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The sustainability analysis of small hydropower plants in China based on

ecological energetic accounting
PANG Mingyue, ZHANG Lixiao“, WANG Changbo

State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract; With the rapid development of small hydropower in China, its sustainability has drawn more and more attention.
Using emergy analysis, one of the ecological energetic accounting methods, the overall sustainability of small hydropower
system was analyzed in this paper, when choosing Hongyan second-cascade hydropower plant, Anlong County, Guizhou
Province, China as the case. With the ability of accounting all forms of energy and materials from both environment and
economic society on a common energy basis, emergy analysis has been used to analyze various kinds of systems such as
agro-systems, wetlands systems, and urban systems. It has been proved as a powerful tool of the sustainability assessment of
ecological economic systems. The related indices and ratios based on emergy flows can characterize the resource use,
environmental impacts and overall sustainability of the studied systems, such as emergy yield ratio (EYR) , environmental
loading ratio ( ELR), and emergy sustainability index ( ESI). The results showed that the studied small hydropower
production system produced 8.79x10"] of electricity in 2010 by support of a total emergy of 9.04X10" sej, in which river
geopotential energy was the largest input, accounting for 48.35% of the total input. As a whole, 77.29% of the total input
was from environment, which indicates that the construction and operation of the studied production system depended
heavily on the local free environmental resources. And the transformity of electricity in 2010 was 1.03x10° sej/J, with a
fraction of 52.01% renewable resources. By contrast, the transformities of electricity produced by large hydraulic projects at

domestic and abroad were larger than 1.50x10° sej/J. Indicated by the comparison of EYR, ELR and ESI among the studied
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# W IRAER Corresponding author. E-mail ; zhanglixiao@ bnu.edu.cn

http ://www.ecologica.cn



538 JAE = 34 %

system and the large hydraulic projects, the studied system possessed a higher competitiveness, a smaller environmental
stress and a better sustainability. However, the value of emergy exchange ratio (EER) was 0.58, implying that the actual
price of electricity integrated into the grid in 2010 was unfair for the studied plant. The process of integrating the electricity
into the grid lost certain emergy for the plant. Additionally, a significant feature of small hydropower is unstable operation
caused by lacking of dam or reservoir, which is different from large hydraulic projects. The operation of small hydropower
plant is largely influenced by precipitation and other water diversion activities. Consequently, the generation of the
electricity differs from year to year, which results in the fluctuation of related emergy indices. Moreover, it was found out
that when the generation is 50% of the designed generation, the transformity of the studied production system is close to that
of large dams on Mekong River and the value of ESI declines remarkably from 6.12 to 3.01. It is concluded that the
sustainability of small hydropower production system is very sensitive to its generation. And the generation is determined by
the amount of exploitable water resources. In order to improve the sustainability of small hydropower in China, it is

important to make a good plan of exploiting hydropower resources and ensure stable operation.

Key Words: small hydropower; ecological energetic; emergy analysis; environmental performance; fair price; unstable

operation
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Table 1 The designed operation and actual operation in 2010 of the study site

I H Ttem

2010 A 5EbRisfT
Actual operation in 2010

Bitia AT

Designed operation

7K 3k Head of water/m

BEHLZ 5 Tnstalled capacity/ MW

Wi Discharge / (m*/s)

Wi 11351847/ Annual wiilization hours /h

4F &% H1fE Annual generation / GWh

4 | R H1L4E Annual generation integrated into the grid / GWh

496 496
8 8
2.06 2.06
3920 3066
31.4 24.5
29.3 24.4

JIFE REAEZHE 7 i 855 55 T8 L A% rp 1 42 5l R
B AR A s re "  SEBRR R K B BE
AL ETEHL IR BT A AR WA e B b i R e
BT LR DL BHBEE ( solar emergy ) A i £l 12— HE
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sej) 7 ANFEZEANBIRE R BDBE L (1) (B (g) FItR
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Fig.1 Diagram of the emergy flows in the studied system
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Table 2 Emergy-based indices for small hydropower system assessment
[HE R 5 IHRAK e
Emergy index Symbol or formula Description
2 b B ] B U A Hb SR IAEE A B T SR REAEL, 0 K BH BB L W RE L XURE
- RL 2,
Local free renewable resources b P fE S5
A7 % R U . N
ORI A SRR RO W LA B T S
Free renewable resources from outside
AT BB TR UR . N . .
ISP R ATVR NL ACHEHE R A B P RV 8 A 4
ocal free nonrenewable resources
/.; %Q/ i NS RN N
PTG B PR WAJEZE - A R 5 T 7
Renewable fraction of purchased resources
HTI A B IR NN
IS A B PN IAZEZE Y 280 A R 6007 535725

