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Nexo agua-energia

Energia é necessaria para a producdo de agua.

Agua é necessaria para a producio de energia ;

Segundo maior consumo de

agua, a seguir a agricultura!

)
i % % A A
Geracdao de electricidade Petrdleo e gas Renovaveis
Y% agua extraida nos EUA Agua é usada para Essencial para
Serve para arrefecimento fracturacao hidraulica para hidroelectricidade mas
de centrais termoeléctricas exploracéo de gas e também importante para CSP,

\ extraccdo de petréleo geotermia e bioenergia/




Nexo agua-energia

Energia é necessaria para a producdo de agua.

Agua é necessaria para a producio de energia ;

Bombagem Tratamento de agua

Energia para bombear agua de Energia para dessalinizacao e
’ . ———

aquiferos para agricultura e para tratamento de efluentes,

transportar para estacoes de antes de libertados para o

tratamento e consumidores ambiente

Distribuicéo

Energia para aquecer e arrefecer Energia para distribuir e aquecer

agua para proporcionar agua para cozinhar, banhos,
condi¢cGes de conforto limpeza e beber /

! Arrefecimento/aquecimento




Agua devolvida depois de uso,

mas que nao pode ser utilizada

Figure 17.3 = Water use for primary energy production para outras aplicacoes.

Conventional gas — B Withdrawal

Coal Consumption

I
Shale gas I
I

Refined oil (conventional)*

Refined oil (oil sands)** [

Gas-to-liquids —
]

I

I

Coal-to-liquids
Notar o elevado consumo

Lignocellulosic ethanol**** ’ |
de 4gua associado aos

Palm oil biodiesel biocombustiveis

Rapeseed biodiesel

I
P [ |
Soybean biodiesel
e
Corn ethanol
]

Sugarcane ethanol

<1 10 10° 10° 10" 10° 10° 10’
litres per toe



| Agua devolvida depois de uso,

mas que nao pode ser utilizada

Figure 17.3 = Water use for primary energy production para outras aplicacoes.
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P
Agua devolvida depois de uso,

mas que nao pode ser utilizada
Water use for primary energy production para outras aplicagoes.

Figure 17.3 =

Conventional gas — O ithdrawal
I |
Coal Consumption
Shale gas I

Qual o consumo de agua associado a electricidade que consumimos?
Consumo anual de electricidade em Portugal:
45 TWh/ano = 45 x 10 MWh/ano
Como somos aproximadamente 10 x 10° pessoas
Consumo anual per capita € 4.5 MWh/ano/pessoa.
Como 1 toe = 11.63 MWh

Consumo anual per capita € aproximadamente 1/3 toe/ano/pessoa
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Qual o consumo de agua associado a electricidade que consumimos?
Cerca de 300 litros de agua por pessoal
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Nexo agua-energia

Consumo de agua na producéao de energia
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Nao se esta a contabilizar perdas por evaporacao em centrais hidroeléctricas




Nexo agua-energia

Consumo de agua na producéao de energia
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Nexo agua-energia

Consumo de agua na producéao de energia
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Figure 2. Water use for thermoelectric generation and other sectors.

Tem havido algum progresso.

A intensidade no uso da agua diminuiu mais de um factor de 3x nos ultimos 50 anos




Nexo agua-energia

Consumo de agua na producao de energia

Figure 28. Water-Supply Stress Due to Thermoelectric Power Plants




Nexo agua-energia

Consumo de agua na producao de energia

Once-Through vs. Closed-Cycle Cooling

OMNCE-THROUGH COOLING CLOSED-CYCLE COOLING



Alternativas reduzem

NeXO égua-energla eficiéncia de conversao

, ~ B (porgue menos eficientes na
Consumo de agua na produgao de energia remocao de calor)
e elevados custos de
investimento.

