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SOUHRN

V predlozeném ¢lanku jsou shrnuty vysledky testovani metody charakteri-
zace uzivani vody v systému posuzovani zivotniho cyklu v podminkach Ceské
republiky. Zvolend metoda umozfiuje robustni vyjadieni uzivani vody v ekvi-
valentnich hodnotéch referen¢niho systému. Metoda je postavena na poten-
cidlu obnovitelnosti vodnich zdrojli. Pro aplikaci metody v Ceské republice
byly odvozeny hodnoty charakteriza¢niho faktoru pro jednotliva hydrologicka
povodilll. fadu v Ceské republice. Takto ziskané hodnoty byly porovnany s hod-
notami spocitanymi pro konkrétni profily Ceského hydrometeorologického
Ustavu. Déle bylo provedeno stanoveni vodni stopy pomoci testované metody
procesu vyroby elektrické energie ve vybranych elektrdrmach a teplarnach CR.
Vzhledem k tomu, Ze zvolend metoda nepokryva problematiku dopadd na lid-
ské zdravi ¢i ekosystémy, tak zjisténé hodnoty pfedstavuji (pouze) ,vodni stopu
nedostatku vody procesu vyroby elektrické a tepelné energie v elektrarnach
a teplarnach”.

UvoD

Vodni stopa je odborny vyraz, ktery se ve vodohospodafské praxi zacal objevo-
vat od 90. let minulého stoleti. Vodni stopa byla definovana jako celkové mnoz-
stvi vody, které je pouzito piimo ¢i nepfimo pro produkci se zahrnutim mnoz-
stvi spotfebované a znecisténé vody [1]. Tento koncept prosel urc¢itou formou
kritiky, kterd poukazovala na skute¢nost, Ze takto definovand vodni stopa nijak
nevypovidd o dopadech, které uzivani vody pfindsi. Komunita zabyvajici se
posuzovanim zivotniho cyklu pfisla s vlastnim chapanim pojmu vodni stopy
a Mezinarodni organizace pro standardizaci (ISO) vyvinula a vydala normu zafa-
zujicf vodnf stopu do kategorie posuzovani Zivotniho cyklu [2]. V rdmci inven-
tarizace zivotniho cyklu (LCI - Life Cycle Inventory) jsou shromé&zdény veskeré
informace o vstupech a vystupech béhem celého Zivotniho cyklu posuzova-
ného produktového sytému. Ve vztahu k vodni stopé je to pak zjisténi mnoz-
stvivody uzité &i spotfebované béhem Zivotniho cyklu. Nasledné je pak béhem
faze analyzy dopadt (LCIA - Life Cycle Impact Analyses) zjisténé mnozstvi pou-
Zité ¢i spotfebované vody pfevedeno pomocf tzv. charakteriza¢nich faktord na
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SUMMARY

The following article summarises the results of testing a method for the char-
acterisation of water use in the system of life cycle assessment in the Czech
Republic. The chosen method allows for robust expression of water use in the
equivalent values of the reference system. The method is based on the poten-
tial renewability of water resources. To apply the method in the Czech Repubilic,
characterisation factor values were derived for individual hydrological third-
-order catchments in the Czech Republic. These values were compared with
values calculated for specific profiles from the Czech Hydrometeorological
Institute. In addition, water footprint of electricity production process in
selected power plants and heat plants in the Czech Republic was determined
by using a tested method. Given the fact that the chosen method does not
cover the issue of impacts on human health and ecosystems, the identified val-
ues represent (only) the “water scarcity footprint of electricity and heat produc-
tion processes in power plants and heat plants.”

INTRODUCTION

"Water footprint” is a technical term which started to appear in water manage-
ment practice from the 1990 s. Water footprint was defined as the total amount
of water used directly or indirectly for production, including consumed and
polluted water [1]. This concept received some criticism, which pointed to the
fact that such a defined water footprint tells us nothing about the impacts
that water use brings. The community involved in life cycle impact assessment
came up with its own understanding of the concept of water footprint and
the International Organization for Standardization (ISO) developed and issued
a norm classifying water footprint in the category of life cycle impact assess-
ment [2]. In Life Cycle Inventory (LCl), all information regarding inputs and out-
puts is collected throughout the life cycle of the examined product system.
In relation to the water footprint, it then finds the amount of water used or
consumed during the life cycle. Subsequently, during the Life Cycle Impact
Analyses (LCIA) phase, the determined quantity of used or consumed water
is transferred via the so-called characterisation factors to the units expressing
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Tabulka 1. Ukdzkovy priklad vypocltu vodni stopy ,nedostatku vody” (pfevzato z: [7])
Table 1. Example of water scarcity footprint calculation (source: [7])

Charakterizacni faktor LCI LCIA

Hydrologické Faktor nedostupnosti Inventarizace uzivani  Vodni stopa

charakteristiky vody vody Water scarcity footprint

Hydrological characteristics ~ Water unavailability Water use inventory [m*H,0, ]

[mm/rok] factor (fwua) [m3]
Destove srazky 500 20 20 40
Precipitation
Povrchové vody 100 100 15 150
Surface runoff
Podzemni vody
Subsurface runoff 20 200 0 20
CELKEM
TOTAL . i 0 440

Precipitation
1,000 mm /year Precipitation
500 mm /year
)
i Required area
= 2.0 m?
fwuup= 1.0 d
. fi =20
Reference condition WH
Required area P Required area
= 10.0 m? | =50.0 m?
/ runoff
m/year v Subsurface runoff
fwug, = 10.0 . fwua, = 50.0 \ 20 mm /year

Obr. 1. Konceptudlni diagram faktoru nedostupnosti vody vyjadfeny pomoci potfebné
plochy Uzemi (pfevzato se svolenim autort z: [7])

Fig. 1. Conceptual diagram of the water unavailability factor in terms of the required
land area (reproduced with permission from: [7])

This figure is distributed under the Creative Commons Attribution License (CC BY 4.0).
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jednotky vyjadfujici tzv. ,midpointové” kategorie dopadu [3]. Jednim z charak-
teriza¢nich faktorQ, ktery je bézné vyuzivan pro charakterizaci ,spotfeby vody”
je Water Stress Index (WSI) [4]. Existuje ovsem i fada dalsich charakteriza¢nich
faktor [5]. Koncept Water Stress Indexu je sice bézné zahrnut do nejrozsite-
néjsich LCA databdzi, ale je mu vytykano [6], Ze se jednd o synteticky ukazatel
stanoveny na zékladé vysledk( hydrologickych modell s problematickym fyzi-
kalnim vyjadfenim, ktery nerozlisuje mezi zdroji vody (srazky, podzemni vody,
povrchové vody).

V reakci na nékteré nedostatky Water Stress Indexu byla v roce 2015 publiko-
vana metoda [7], kterd je zalozena na posouzeni obnovitelnosti vodnich zdrojd
v feSeném Uzemi. Na rozdil od Water Stress Indexu (a jemu podobnych cha-
rakterizacnich metod) nevyuziva tato metoda pro konstrukci charakteriza¢niho
faktoru hodnotu uzivéni vod v feSeném Uzemi, takZze nemohou nastat situace,
kdy je uzivani vody zapocitdno ,dvakrat” [6]. Mezi dalsi vyhody metody patii
schopnost prostorové a ¢asové diferenciace i rozliseni jednotlivych typd zdroja.

