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EKO-UCINKOVITOST U ENERGETSKOJ STRATEGIJI
ECO-EFFICIENCY IN ENERGY STRATEGY

Lidija RUNKO LUTTENBERGER

Safetak: Cilj eko-ucinkovitost Je maksimiziranje vrijednosti uz istovremen
dielovanja na okolis. Jedan od k ljucnih zadataka je da se postofeée pri

Kljuéne rijedi: - eko-u&inkovitost
- odrivi razvitak
- energija
- obnovljivi izvori
- energetski posrednik

Summary: The objective of eco-efficiency is to maximise
environmental impacts. One of the main challenges to makin
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- sustainable development
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1.UVOD

Eko-uinkovitost "se postize isporukom po konkurentnim
cijenama roba i uslnga koje zadovoljavaju Ijudske
potrebe i doprinose kvaliteti ¥jvota uz progresivno
umanjivanje djelovanja na okoli§ i intenziteta trofenja
resursa tijekom vijeka trajanja na razinu koja je u skladu
s procijenjenom izdrljivoiéy Zemlje” [1].

Tvrtka, organizacija ili drudtve koje Zeli postati eko-
-uéinkovito mora nastojati:

* smanjiti materijalni intenzitet roba i usluga,

* smanjiti energetski intenzitet roba i usluga,

* smanjiti toksidne emisije,

e reciklirati,

we do not want to lose the energy, it should be possible to sel]
excess energy to a kind of energy broker that would buy back the used energy,

nmust find an interest in selling energy services instead af energy.

in order to sell it on. Power companies

1. INTRODUCTION

Eco-efficiency is  “reached by the delivery of
competitively priced goods and services that satisfy
human needs and bring quality of life, while
progressively reducing ecological impacts and resource
intensity throughout the life cycle, to a level in line with
the earth’s estimated carrying capacity” [1].
In order to become eco-efficient, a
organisation or society should strive to:

* reduce the material intensity of goods and services,
* reduce the energy intensity of goods and services,
¢ reduce toxic emissions,

* recycle,

comipany,

L
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 maksimalno povedati odrZivo koristenje obnovljivih
resursa,

o produZiti trajnost proizvoda,

¢ povedati intenzitet sluznosti roba i usluga.

Cilj eko-udinkovitosti je maksimiziranje vrijednosti uz

istovremeno minimiziranje koriftenja resursa 1 §tetnih

djelovanja na okoli§, ili

eko-uinkovitost =
= vrijednost proizvoda ili usluge / utjecaj na okoli¥

5. ZABTJEVI ODRZIVOSTI
Tzmedu  prirodnog metabolizma i industrijskog

metabolizma danas postoji velika razlika, Prirodni ciklusi
cvari vode, ugljika, duika itd. predstavljaju u suftini
zatvoreni krug jer se ostaci jednog prirodnog podciklusa
mogu koristiti u drugom prirodnom podciklusu. SadaZnji
industrijski sustav, medutim, jo¥ ne reciklira sve §to u
njega ulazi Industrijskd  sustav danainjice naime
zapodinje s materijalima izvadenim iz zemlje koje vraca
u degradiraniom obliku. .

Otito je da industrijski sustav predstavlja nestabilno
stanje, a jedan od kljutnih izazova da se postojete
proizvedne strukture utine odrZivima jest zatvaranje
industrijskih ciklusa tvarl.

Podetkom 90-ih Emst von Weizsticker uveo je pojam
faktora 4. Pozadina toga je pretpostavka da je tijekom
vijeka jedne generacije (25 godina) unuiar Evropske
zajednice razumno udvostru&iti prosjetan standard Zivota
Lz istovremeno smanjenje resursa koji osiguravaju takve
standarde za 50%.

