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EXECUTIVE SUMMARY

Water and energy are inextricably linked. Energy production depends on water, while the urban water system
- particularly inter-basin water transfer or desalination - requires a large amount of energy. Thus, water
supply is closely connected to a city's energy consumption. With increasing expectations on water quality
and exploitation of unconventional water resources, energy requirement of the urban water system may
upsurge and subsequently raise greenhouse gas emissions.

Located in China’s east coast, Qingdao faces chronic water shortage, where per capita water resources are
only 12% of the national average. In order to meet its growing water demand, long-distance water transfer
or the exploitation of unconventional water resources (such as desalination and reclaimed water) are already
seen as a necessary step for. Since the energy intensity of producing water from desalination, reclaimed
water or long-distance water diversion is much higher than that for supplying water from conventional
sources, Qingdao must work out how to allocate its various water sources so that it can ensure the security
of its water supply while also reducing the urban water supply’s carbon emissions, if it is to become a low-
carbon, sustainable and livable city.

With financial support from the Caterpillar Foundation and the UKFCO Strategic Prosperity Fund, and the
help of Qingdao’s Development and Reform Commission, the Qingdao Water Supply Division, and the
Qingdao Municipal Water Conservancy Bureau, the World Resources Institute and Atkins (UK) formed an
international research team of specialists from China, the US and the UK; to help Qingdao analyze and find a
water-energy resource balance for its urban water allocation mix.

The project team used a multi-pronged approach to identify the water supply potential and the advantages
and disadvantages of using various types of water sources by analyzing Qingdao’s naturally-occurring water
resources, predictions of the future trends in water use, potential energy consumption of the urban water
system, and then developing scenario analyses of the energy demand of the urban water supply system in
2020. We then used the analyses to provide recommendations to policymakers to develop strategies for a
sustainable, low-carbon water supply, and to optimize the allocation of water resources.
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CHARACTERISTICS AND UTILIZATION OF
QINGDAO’S WATER SOURCES

Qingdao suffers from an acute water shortage. Its water resources
are unevenly distributed, both temporally (inter-annual and intra-
annual variations are large) and spatially (the urban center, which
has the highest population density and the highest development
density, is the area which has the worst water shortages). It is
characterized by having relatively plenty of water for a short period
of time, and then followed by prolonged draught.

With decades of effort on water saving, Qingdao is now a national
leader in industrial water efficiency and also has relatively low per
capita domestic water use. But this also means that any further
improvement to its water efficiency is severely limited. Along with
economic development and the continual rise in living standards,
per capita water consumption may rise further, and this means
that the pressure on water supply with inevitably grow more
intense. Reliance on alternative water sources, such as long-
distance water transfer or desalination, which will drive up the
urban water system’s energy consumption and greenhouse gas
emissions, will exert additional pressure on Qingdao to reduce its
carbon emissions.

WATER DEMAND PROJECTION FOR
QINGDAO IN 2020

By 2020, Qingdao’s annual water demand will reach 1.48 billion
m3. Of this, industrial water demand will be about 301 million m3,
up 58% from 2011; agricultural water demand (including rural
residents’ water usage, water for livestock and for irrigation) will be

about 486 million m3, up 7% from 2011; domestic water demand
(including householder use and urban public services] will be 583
million ms, up 89% from 2011; and environmental water demand
will be 110 million m3, up 94% from 2011. We can see from this
that the biggest water consumers in the future will be domestic
consumers.

Based on the provincial water quotas scheme, Qingdao is expected
to limit total water use under 1.47 billion by 2020, which is
slightly lower than our projection. Therefore, Qingdao will need to
further promote water conservation, and tap unconventional water
resources (e.g. reclaimed wastewater, desalination) which are
excluded from the government quotas.