METODIKA

Popis testované metody

Myslenka charakteriza¢niho faktoru postaveného na obnovitelnosti vodnich
zdroj( vychézi z predpokladu, ze dopad uziti jednotkového mnozstvi vody je
nepfimo Umérny schopnosti zdroje toto mnozstvi dodat/nahradit. Prakticky
jedinym zdrojem vody jsou destové srazky. V povodf s nedostatkem vody/sra-
zek musf byt k dispozici vétsi plocha nebo delsi ¢as k vytvofeni pozadovaného
mnozstvi vody. Jinymi slovy potencidlni dopad mize byt vyjadren jako plocha
povodi nebo doba potiebnd k ziskanf jednotkového mnozstvi vody v kaZzdém
zdroji. Charakteriza¢ni faktor je definovan rovnici 1.

A T

x,! |
fwua_ = =
X1 T

ref ref

kde fwua,, je charakterizani faktor ,nedostupnosti vody” pro zdroj x
v misté /,
M mnozstvi vody v definovaném case ve zdroji x v misté /,
A plocha potfebnd k ziskani jednotkového mnozstvi vody

v definovaném case za referen¢nich podminek,

¢as potrebny k ziskédni jednotkového mnozstvi vody z defino-
vané plochy ve zdroji x v misté /,

¢as potfebny k ziskdnf jednotkového mnozstvi vody z defino-
vané plochy za referen¢nich podminek.

ref

Hodnoty A ja T, jsou definovany rovnicemi2 a 3.

QA ref
AX,/_
x|
Q re
7;(,/ = PT/ :

kde Q

s Jje referenc¢ni mnoZstvi vody na jednotku casu [m?*/rok],

referencni mnozstvi vody na jednotku plochy [m*/m?],
ro¢nf schopnost vodniho cyklu obnovit zdroj x v misté / [m/rok].

Tref

x|

VTEI/ 2016/ 6

the so-called “midpoint” impact categories [3]. One of the factors commonly
used for “water consumption” characterisation is the Water Stress Index (WSI)
[4]. However, there are many other characterisation factors [5]. Although the
concept of Water Stress Index is commonly incorporated into leading LCA data-
bases, it is criticised [6] in that it is a synthetic measure based on the results of
hydrological models with problematic physical expression, which do not dif-
ferentiate between water sources (precipitation, groundwater, surface water).

In response to some of the deficits of the Water Stress Index, a method was
published in 2015 [7] which is based on the assessment of water sources renew-
ability in the selected area. Unlike Water Stress Index (and other similar char-
acterisation methods), this method does not use the value of water use in the
selected area for constructing the characterisation factor, so situations can-
not occur where water use is calculated “twice” [6]. Other advantages of the
method include the ability for spatial and temporal differentiation, as well as
differentiation of various types of sources.

METHODOLOGY

Description of the tested method

The idea of a characterisation factor built on the renewability of water sources is
based on the assumption that the impact of the use of the unit amount of water
is inversely proportional to the ability of the source to supply or substitute this
amount. Precipitation is virtually the only water source. In a catchment with water
or precipitation scarcity, a larger area or a longer time must be available to cre-
ate the desired amount of water. In other words, the potential impact can be
expressed as a catchment area or the time required to obtain a unit amount of
water from each water source. The characterisation factor is defined by equation 1.

where fwua, s the characterisation factor of “water unavailability” for

a source x in a location /,

A, the area required to obtain the unit amount of water at
a defined time from a source x in a location |,

the area required to obtain the unit amount of water at

a defined time under reference conditions,

the time required to obtain the unit amount of water

from a defined area from a source x in a location /,

T, the time required to obtain the unit amount of water
from a defined area under reference conditions.

ref

Factors A, and T are defined by equations 2 and 3.

®)

3

where  Q is

et the reference water quantity per unit of time [m?*/year],

the reference water quantity per unit of area [m*/m?],
the annual capacity of a water cycle to restore a source x in
a location /[m/year].

QT,re/
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Referen¢ni mnozstvi vody mUze mit libovolnou hodnotu. Autofi metody pfi
stanoveni referen¢ni hodnoty [7] vychazi z pfiblizného priméru celosvétovych
srazek na 1m? plochy zemského povrchu, ktery ¢ini pfiblizné 1 000 mm. Tuto
hodnotu pouzivaji pro vyjadieni charakteriza¢niho faktoru jak pro srazky, tak
pro zdroje povrchovych a podzemnich vod s vysvétlenim, Ze veskeré zdroje
sladké vody pochézeji ze srazek. Globalni primérnou hodnotu srazek tak pova-
Zuji za vhodny ukazatel pro véazeni obnovitelnosti vodnich zdrojd (za obnovi-
telné zdroje nejsou v tomto smyslu povaZzovany podzemni vody bez moznosti
dopliovani ze srazek, které se stejné v CR nevyskytuji). Vysledna vodni stopa,
stanovena touto metodou, se vyjadfuje v m’ H O, , coz Ize fyzikdlne interpre-
tovat jako mnozstvi referencnich srazek. V pfipadé pouziti referen¢nich hod-
not navrzenych autory metody pak jako mnozstvi prdmérnych srazek na Zemi.

Celkovy odtok Ize povaZovat za odpovidajici pfirozené schopnosti obnovy
podzemnich vod ze srazek. Celkovy odtok se skldadé z pfimého a zakladniho
odtoku. Primy odtok je tvofen ze srazek a zadkladnim odtokem se rozumi ta
¢ast celkového odtoku, kterd pochazi z podzemnich zdrojd. Mnozstvi pfimého
i zdkladniho odtoku je vymezeno hydrologickym cyklem a je mozno jej povazo-
vat za teoretické maximalni mnozstvi vyuzitelné spole¢nosti (pozndmka: tento
predpoklad zanedbava pozadavek na zachovani ekologickych pratokd, at jiz
budou definovany jakkoliv; zaroven viak nenf principidlné v rozporu s myslen-
kou $edé vodni stopy [1]).

Pfi srazkdch 1 000 mm/rok je tfeba 1m? a doby 1rok k dosazenf referencni
hodnoty 1m? Faktor nedostupnosti vodnich zdrojl fwua = 1,0. Pro vysvét-
leni aplikace metody uvazujme povodi o plose 1km? se srdzkami 500 mm/rok,
odtokem povrchovych vod o velikosti 100000 m*/rok a zdkladnim odtokem
50000 m*/rok. V tomto povodi se srdzkami 500 mm/rok je potfeba k dosazenf
referen¢niho objemu 1 m? budto plocha 2 m? nebo doba 2 let. Charakteriza¢ni
faktor srazek (precipitation - p) fwuap: 1000/500 = 2. Pokud odtokova vyska
z povodf ¢inf 100 mm/rok (napt. z povodi o ploSe 1km? = 1mil. m? odtece za
rok 100000 m?), pak je charakteriza¢ni faktor odtoku povrchovych vod (surface
water - sw) fwua_ =1000/100 = 10. Obdobné charakterizacni faktor podzemnich
vod (ground water — gw) fwuagW: 1000/50 = 20.

