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Research on three small-scale agricultural ecological-economic systems in

Shenzhen City based on emergy analysis
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Abstract: The ability to transform different types of resource flows in energy, physical, capital and information into a
unified standard—emergy—makes emergy analysis is an appropriate tool for evaluating and comparing the structural
characteristics of input, production efficiency, environmental load, economic viability and the overall sustainability of
agricultural ecological-economic systems. The systems studied were Biling Modern Agricultural Technology Park ( Biling
Park), Xili Orchard and Shanhai Farm in Shenzhen, China. Based on a general emergy system diagram and emergy
analysis table, we constructed an emergy evaluation system to analyze and compare these three farms. As for emergy input
structure, Xili Orchard mainly relied on renewable resources, which accounted for 50.2% of its total emergy input; Biling
Park and Shanhai Farm depended mostly on purchased nonrenewable input. Xili Orchard had the lowest environment load
ratio ( ELR) value because of its relatively high renewable resources input and low level of purchased nonrenewable resource
input. Unlike Xili’s situation, Shanhai Farm’'s ELR value had the highest ELR because of its relatively low level of
renewable resource input and high level of purchased nonrenewable resource input. The emergy indices for sustainable

development (EISD) value were 12.70, 2.47, and 0.52 for Xili Orchard, Biling Park and Shanhai Farm, respectively.
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Although Shanhai Farm had a relatively high emergy exchange ratio (EER) , strong pressure on the environment limited its
sustainability. Also, we compared the economic index analysis with emergy analysis and found them to be consistent with
each other. Xili Orchard had the highest economic output/input ratio and benefits density, while Shanhai Farm had the
lowest values. The results show Xili Orchard was the most efficient system and Shanhai Farm was the least efficient system
from both economically and ecologically. We then used scenario analysis to predict how the three farms would develop in the
next ten years. The outlook for Biling Park gives it a bright future and an enormous potential for development. However, if
the Shanhai Farm continues expanding its tourism resources blindly without making an effort to develop basic agricultural
production, its pressure on the environment would continue to increase, preventing it from achieving sustainability. Xili
Orchard was the most sustainable, followed by Biling Park and Shanhai Farm as least sustainable. Emergy analysis was
found to be an efficient method for evaluating ecological and economic benefits of these farms, because it not only accounted
for the environment’s support and contribution to these agricultural systems, but also linked the environment and economic
evaluation with the Emergy Exchange Ratio (EER) and Emergy Yield Ratio (EYR). Emergy analysis is a bridge between
economics and ecology. Emergy analysis will help show managers of city farms they should strive to make the best use of
renewable resources which will facilitate agricultural production; city farms should also actively incorporate high technology
agriculture into their operations and understand the scientific system standards. They can then develop tourism rationally. In
summary, city farms should seek out new agricultural systems which combine high levels of technology and with ecological

tourism.
Key Words: emergy analysis; scenario analysis; Shenzhen; small-scale ecological-economic systems
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Table 1 Emergy evaluation indices
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Table 2 The overview of three farms
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Fig.2 The general emergy system diagram of three farms
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Table 3 The emergy analysis table of three farm systems

KFHREMH " . ;
. UK FH _ . DU A BH o " ity N E|

i R et wmigEREdE TR ASdE L, . 1Lt S A o .
ISR . - . AEMH (sej) o RETH (sej) o RETH (sej)

(sej/ $ﬁL) Raw data Raw data Raw data
ftem Emergy of Biling Emergy of Xili Emergy of Shanhai Emergy of