Vige autora nagiaSava zahtjev dase u narednih 50 godina
umanjenje intervencije u okoli§ po jedinici potrosnje
izvr¥i fakrorom koji iznosi najmanje 10 do 20 21

e maximise sustainable use of renewable resources,

s extend product durability,

o increase the service intensity of goods and services.
The objective of eco-efficiency is to maximise value
while minimising resource use and adverse
environmental impacts, 0T

eco-efficiency =
= product or service value per environmental influence

2. SUSTAINABILITY DEMANDS

Currently, there is a major difference between natural
metabolism and industrial metabolism. The natural
substance cycles of water, carbon, nitrogen, gtc. are
virtually closed circuits since the residues of one natural
sub-cycle can be used in another natural sub-cycle. The
industrial system does not yet recycle all its inputs. The
current industeial system starts with materials extracted
from the earth, and returns them in a degraded form.

This is an unstable situation, and one of the main
challenges to making current production  structures
sustainable is the closing of the industrial substance
cycles.

Ernst von Weizsicker at the beginning of the 1990s
taunched the Factor 4 concept. Over a span of one
generation (25 years), it was felt reasonable to double
average living standards  within the European
Community, while at the same time reducing the
resources to secure these standards by fifty percent.
Several authors underline this dernand over the next 50
years by at least a factor of 10 to 20 reduction in
environmental impacts per consumption unit [2].

E=P-W-I )

E - djelovanie na okoli§;

P -broj stanovnika;

W - potro¥nja po glavi stanovnika;

| -intervencije u okoli¥ po jedinici potrosnje.

Pojam faktora 10 je jednostavan. U prosjeku je potrebno
umanjiti Sovjekovo djelovanje na okolis za 50%. Ako se
istovremeno zapadni Zivotni standard kojega uZiva jedna
petina  svjetskog stanovniftva profiri na cjelokupno
stanovnigtvo planete, tehnologija mora postati govoro 10
puta djelotvornija 31, 49.

E - environmental impact;

P - population;

W - consumption per capita;

| -environmental intervention per consurnption unit.

The Factor 10 concept is simple. On average, we need 0
reduce human environmental impact by fifty percent. 1¢,
at the same time, the Western standard of living, enjoyed
by.about one-fifth of the world’s population, is 10 be
extended to the entire population of the globe, the
undertying technology needs to become about ten times
more efficient {3), that is

2-5=10.

3. ENERGETSKI SEKTOR

Promatrajuéi Zemlju kao cjelinu, koristena energija za
razlidite potrebe predstavija samo neznatni dio energije
koja se dobije od Sunca. Drugim rijefima, problem ne

3. THE ENERGY SECTOR

Looking at the earth as a whole, the use of energy for
different purposes FEPIesents only a tiny fraction of the
quantity of enetgy received from the sun. Therefore, it is
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pri€injava kolitina energije kao takva, ved ¢injenica da
izvori energije koje koristimo imaju vrio ozbiljna
popratna djelovanja, prvenstveno y obliku onegi3éenja,
opasnosti od nezgode i promjene klime,

Svi segmenti [judskih gospodarskih djelatnosti kao $to su
industrija, transport, trgovina, kuéanstvo, poljoprivreda,
itd.  zahtjjevaju raspoloZivost energije za praviino
funkcioniranje. Medutim, otprilike tredina svjetskog
StanovniStva danas nema pristupa komercijalnoj energiji.
Prije 50 godina 27% svjetskog stanovnistva Zivielo je u
urbanom okruZenju dok je veéina (ili 73%) Ziviela na
ruralnim prostorima. Trenutna sitnacija je odros 46%
urbanog  naspram 549 ruralnog  stanovnistva,
Predvidanja za narednih dvadeset godina ukazuju da &e
urbano stanovni3tvo predstavljati vife od polovice (3.
57%) ukupnog svjetskog stanovnidtva [4]. Rastuéi trend
urbanizacije je najuoljiviji u zemljama u razvoju.
Urbanizacija pridonosi brzoj tranziciii iz nekomercijalnih
u komercijalne oblike energije, kod &ega elektridna
energifa ima poseban znacaj. Porast stanovniftva i
urbanizacija stoga imaju snaZno djelovanje na potraZnju
za energijom i na nagin kojim se elektri¢na energija &ini
dostupnom.