Potencidlni dopad uzivani vody v povodi pak mlze byt vypocitan pro jed-
notlivé zdroje vyndsobenim souctu uzivani kazdého zdroje jeho charakterizac-
nim faktorem podle rovnice 4.

WSF= D fwua, x W,

kde fwua, je charakterizacni faktor ,nedostupnosti vody” pro zdroj

XV misté |/,

WSF vodni stopa nedostatku vody (water scarcity footprint)
zalozena na potencialnim dopadu [m*H,0__],

Wi, vysledek inventariza¢ni analyzy uzivani vody vychdazejici ze

spotieby vody ve zdroji x v misté [ [m?].

Pokud v popisovaném povodi je pro néjaky produkt, sluzbu, instituci ¢i pro-
ces spotiebovano 2,0 m* destovych srazek, 1,5m?* povrchovych vod a 0,5m?
podzemnich vod, je vodni stopa ,nedostatku vody” 44,0 m* H.O_, ~(viz obr. 1
a tabulku 1).

Hodnoty charakteriza¢niho faktoru pro povodi lll. fadu

Hodnotu charakteriza¢niho faktoru fwua,, 1ze snadno ziskat z dat poskytova-
nych Ceskym hydrometeorologickym Ustavem podle rovnice 5.V pifpadé stu-
dif LCA v3ak ¢asto dochdzi k situaci, kdy v rdmci posuzovaného Zivotniho cyklu

je vyuzivano velké mnozstvi rlznych zdrojl vody a ziskani potifebnych dat od

44

Reference water quantity may have any value. To determine the reference
value [7] the authors of the method proceed from the approximate global pre-
cipitation average per 1m?of the Earth’s surface, which is approximately 1000 mm.
They use this value to express the characterisation factor for precipitation as well
as surface water and groundwater sources, explaining that all sources of fresh
water come from precipitation. Therefore, they consider the global average pre-
Cipitation value to be an appropriate indicator for weighing renewability of water
sources (in this sense, fossil groundwater without the possibility of replenishment
from precipitation, which does not occur in the Czech Republic anyway, is not
considered a renewable source). The resulting water footprint, determined by this
method, is expressed in m? H,O.. which can be physically interpreted as a refer-
ence precipitation amount, and, in the case of using reference values proposed by
the authors of the method, as the amount of average precipitation on the Earth.

The total runoff can be considered as corresponding to natural recharge
capabilities of groundwater from precipitation. The total runoff is composed of
two components: direct and primary runoff. Direct runoff is formed from precip-
itation and primary runoff means the part of the total runoff which comes from
groundwater sources. The amount of direct as well as primary runoff is defined
by the hydrological cycle and can be considered as the theoretical maximum
amount usable by society (note: this assumption neglects the requirement to
maintain ecological flows, whether they are defined in any way; at the same time,
however, it is not fundamentally contrary to the idea of grey water footprint [1]).

With a precipitation of 1000 mm/year, T m? and 1 year is required to achieve
the reference value of 1Tm> The water unavailability factor fwua =10. For an
explanation of method application, let us consider a catchment area of 1km?,
precipitation of 500 mm/year, surface water runoff of 100000 m*/year and basic
runoff 50000 m%/year. In this catchment with precipitation of 500 mm/year,
either an area of 2m? or a time of 2 years is required to achieve a reference vol-
ume of 1m3 The characterisation factor of precipitation (p) fvvuap: 10007500 = 2.
If the runoff level from the catchment is 100 mm/year (e.g. in a catchment area
of 1km?=1x106 m? 100 000 m?* runoff in a year), then the characterisation factor
of surface water runoff (sw) fivua_ =1000/100 =10. Similarly, the characterisation
factor of groundwater (gw) fvvuang 1000/50 = 20.

The potential impact of water use in the catchment can then be calculated
for each source by multiplying the sum of the usage of each resource by its
characterisation factor according to equation 4.

@

where fwua, is the characterisation factor of “water unavailability” for
a source x in a location /,

WSF the water scarcity footprint based on a potential impact
[Mm*H,0O_ ],
Wi, the result of the inventory analysis of water use based on

water consumption in a source x in a location /[m?].

If for any product, service, institution or process at a described catchment,
2.0 m? of rainfall, 1.5 m?* of surface water and 0.5 m* of groundwater is consumed,
the water scarcity footprint is 440 m* H,0__ (see Fig. 1and Table ).

