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A new approach to assess the water footprint of hydropower. a case study of the

Miyun reservoir in China

ZHAO Dandan, LIU Junguo” ,ZHAO Xu
School of Nature Conservation, Beijing Forestry University, Beijing 100083, China

Abstract: Globally, freshwater is a limited resource for human development. Social and economic development must
consider water resources for sustainable development. With China’s rapid economic development, renewable energy has been
pushed to the forefront of the development agenda, and hydroelectricity is the most important renewable energy. However,
hydroelectricity also consumes a lot of water, hence, it is important to assess the impact of hydroelectricity on the
environment and water resources, so many researchers have focused their attention on calculation of the water footprint. This
is an indicator of the amount of water used to produce goods and services.It provides a reasonable and broad perspective for
consumers and producers to help understand their relationship with freshwater systems. The water footprint concept help
spolicymakers and stakeholders to enact more rational policies for water resources management. According to the available
global literature, there are three main methods used to calculate the water footprint of hydroelectricity: Gross water

consumption, Net water consumption and Water balance. The dominant calculation method uses the gross evaporation from
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freshwater reservoirs divided by the annual power production. In previous studies, the water consumption from a reservoir is
often completely attributed to hydroelectricity, but this apparently overestimates the water footprint ( WF ) of
hydroelectricity, especially for reservoirs with multiple functions. The multi-function reservoir provides many ecosystem
services, such as water supply,irrigation, flood control,and fishery,so the traditional water footprint counting method will
produce doubling counting. We used a new approach, the cost allocation method, to quantify the water footprint of
hydroelectricity ( WF,) by separating it from the reservoir footprint using an allocation coefficient (7)) based on the ratio of
hydropower income to the total economic benefit of the reservoir. Such an approach was used to study data from 1988 to 2004
for the case area of the Miyun reservoir, a multi-function reservoir,and the largest reservoir in the North China plain. More
than 60% of the economic benefit was from flood control and water supply, and less than 40% of the economic value was
from irrigation, electricity and fishery. The results show that, from 1988 to 2004, the average product water footprint of
hydroelectricity (PWF, ) in the Miyun reservoir was 897 m’/GJ, according to the traditional calculation method. However,
based on the improved method, the average PWF, was only 127 m’/GJ,just 14% of the traditional method. Initially, the
primary purpose of the Miyun reservoir was for hydroelectric generation, but since 1998, the amount of electricity generated
has decreased. Using the traditional calculation method, the PWF,in 2004 was 4529.5 m’/GJ, the largest amount for all the
years considered , yet, according to the improved cost allocation method, the PWF, was 67.3 m>/GJ, the smallest among all
the years considered. It is easy to obtain data using the cost allocation method and it has good operability. Application of the
improved method will be propitious in the assessment of the market value of economic benefits. The allocation coefficient
(m) combines the environmental indicator with the economic indicator, and the approach based on the allocation coefficient
is more objective and accurate for the assessment of WF,. The cost allocation method will further the application of the water
footprint in hydroelectric power generation. Most reservoirs have a varying surface area over time, as a result of changes in
water volume during the year and between years, thus, it is necessary to maintain temporal and spatial consistency when
collecting economic data. Hydropower has long been considered a clean, renewable energy and has been actively promoted
in many countries. This study indicates that the WF of hydropower should be integrated into the environmental impact
assessment system for a more comprehensive understanding of hydropower projects in future. The cost allocation method can
assess the influence of hydroelectricity in one reservoir andwill provide the basis for water price.It will also foster new ideas

about how to accurately calculate the water footprint of hydroelectricity.