3.1. Dosadagnji Tazvoj elektroenergetskog sektora

e rane 1900-e Lokalno snabdijevanje  elektriénom
energijom gradova i industrije obidno na
temelju manjih hidrologkih resursa,

* 1920-1940-e Regionalni sustavi usredoto&eni na veliky

elektranu  koja proizvodi  jeftinu
elektrinu energiju,
* 1950-1970-e Driavne mrege koje su integrirale

regionalne sustave, U mnogim zemljama
nastaju  vertikalno integrirana dr3avna
elektroenergetska poduzegéa.

® 1970-1980-2 Snazna infrastruktura obiljeZena velikim

nukleamim elektranama. Stvaraju  se
okosnice mreza o nastojanju  za
smanjenje osvinosti zemalja OECD-a o
nafti.

* 1990-¢ Reforma i liberalizacija  elektro-
energetskog sektora, " Proizvodnja

utemeljena na koriStenju plina je u
naglom porastu. Istovremeno zabrinutost
za promjenu  Kklime podstide razvoj
Sustava obnovljive energije kao §to su
énergija  vietra, male hidroelektrane,
fotoelekiridna energija, biomasa jtd.

Sadanje stanje prijenosa i distribucije elektrigne energije
predstavljaju velike | ostajele mreZe utemeljene na
tehnologijama izmjeniéne Struje starim 30-40 godina,
uglavnom nefleksibilne s obzirom da su optimizirane za
Pretpostavijeno  integralno dugoroéno planiranje i
ogranicenu medudravny razmjenu elektritne energije.

Orijentacija na obnovljive izvore energije ima za

" not the quantity of energy as such thar causes the

problem, but rather the fact that the energy sources being
used have very serious side effects, primarily in the form
of air pollution, risk of accidents and climate change.

All sectors of human economic activities such ag
industry, transport, commerce, household, agriculture
etc. require the availability of energy in order to function
properly. However, about one third of world population
presently lacks access to commercial energy. Fifty years
ago, 27% of the world's population lived in urbap
surroundings while the majority (or 73%) dwelled in
rural areas. The present situation is g 46% - 54% split
between urban and rural population. In twenty years
from now, projections indicate that the urban population
will account for more than half (i.e. 57%) of the warld
total population [4].

The growing urbanisation trend is most noticeable in
developing countries. Urbanisation contributes to a rapid
fransition from non-commerciaj to commercial energy
forms, of which electricity is an important vector.
Population growth and urbanisation thus have a strong
impact on energy demand and on the way through which
electricity is being made available.

3.1. Development of the electricity sector

* early 1900°s  T.ocal supply of electricity to cities and

industries often based on small hydro

resources,

* 1920-1940’s  Regional systems centred on a large
power  plant  producing cheap
electricity.

* 1950-1970"s Nation-wide grids  that integrated

regional systerns. Vertically integrated
national  electricity companies are
formed in many countries. -

* 1970-1980’s  Powerful infrastructures featuring large
nuclear power plants and “back-bone”
grids are created in an effort to reduce
the OECD nations dependence on oil.

* 1990°s Reformation and liberalisation of the

electricity sector when gas-based
Eeneration grows rapidly while at the
same time climate change concemns
propel the development of renewable
energy systems, such as wind power,
small  hydro, photo-voliaie power,
biomass etc,

The present situation in transfer and distribution is
characterised by large and ageing prids that were
developed based on AC technologies available some 30-
40 years ago and rather inflexible grids that were
optimised assuming integrated long-term planning, and
limited trans-national electricity exchanges.

