2, Graph 3 and Table 3.

The best results in terms of the negative impact of electricity
production on the environment in the CR of all the proposed
options are the “nuclear”, see Table 7, then follows an extreme
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scenario “RES”. Both scenarios are radically, results that the
optimal scenario would be scenario “optimal”.

Table 4
A nomenclature section
Symbol Notification
EPS  Electrical Power System
CR  Czech Republic
GHG  Greenhouse Gas Emissions
ST  Station
PP Power Plant
CEZ  Czech distribution company
BB  Boiler Biogas
CB Coal Boiler
CCPP  Combined Cycle Power Plant
HSPP  Hydro Small Power Plant
HPPWP  Hydro Power Plant without pumping
HPPP  Hydro Power Plant Pumping
NST  Nuclear Station
BCPP  Brown Coal Power Plant
SC  Solar Collector
Wind Mill - WM
BSPP  Biomass Steam Power Plant

6. CONCLUSIONS

v’ This paper serves as a recommendation and analyzes
for the power sector, and shows the pathway to mitigate
the negative impact of energy on the environment. Energy
mix visions and strategies are important determining
factors of our world’s future prosperity and welfare.

v One of the methods for energy efficiency is to teach
young generation to use electrical energy with economic.

v Energy efficiency can be done at different levels:
international, national, governmental, local, houses and
individual. It is mean that each of us can do the world
cleaner, durable and prepared for future generations.

BIBLIOGRAPHY
[1] IAC Report, Lighting the Way: Toward a Sustainable Energy
Future. Inter- Academy Council, 2007.

http://www.interacademycouncil.net/ pp. 174
[2] Ruud Weijermars, Peter Taylor , Olivier Bahn , Subir Ranjan
Das , Yi-Ming Wei: Review of models and actors in energy mix
optimization e can leader visions and decisions align with optimum
model strategies for our future energy systems? Energy Strategy
Reviews xxx (2011) 1e14
[3] Renewable Energy Policy Project & CREST Center for Renewable
Energy and Sustainable Technology"
[4] http://engagebydesign.org/values/
[5] Various. "Guiding Principles of Sustainable Design." Chapter 7:
Energy Management.
[6] Various. "Guiding Principles of Sustainable Design." Chapter 9:
Waste Prevention.
[7] UN-Energy, 2009
[8] http://www.un.org/millenniumgoals/pdf/AGECCsummaryreport[1].
pdf
[9] Oprea Diana, O. Griinwald.: Optimization model of energy mix
taking into account the environmental impact, Power Engineering
2012 , High Tatras - Tatranske Matliare, May 15 - 17, 2012 section
Energy - Ecology - Economy 2012, 11" International Scientific
Conference EEE 2011

[10] Technical losses mainly due to archaic infrastructure nearing the
end of its useful life, lack of proper maintenance and overloaded
systems. Commercial losses include electricity theft and losses
resulting from ineffective billing and collection

[11] World Bank, 2009b


http://www.repp.org/index.html
http://www.repp.org/index.html
http://engagebydesign.org/values/
http://www.un.org/millenniumgoals/pdf/AGECCsummaryreport%5b1%5d.pdf
http://www.un.org/millenniumgoals/pdf/AGECCsummaryreport%5b1%5d.pdf

[12] Niez A.: Comparative study on rural electrification policies in
emerging economies. IEA (International Energy Agency). 2010.—
Keys to successful policies. IEA Information Paper

[13] GEMIS - Global Emission Model for Integrated Systems:
http://www.oeko.de/service/gemis/en/

[14] Tuma J.,Stanislav R., Martinek Z., Chemisinec I.: Spolehlivost
v elektroenergetice. CONTE spol. s.r.o., PBtisk, Pribram, ISBN
80-239-6483-6

[15] Cesky Statisticky Urad CSU:
http://www.czso.cz/csu/csu.nsf/informace/ckta010609.doc

[16] ERU: Rocni zprava o provozu ES v CR 2010

[17] OTE: www.ote-cr.cz [cit. 03.03.2012]

[18] MPO: Statni Energetick& Koncepce, Praha srpen 2011

31

ACKNOWLEDGMENT

Research described in the paper was supervised by prof. Ing. Jiri
Tuma, DrSc. FEE CTU in Prague.

Diana Oprea was born in Kisinau, Republic of Moldova, on June 1984.
She received M.Sc. in Electric Engineering with the specialization
Electrical Machines and Apparatus in 2005 from the Technical
University of Moldova, Energy Engineering Department. She is an
Author and co-author of 25 scientific papers. In 2008, she started a PhD
program with the Electrical Engineering Department of the Technical
University in Prague: Technicka 2, 166 27 Prague, Czech Republic
(phone: +420-224-352-160; e-mail: opryadia@fel.cvut.cz,
opreadiana20003@gmail.com)



http://www.oeko.de/service/gemis/en/
http://www.czso.cz/csu/csu.nsf/informace/ckta010609.doc
mailto:opreadiana20003@gmail.com

	The output values of greenhouse gases emissions with the program GEMIS for different energy development scenarios for the Czech Republic for year 2020

