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Emergy evaluation for ecological impacts of small hydropower in China
PANG Mingyue, ZHANG Lixiao~, WANG Changbo
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Abstract; In China, most of the small hydropower ( short for SHP ) plants are currently seeking for benefits in power
generation and economic revenue with little consideration of environmental flows for ecosystems, causing great impacts on
river ecosystem services in the downstream of the dams. Negative ecological impacts of small hydropower have drawn
increasing attention from the public. This paper used emergy analysis, one of the ecological energetic accounting methods,
to evaluate the overall ecological impacts of construction and operation of small hydropower and took Guanyinyan hydropower
plant in Chishui City, northwest of Guizhou Province as an example. Having capabilities in accounting multiple forms of
energy and materials both from environmental and economic points of view on a common energy basis, the method of emergy
analysis was widely used for supporting the evaluation of agricultural, wetlands and urban systems and was proved to be a
useful tool for evaluating the overall performance of a mixed ecological and economic systems. The related indices and ratios
based on emergy flows such as emergy yield ratio (EYR), environmental loading ratio (ELR) and emergy sustainability
index (ESI) can be used for characterizing resource consumptions, environmental impacts and overall system sustainability.
Through incorporating losses of the downstream ecosystem services into the operation cost of the power production system,
the results showed that the studied system was supported by a total emergy of 6.18x10'sej in 2010 to produce 2.26x10"] of
electricity, of which the downstream ecosystem service losses was the largest among multiple marginal costs, accounting for
44.84% of total ecological economic cost. The losses of ecosystem service mainly included those due to biodiversity losses
(especially rare species losses) and climate regulation losses, with 2.77x10" and 4.63%10" sej/a respectively. Without
considering the ecosystem service losses, the ELR of the studied system was 1.92 and the ESI was 1.22. However, when

considering ecosystem service losses, the ELR of the studied system increased to 4.26, which was much larger than those of
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large hydropower generation projects in Mekong River or those in Korea, showing an increased pressure on local
environment. And the value of ESI decreased to 0.34, which was much lower than 1, indicating that the studied power
production system was not sustainable. Furthermore, the results suggested that the degradation of river ecosystem in the
downstream of the dam during operation period greatly reduced the sustainability of the system. Thus, for a small
hydropower, occupying environmental flows of the downstream and the development pattern at the expense of the ecosystem
approach would be unsustainable. Sufficient environmental flows would be essential to the river ecosystem in the
downstream, especially for maintaining the aquatic biodiversity. Environmental—friendly and social harmonious development
of water resources would be necessary to achieve sustainable development for small hydropower. Relevant authorities should
strengthen the planning and management of water resources development to ensure the sustainability of small hydropower and
the health of river ecosystem. In addition, this paper reflected that emergy analysis, as a measure of the environmental
support and the work to keep ecosystem sustainability, is an effective tool that is capable of providing an integrative

assessment, and then provide a basic for the sustainable development of small hydropower.

Key Words: small hydropower; ecosystem service; emergy analysis; ecological impacts
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Table 1 The main characteristics of small hydropower plant

FHILE

Wi H Ttem Characteristics Wi H Ttem FFAE(E Characteristics
7Kk Head of water/m . K% ydro-turbine i 7 -LJ-
K3k Head of water/ 11.75 KL Hydro-turbi s 32 ZDIP401-LJ- 161
BEHLZ Installed capacity / MW 3.2 K HLHL Electric generator &3 SF1.6-20/2150
i B Discharge / (m®/s) 32.2 T A ZRIZ 1T/ EL Annual uatilization hours /h 3810

ST 2010 4F5LBR HL i Actual 1 ge tion i
4% ML Annual generation / GWh 12.2 2010 fﬁ(;;;lj/:l‘ﬁfﬁliﬁg clual aniuat generation m - ¢ 13
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Fig.2 Diagram of the emergy flows in Guanyinyan SHP station
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Table 2 Emergy indices for small hydropower system assessment

GIE(EEEL D 75 IHRA £
Emergy indices Symbol or formula Description
7 Hb B B ] R A A Hb 5 SR PREE A Y T TR REAEL, WK BH BE L AR L XUBE
RL POy

Local free renewable resources Hi#AGE
4 il e R . § , 2
RARBATETR RO WL E B AT B S

ree renewable resources from outside

SRS RAE(E B . v 4 . .
ASBI B T TRV NL A PLBEHE AR T SRR, B R b
Local free nonrenewable resources

B AR NN ,

PRI GR PR WKL 2 5000 AR5 40T T35
Renewable fraction of purchased resources

: ES TR e L S A "
PTG A SR PN INZSZE R 22 300 AR 01 R P IR 43

Nonrenewable fraction of purchased resources

http ; //www.ecologica.cn



8 WA 4 ST REME BT A TR /N K F A S M 5T 2745
(5 &Y)

REfEAE AR 5 HRA e

Emergy indices Symbol or formula Description
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Ecosystem service losses

FAERSELIN

Total emergy input

Al %

Emergy yield ratio

REE SR

Environmental loading ratio

AT R

Emergy sustainability index

LES

U=RL+RO+NL+PR+PN+L

EYR=U/(PR+PN+Ly)