Key Words: water footprint; reservoir; hydroelectricity ; allocation coefficient; evaporation
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Table 1 Allocation efficient about reservoir functions

GEA 13/ By it RHL il i
Year Water supply Flood control Hydroelectricity value Fishery value Travel value
1988 0.55 0.15 0.16 0.04 0.09
1990 0.55 0.15 0.16 0.05 0.09
1991 0.53 0.15 0.17 0.05 0.09
1992 0.52 0.15 0.16 0.05 0.10
1994 0.52 0.15 0.16 0.05 0.10
1996 0.50 0.16 0.17 0.06 0.11
1998 0.50 0.16 0.16 0.05 0.13
1999 0.51 0.16 0.14 0.05 0.13
2000 0.54 0.17 0.10 0.06 0.13
2001 0.57 0.18 0.05 0.06 0.14
2002 0.58 0.18 0.03 0.06 0.15
2003 0.59 0.18 0.02 0.06 0.15
2004 0.53 0.21 0.01 0.07 0.17

*2 BrKEKRIER
Table 2 Water Footprint and Product Water Footprint of hydroelectricity in Miyun reservoir

B IK HL KR B
., e . . KHLE AEIE BN
O EGEE ERR KWW KPR KAk o (s \
AEARy R i Hydroelectric PWF B 7K 2 578
Year Evaporation Water surface n Reservoir Hydropower . =
Year feat /(mm/a) area/km? WF/105m? WE/105m3 generation/ Product water (%1En)
ealture mi a are. m m m 108 kWh fOOtpl‘il’ll/ PWF/l
(m*/GJ)
1988 FIKAE 1409.3 115.8 0.16 163.2 26.9 0.74 613.5 101.0
1990 FIKAE 1264.1 188.0 0.16 237.7 38.8 0.74 893.4 145.8
1991 FIKAE 1348.2 154.6 0.17 208.4 34.8 0.74 783.6 131.0
1992 MK AE 1373.0 147.2 0.16 202.1 33.3 0.74 759.8 125.1
1994 FIKAE 1314.3 173.3 0.16 227.8 37.5 0.74 856.3 141.0
1996 kAR 1197.5 166.0 0.17 198.8 34.4 0.74 747.3 129.3
1998 FIKAE 1229.9 154.4 0.16 189.9 30.0 0.70 753.6 118.9
1999 ik 4 1355.6 143.7 0.14 194.8 28.1 0.60 901.7 130.0
2000 K4 1441.2 120.0 0.10 172.9 17.5 0.40 1201.0 121.3
2002 ik 4% 1421.4 107.2 0.03 152.4 4.2 0.10 4232.6 115.6
2004 ik 4 1363.4 59.8 0.01 81.5 1.2 0.05 4529.5 67.3
223 FHmIKEEKHK E b BIKH KRR 127 m /G, &A% B35

KK S5 B ULEE 2, 1988—2004 4F - FREAL S0 A vk K 7K JZE 7K I 378 45 [R) T 7K L 7K 2 38
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Fig.1 Comparison between different feature years
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Appendix 1 Evaporation in Baihe hydrological station
) Year H 4y Month LA
2 3 4 5 6 7 8 9 10 11 12 Whole year
1985 69.2 609 1117 188.6 178.7 2322 1723 2223 1175 111.1 687  56.3 1589.5
1986 745 715 1113 160.1  227.6 2433 1392 1573 1658 983 73 46.4 1568.3
1987 32.1 48.5 822 1153 198 108.2  159.4 1297 138.6 1187 456  33.6 1209.9
1988 372 609 89 221.2 2305 197.1 1105 1192 1149 939  90.6 443 1409.3
1989 78 398 146 2264 233.6 209.8 1559 158.1 111.2 1083 646  34.1 1495.6
1990 27.9 336 101 1659 2024 202.6 117.6 1013  103.9 989 62 47 1264.1
1991 372 476 80.2 168.6  209.9 170.8 155.1 169.7 103.9 101.7  69.7  33.8 1348.2
1992 386  67.6 1039 199 210.6  206.1 168.6 118 108.8  80.1 417 30 1373
1993 28.3 577 114 184 234 229 113 132 136 97 42 372 1406.4
1994 355 453 1042 1939 194 193.7 116 107.3  130.6  100.8  58.4  34.6 1314.3
1995 548  61.8 1255 213 200 1469 1313 1055 87.9 837 749 413 1326.6
1996 424 656 1044 1656 2054 174 109.5 80.1 992 683 46,6  36.4 1197.5
1997 3.6 508  106.8 1769 190 176.5 1843 1415 1052  109.8 562 39 1368.6
1998 36 553 1083 1249 1722 1373 1266 1456 1292 983 554 4038 1229.9
1999 50.6  74.9 755 1313 1693 2148  190.1  150.8  106.1 89.7 603 422 1355.6
2000 33.5 554 1227 158.6 194 228.8 2192 1337 1313 79.1 453 396 1441.2
2001 27.1 41.8 1193 161 245 167 159.6 1423 1212 67.5 569 = 40.2 1348.9
2002 46.8 629 1342 1592 2337 160.3 170.6  151.1 1257 925  60.7  23.7 1421.4
2003 39 61 75.6  147.6 1641 1758  136.6  179.7 86.8  80.6  49.6 469 1243.3
2004 23 7 110.2 1853 197.8 2158 1509 1322 111.7  71.6 467 2719 1363.4
44 Average  39.62  56.695 106.3 17232 204.54 189.5  149.315 138.87 116.775 92.495 58.555 38.765 1363.75
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Appendix 2 Precipitation and runoff coefficient in Miyun reservoir