RISKS CHARACTERISTICS, WATER SUPPLY
POTENTIAL AND ASSOCIATED ENERGY
INTENSITY OF VARIOUS WATER SOURCES
IN QINGDAO

Qingdao’s principal future exploitable water sources are: lo-

cal surface water, local groundwater, water diversion from the
Yellow River/Yangtze River, seawater desalination and reclaimed
wastewater.

Table 0-1 shows the different types of risks associated with
Qingdao’s various water sources. Each water source has its own
particular risks associated with it. For example, even though sup-
plies of seawater for desalination are reliable, and desalination is
not vulnerable to climate change, it consumes a lot of energy, it
requires a lot of investment and public acceptance is low. Factors
such as the investment needed, the environmental impact, and
population resettlement for water diversion also pose a large risk.

Table 0-1 | Risks comparison of different water sources

LOCAL SUR-

INDICATORS FACEWATER G ooUNDWATER
Water quality Medium Medium
Water continuity Medium Medium
Impact on land use High Low
Investment High Low
Energy consumption Low Medium
Environmental impact High Medium
population resettlement High Low
Public acceptance Low Low
Vulnerability to High High

climate change

WRl.org

DVERSION DESALNATION  WATER ~ RANWATER
Medium Low Low-High High
Medium Low Low High
High Low Low Low
High High Medium Low
High High Medium-High Medium
High Low Low Low
Medium Low Low Low
Medium High High Medium
High Low Low High



Figure 0-1 shows the water supply potential and the energy con- Figure 0-1 The water supply potential and energy consumption of

sumption for unit water supply of various water sources. Qingdao’s water sources
+ Not including desalination, the maximum water supply * Meeting drinking water quality standards, the energy
potential of all available water resources is 2.285 billion ms. consumption for unit water supply of seawater desalination
Of this, the maximum available from local surface water and is the highest at about 4kWh/m3, around 10 times higher
groundwater resources is 1.463 billion ms. The utilization than that for surface water, which has the lowest energy
rate for surface water must not exceed 40% if Qingdao wants consumption. Arranged in order of energy consumption for
to maintain its water use at a sustainable level, while for unit water supply from the lowest to the highest, the water
groundwater it must not exceed 50%. In that case, the local sources are: surface water < river diversion (Yellow River) <
water supply potential will be 1.104 billion ms (640 million groundwater <reclaimed water (NEWater) < water diversion
m@ from surface water and 464 million m from groundwa- (Yangtze River) < brackish water desalination < seawater
ter). Therefore, for Qingdao to satisfy its 2020 demand for desalination.

water, it must resort to water diversion, reclaimed water, and/
or seawater desalination.

Figure 0-1 | The water supply potential and energy consumption of Qingdao’s water sources
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Table 0-2 | Water source allocation scenarios for Qingdao, 2020

SCENARIO

Surface

water 40
baseline
scenario

Surface
water
red-line
scenario

Surface
water 55
scenario

WRl.org

TYPE OF WATER SOURCE

Local surface water

Groundwater

River diversion (Yellow River)
River diversion (Yangtze River)
Seawater desalination
Low-quality reclaimed water

High-quality reclaimed water

Total

TYPE OF WATER SOURCE

Local surface water

Groundwater

River diversion (Yellow River)
River diversion (Yangtze River)
Seawater desalination
Low-quality reclaimed water
High-quality reclaimed water

Total

TYPE OF WATER SOURCE

Local surface water
Groundwater

River diversion (Yellow River)
River diversion (Yangtze River)
Seawater desalination
Low-quality reclaimed water
High-quality reclaimed water

Total

SEAWATER DESALINATION

SUB-SCENARIO
WATER SUPPLY
(100 million m3)

6.4
915

1.1
0.78
1.53

0.37

16.68

SEAWATER DESALINATION
SUB-SCENARIO
WATER SUPPLY
(100 million m3)

7.33

5.34

1.53

0.37

15.68

SEAWATER DESALINATION
SUB-SCENARIO
WATER SUPPLY
(100 million m3)