The push for renewable sources of energy results in a
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posliedicu rastuéi udio male i raspr3ene proizvodnje koja
za prijenos i distribuciju zahtijeva prethodno sakupljanje
i koncentriranje. Medutim, restriktivni postupei
izdavanja dozvola, naroito za zratne energetske linije,
oteZavaju Sirenje mreZe. Posljedica toga je da se eko-
udinkovitost moZe povefati samu u vrlo ograniéenoj
mjeri.

3.2, Zahtjevi nad proizvednjom energije

1. Iskustvo Potreba  potpunog  udovoljavanja
potraznje za energijom gak i tijekom
malobrojnih perieda vrine potroinje
&ni neizbjeznim da i stari (I stogd
manje djelotovmi) proizvodni
kapaciteti budu na raspolaganji.

Tako visina cijene predstavlja znatajan
faktor, joi je znaajnija stabilnost
cijenc energije. Nadalje, nerazumno jes
gospodarskog gledista suvise ovisit o
jednom dobavljatu ili vrsti energije.

S obzirom da projektiranie 1 izgradnja
clekirana traje oko Cetiri godine,
inZenjeri se suoCavaju sa znafajnim
izazovom osmiSljanja i  izvedbe
elektrana koje ¢e biti suvremene in
vremenu kada budu puStene u pogon.
Pored toga, bitno je da nisu potrebne
vete adaptacije tijekom prvog stadija
tehnitkog vijeka jedinice. U drugom
stadiju treba biti mogude
osuvremenjivanje jedinica najnovijom
tehnologijom kako bi ostala gim
konkurentmijom.

Elekiriéna energija je najznadajnija
pogonska snaga u nasem droltvy, a
proizvodnja energije je pod pomnim
nadzorom  vlasti, S obzirom da
predstavlja znagajno polititko pitanje i
da se u organizacijskom smisiu smatra

2. Ekonomija

3. Elastitnost

4 Ekologija

komunalnom sluZbom, opskrba
energijom je podloZna nametanju

obvezujuéih i skupih tehnologija zatite
okolisa.

5. Djelotvornost Nema dvojbe da se oduvanje energiie
mo¥e najdjelotvornije postiéi upravo
poboljsanjem mjera ofuvanja energiie,
a ne samo povedarnjem djelotvornosti

procesa  pretvorbe, §to  povraino
implicira  povetanje  dj elotvornosti
koridtenja putern oFivotvorenja

upravljanja potraznjom.
4. PREMA ODRZIVOM SUSTAVU

Oksidacijom vodika stvara s voda, Hy0, proizvod koji
ne predstavija problem. Naprotiv, ofekuje se da ¢e

growing portion of small and dispersed generation
requiring  collection and  concentration  before
transmission or distribution. However, restrictive
licensing and permitting processes, particularly for
overhead power lines, hamper grid extensions.
Consequently, the eco-efficiency may improve only to 2
very limited degree. .

3.2. Requirements in electricity production

1.Experience The need to meet the full demand for
electricity even during the very few
periods of peak consumption makes it
inevitable that old (and therefore less
efficient) production capacity is kept
available.

Although the level of the prices is
considered to be very important, a stable
energy price is even more important.
Additionally, from an economic point of
view, it is unwise to depend too much on
one supplier or type of energy.

Since the engineering and construction of
power stations takes about four years,
engineers are faced with a considerable
challenge in designing and building a
power station that is “state of the art” by
the time it is operational. Additionally,
during the first phase of a unit’s technical
lifetime, it is ecssential that mo major
adaptations need to be made. In the
second phase, it should be possible to
upgrade  units with  state-of-the-art
technology, in order to remain as
competitive as possible.

Electricity is the most important driving
force in our society, and electricity
generation is monitored closely by the
authorities. Being an important political
issue, and considering the organisational
structure as a utility, energy supply is
susceptible to  the imposition  of
compulsory and expensive environmental
protection technologies.

There is no doubt that the conservation of
energy can best be achieved by improving
energy conservation measures, and not by
increasing the  efficiency of the
CONVErsion Process only. This, in twrm,
implies increasing the efficiency of use
throngh implementing the demand
management.