Characterisation factor values for third-order catchments

The characterisation factor value , _ from equation 5 can be easily obtained
from data provided by the Czech Hydrometeorological Institute (CHMI).
However, in the case of LCA studies, it often happens that a large number of
different water sources are used within the assessed life cycle, and obtaining
data from CHMI would be rather expensive and time consuming. Therefore,
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Tabulka 2. Charakterizacnf faktor ,nedostupnosti vody” (fwua) pro povodi 3. fddu a referencni podminky fwua, =10
Table 2. Factor of water unavilibility (fwua) for watershed 3 order and reference fwua .= 1.0
Plocha povodi Srazky Celkovy odtok Plocha povodi Srazky Celkovy odtok
. Il. Fadu (Precipitation)  (Total runoff) . Ill. Fadu (Precipitation)  (Total runoff)
CHPII (Catchment area) CHPIII (Catchment area)
km? mm  fwua mm fwua_, km? mm  fwua mm  fwua_,
1-01-01 711,59 855 116996 412 2,42755 1-14-03 1193,81 731 136781 260 3,85189
1-01-02 512,87 822 1,21609 375 2,66352 1-14-04 7144 602 1,65987 135 742777
1-01-03 610,99 777 1,28665 300 3,32993 1-14-05 220,05 731 136781 260  3,85189
1-01-04 290,80 788 126934 315 317697 1-15-01 387,68 731 1,36781 260  3,85189
1-02-01 77735 817 122385 362 2,76225 1-15-02 209,21 602 1,65987 135 742777
1-02-02 758,31 778 128466 307 3,25486 1-15-03 518,32 705 141920 278 3,60204
1-02-03 502,78 788 1,26955 266 3,76372 1-15-04 153,36 705 141920 278 3,60204
1-03-01 243,32. 749 133475 290 344249 1-15-05 213,54 705 1,41920 278 3,60204
1-03-02 736,72 698 143178 207 4,82225 2-01-01 1616,13 720 1,38858 223 4,49038
1-03-03 86714 714 1,40073 238 4,20856 2-02-01 944,62 672 1,48863 187 5,35352
1-03-04 650,42 679 147264 230 4,34405 2-02-02 900,00 720 138948 220 4,55149
1-03-05 59115 701 142715 206 4,84719 2-02-03 242,85 698 143361 188 533024
1-04-01 607,65 652 153485 207 4,83134 2-02-04 40,31 695 143810 192 519572
1-04-02 645,43 668 149747 173 5,76808 2-03-01 826,29 955 1,04670 434 2,30301
1-04-03 37944 646 1,54734 134 746594 2-03-02 150,40 695 1,43810 192 519572
1-04-04 172,73 650 1,53912 152 6,59177 2-03-03 1M2,18 1026 0,97443 496  2,01615
1-04-05 685,08 615 1,62501 123 812581 2-04-01 438,33 695 143810 192 519572
1-04-06 543,04 672 148845 205 4,88243 2-04-02 479,45 695 143947 223 4,47679
1-04-07 604,78 672 1,48845 205 4,88243 2-04-03 538,82 753 1,32731 286 34991
1-05-01 782,08 1000 099953 536 1,86695 2-04-04 773,68 864 115758 378 2,64208
1-05-02 1166,03 804 1,24371 331 3,01677 2-04-05 10,22 753 1,32731 286 34991
1-05-03 244,07 768 130175 289 3,46465 2-04-06 1210 964 1,03772 490  2,04047
1-05-04 630,33 634 157627 167 599855 2-04-07 376,92 1003 099672 517 193278
1-06-01 1862,79 785 127329 307 3,25799 2-04-08 190,06 749 133586 264 3,78679
1-06-02 978,81 712 1,40505 213 4,68469 2-04-09 m,50 1003 099672 517 193278
1-06-03 750,19 VAl 1,40643 226 4,43191 2-04-10 324,10 964 1,03772 490 2,04047
1-07-01 588,63 701 1,42707 188 532872 4-01-01 19,20 668 1,49606 194 516043
1-07-02 1128,33 692 144576 179 5,58062 4-01-02 305,07 668 149606 194 516043
1-07-03 998,06 709 1,40963 235 4,26204 4-01-03 193,59 736 135858 205 4,87432
1-07-04 1519,53 671 1,48957 181 552255 4-02-01 106,77 736 1,35858 205 4,87432
1-07-05 326,83 652 1,53281 198 5,04200 4-02-02 160,56 736 1,35858 205  4,87432
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Plocha povodi Srazky Celkovy odtok Plocha povodi Srazky Celkovy odtok
. Ill. Fadu (Precipitation)  (Total runoff) . ll. Fadu (Precipitation)  (Total runoff)
CHP Il (Catchment area) CHP I (Catchment area)
km? mm  fwua, mm fwua_, km? mm  fwua mm  fwua_,
1-08-01 1288,71 855 117023 372 2,69013 4-03-01 90,95 736 1,35858 205 4,87432
1-08-02 724,78 758 1,31980 268 3,72792 4-04-01 299,88 736 1,35858 205 4,87432
1-08-03 981,40 680 147133 190 525438 4-04-02 153,55 736 1,35858 205 4,87432
1-08-04 845,39 631 1,58458 152 6,59870 4-04-03 19,45 707 141472 224 4,46907
1-08-05 132542 584 1,71271 16 8,61802 4-10-01 821,00 889 112518 398 2,510
1-09-01 1508,89 710 1,40906 202 494132 4-10-02 131995 726 1,37818 240 47500
1-09-02 1188,57 705 141806 188 533174 4-10-03 1436,20 672 1,48920 210 4,75354
1-09-03 1653,52 665 1,50307 184 543022 4-11-01 988,69 899 111255 380 2,63063
1-09-04 171,59 610 1,64028 164 6,11445 4-11-02 631,55 817 122374 309 3,23415
1-10-01 1824,13 648 1,54222 178 562989 4-12-01 812,59 600 1,66705 n8 8,49815
1-10-02 1268,35 685 1,45932 190 525512 4-12-02 1423,38 626 1,59846 165 6,04434
1-10-03 915,41 753 132884 244 40172 4-13-01 1314,56 732 1,36540 214 4,67239
1-10-04 26,71 595 1,68190 137 728644 4-13-02 975,00 656 1,52497 207 4,83836
1-10-05 755,91 641 1,55989 152 6,57838 4-13-03 760,97 656 1,52497 207 4,83836
1-11-01 740,88 640 1,56353 162 6,18957 4-14-01 1404,13 666 1,50162 176 567712
1-11-02 1520,85 612 1,63416 153 6,51683 4-14-02 218798 609 1,64281 138 723578
1-11-03 603,91 545 1,83517 92 10,86357 4-14-03 1014,94 538 1,85801 76 13,08706
1-11-04 641,26 592 1,69041 132 757473 4-15-01 1730,65 653 1,53228 168 594014
1-11-05 55813 578 1,72871 132 759928 4-15-02 1155,42 628 1,59145 136 735675
1-12-01 429,00 602 1,66192 145 6,90142 4-15-03 12331 590 1,69531 100 10,01972
1-12-02 97512 533 1,87723 86 11,64605 4-16-01 1206,21 655 1,52564 177 564846
1-12-03 887,24 619 1,61572 71 5,85519 4-16-02 870,08 638 156774 176 567853
1-13-01 2471,03 701 1,42755 266 3,75963 4-16-03 583,99 573 1,74395 N4 8,78400
1-13-02 14713 735 1,36054 289 3,45541 4-16-04 333,35 584 1,71095 10 9,05780
1-13-03 1262,68 630 1,58810 155 6,44601 4-17-01 1720,72 581 172078 100 9,97182
1-13-04 725,29 633 1,57880 180 5,55985 4-21-06 269,90 1026 0,97443 496 2,01615
1-13-05 253,67 608 1,64600 151 6,63501 4-21-07 150,40 770 1,29806 233 4,28717
1-14-01 1082,64 615 1,62597 169 592719 4-21-08 45194 770 1,29806 233 4,28717
1-14-02 282,02 602 1,65987 135 742777 4-21-09 302,90 744 1,34348 207 4,83429
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CHMU by bylo ¢asové a financné znac¢né narocné. Proto byl otestovan i mode-
lovy pfistup, kdy pro vypocet charakteriza¢niho faktoru fwua,, byly pouzity
hydrologické charakteristiky povodi 3. fadu odvozené pomoci modelu BILAN.
Podrobny postup stanoveni hydrologickych charakteristik uvadf ¢lanek z roku
2015 [8]. Zakladni charakteristiky vypocitané modelem BILAN a pouzité pro
zpracovani charakteriza¢niho faktoru jsou Udaje o srazkach a celkovém odtoku
vztazené k prislusnému dil¢imu povodi 3. Fadu. Pro tyto charakteristiky byly
spocitany hodnoty charakterizacniho faktoru fwua, a fwua, , (tabulka 2). Za refe-
ren¢nf hodnoty pro stanoveni charakteriza¢nich faktor( byla pouZita hodnota
srazek 1000 mm/rok na plochu 1m? tj. stejné hodnoty jako pouZivaji autofi tes-
tované metodiky [7]. Volba téchto referen¢nich podminek umozni pfiméa srov-
nani s jinymi studiemi vyuzivajicimi stejné ,globalni” referen¢ni podminky.

Pro fesenf vétsich povodi, sklddajicich se z nékolika hydrologickych povodi
3. fadu, se vypocitd hodnota primeérného charakteriza¢niho faktoru celého
povodi fwua_, podle rovnice 6. Pro porovnani dosaZzenych vysledk( bylo
vybrano 34 profilli s uvefejnénymi hydrologickymi Udaji [9]. Z dostupnych
Udajt CHMU pak byla stanovena hodnota charakterizacniho faktoru fwua,, .
podle rovnice 5 a porovnana s vypocitanym charakteriza¢nim faktorem fwua_,
v pfipade slozenych povodi nebo fwua,.

f QA,ref
WUG,, ™ 365% 86400 X Q,
1000000 x A
kde fwua, ., Jje prdmémy charakterizacni faktor ,nedostupnosti

vody" stanoveny na zakladé udaja CHMU,
Q, primérny pratok stanici CHMU [m?/s],
A plocha povodi [km?].

g _ (fwua,, xQ) _ 2, PxA.