8.8

498

1.3

0.37

15.68

RECLAIMED WATER

SUB-SCENARIO
WATER SUPPLY
(100 million m3)

6.4

515

1.1
0.04
0.4
0.37
1.87

15.68

RECLAIMED WATER
SUB-SCENARIO
WATER SUPPLY
(100 million m3)

7.33

515

0.21

0.4
0.37
1.87

15.68

RECLAIMED WATER
SUB-SCENARIO
WATER SUPPLY
(100 million m3)

8.8

424

04
0.37
1.87

15.68

WATER DIVERSION

SUB-SCENARIO
WATER SUPPLY
(100 million m3)

6.4

915
1.1
1.91
0.4

0.37

15.68

RIVER DIVERSION
SUB-SCENARIO
WATER SUPPLY
(100 million m3)

7.33
515

1.1
0.98
0.4

0.37

15.68

RIVER DIVERSION
SUB-SCENARIO
WATER SUPPLY
(100 million m3)

8.8

5.01

04

0.37

15.68



ENERGY CONSUMPTION AND GREENHOUSE
GAS EMISSIONS FROM QINGDAO’S WATER
SECOTR IN 2020

Based on prerequisites of (1) meet water use target (1.473 billion
cubic meters by 2020); (2) prioritize the exploitation of local
water resources; and (3) when considering water diversion, it

is preferable to divert from the Yellow River, we created three
scenarios—one with a surface water utilization rate of 35%
(current level, short as surface 35 scenario), one of 40% (keeping
within sustainable exploitation and utilization limits, short as
surface 40 scenario), and one of 55% (extreme condition, surface
55 scenario). Within these three scenarios we then created three
sub-scenarios: one, which emphasizes seawater desalination, the
second, which emphasizes reclaimed water, and the third, which
emphasizes water diversion. In the desalination sub-scenario, we
assume all of Qingdao’s proposed desalination capacities were in
place while the amount of reclaimed wastewater and transferred
water remain the same as 2011. Similarly, we assume half of
Qingdao’s municipal wastewater was reused in the reclamation
sub-scenario and more transferred water from the Yangtze were
used in the transfer sub-scenario.

Table 0-2 shows the various source water allocations under the
different scenarios. For a more detailed explanation please see the
full report.

By 2020, if Qingdao keeps the current surface water utilization

rate of 35%, total energy use will see a significant increase.
The desalination sub-scenario has the highest growth in energy

Figure 0-2 | Comparison of three scenarios

requirement while the reclamation sub-scenario appears to be the
lowest of three. Accordingly, greenhouse gas emissions from the
water sector showed a similar upward trend, with the reclamation
sub-scenario bringing the lowest emissions, or 40% lower than
the desalination sub-scenario.

Under the surface 40 scenario, energy consumption of the recla-
mation sub-scenario will be the lowest, while seawater desalina-
tion has the highest energy consumption, rising 153% from 2011
level. In terms of greenhouse gas emissions, the desalination
sub-scenario again dwarfs the other two sub-scenarios.

If Qingdao to increase its surface water utilization rate to 55%, lo-
cal surface water and groundwater were expected to provide 1.43
billion cubic meters of water, only 50 million short from the total
water demand. The scheme prioritizing water diversion will lead to
a 34% increase in energy consumption compares to 2011 base-
line level, while the reclamtion sub-scenario and desalination sub-
scenario show potential increase of 34.3 and 41%, respectively.
The desalination sub-scenario is still the most carbon intensive
solution, causing 5% higher greenhouse gas emissions than the
water diversion sub-scenario or the reclaimed water scenario.