Improved thermal efficiency
- Turbine improvements

- Combined cycles
- Advanced processes

Evaporated

Turbine/generator

High-pressure
steam

Low-pressure steam

Heat source 3 Cooling
tower
Boiler Feed
water
Condenser
Blowdown
water

Figure 2. Steam cycle for a power plant, showing the two main areas for reducing water use:
improving the thermal efficiency of the turbine (for example, through high-temperature-
tolerant turbines, combined cycles, or solid-oxide fuel cells) and using alternative cooling
fluids (such as nontraditional water, air, or a combination of water and air).
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Uma outra faceta do nexo
agua-energia

Locais onde se precisa de agua para

produzir energia,

porque ha muito consumo,
porque ha muita gente/industria, e
por isso onde ha falta de agua...
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Nexo agua-energia

Consumo de energia na producao de agua
Seawater Desalination L]

Imported Water (State Water Project/So. CA)

Imported Water (Colorado River Aqueduct/So.
CA)

Recycled Water (Membrane Treatment)

Imported Water (Northern California)

Recycled Water (Tertiary Treatment)
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==
O
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Local Groundwater

Local Surface Water F

I
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Energy Intensity (KWh per million gallons)



Nexo agua-energia

Consumo de energia nha producao de agua - Dessalinizacao

Figure 5. Simplified RO Scheme With Energy

Recovery System
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Source: Fritzmann et al., 2007



Nexo agua-energia

Consumo de energia nha producao de agua - Dessalinizacao

Figure 6. ED Process Principle
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Nexo agua-energia

Consumo de energia na producéo de agua - Dessalinizacao

Figure 7. Simple MSF Distillation Process Scheme
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Source: Fritzmann et al., 2007



Nexo agua-energia

Consumo de energia na producéo de agua - Dessalinizacao

Figure 4. U.S. Desalination Capacity by Source Water and Technology in 2005
Unknown Brine

MED

ED = electrodialysis
MED = multi-effect distillation
MSF = mulfi-stage fiash

0“2‘;: NF = nanofiltration
Other = freeze, hybrid, and all other processes
3‘@2 RO = reverse osmosis
VC = vapor compression
ED
E 9%
River
=% MSF
1%

Source: Cooley et al., 2006



Nexo agua-energia
Consumo de energia na producao de agua - Tratamento

Figure 16. Typical Drinking Water Treatment Process

Source: U.S. GAO, 2011



Nexo agua-energia

Consumo de energia na producéo de agua - Distribuicao

Public Supply

Surface Water Treatment

Typical 10 mgd facility

Conveyance Raw Water Pumping 120.5
Alum 1.0

Polymer 4.7

Rapid Mix 30.8

Flocculation Basins 9.0

Sedimentation Tanks 8.8

Lime 1.2

Filters 0.0

Treatment e hiorine 0.2
Clear Well Storage 0.0

Filter Backwash Pump 12.3

Filter Surface Wash Pump 7.7

Decanted Washwater to Rapid Mix 20.0

Sludge Pump 4.0

Treatment Subtotals 99.7

Distribution High Service Pumps 1,.205.5

Total

1.425.7




Nexo agua-energia
Impacto das mudancas no clima

&s Temperaturas mais elevadas aumenta o consumo de energia e
aumenta o consumo de agua nas termoeléctricas

Malis secas significa menos agua para hidroelectricidade, para
5“‘&" producéo de bioenergia, arrefecimento de centrais e extraccao de
petroleo e gas.

AlteracOes dos padrodes de precipitacao introduz maior
60 variabilidade e menor capacidade de previsao de chuva e neve.

C’{@ Mais frequéncia de extremos meteorologicos pode afectar
4 criticamente infrastruturas de agua e energia.



Agua potavel

Chamame-lhe planeta azul,
mas toda a agua da Terra
ocupa apenas um volume
de uma esfera com

diametro de 1385 km.




Agua potavel
Apenas 2.5% da agua no planeta nao é salgada, e dessa, 70% esta congelada

Distribution of Earth’'s Water

Fresh-
. - Surface 4
water -
Ground 0.3%
water
30.1%
Earth's water : Freshwater Fresh

surface water
(liquid)



Agua potavel

Outra
maneira de
olhar para os

mesmos numeros!



Agua potavel

Falta de agua para uso domestico, agricola e industrial, € definido como a
agua disponivel é inferior a 1700 m®/pessoa/ano. Para valores inferiores a
1000 m3/pessoa/ano, a falta de agua tem impacto directo na qualidade de

vida, saude e desenvolvimento economico das populagdes.