Q
Aref % L/ XP/)

sw-CHMU —

Z/Q/ Z/(L/XP/)

kde fwua_, je  prlmérny charakteriza¢ni faktor ,nedostupnosti vody”

povrchovych vod,

fwua,_, charakteriza¢ni faktor ,nedostupnosti vody” povrcho-
vych vod v povodi/,

Q ro¢ni odtok z povodi / [m?],

P/ ro¢ni odtokova vyska z povodi / [m],

L, plocha povodi [ [m?],

P ro¢ni srazky v referen¢nich podminkach [m/rok].

Vybér energetickych provozu

Testovani metody v podminkach Ceské republiky probéhlo na Udajich o opera-
tivni spotfebé vody ve vybranych energetickych provozech Ceské republiky. Pro
kazdy energeticky provoz byla analyzou povoleni podle zakona ¢. 76/2002 Sb.
(o integrované prevenci a omezovani znecisténi) identifikovdna dotcena
povodi lll. Fadu, kterd tvofi povodi energetického provozu (viz tabulku 3). Pro
kazdé povodi energetického provozu, které je tvofeno dvéma a vice povodimi
lll. fadu, pak byla stanovena ,prdmeérnd” hodnota charakteriza¢niho faktoru
fwua_, podle rovnice 6.
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a model approach was also tested to calculate characterisation factor ,
e USINg hydrological characteristics of third-order catchments derived by
the BILAN model. Detailed procedures of hydrological characteristic deter-
mination is stated in a 2015 article [8]. Basic characteristics calculated using
the BILAN model and used for processing the characterisation factor are the
data on precipitation and total runoff related to the respective third-order
sub-basin. For these characteristics, characterisation factor values , —and
fwuaey, Were calculated (Table 2). As reference values for determining characterisa-
tion factors, a precipitation value of 1000 mm/year per area of 1 m? was used, i.e.
the same values as the authors of the tested methodology used [7]. The choice
of these reference values will allow direct comparisons with other studies using
the same “global” reference values.

When dealing with larger catchments, consisting of several third-order
hydrological catchments, the value of the average characterization factor of
the entire catchment fiwua_, is calculated according to equation 6. To com-
pare the results obtained, 34 profiles with published hydrological data were
selected [9]. The characterisation factor value fwua,, ., from equation 5 was
then determined from the available data of CHMI and compared with the cal-
culated characterisation factor fwua_, in the case of a composite catchment,
or fwua,,

©)

where  fwua is

the average characterisation factor of “water unavail-
sw-CHMU

ability” determined from CHMI data,
Q, the average flow through a CHMI station [m*/s],
A the catchment area [km?].

Z/ ( L/ x Pref) o
Z/ ( L/ X Qref) Ap//
e ©6)
Z,(L/XP/) A
Z/ ( L/ X Qref)
where  fwua,_ is theaverage characterisation factor of “water unavail-
ability” of surface water,
fwua,, the characterisation factor of “water unavailability”
of surface water in catchment /,
Q the annual runoff from catchment / [m?],
P the annual runoff level from catchment / [m],
L the catchment area / [m?],
P. annual precipitation in reference conditions [m/year].

Power plant selection

Testing the method in the Czech Republic was based on information on the
operational water consumption of selected Czech power plants. By permit ana-
lysis under Act no. 76/2002 Coll. (Integrated Pollution Prevention and Control),
the third-order catchments, which form a catchment of a power plant, were
identified for each power plant (see Table 3). For each catchment of the power
plant which is formed by two and more third-order catchments, an “average”
characterisation factor value Waw was determined according to equation 6.
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Tabulka 3. Vodni stopa energetickych provozi (pouze proces generovdni energie v provozu bez upstream a downstream procesu)
Table 3. Water scarcity footprint of Energy units (only power generation proces without downstream and upstream processes)

Energeticky Systém Vyroba energie = Spotfeba Hydrologické Char. Vodni stopa
provoz chlazeni brutto vody povodi lll. Fadu faktor (Water scarcity
(Power plant) (Cooling (Energy (Water (Catchment No.) (Char. footprint)

system) production) consum.) factor)

[MWh/rok] [m/MWh] fwua,, E:;]Hzoekv/ mv';]zoekv/

Tep. Pisek Recirk. 155836 0,372 1-08-03 az 1-08-01 348142 542531 130
El. Opatovice Prat. 3514978 0,503 1-03-01 az 1-01-01 2,97966 10473434 1,50
El. Hodonin Prit. 607782 0,424 4-13-02 az 4-10-01 47235 2535882 177
Tep. Olomouc Prit. + Suché 832410 0,388 4-10-03 4,75354 3956894 1,84
Tep. Strakonice Prat. 365548 0,625 1-08-02 a 1-08-01 2,98972 1092886 1,87
Tep. Liberec Recirk. 280130 0,992 2-04-07 193278 541430 1,92
Tep. Kolin Prit. 415099 0,616 1-04-01 az 1-01-01 3,51626 1459595 217
Tep. Viesova (+PPC) Recirk. 7057527 0,581 1-13-01 3,75963 26533713 2,18
El. Porici Recirk. 1098995 0,93 1-01-02 2,66352 2927193 2,48
El. Détmarovice Recirk. 2646007 1,346 2-03-03 2,01615 5334741 2,71
El. Tisova Recirk. 1869319 0,841 1-13-01 3,75963 7027954 316
Tep. Otrokovice Recirk. 780256 0914 4-12-02 az 4-10-01 4,02356 3139406 3,68
Tep. Zlin Recirk. 683066 0918 4-13-01 4,67239 3191553 4,29
Alpig Kladno Recirk. 2188569 1,01 1-12-02 az 1-01-01 4,55282 9964160 4,60
Energetika Tfinec Recirk. 2166807 2,622 2-03-03 2,01615 4368603 529
Tep. C. Bud&jovice Recirk. 1024075 1175 1-06-02 4,68469 4797478 5,50
Tep. DvUr Krélové Prat. 154163 2,399 1-01-01 2,42755 374238 582
El. TuSimice Il Recirk. 4021132 1,674 1-13-02 a 1-13-01 3,65754 14707 447 6,12
Tep. Trmice (+PPQ) Recirk. 1439117 141 1-14-01 az 1-01-01 4,56612 6571187 6,44
El. a tep. Komotany Recirk. 1520382 1106 1-14-01 592719 901598 6,56
El. Prunéfov | a ll Recirk. 8803992 1,841 1-13-02 a 1-13-01 3,65754 32200943 6,73
El. Chvaletice Recirk. 3125041 2,104 1-03-04 az 1-01-01 3,35140 10473271 7,05
El. Mélnik I az Il Prat. + Recirk. 7637173 1,602 1-12-03 a2 1-01-01 4,57396 3493212 733
El. Temelin Recirk. 13295602 1979 1-06-03 az 1-06-01 3,78096 50270131 748
Tep. Ostrov Recirk. 123615 2,086 1-13-02 a 1-13-01 3,65754 452127 7,63
Tep. Plzen Recirk. 1576252 1,402 1-10-01 a 1-10-04 564842 8903338 792
El. Ledvice2a3 Recirk. 2338291 1,352 1-14-01 592719 13859503 8,01
Tep. Varnsdorf Recirk. 74440 2,156 2-04-08 3,78679 281889 8,16
El. Pocerady Recirk. 6699537 1934 1-14-01 a 1-13-03 az 1-13-01 4,36004 29210269 8,43
Tep. Pferov Recirk. 672558 3,031 4-11-02 a 4-11-01 2,83699 1908 040 8,60
El. Dukovany Recirk. 14426350 2,079 1-16-01 564846 81486677 1,74