ELR=(NL+PN+Lg )/ (RL+RO
+PR)

ESI=EYR/ELR
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Table 3 Emergy evaluation table of Guanyinyan SHP station system
i e A lﬁﬁiiﬁﬁe KRk
Ttem Raw data Renewable factor o (sei/ B4 Solar emergy/sej
AR 3t B B T T B U
Local free renewable resources ( RL)
1 KPHEE Sunlight/J 2.10x10" 1.00 1022 2.10x10"
2 Ti7K Rain/J 3.82x10° 1.00 3.10x10%%2) 1.19x10"
3 KUfig Wind/J 1.84x10° 1.00 2.45%10%22] 4.50x10"
BN G e s 1.19x10™
Total local free renewable resources (RL)
P NN IR T
Free renewable resources from outside ( RO)
4 J K #HE River geopotential/J 2.62x10" 1.00 3.96x 10413 1.04x10'8
AR i G Bl AT HERT U
Local free nonrenewable resources ( NL)
5 HB A Stone/g 5.41x10% 0.00 1.68x10°0%) 9.10x10"
I A\ ¥5 U5 Purchased input (P)
6 7K Y8 Cement/g 1.64x10° 0.00 3.04x10°124 4.99x10"7
7 BERANEL Steel/g 7.80x10° 0.00 4.24x%10°1%) 3.31x10'
8 HEHRL A Wood/g 2.46x10° 1.00 6.77x1082¢) 1.67x10"
9 424 Explosive/g 4.77x10° 0.00 4.19x10°77) 2.00x10"
10 2% L Electricity/J 2.21x10" 0.00 2.92x10°10) 6.46x10"
11 & HL 4 Machinery/g 6.10x10° 0.00 1.13x10'0015) 6.87x10'°
12 %57 Diesel fuel/J 8.70x10" 0.00 1.21x10%28) 1.05x10'°
13 353) 7] Labor/) 8.14x10'° 0.90 1.24x100027) 1.01x10"
14 3847 4EJ" Operation and maintenance/ $ 5.89x10* 0.05 6.28x10'2»] 3.70x10"7
15 #i% IR % Construction services/ $ 4.70x10* 0.05 6.28x102(%] 2.95x10'°
16 FH7 %4 & Resettlement/ $ 1.18x10* 0.05 6.28x10'21%! 7.40%10'°
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5 b 2 ey ORI KM
Item Raw data Renewable factor UEV/ (sej// 847 Solar emergy/sej
TN oo
Renewable fraction of purchased resources (PR)

T E B A B TR 1.33x10'®
Nonrenewable fraction of purchased resources (PN)

W A %35 B3t Total purchased input (P) 1.46%x10'®
17 EBRGRSS K Ecosystem service loss (Lyg) 2.77x10'8
RE(E A A Total emergy input (U) 6.18x10'"
7= Yield (Y)

18 /KHL Electricity/J 2.26x10" 2.73x10° 6.18x10"

ORI M oB &8, ADF5E R F 2000 4FJ5 Odum B HE IR S @RGSR REME AL, BP 15.83x10% sej/a, N i3 HALAEEM(EZ
W]ELA AT b, 5T 9.44%10% sej/a 145G 51 04 200 BEAG (& LA 1.68(15.83/9.44) AT 48 30T s @057 3h f1 4% A £ 243 Sy 2 15 i A7 5 A
BEOAWIT H A 9.28 U7, B LA 30.5 B4k WA BE G 3h it a8 AT W47 8 3442 T.H ; Ik, 2010 45 55 30 1 A% Al 6485, 3l 33 1 42 52 45 3000 %
4. 186 H4 H P e FE -

A B AT S, A /K B A 72 R 48 2010 AF B RE(E B AN 6.18x 10" sej, A2 7= 2.26x 10" ] )
JKHL, BRI /INK LA RETEL G H0R R 2.73%10°sej/ T, TEREMESEF , e KA Tl A= 2 R GE IR 55 DI REY
K (2.77x10"sej/a) , 5 BT AN 44.84% , UL EIIF 5 7K FL 538 17X W] 3t 26 28 R G0 AL B8 3K
HYI K B S SABE AR AT A AP J2 1.04% 10" 1 9.10x 10" sej/a, 23 B A BEAE AL AT B R4 — =K
REAEH A o TFEAS b G 5% ] SR gl by, BV BHAE | R R RIXURE , B ZK P REA (1.19%10™ sej/a) 25 K1, ik
GRS, U RR WA SIS IR R b, A ABEIrD KR (4.99%10"sej/a) JETTHEY (3.70x10" sej/a)
A IR 45 ( 35 B 7K H ol 2 0T ] B LA FH 2% FH 45, 2.95% 10" sej/a ) J& = AN KU RE LI | 1 H B
BRI 5 ELBIAR /N, B 4 WK F s ) 2 B2 AR (B A B BB (4544

50 r

X 44.84
= 45+ 50
=E 40
Nz 35t
<5 3l
£5 55|
m =
gy 20
Ko 15}
¥z 10t 8.08 5.99 478
2 5t % 054 003 003 008 1.11 017 [] 163 3 120
£ 1 o 008 L1 ow ] 1e 12
SV o S I o 8
A A B Lz BT g

RE{EHI A\ Emergy inputs

4 EHUNKEBERBEERANGN
Fig.4 Emergy structure of Guanyinyan SHP station system
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Table 4 Emergy indices for Guanyinyan SHP station system in 2010

PR AN S A AR R % WA A 2SR R
REfE AR bR . . . .