Principais ameacas

U Crescimento da populacao
U Industrializac&o e turismo
U Urbanizacéao

O AlteracOes climéticas

O Deplecao dos aquiferos

O Poluicéo



Agua potavel

Everyone has clean water [93-1007% of pop. )
Most people have clean water (7594 %% of pop.)

|
()
B At least 1in every 4 people don't have clean water [<74.9% of pop.)
0 Ko data available




Todos 0s minutos morre uma

crianga com uma doenca DIE EACH YEAR FROM A
relacionada com falta de @ WATER RELATED DISEASE.

gualidade de agua :
THAT IS MORE THAN THE ENTIRE

CITY OF SAN FRANCISCO. | Faancisco

: eand Intenational Health. 19, no. 8 (2014): 894 - 90@?& IHAT’S AI'M[]SI 2]/2 “MES
disease from inadequate water, sanitation and hygiene in low- and middle-income IHE ”N”El] SIAIES P[]PUI_A”[]N

settings: a retrospective analysis of data from 145 countries.

World Health Organization and UNICEF Joint Monitoring Programme (JMP).

(2014). Progress on Drinking Water and Sanitation, 2014 Update.

United States Census Bureau Estimates. (2014). U.S. Census Bureau, International
Data Base.

Map data sourced from WHO/UNICEF Joint Monitoring Programme for Water Supply
and Sanitation. (2014). Pg. 14. Based on 2012 Data.Progress on Drinking Water and
Sanitation, 2014 Update.



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255749/pdf/tmi0019-0894.pdf
http://apps.who.int/iris/bitstream/10665/112727/1/9789241507240_eng.pdf
http://www.census.gov/population/international/data/idb/
http://apps.who.int/iris/bitstream/10665/112727/1/9789241507240_eng.pdf

=

This is equivalent

Agua potavel _ b

140 MILLION HOURS
EACH DAY

SN AERRERE

References
World Health Organization and
UNICEF Joint Monitoring
Programme (JMP).
(2014). Progress on Drinking Water =
and Sanitation, 2014 Update. 5o
World Health Organization. r

(2012). Global costs and benefits of ‘
drinking-water supply and T
sanitation interventions to reach the
MDG target and universal
coverage.
WHO/UNICEF Joint Monitoring
Programme (JMP) for Water
Supply and Sanitation.
(2010). Progress on Sanitation and
Drinking-Water, 2010 Update.

empire state buildings
each day



http://apps.who.int/iris/bitstream/10665/112727/1/9789241507240_eng.pdf
http://www.who.int/water_sanitation_health/publications/2012/globalcosts.pdf
http://www.wssinfo.org/fileadmin/user_upload/resources/1278061137-JMP_report_2010_en.pdf

Agua potavel

A R AR i
{ :
:

P > 3 THINGS MOST OF
- THE WORLD CAN'T DO.

.
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TAKE A HOT GET CLEAN FLUSH AWAY
SHOWER WATER FROM YESTERDAY'S
THE TAP DINNER

g
i

No planeta ha mais

telemoveis do que
sanitas!

References

World Health Organization and UNICEF Joint Monitoring
Programme (JMP). (2014). Progress on Drinking Water and
Sanitation, 2014 Update.

International Telecommunication Union (ITU). (2013). The
World in 2013 ICT Facts and Figures.

Tropical Medicine and International Health. 19, no. 8
(2014): 894 - 905.Burden of disease from inadequate water,
sanitation and hygiene in low- and middle-income settings:
a retrospective analysis of data from 145 countries.

il

e L

if More people have a mobile phone

than a toilet.



http://apps.who.int/iris/bitstream/10665/112727/1/9789241507240_eng.pdf
http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2013-e.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4255749/pdf/tmi0019-0894.pdf

Agua potavel
Formas nao convencionais de producao

) ?!_' 0 i
\I l as ‘ \

Filtracao: pocos junto a rios (poluidos); a agua e filtrada nas areias e rochas,

sendo removidos contaminantes organicos e inorganicos.



Agua potavel
Formas nao convencionais de producao

Qanat

Well

water source

Access points
for upkeep

Qanat channel

funnels water

Distribution
dams and channels

irrigated land

Armazenamento e distribuicao de agua, pois muitas vezes a falta de agua

resulta da auséncia prolongada de chuvas ou da sua distribuicao local.