A Year I‘%‘Fﬁi/( mWa) ﬁéiﬁ%?ﬁ(' i/ (mm/a) P FHIEAE (Y %#“?Wﬁﬁi/( mm/a)
Precipitation Runoff coefficient Runoff Feature year Muti-year average runoff

1985 443 0.11 48.7 -11.5 ik 4% 42.0

1986 613 0.11 67.4 22.4 FIKAE

1987 562 0.12 67.4 225 FIKAE

1988 446 0.12 53.5 -2.8 FIKAE

1989 471 0.08 37.7 -31.6 HiIKAE

1990 571 0.13 74.2 34.8 FIKAE

1991 445 0.14 62.3 13.1 FIKAE

1992 431 0.1 43.1 -21.7 HiKAE

1993 321 0.08 25.7 -53.4 MisKAE

1994 526 0.19 99.9 81.5 FIKAE

1995 417 0.08 33.4 -39.4 MisKAE

1996 483 0.13 62.8 14.0 FIKAE

1997 270 0.09 24.3 -55.9 MiKAE

1998 452 0.14 63.3 14.9 FIKAE

1999 241 0.03 7.2 -86.9 HiKAE

2000 280 0.03 8.4 -84.7 HiKAF

2001 377 0.07 26.4 -52.1 MiKAE

2002 262 0.03 7.9 -85.7 HiKAF:

2003 295 0.03 8.9 -83.9 HiKAE

2004 436 0.04 17.4 -68.3 MK AR

MiF 3 KEEINEEHEER/10° T
Appendix 3 Function value in Miyun reservoir

ER L€ B AL £ VALY € il 3z WAL RS it
Year Water supply value  Flood control value Hydroelectricity value  Fishery value Travel value Total
1985 3.8 1 1.1 0.23 0.6 6.77
1986 3.8 1 1.1 0.23 0.6 6.77
1987 3.8 1 1.1 0.27 0.6 6.81
1988 3.7 1 1.1 0.3 0.6 6.68
1989 3.7 1 1.1 0.33 0.6 6.71
1990 3.7 1 1.1 0.36 0.6 6.74
1991 3.5 1 1.1 0.36 0.6 6.58
1992 3.5 1 1.1 0.36 0.7 6.68
1993 3.5 1 1.1 0.36 0.7 6.68
1994 3.5 1 1.1 0.36 0.7 6.68
1995 3.5 1 1.1 0.36 0.7 6.68
1996 3.2 1 1.1 0.36 0.7 6.36
1997 3.2 1 1.1 0.36 0.7 6.36
1998 3.2 1 1 0.34 0.8 6.34
1999 3.2 1 0.9 0.34 0.8 6.24
2000 3.2 1 0.6 0.34 0.8 5.94
2001 3.2 1 0.3 0.34 0.8 5.64
2002 3.2 1 0.15 0.34 0.8 5.49
2003 3.2 1 0.1 0.34 0.8 5.44
2004 2.5 1 0.07 0.34 0.8 4.71
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