Tep. Pland n. Luznici  Recirk. 337921 2,486 1-07-04 az 1-07-01 515168 1740860 12,81
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Tabulka 4. Porovndni hodnot charakterizacnich faktord pro profily CHMU a stanovenych z hydrologickych charakteristik profilii a z hydrologickych charakteristik povodi lll. fadu
Table 4. Comparison of values of characterisation factor of Czech Hydromet. Institute profiles computed from characteristics of profiles and characteristics of catchment

,Dotéend” povodi Rozdil Rozdil plochy
Tok Stanice I1l. Fadu fwua, oy fWUa, o faktorufwua  povodi
(River) (Station) (,Affected” (Difference (Difference of
catchments) of fwua) catchment area)

Uslava Koterov 1-10-05 6,568137 6,578385 -0,16 % -3,09 %
Plou¢nice Benesov nad Plou¢nici 1-14-03 3,941965 3,851889 2,29 % -320 %
Sézava Zru¢ nad Sazavou 1-09-01 4,818125 4941318 2,56 % -6,21 %
Ohfte Louny . 1-13-01 az 1-13-03 4,230260 418502 2,64 % 1,99 %
Becva Dluhonice 4-11-02 a 4-11-01 2919574 2,836989 2,83 % 1,72 %
MalSe Roudné 1-16-02 4,827766 4,684694 2,96 % -1,73 %
Morava Olomouc-Nové Sady tok 4-10-01az 4-10-03 3,992059 3,784396 520 % 7,63 %
Opava Déhylov 2-02-01az 2-02-03 4716079 4973169 -5,45 % -2,45 %
Vltava Ceské Budgjovice 1-16-02 a 1-16-01 3446637 3,639814 -5,60 % 0,22 %
LuZickd Nisa Hradek nad Nisou 2-04-07 2,063779 1932781 6,35 % -6,09 %
Vitava Bfezi-Kamenny Ujezd 1-16-01 3,062730 3,257993 -6,38 % 2,04 %
Otava Katovice 1-08-01 2,514099 2,690126 -7,00 % 13,67 %
Labe Nymburk 1-04-05 4183141 3,883723 716 % -0,22 %
Otava Pisek 1-08-01 a2 1-08-03 3,786591 3,481423 8,06 % 2,79 %
Ticha Orlice Cermna nad Orlicf 1-02-02 2,995150 3,254861 -8,67 % -9,38 %
Olse Vernovice 2-03-03 2,214723 2,016148 897 % -3,40 %
Odra Svinov 2-01-01 4,00m8 4,490377 -10,57 % -015 %
Ostravice Ostrava 2-03-01 2,080213 2,303008 -10,71 % -0,76 %
Labe Décin 1-01-01 az 1-14-03 5146080 4,556079 1,47 % 0,00 %
Svitava Bilovice nad Svitavou 4-15-02 8,328877 7,356751 1,67 % -3,16 %
Labe Jaromér 1-01-01 a 1-01-02 2,256742 2,521097 1,71 % -0,03 %
Labe Usti nad Labem 1-01-01 az 1-13-05 5,202176 4,542868 12,67 % 0,00 %
Svratka Zidlochovice 4-15-01 az 4-15-03 8,269998 7208014 12,84 % -4,60 %
Odra Bohumin 2-01-01az2-03-02 3,554957 4,017024 -13,00 % 1,22 %
Opava Opava 2-02-01 4,593418 5353521 -16,55 % 173 %
Berounka Beroun 1-10-01az 1-11-04 7101476 5924886 16,57 % -0,13 %
Uhlava Sténovice 1-10-03 4923786 401719 16,70 % 2,53 %
Sdzava Kacov 1-09-01 a 1-09-02 6,284836 5106066 18,76 % 416 %
Berounka Bila Hora 1-10-01 az 1-10-04 6,401649 5092866 20,44 % -0,43 %
Metuje Jaromér 1-01-03 2,746833 3,329925 21,23 % -0,04 %
Jihlava lvancice 4-16-01 az 4-16-04 8171308 6,368676 22,06 % -11,70 %
Oslava Oslavany 4-16-02 7875908 5678529 2790 % -0,95 %
Rokytna Moravsky Krumlov 4-16-03 12,919672 8,784002 32,01 % -3,86 %
Bilina Trmice 1-14-01 4,044422 5927193 -46,55 % 1727 %
Zelivka Nesméfice 1-09-02 12,340132 5,331740 56,79 % -0,80 %
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Pro vyhodnoceni vodni stopy energetickych provozd byly pouzity udaje
o vyrobé elektrické energie a tepla ve vybranych energetickych provozech,
pro které byly k dispozici Udaje o spotfebé vody na vyrobu elektrické ener-
gie a tepla za obdobi 2004-2013 (viz tabulku 3). Podrobna informace o zpUsobu
zpracovani dat je obsaZena v ¢lanku z roku 2016 [10].

VYSLEDKY

V prvni ¢asti feseni byly porovnany hodnoty spoctenych charakterizacnich fak-
tord pro hydrologické povodi 3. fadu s hodnotami spoctenymi pfimo z dat pro
konkrétni profily CHMU. Jak vyplyva z tabulky 4, tak u 16 ze 35 profil(i (46 %) byly
rozdily mezi stanovenymi charakteriza¢nimi faktory do +10 %. U dalsich osmi
profild (23 %) se rozdil hodnot faktord pohybuje mezi £10 % az £15 %. Bohuzel,
ve Ctyfech pripadech (11 %) je rozdil vyssi nez 25 %.

Cilem tohoto ¢lanku viak nenf testovani vysledkd hydrologického modelu,
ale popis moznosti aplikace charakteriza¢niho faktoru v rémci LCA studil.
Nezbyvd proto nez upozornit budouci zpracovatele studii LCA, Zze pouziti
modelovych vystupl v rdmci komplexnich hodnoceni typu LCA je v obecné
roviné mozné (a nékdy dokonce nezbytné), ale vzdy je tfeba provadét verifi-
kaci a validaci jak pouZivanych dat, tak dosazenych vysledk(. Pravdépodobné
vysvétleni vysokych rozdild u nékterych povodije v nejistotach s uzivanim vod,
nebot modelované hodnoty odpovidaji ,pfirozenému” stavu, zatimco hodnoty
CHMU vychazeji z méfenych hodnot, a tudiz jsou ovlivnény souc¢asnym uziva-
nim vod.