Agua potavel
Formas nao convencionais de producao

Colheita de nevoeiro, porque
cada m3 de nevoeiro tem 0.5g
de agua, é uma tecnologia

utilizada em regi6es andinas a

muito alta altitude.




Agua potavel
Formas nao convencionais de producao

f

i
4
1

Arrefecimento evaporativo de estufas, usando agua salgada para cobrir a

estufa, permite reduzir temperatura interior em 10°C. (Sahara Forest Project)



Consumo de agua

Agricultural water footprint

[mm/yr]

0-10

B 100- 200
B 200 - 500
B 500 - 1000
B - 1000

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Consumo de agua

Domestic water footprint

[mm/yr]

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Consumo de agua

Inclustrial water footprint

[mm/yr]

0-1
1-10
10 - 50

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Consumo de agua

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Agua virtual

Como medir o conteudo de agua dos produtos e servigos que consumimos?

Nao interessa apenas o contetdo em
agua mas sim gquanta agua foi
usada/gasta na sua producao e
distribuicdo... a agua virtual

associada a esse produto!

Conceito semelhante a pegada de agua (permite fazer comparacgdes entre

consumidores diferentes).

"Looming water crisis simply a management problem" by Jonathan Chenoweth, New Scientist 28 Aug., 2008, pp. 28-32.



Agua virtual

Como medir o conteudo de agua dos produtos e servigcos que consumimos?

Mas se a agua nao se perde, € renovavel, porque é que isso interessa?

Embora a agua se conserve, a agua apropriavel pelos seres humanos num

dado instante diminui.

Exemplos:

« Agua que evapora numa barragem ndo pode ser usada para irrigacao
agricola

« Agua utilizada num dado processo industrial, porque contaminada, ndo pode
ser usada para consumo humano

« Agua despejada no mar, porque salgada, ndo pode ser usada




Agua virtual

Como medir o conteudo de agua dos produtos e servigos que consumimos?

Algumas limitagcdes no conceito de agua virtual

O Assume que todas as fontes de agua tém o mesmo valor (e.g. precipitacao,

irrigacao)

O Assume gue outros usos poderiam ser dados a qualquer volume de agua (se

eu nao usar uma represa a agua pode acabar no mar)
0 Nao é um bom indicador ambiental ja que n&o fornece pistas sobre a

sustentabilidade no uso da agua

The concept of ‘virtual water’ — a critical Review, Frontier Economics, 2008, disponivel em http://www.dpi.vic.gov.au/__data/assets/pdf_file/0017/42650/Virtual-
Water-The-Concept-of-Virtual-Water.pdf



Agua virtual

Como medir o conteudo de agua dos produtos e servigos que consumimos?

A agua virtual resulta da soma de 3 parcelas

Ve

AGUA AZUL

» E 0 volume de agua a superficie ou subterranea consumida durante o
processo de producao (evaporada ou incorporada no produto)

Ve

AGUA VERDE

« E o volume de agua da chuva consumida durante o processo de
producao (evaporada ou incorporada no produto)

Ve

AGUA CINZENTA

« E o volume de 4gua doce necessaria para assimilar a carga de
poluentes; calculada como o volume de agua necessario para manter a
gualidade de agua de acordo com os padrdes aceites.




Agua virtual

Blue water footprint
[m>yricap]

5-50

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Agua virtual

Green water footprint
[m>yricap]

290 - 500

| |s00-1015
[ ] 1015-1400
] 1400- 2000

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Agua virtual

Grey water footprint
[m>yricap]

5-100

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



Agua virtual

i —

Tntal water footprint
[m J‘yn'cap]

| 1000- 1200
| | 1200-1385
| ] 1385-1500
| ] 1500-2000
| 2000 - 2500

Mekonnen, M.M. and Hoekstra, A.Y. (2011) National water footprint accounts: the green, blue and grey water footprint of production and consumption, Value of
Water Research Report Series No. 50, UNESCO-IHE, Delft, the Netherlands. http://www.waterfootprint.org/Reports/Report50-NationalWaterFootprints-Vol1.pdf



highest renewable water resources

4 [ ]
Ag u a VI rtu aI brazil russia usa china indonesia

" |

3,069 Gm?/ year
2,896 Gm* / year
2,838 Gm® / year

4,507 Gm? [ year

8,233 Gm? [ year



Top 10 Freshwater Consumers (million cubic meters per year) Use
Household

Industry

INDIA (1144,605)