. of Biling of Xili Shanhai

transformity
A EHT R (R)
1 KFHAE/] 1.00 7.87x10'° 7.87x10'° 8.83x10'° 8.83x10'° 8.88x10" 8.88x10"
2 JAEE/T 1.50x10° 8.07x10" 1.21x10" 9.05x10% 1.35x10Y 9.09x10% 1.36x10'
3 FsKAb2ERE/) 1.82x10* 1.79x10" 3.26x10"7 2.01x10" 3.66%x10"7 2.02x10" 3.68x10'°
4 WKHEER/) 1.05x10* 3.11x10" 3.26x10" 3.49x108 3.66x10"7 3.51x10"2 3.68x10'
/Mt 6.52x10" 7.32x10"7 7.36x10'°
AR (N)
5 #LEEHR 6.25x10*1197 2 14x10" 1.34x10' 2.40x10" 1.50%10' 2.41x10" 1.51x10"
WA AN R B B R (FN)
6 ¥RIh/) 6.60x10*19 9 68x10" 6.39x10'° 9.68x10" 6.39x10'° 1.21x10" 7.99x10"
7H/] 1.59x1031%  1,30x10"? 2.07x10"7 1.30x10"? 2.07x10"7 4.24x10" 6.74x10'°
8 fe2h/g 1.60x10°19  1.25x10° 2.00x10" 2.50x10° 4.00x10" 2.50x10° 4.00x10™
9 LAt/ g 2.80x10°01% 5.00x10° 1.40x10%
10 AJ1(90% )/ 3.80x10°1% 1 .49x10" 5.66x10'° 3.55x10" 1.35x10" 5.91x10' 2.25x10'
11 BUR 5/ § 1.02x10"21101 1. 49x10° 1.52x10'®
12 figiia i A $ 1.02x10'201 2.84x10° 2.90x10"7 7.24%10° 7.38x10"
/Mt 1.85x10'® 6.95x10"7 8.38x10"7
WA A (0] BB 3EUR (FR)
13 ANJ1(10% ) /1] 3.80x10°1%  1,65x10'° 6.29%10" 3.94x10'" 1.50%10' 6.57x10° 2.50x10%
14 HHLAE ¢ 2.70x10°09  1.03x108 2.78x10" 5.16x107 1.39x10% 3.49x107 9.43x10"
15 HEMEFK /] 2.44x10*151 2.96x10"! 7.24x10 1.24x10'" 3.02x10" 2.15x10'" 5.25x10"
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(se]/iﬁL) Raw data Raw data Raw data
ftem Emergy of Biling Emergy of Xili Emergy of Shanhai Emergy of
. of Biling of Xili Shanhai
transformity
16 i ¥/¢g 6.60x1041% 7.80x10* 5.15x10° 1.17x10° 7.72%10"
/N 1.38x10'0 1.54x10'0 3.11x10"
REERBEILA (V) 2.53x10'® 1.46x10' 9.16x10"
RGBT (Y)
IKAE/) 3.59%x10410 1.30x10" 4.67x10%
/] 2.70x10*019 1.05x10' 2.84x10" 1.81x10" 4.88x10%
IKER/] 5.30x10%010 3.56x10"! 1.89x10"7 1.48x10" 7.83x10"7 5.34x10'° 2.83x10'
W) 1.71x10600 8.42x10' 1.44x10"
/] 2.00x10°01% 1.62x10'" 3.24x10' 8.10x10'" 1.62x10"
JiRwEl A $ 6.73x10' 061 3.55x10° 2.39x10" 7.47%x10° 5.03x10"
s EEE/$ 7.03x10'2001 3.06x10° 2.16x10" 7.47x10* 5.26x10"7
/N 2.38x10" 1.55x10" 8.43x10"7

3.3 fefHAERR

GTREME T R & R G RE R, 1T 7 D REETEM RS, I3 4 FiR . AR SCHFFEEEE R A 2010 4511
SEHb R AR N SCHRD T PR A R B AR 4R 2003 AR A A R GEREAE/ BT EER OBF 2010 A 24 4E M B 2010
AERY AT Y S TR LLRE M/ B T L RS RS AT R R R Y,

x4 3NRIGHIREES TSR LR

Table 4 Comparison of emergy evaluation indices of three farms

I H Item ZA1% Biling PEEN Xili 1117 Shanhai
1 AT (R) 6.52x10"7 7.32x10"7 7.36x10'°
2 AU THTBER(N) 1.34x10'0 1.50%x10' 1.51x10"
3 WA AT BRI (FN) 1.85%10'8 6.95%10"7 8.38x10"7
4 T AR A SR BE IR (FR) 1.38%10'0 1.54x10' 3.11x10"7
5 REBREERA (V) 2.53x10' 1.46x10'8 9.16x10"7
6 RGLERE(E ™ H(Y) 2.38x10'® 1.55x10" 8.43x10"7
7 BE{E% ) EPD = (U/area) 9.90x10'" 5.09x10"! 3.18x10"
8 fiEfl H 4% ESR=(R+N)/U 2.63x107"! 5.12x107"! 8.20x1072
9 FEE AR ELR= (N+FN)/(R+FR) 2.80 9.51x107" 1.09x10!
10 % AEfE " % EYR=Y/(FR+FN) 1.28 2.18 1.00

11 RBMAZCH % EER=YM/Y 5.42 5.56 5.72

12 AT RS R ESI=EYR/ELR 4.55%107! 2.29 9.16x1072
13 Al F5E8: & etk BERe AR EISD=EYRXEER/ELR 2.47 1.27x10" 5.24x107"!
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Table 5 Economic structures and benefit analysis of three farms
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Table 6 Comparison of emergy evaluation indices under scenario analysis
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