2. Economy

3. Elasticity

4. Ecology

5. Efficiency

4. TOWARDS A SUSTAINABLE SYSTEM

Oxidising hydrogen creates water, H,0, a product that is
not considered to be a problem. In fact shortage of
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upravo manjak pitke vode predstavljati problem u bliskoj
buduénosti.

Zanemarujuci proizvodnju vode, umnozak potroinje
energije i mase ugljika Po jednom Joule-u u odr¥ivom
drugtvu tei nuli [5].

Joule/s: gC/Toule— 0 gCfs

JednadZbu se moze dalje dopuniti na na&in da

drinking water is expected to be a problem in the near
future.

Ignoring the production of water, the product energy
consumption and mass carbon/Joule in a sustainable
society approaches zero [5].

2)

Equation can be further amended to give

(Jouless- gCrToule)— Coroa/)=8Cls (3)

8Cprods predstavlja nosivi kapacitet sustava s obzirom na
okolis.

Kako odrZivost pretpostavlja vremensku ovisnost (2Cls),
vidljivo je da ée dugotrajnije koriStenje proizvoda i
energije pridonijeti odrZivijem razvoju,

5. EKSERGIJA ILI TEHNICKA

MOGUCNOST KORISTENJA ENERGLIE
KAO POGONSKE SNAGE

Energija i masa ne mogu biti uniftene. Problem s
energijom i materijalima Jje da njihov potencijal vige ili
manje ubrzano pada, Materijali erodiraju, korodiraju jli
na neki drugi nagin postaju neupotrebljivi za izvorny
namjenu. Energija se pretvara u  elektromagnetsku
radijaciju u kojem obliku se ona brzo gubi iz sustava y
kojem je angaZirana.

Problem predstavlja povrat energije jer se vrata samo
mali postotak energije i to slabije kvalitete,

Ako se energiju ne Zeli izgubiti, treba omoguéiti prodaju
njenog viska nekoj vrsti energetskog posrednika koji bi
ponovno natrag kupcovao koriitenu energiju za daljnji
plasman (uz il bez izmjene) drugim potrofasima [6],
Kad bi prostorna raspodjela proizvodada i potro3a¢a bila
optimalna, moglo bi se na djelotvoran nadin koristiti vige
razina eksergije. To zahtijeva  integralan pristup
planiranjn  stanovanja, industrije, javnih sluzbi,
poljopriviednih aktivnosti energije.

6. NOVE TEANOLOGIJE

Trofak je najveda prepreka za sve nove izvore energije.
Obzirom da se postojece energetske tehnologije moze
smatrati amortiziranim, ukupni  trokovi novih
tehnologija usporeduju se s pogonskim troskovima
postojedih proizvednih Jedinica, U regijama sa brzo
rastuéim trzistem energetske potraznje, prodiranje novih
tehnologija mo2e se ubrzati, ali tr¥i$te mora bitj dovoljno
veliko da bi se primijenila ekonomija velikih brojeva.
Veé danas je proizvodnja struje pomocu solarnih éeljja
konkurentna na lokalitetima bez mrefnog sustava. U
bogatim zemljama solarne celije koje proizvode
elektriénu energiju za klima uredaje mogu biti Zanimljiv
poslovni potez jer proizvodnja i potrodnja slijede istu
krivulju.

Tehnologija proizvodnje megavata elektrigne energije je

2Chroufs can be considered as the environmental carrying
capacity of the system.

Since sustainability has a time dependency (gCfs) it is
easy to see that using products and energy longer will
contribute to a more sustainable development,

5. EXERGY OR TECHNICAL ABILITY TO
USE ENERGY AS A DRIVING FORCE

Energy and mass cannot be destroyed. The problem with
energy and materials is that their potential more or less
rapidly decreases. Materials erode, corrode or become
otherwise useless for the purpose they were initially
made for. Energy is transformed into electromagnetic
radiation, in which form it readily escapes from the
System it was employed in.