Agriculture

Cereals

U.S. (821,354)

BRAZIL (355374)

RUSSIA (270,490)

INDONESIA (232239) _ , ,
PAKISTAN (199429) - ' Other

AN (milk, eggs,
MEXICO (197425) fruits, oils,

JAPAN (174,779) e nuts, sugar,

rubber,
NIGERIA (157336) and more)



Agua virtual

the highest water footprints per capita

2,483 2,389

m° per year m? per year

united states greece malaysia italy thailand

Largest Net Importers and

Exporters of Virtual Water
(in crop, animal and industrial products) GERMANY

AUSTRALIA

ARGENTINA

MEXICO

Top Importers
Top Exporters

120,000 million m*yr 80,000 40,000 0 0 40,000 80,000

Graphics by Jen Christiansen
Source: “The Water Footprint of Humanity,” by Arjen Y. Hoekstra and Mesfin M. Mekonnen, in Proceedings of the National Academy of Sciences USA. Published online February 13, 2012



Agua virtual

the highest water footprints per capita

united states greece malaysia italy thailand

countries most dependent on water imports

YYY




External water footprint for agricultural products (10° m’) Main product category in hotspot

0-10 Ii Fruit, nuts and wine
. 10-100 & Ol crops and oil from oil crops
B 100 - 1000 ¥ Coffee, ta, cocoa and tobacco
B - 1000 @ Livestock and livestock products
[ ] Hotspots W Cotton products

Van Oel, P.R., Mekonnen M.M. and Hoekstra, A.Y. (2009) The external water footprint of the Netherlands: Geographically-explicit quantification and impact
assessment, Ecological Economics 69(1): 82-92.
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Virtual water balance

The exports and imports of water through food and commeodities, 1996-2005

Spain N Korea

Y Japan
Mexico- Algeria 5 Korea
Taiwan

Net virtual water
import (Gm3/y)
Wm-95to-75
m-75t0-35
Wm-35to-15
m-15t0-5

-5to0

Oto s Peru—
B5to 10
m10to 15
m15to50
B50tolls

Saudi
Arabia

Dem Rep
Congo

Australia

Only the biggest gross flows South Africa por

(=15Gm3 /y) Argentina

L.

Source: http: /fwww. waterfootprint. org/R eports/Heekstra-Mekenne n-201 2-water-tootprint-of-humanity. pdf



V4 - I
1 lceofbread

@13 @20 g 304l

litres litres litres litres

1 glass of apple juice 1 glass of orange juice

1190 | 170

litres litres

1 glass of wine 1 glass of beer

Y120 g 75

litres litres

=

 apple

@70

litres

1 cup of coffee 1 glass of milk

e 140|200 €50

litres litres litres

1 bag of potato crisps 1 hamburger

1 slice of bread with cheese

- /90 §185 &$2400

litres litres

FAO 2012
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Almoco: uma sandes de gueijo, pacote de batatas fritas e uma coca-cola.

Pegada de agua: 756 litros.



Pegada de agua

a) WF of consumption
(litres per person per day or l/cap/d) 242 total 4 265 I/cap/d

347 6%

8%

B Animal products

M Cereals and beer 360
8%
M Vegetables, fruit, nuts and
wine
212
5%

M Sugar and sweeteners

M OQilseed crops and oils

364

B Coffee, Tea, C d
offee, Tea, Cocoa an 9%

Tobacco

™ Other crops

11%
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Agua engarrafada
IN SOME PARTS OF
THE WORLD WATER IN OTHERS
IS TRANSPORTED FOR IT'S THOUSANDS

DOZENS OF KILOMETRES

A

CHiid R
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Agua engarrafada

1 ton of steel
62,600 gallons
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Agua engarrafada

Total emissions:
85,396 tonnes CO,eq

Base year carbon footprint

100% (tonnes COeq)

@ Sales and administrative
@ Consumption

@ Distribution

© Ocean freight

@ Trucking to port

@ Bottling

@ Row packaging materials

and equipment transport

(' Raw packaging materials
manufacturing
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