To compare the energy consumption of above three scenarios,

we find the more local surface water is used, the lower energy
requirement of the water supply system: surface 55 < surface 40 <
surface 35 (Figure 0-2).Given Qingdao’s elastic interannual vari-
ability, it's critical to close the demand-supply gap by choosing the
least carbon intensive type of unconventional water.
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Figure 0-3 | Costs of Qingdao’s Water Sources
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A COST ANALYSIS OF QINGDAO’S WATER
SUPPLY SOURCES

Figure 0-3 shows the water supply potential and the cost per unit
water produced for Qingdao’s various water source options. We

can see that using current levels of technology, placed in order of
increasing cost they are: local surface water < groundwater < water
diversion (Yellow River) < NEWater< brackish water desalination
<water diversion (Yangtze River) < seawater desalination. Of the
conventional water sources, the cost advantages of NEWater are the
most obvious; not only are they ¥z that of seawater desalination, but
they are even lower than water diversion (Yangtze River).

From a cost perspective, Qingdao should preferentially choose local water
resources, followed by water diversion and then high-grade reclaimed wa-
ter. The costs of water diversion (Yangtze River) and seawater desalination
are both fairly high, and as they also increase carbon emissions, that also
adds to the costs of water supply.

Since Qingdao already has a desalination capacity of 133,000 m3/day,
from cost considerations, we recommend that seawater desalination
should be used to supply water for industrial use. Although using current
technology, seawater desalination is not cost effective compared to other

WRl.org
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water sources, since there is a stable supply of desalinated water and it is
of good quality, irrespective of the time or weather, it is especially suited to
those industries which require purfied water, for example in the manufac-
ture of electronics, chemicals, steel and microchips.

Similarly, the cost advantages of NEWater (reclaimed water) for industrial
use are also clear. It costs about half as much to produce purified water
from NEWater than purified water produced from tap water.

Conclusions and Recommendations

»  The shortfall between Qingdao’s water demand and water
resources will continue to grow along with socio-economic develop-
ment, the biggest contributor to this will be the growth in urban
domestic water use. The speed of increase in domestic use and

its proportion of all use will always be highest in urban areas and
the speed of increase of use and the reason behind that increase

will vary between districts. Water demand in Qingdao by 2020 is
expected to reach 1.48 billion cubic meters, up 47% from 2011.

The growth rate in industrial water demand will be 58%, agricultural
water demand will grow 7% and urban domestic water demand
(including urban public services) will grow by 89%. Urban domestic



users will continue to be the principal water consumers, compris-
ing 40% of all society's water use. The percentage consumed by
industry will remain stable, while the percentage used by agricultural
consumers is expected to fall from 45% in 2011 to 33% by 2020.

»  Qingdao must exploit unconventional water resources (includ-
ing long-distance water diversion, reclaimed water, and seawater
desalination) if it is to solve its water demand problem. Choice

of water source allocation will have a direct impact on the energy
consumption and carbon emissions of the urban water system. To
meet drinking water quality standards, of the water sources available
for Qingdao, the energy consumption is between 0.426 and 4 kWh
per cubic meter. In order of increasing energy, the water sources are:
local surface water < water diversion (Yellow River) < groundwater <
NEWater < water diversion (Yangtze River) < desalination of brackish
water < seawater desalination. As the most energy-intensive, sea-
water desalination has an energy consumption per unit water supply
which is 10 times larger than that of local surface water, which is the
least energy intensive. Thus, which water source Qingdao chooses
for its future water supply will have a direct impact on its urban water
system’s energy consumption and carbon emissions.

*  Qingdao’s urban water system faces an inevitable rise in
energy intensity and carbon emissions. It must incorporate carbon
accounting and energy management into its water supply planning
to help it reduce the urban water system’s carbon footprint allowing
it to pursue low-carbon sustainable development. We estimate that
greenhouse gas emissions from Qingdao’s water sector will increase
by 34% to 164% percent under different policy scenarios.The US
and Europe are already aware of how changes to the structure of
urban water resources and the demand for better quality water have
caused urban water system energy intensity and carbon emissions
to rise. These nations are now using carbon accounting when draw-
ing up their urban water plans, with the aim of deriving a low-carbon
water source allocation system. As Qingdao’s economy develops,
the energy consumption and carbon emissions of its urban water
system will become fresh challenges. Especially since Qingdao is
under pressure to follow a low-carbon development path and reduce
its carbon emissions, we recommend that the city incorporate
carbon accounting and energy management into its urban water
source planning as soon as possible and build a low-carbon and
sustainable urban water system.