Druhd c&ést feSeni se zabyvala stanovenim vodni stopy samotného pro-
cesu produkce energie ve vybranych energetickych provozech (viz tabulku 3).
Potvrdily se ocekdvané vysledky, Ze vodni stopa energetickych provozl s prd-
to¢nym chlazenim je obecné nizsi nez vodni stopa provozl s recirkulacnim
chlazenim. Situace u obou jadernych elektrdren pak jiz naznacuje smysl LCA.
Ackoliv je specifickd spotfeba obou jadernych elektraren podobna (1,979, resp.
2,079), tak dopad vyroby elektrické energie v obou elektrarnach je jiz vyrazné
odlisny (748, resp. 11,74 m*H,0_, /MWh). Zjednodusené Ize prohlasit, ze na pro-
ces vyroby 1 MWh energie v elektrdrné Dukovany je potfeba 11,74 m? referenc-
niho mnozstvi vody, které bylo stanoveno jako ,prdmeérné celosvétové srazky”,
zatimco v elektrarné Temelin pouze 748 m>.

Je to déno tim, Ze jadernd elektrarna Dukovany leZi na méné vodném
toku s mensim povodim a nizsi odtokovou vyskou. Proto, ackoliv jeji speci-
fickd spotieba vody na vyrobu 1 MWh energie cinf jen 105 % specifické potieby
jaderné elektrarny Temelin, tak vodnf stopa procesu produkce 1 MWh elektrické
a tepelné energie je 0 57,0 % vyssi nez vodni stopa procesu produkce elektrické
a tepelné energie v jaderné elektrarné Temelin. Je tfeba si ale uvédomit, Ze tyto
pomeérové ukazatele plati pouze pro samotny dil¢i proces vyroby elektrické
a tepelné energie v energetickém provozu. Vzhledem k tomu, Ze v ramci tes-
tovani metody nebyla stanovena vodnf stopa ostatnich procest v rdmci Zivot-
niho cyklu (téZba primdrnich surovin, jejich Uprava, doprava, naklddani s vyho-
relym palivem, distribuce vyrobené energie atd.), nelze tyto stanovené poméry
vztahovat k celému Zivotnimu cyklu obou elektraren.

Vodnf stopa testovanych provozl se pak odviji od mnozstvi produkované
energie a je vyjadfenav m*H O /rok. Takto ziskana hodnota pak laicky fec¢eno
predstavuje mnozstvi ,prdmeérnych celosvétovych srazek”, které jsou ,spotfe-
bovény” v energetickém provozu za rok. Je tfeba upozornit, Ze se jednéd pouze
o jednu dil¢i ¢ast vodni stopy, kterd je vztaZzena pouze k samotnému procesu
vyroby energie v elektrarné/teplarné, tj. neni to hodnota vodni stopy celého
Zivotniho cyklu produkce elektrické a teplené energie v téchto provozech.
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To evaluate the water footprint of power plants, the data on electricity and
heat production in selected power plants were used, for which data were avail-
able on water consumption for electricity and heat production between 2004
and 2013 (see Table 3). Detailed information on the method of data processing
can be found in a 2016 article [10].

RESULTS

In the first part of our analysis, the values of calculated characterisation factors
for third-order catchments were compared with the values calculated directly
from the data for specific profiles of CHMI. As indicated in Table 4, in 16 out of
35 profiles (46%) the differences between determined characterisation factors
were up to £10%. In other 8 profiles (23%), the difference of factor values ranges
between +10% and +15%. Unfortunately, in four cases (11%) the difference is big-
ger than 25%.

However, the aim of this article is not testing the results of the hydrologi-
cal model, but the description of possible applications of characterisation fac-
tor for assessment in the context of LCA studies. It can only be pointed out to
future processors of LCA studies that using model outputs within the com-
prehensive evaluation of the LCA type is generally possible (and sometimes
even necessary), but it is always vital to both verify and validate the data used
and the results achieved. A probable explanation for high differences in some
catchments lies in uncertainties with water use, because the modelled values
correspond to the “natural” state, while the CHMI values are based on meas-
ured values and are therefore influenced by current water use.

The second part of our analysis dealt with the determination of the water
footprint of selected power plants (see Table 3). The expected results were con-
firmed: the water footprint of power plants with once-through cooling is gener-
ally lower than the water footprint of operations with recirculation cooling. The
situation in both nuclear power plants suggests the importance of LCA evalu-
ation. Although the specific consumption of both nuclear power plants is sim-
ilar (1979 or 2.079), the impact of electricity production in both plants is signifi-
cantly different (748 or 11.74 m? HZOeq/MV\/h). Simply put, we can say that in the
process of T MWh of power production in the Dukovany power plant, 11.74 m? of
reference quantity of water is needed, which was determined as “global aver-
age precipitation”, while at the Temelin power plant it is only 748 m?.

This is due to the fact that the Dukovany nuclear power plant lies on less
water flow with a smaller catchment and lower runoff level. Therefore, although
its specific water consumption for production of 1 MWh of power is only 105%
of Temelin’s specific consumption, the water footprint of the process of 1 MWh
of electricity and heat production is about 57.0% higher than the water foot-
print of the process of electricity and heat production in the Temelin nuclear
power plant. It is important to realize, however, that these ratios apply only
to the electricity and heat production sub-process itself in a power plant. In
regard to the fact that when testing the method, the water footprint of other
processes within the life cycle was not determined (extraction of primary raw
materials, their processing, transport, spent fuel management, distribution of
produced power, etc.), these ratios cannot be related to the whole life cycle of
both power plants.

The water footprint of the tested plants is then based on the amount of
power produced and is expressed in m? H,0,,/year. The value thus obtained
is, in layman'’s terms, the amount of “global average precipitation” which are
“consumed” in power plants per year. Again, it should be noted that this is only
a one sub-part of water footprint, which is related only to the process of energy
production itself in a power / heat plant, i.e. it is not the value of the water foot-
print of the entire life cycle of electricity and heat production in these power
plants.



DISKUSE

Testovand metoda se ukazala jako snadno pouzitelnd. Pro lokalnf studie LCA
je mozné jako referencni mnozstvi pouzit priméré srazky v Ceské republice
namisto ,globalnich” srazek. Pouziti priimémych srazek v Ceské republice Ize
doporucit zejména pro aplikace s krat$im ¢asovym krokem, tj. napf. pro resenf
po mésicich, kdy je mozno jako referen¢ni uvazovat redlné mésicni srazky,
zatimco v pfipadé ,globalnich” srazek Ize pouzit 1/12 zronich globalnich srazek.

Autofi metody také pfedpokladaji, ze veskerd voda je dostupnd pro uZiti,
coz samoziejmé je pouze teoreticky predpoklad. V redlnych podminkéch nenf
mozno vyuzit ani veSkeré srazky, ani veskery odtok z povodi. Z pohledu aplikac-
niho vyuziti nenf zasadni problém napf. u povrchového odtoku odecist ,mini-
malni zGstatkovy prdtok” ¢i jinak definovany ,ekologicky prdtok”. V pfipadé
podzemnich vod a srazek v3ak tato konstrukce jiz nenf tak jednoznac¢na. Navic
se timto rozsifenim ztraci urcitd elegance navrzeného konceptu a nezavislost
konceptu na subjektivnim rozhodovani, nebot rozhodnutf o tom, co ,se bude
odeditat’, je subjektivni rozhodnuti fesitele studie.