Recuperation of cnergy seems to be a problem — ope
usually gets only a small percentage back, and, if so, of a
poorer quality.

If we do not want to lose the energy, it should be possible
to sell excess energy to a kind of energy broker that
would buy back the used energy, in order to sel] it on,
with or without modification, to other consumers [6].
Several levels of exergy could be utilised in an efficient
way if the spatial distribution of producers and
consumers is optimal. This would require an integral
approach to planning housing, industry, public services,
agricultural activities and energy. '

6. NEW TECHNOLOGIES

The cost is a major obstacle for all new energy sources.
Since the existing energy technologies can be regarded as
depreciated, the toial costs of new technologies are
compared to the running costs of existing production
urits. In regions with a fast growing energy demand
market penetration of new technologies may be speeded
up but the market must be big enough to utilise the
economy of scale. Already today electricity production
by solar cells is competitive in local areas without a grid
system. In rich countries solar cells providing electricity
for air conditioning could be an interesting business
concept as production and demand follow the same
curve,

'The technology of generating megawatts of electricity is
readily available. A negawatthour (NWh) [7] could either
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ved dostupna. Negavatsat ®Wh) [7] mo¥e biti kolitina
energije koja je raspoloZiva za druge namjene radi uitede
energije u jednom podrugju ili kolitina energije koja ne
treba biti proizvedena. U tom sluéaju dobitnici su i
potro3adi i okolis.

7a kuéanstvo rafun struje u pravilu nije znafajan u
obiteljskom proradunu. 7a tyrtku je potreban rok otplate
investicije obitno nekoliko godina ili Zak mijeseci, 5to
Zini negavatsat skupim u usporedbi s kupovinom iste
Kkolitine energije od elektroenergstske tvrtke 8
investicijskim rokom otplate koji za proizvodne pogone
traje od 10 do 20 godina.

7. ZAKLIJUCAK

Elektroenergetske tvrtke trebaju naci interes za plasman
energetskih usluga umjesto energije. Na taj ce s¢ naéin
negavati modéi usporedivati na ravnopravno) osnovi s
proizvodnjorm novih vati. Drugi natin je da drzave pruZe
instramente politike j gospodarske poticaje kao §to su
podrike ili zajmovi za mjere energetske djelowomosti 8
dugim rokom otplate.

Ugljen je bio gorivo 19-0g stoljeéa, nafia 20-08 i vilo
vjerojatno prirodni plin e prevladavati u 21-om. U ovom
stoljeéu  vidjet gemo raznolikost izvora energije i
decentraliziranu proizvodnju clektritne  energije.
Obnovijivi izvori ¢e postupno prodirati u energetski
seldor, ali koliko brzo ovisit ¢e poglavito © odnosu cijena
fosilnih gorivai obnovljivih izvora.
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be an amount of energy that is available for other
purposes because of energy saving measures in one area,
or an amount of energy, which does not have t© be
generated. Both the customers and the environment
would be winners.

For the household the energy pill is normally not
significant in the family budget. For the company the
required pay-off time of investment is often few years
or even months, which makes the negawatthour
expensive compared 10 buying the same amount of
energy from a power company with 2 pay-off time of

- investment in production plants of 10-20 years.

7. CONCLUSION

The power companies must find an interest in selling
energy services instead of energy. In that way negawatts
can be compared on ar equal footing with the generation
of new watts. Another way would be for the state 10
provide policy instruments and economic incentives such
as grants or loans for energy efficiency measures with
long pay-off period.

Coal was the fuel of the 19" century; oil of the 20" and
very likely natural gas will dominate the 21%. In this
century we will see 2 diversity of energy SOUICES and a
more decentralised production of electricity. Renewables.
will gradually penetrate the energy sector but how fast

will mainly depend on the relative cost of fossil fuels and
renewables.
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