+  Ofall the unconventional sources of water, reclaimed water

is the best in terms of carbon emissions and cost. High-grade
reclaimed water (NEWater) is not only relatively secure in terms of
supply, but compared to other unconventional water sources, its car-
bon intensity and cost of production is also lower. According to our
calculations, the energy consumption is 0.82 kWh, lower than water
diversion (Yangtze River) and seawater desalination; while its cost

is only one quarter of that of seawater desalination, and also lowers
than that of water diversion (Yangtze River).

»  Qingdao does not only need to consider factors such as cost
and continuity of supply when deciding on a water source allocation
mix, it also needs to thoroughly consider the type of water source,
energy consumption for unit water supply, carbon emissions, and
environmental risks etc. There are many factors that need to be con-
sidered when deciding which water sources should be developed.
As well as the quality of the water, continuity of supply and the costs
involved, because of environmental protection and climate change,
energy requirements, environmental impacts, and vulnerability to
climate change are also elements that need to be considered when
the city decides on a source water allocation mix.

»  Customize water source use in accordance with local condi-
tions. Qingdao should adjust the water source allocation mix for
gach district according to its individual water resources and water
use requirements. Because water-intensive industries are relocating
out of the eastern coastal districts, in the future, the focus of water
supply will be on consumers from the domestic and services sec-
tors. We recommend that local water resources and water diversion
to be used for domestic drinking water use, meanwhile (low-grade)
reclaimed water can be used for urban greening, residential toilets,
and other non-contact and non-potable use. In the industrially-
developed western coastal districts, which will experience a rapid
expansion in population growth, we recommend high-grade
reclaimed water for industry’s main supply, with water diversion and
the exploitation of local water resources for domestic consumers.

+  Qingdao should reform its water tariff and continue prioritizing
water saving measures. To date, water tariff of Qingdao is still at

a relatively low level against the fact that the city is among one of
China’s richest. Low water price hinders Qingdao’s endeavors to im-
prove urban water service and water use efficiency. In the long run, it
would become crucial for the water service sector to fully recover the
cost and reflect the true cost of water. Meanwhile, Qingdao should
introduce increasing block tariff to encourage water saving. This
approach should consider social equity and ensure the basic water
demand from low income families. Meanwhile, Qingdao should
improve public awareness on water efficiency through outreach
activities. Incentives and subsidies should be given to deploy or
upgrade water saving facilities.
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0.4kWh/m3 0.079 /m3 0.25 /kWh
0.776kWh/m3  4-3 0.32kWh/m3
0.376 kWh/m3
. - 0.696 kWh/m?  4-6
SHBMHRISNEKIR
5|&EE
w
1986 4 15 1989 11 25

B 4-3 | BRHHTKEUK, HI7kEERE

09 -
08 -
07 -
06 -
05 -~
04 -
03 -
02 -
0.1 -

0.776

0.400

EBFE (kwh/ms3)

B 7K
B UK

RIVEEFA hBUFHI A

A 44 | S|EFRBIEXREE

BpsE

°
1B

WRl.org



B 4-5 | SIEFEIEAEUK. IKEEE

0.39
038 - 0.376
037 -
036
035 -
034 -
033
032 -
031 -

03 -
029 -

0.320

BBFE (kwh/m3)

HK 7K

A 4-6 | BKILERETIRERE

e

i

rA7KAEIER S

!
AR

FI7KALIERES

47 13 65

I AKIRIEREAIK - BERKEX DT AESH61



44

48 2014
2015
1.46 m3

0.22 /m3
240 0.5 /kWh 0.44kWh/ms3 4
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