Nonrenewable fraction of purchased resources

EIRIERSS

RESSRA U= RL+RO+NL+FR+FN
Total emergy input

A ET e |

TEBREEILA %R= (RL+RO+FR)/U
Renewable emergy fraction

B =

R/ EYR== U/(FR+FN)
Emergy yield ratio

WEEfh 2% ELR = (NL+FN)/

(RL+RO+FR)

Environmental loading ratio
AT $ b

Emergy sustainability index

REE SR

Emergy exchange ratio

ESI = EYR/ELR

(sej/ §)

country

EER = [ ($ jcome) X
17U

RGBT AR ETT R

SR GLIBATH ] R RE(E G B REEL R
MERGBITHERES A S RAREZL, KU F
Ge M ANZE LA 2k A R REAELX AR 5% U 4 0T 2
SCERRGUBAT IR AL SR SR (AR RS SRR ) T
SR BIR 2 L], R RGBT A R PR S
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Table 3 Emergy evaluation table of the studied system

TiH JE bR B BT L) 7 AR KPFARE
Ttem Raw data Renewable factor ~ UEV/(sej/ 5.4 ) Solar emergy/ sej
A G 3% T TR Local free renewable resources( RL)

1 KPHBE Sunlight/J 4.74x10" 1.00 112! 4.74x10"
2 Fi7K Rain/J 6.41x10° 1.00 3.10x10*(%) 1.99x10™
3 Ak Wind/J 2.73%10° 1.00 2.45%103[%] 6.70x10"
RL &1t 1.99x10"
SN A A3 AT BT 95U Free renewable resources from outside( RO)

4 [ K #HE River geopotential/J 1.10x10" 1.00 3.96x10*(20) 4.37x10"
A0 3% AF 7] B B WS UE Local free nonrenewable resources( NL)

5 HBA M Stone/g 1.56x10° 0.00 1.68x10° 18] 2.62x10'8
I A FZ U8 Purchased input(P)

6 7K Y8 Cement/g 9.17x10% 0.00 3.04x10° 26 2.79%10"
7 HARHFT Steel/g 4.57x10° 0.00 4.24x10°%7] 1.94x10'°
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T H JE R B AT LA AL REE N (E p NN
Item Raw data Renewable factor UEV/ (sej/ i) Solar emergy/sej
8 A AM Wood/g 2.45x10% 1.00 6.77x10% 28] 1.66x10"
9 424 Explosive/g 2.17x10° 0.00 4.19x10° % 9.08x10"
10 2% L Electricity/J 2.21x10" 0.00 2.92x103 1 6.46x10"
11 & H %% Machinery/g 1.26x107 0.00 1.13x10'0[20] 1.42x10"7
12 4531 Diesel fuel/J 3.26x10" 0.00 1.21x10% 030 3.95x10'
13 35301 ) Labor/J 9.02x10'° 0.90 1.24x10°1%! 1.12x10"
14 iB1T4EP" Operation and maintenance/ $ 6.03x10* 0.05 6.28x10"2131] 3.79%x10"
15 M55 Construction services/ $ 2.99x10* 0.05 6.28x10"2131) 1.88x10'
16 FH7 4 Resettlement/ $ 6.35x10° 0.05 6.28x10'2 31 3.99x10'
17 BL%% Tax and fee/ $ 1.07x10° 0.05 6.28x10'231] 6.74x10"7
CIEE PN 3.31%10"
Renewable fraction of purchased resources (FR)

A T A B O L79%10'8
Nonrenewable fraction of purchased resources( FN)

I A\ ¥F IR 3T Total purchased input (P) 2.05x10'8
BEfHEFEA Total emergy input (U) 9.04x10'
PR Yield(Y)

18 7K i Electricity/J 8.79x10" 1.03x10° 9.04x10'
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Fig.2 Structure of detailed inputs for the studied system
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Table 4 Emergy indices for the studied system and large hydropower

WFgExt4 X A 4H

i H Studied system Comparison systems
Item . [20] i anl20] Tt 2] = I e 41 (22]

ST 2k Pa Ml?ng Chiang Khan £ Fl‘!aj( 3/ =l

EIES| IS | EY

RE{ELAE 4 % Transformity/ (sej/J) 1.03x10° 1.54x10° 1.57x10° 2.54x10° 5.58x10°
M= (EYR) 4.40 1.39 1.34 1.86 0.73
R4 71 3% (ELR) 0.92 3.2 3.1 2.94 0.71
HEfH W FFLL38 bR (ESI) 4.77 0.43 0.43 0.63 1.03
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Fig.3 Diagram showing the emergy exchange in the process of the electricity integrated into the grid
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