. Excluding ecological Including ecological
Emergy index . . . . .

impacts from river cut-off impacts from river cut-off

RE{EHE 3 Transformity/ ( sej/J) 1.51x10° 2.73x10°
AEH™ R Emergy yield ratio, EYR 2.33 1.46
5171 3R Environmental loading ratio, ELR 1.92 4.26
Al RS EFEFR Emergy sustainability index, ESI 1.22 0.34

REME L ORI 18 RGP A Y R T TR AR BE (. AR R G A P R A 7= i s, BE (B e R T 3%
MERGERIET=80R , REAEFEBRAR, A =AR [) A9 77 5l BIr a BE da/0, ol 28 A [ B 2 ml A 7= Y T 22 07 5, DU )
ARG eRE 0 ARG A IR R Ui AR ASIRBE RN, /N K L B RE L SR B RN 2.73%10°sej/ T, KT I
ONTET 9 JBE L4 K LR A 76 30 %6 ( 43 301K 1.54%10° (1.57x10%sej/]) 1150 i A% J& R WA= A5 520, FLRg (7%
R 1.51x10°sej/ ), AT UL R4 S RGEIRA R KB T /IVK L AE R R G AE P2 30%

PREE 01 3R VPN 2R G0 2 AR SRS R ) RN — A BB AR, MR, R G0 A S IR TR
R B AL T PR EE 0 30 B 2 i R e Wi B Sh BB AL ) 25N %5 18 T e LR A5 IR B 2
WA 7K L 3 2010 4E AYIRBE R R 1.92 AR T VHA T _E PRI/ 3.2 3.1) 1 X H52E& Z R ET
IR TSR P O AE e A — 2 IR R IE S R GBI, /N K L B BEE £ R AR S B
R 73830 580N s T 2% BT WA S PR e 2 5, FRBE T BRI K & 4.26 , /K B uh B T BE R 8% o AR S K,
TR B A A R G AR, B R T K R X AR S TR R T

FRE TR B AERRGEIRZ )G, REREHE ™ 2 H 2.33 /NS 1.46, PR35 1 0538 K, 15 R 40 nT
PR, AT RR SR bR R AL RS NI RS2 & R T, (HB/ N, RGEAY il RELE R Sl 22 ARfseHh,
RGN ESI 2 0.34,38/NF 1, RIFIZOK LS A 7= R G RIH TR R G, K AR B R AT RRLL N ; 25 A5 18 T UiF
AEBIE , Z80 ESL N 1.22, X LB R il BeAE S R E 0B B2 1 /K R Al FRak &
JRPERR , JE T F I/ K L B ATE SR K B AR, B h T T B AR K LA S EREE R AR T & 05 SR A
CESZiR

3 ZBiR5RTF

AAIGE LARRAEL /AT BES S aith  B /K BE AT B8O K U WA S R G R S5 DI RE I 2 T A B 17 AR,
FE AT T /NKHIF R TSI R, 45 R R 1

(1)2010 4E X A /K G IZ TR 2 6.18%10"sej RUREMEBEA , Horp B T IR R S B0 A S R GRS
RIS REME N 2.77x 10" sej, 15 B R G REME B A1 44.84% | & R G s AT W B RIS FEIN, e S RS0
55 DIRei kv H SR R W R 52 5 e BT S A0 R I BRI K, SR K A A A S Ml 2 /N K HL

http ; //www.ecologica.cn



2748 A E = 358

JBETF e %t T Ui doe E B 22—

(2) A5 Z W KN T i S R GOE L, REEH ELR 4 1.92 K TR 8K B ol A IR FE bR, 117 EST Ry 1.22, &
Se a RS RE B ; T B 2 5 TSR RS0 ELR B9 K 3 4.26, EST /NN 0.34, RGN 24 Hb Ak S 3R 4%
FEST3E R AR RELL 0, i 2R B H 07 /KB & 7 RFF A AT REL & R i R )

(3) NS I ZE RRF , MR G/ INVK L BE — N FF R IRER, BIFE PR Bl i A= S TR K AT 82 T, /K B I
RSP RREASIN, BAE HET Tl ARolk A= T555 2 KK g R T Tl AR S 5 K AR XMEAS B B, /D
JKHL B TCIF I R TCEE MR T A & R GR L 25 £k

(4) /K TFF K BB K GRS (HE S 28 5 5 A e, KRS T I AK AR (R B 23 3 A TB) 425
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b, 2R B/ INK LT e AA: S R B U A & R i B i

MR WEEKBETERNKNTRESRERSRELNEREITES

Appendix Emergy evaluation of the ecosystem service losses in the downstream of the dam caused by the operation of the station
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