Z principu metody vyplyvd, ze metoda nenfi Uplné vhodnd pro nékteré apli-
kace napfiklad typu rozhodovani o dopadech na dostupnost lokalnich vodnich
zdrojl v rdznych lokalitdch. Nebot vysledky charakteriza¢niho modelu maji jen
nepfimou vazbu na skute¢nou dostupnost vody v misté posuzovan.

V' prezentovanych Udajich nejsou také zahrnuty ztrdty vody vyparem
z nadrzi, které jsou soucasti vodnfho hospodafstvi jednotlivych elektraren.
V pfipadé jaderné elektrarny Temelin pfedstavuje ztrata vyparem z nadrze
Hnévkovice pfiblizné 7 % rozdilu mezi odbérem a vypousténim pro jadernou
elektrdrnu Temelin. V pfipadé jaderné elektrarny Dukovany tvofi vypar z VD
Dalesice-Mohelno dokonce okolo 14 %. Déle nejsou v této testovaci aplikaci
uvazovana rozdilnd mista odbérl a vypousténi, které mohou hrat pfi aplikaci
metody znac¢nou roli, napf. elektrarna Temelin odebird vodu z povodi 1-06-03,
ale vypousti odpadni vody do povodi 1-07-05, korektni vypocet vodni stopy
by mél veskeré odbéry pro elektrarnu Temelin v povodi 1-06-03 uvaZovat jako
ztraty a naopak vypousténi v povodi 1-07-05 jako zisk vody s rozdilnymi hodno-
tami charakteriza¢niho faktoru.

ZAVER

Charakteriza¢ni model postaveny na obnovitelnosti vodnich zdrojd se ukazal
jako snadno pouzitelny nastroj umozniujici pouzit jak data ziskand méfenim (Ci
z nich odvozend), tak vysledky matematickych modeld. Pro usnadnéni aplikace
metody v praxi byla pfipravena tabulka charakteriza¢nich faktor( srézek a cel-
kového odtoku pro jednotlivd povodi lll. Fadu. Testovani ukdzalo, ze v pfipadé
vstupnich dat z matematickych modeld je dlezité validace a verifikace pouzi-
tych dat, protoze pro néktera povodi jsou vysledky zatizeny chybou pfesahujici
+10-15 %. Konkrétni aplikace na 32 vybranych elektrarndch a teplarnach uka-
zala, Ze vodni stopa ve smyslu posuzovani zivotniho cyklu je nizsf v provozech
s pratocnym chlazenim oproti provozim s cirkula¢nim chlazenim.

Testovana metoda nefesi miru soucasného uzivani vodnich zdrojd a pred-
poklada, Ze veskery odtok je dostupny uZivatelim. Testovand metoda také
nijak nefesi problematiku degradace vod, vliv na ekosystémy a ¢lovéka. Pro
tato posuzovani zivotniho cyklu je tfeba pouzit jiné charakteriza¢ni metody.

Vysledky zjisténé pomoci testované metody je mozno oznacit pouze za vodni
stopu nedostatku vody (Water scarcity footprint).
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DISCUSSION

The tested method proved easy to use. For local LCA studies, itis possible to use
average precipitation in the Czech Republic as a reference quantity instead of
“global” precipitation. Using the average precipitation in the Czech Republic is
recommended, especially for applications with a shorter time step, in monthly
steps for example, when it is possible to consider real monthly precipitation as
a reference, while in the case of “global” precipitation, 1/12 of the annual global
precipitation can be used.

The authors of the method also assume that all water is available for use,
which of course is only a theoretical assumption. In real conditions, it is not
possible to use either all precipitation or the entire runoff from a catchment.
From the perspective of application use, it is not a major problem, for exam-
ple for surface runoff to subtract “minimal residual flow” or otherwise defined
“ecological flow”. In the case of groundwater and precipitation, however, this
construction is not so clear. Moreover, by such extension a certain elegance of
the proposed concept and the independence of the concept on subjective
decision-making is lost, since the decision about “what will be subtracted” is
a subjective decision by the study investigator.

The principle of the method shows that the method is not entirely suitable
for some applications, for example deciding on the impact on the availability
of local water sources in different locations, since the results of the character-
isation model are only linked indirectly to the actual water availability at the
assessed location.

The data presented also do not include water loss by evaporation from res-
ervoirs which are a part of water management of the individual power plants.
In the case of Temelin nuclear power plant, the loss by evaporation from
Hnévkovice reservoir is approximately 7% of the difference between with-
drawal and discharge for the power plant. In the case of Dukovany nuclear
power plant, evaporation from Dalesice - Mohelno reservoir is even around
14%. The different localisation of withdrawals and discharges was neglected
for this testing purpose. It can play important role in real application of tested
method. For example, nuclear power plant Temelin draws water from catch-
ment 1-06-03 but discharges waste water to the catchment 1-07-05. These two
catchments have the different hydrological condition and (of course) differ-
ent value of characterization factor. In real study have to be withdrawals from
catchment 1-06-03 calculated as losses and discharges to catchment 1-07-05 as
gains with different values of characterization factor.

CONCLUSION

A characterization model based on the renewability of water sources has
proved to be a readily usable tool, enabling the use both of data obtained by
measuring (or derived from it) and the results of mathematical models. To facil-
itate the application of the method in practice, a table of characterisation fac-
tors of precipitation and total runoff for individual third-order catchments was
prepared. The testing showed that in the case of the input data from mathe-
matical models, validation and verification of this data is important since for
some catchments the results have an error exceeding +£10-15 %. Specific appli-
cations in selected 32 power and heat plants showed that the water footprint
in terms of life cycle assessment is lower in plants with once-through cooling
as compared to plants with recirculation cooling.

The tested method does not address current use of water sources and
assumes that the entire runoff is available to users. The tested method also
does not address the issue of water degradation, the effect on ecosystems and
on humans. For such life cycle impact assessment, it is necessary to use other
characterisation methods. The results obtained using the tested method can
be described only as water scarcity footprint.
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Podékovani

Cldnek vznikl v rdmci projektu QJ1520322 Postupy sestaveni a ovéfeni vodni stopy v sou-
ladu s mezindrodnimi standardy feseného s financni podporou Ministerstva zemé-
deélstvi v rdmci Programu zemédélského aplikovaného vyzkumu a experimentdiniho
vyvoje Komplexni udrZitelné systémy v zemédélstvi 2012-2018 ,KUS". Charakteristiky
povodi lll. fddu spocitané modelem BILAN vznikly v rdmci projektu Strategie ochrany
pfed negativnimi dopady povodni a eroznimi jevy pfirodé blizkymi opattenimiv Ceské
republice, ktery je spolufinancovdn Evropskou unii — Evropskym fondem pro regio-
ndlni rozvoj, Stdtnim fondern Zivotniho prostiedi CR a Ministerstvem Zivotniho pro-
stredi CR v rdmci Operacniho programu Zivotni prostiedi. Udaje o operativni spo-
tfebé vody v tepelnych elektrdrndch a tepldrndch byla pfipravena v rdmci projektu
TD020113 Dopady socio-ekonomickych zmén ve spolecnosti na spotfebu vody fese-
ného s financni podporou Technologické agentury Ceské republiky.
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