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Fig. I The system diagram of Kazakhstan
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Table 1 Emergy evaluation of Kazakhstan in 2014-2018
fiEff/sej
e T H AEE R FAf
20144 20154 20164 2017 4 20184

AR

1 OKBDE 1 sej/l  1.76E+22  176E+22  1.76E+22  1.76E+22  1.76E+22
2 HhAGE 490E+03  sej/J  1.55E+22  1.55E+22  1.55E+22  1.55E+22  1.55E+22
300 Mg 520 sej/J  9.00E+21  9.00E+21  9.00E+21  9.00E+21  9.00E+21
4 JKBRIE LK sei/l  697E+22  6.97E+22  6.97E+22  6.97E+22  6.97E+22

P2 HYAS ] ST o

5 fal 2.54E+05°  sej/]  1.34E+23  1.45E+23  1.60E+23  1.59E+23  1.59E+23
6 Bl 2.54E+06  sej/]  6.59E+22  6.77E+22  6.97E+22  7.22E+22  6.38E+22
7 Ml 1.01E+07  sej/l  6.31E+21 6.45E+21 7.02E+21 7.06E+21 7.27E+21
8 WM 1.87E+04  sej/J  2.72E+19  2.72E+19  2.72E+19  272E+19  2.72E+19
9 B, 1.87E+04  sej/]  1.12E+19  1.12E+19  1.12E+19  1.12E+19  1.12E+19
10 ZKBEUEAYEZERL 4.80E+04  sej/]  5.18E+21 5.18E+21 5.18E+21 5.18E+21 5.18E+21
11 KIpkhEE 2.54E+05  sej/J  7.48E+21 1.1I6E+22  1.05E+22  1.01E+22  3.31E+21
12 G 220E+05 sej/]  8.47E+22  7.25E+22  T.49E+22  8.16E+22  8.47E+22
N 3.94E+23  324E+23  4.11E+23  4.20E+23  4.06E+23
ANATHUH R
13 Ml 1.87E+04  sej/]  4.37E+19  437E+19  4.37E+19  437E+19  4.37E+19
14 il 1.O1E+07  sej/J  4.03E+20  4.03E+21 4.65E+20  5.14E+20  5.58E+20
16 FRLEEHL EZ Sl sej/T  6.70E+23  6.53E+23  6.54E+23  6.54E+23  6.55E+23
17 Mk 6.70E+04  scj/T  4.35E4+23  4.08E+23  3.92E+23  4.39E+23  4.64E+23
18 RAA 1.40E+05  sej/J  2.28E+23  239E+23  2.45E+23  2.78E+23  2.92E+23
20 " EZ S sej/lg  9.16E+21 1.54E+22  1.77E+22  181E+22  1.77E+22
21 &8 EZ S sej/lg  1.22E+22  6.50E+21 8.56E+21  9.28E+21 1.05E+22
/NI 1.36E+24  132E+24  132E+24  140E+24  1.44E+24
HE VG S =
22 BREE EZ S sej/T  2.20E+21 1.63E+21 2.25E+21 2.34E+21 3.18E+21
23 & 25 sej/lg  4.10E+21  3.98E+21  4.69E+21  436E+21  5.04E+21
24 HE EZ S sej/lg  2.86E+21  227E+21  3.40E+21  3.49E+21  4.33E+21
25 AR EZ 31 sej/l  3.38E+21  2.79E+21  3.88E+21  3.68E+21  3.71E+21
26 R, R, M 2% sej/l  T41E+20  5.07E+20  6.90E+20  7.34E+20  7.32E+20
27 WLRPRVG R EZ 3l sej/g  2.00E+21 1.51E+21  2.07E+21  2.08E+21  2.18E+21
28 fbE EZ S sej/l  3.50E+21  2.92E+21  3.92E+21  4.17E+21  4.16E+21
29 AT 23 sej/J  6.50E+21  4.51E+21  5.77E+21  6.01E+21  5.93E+21
30 MLssAscmEini s 2255 sej/l | 1.61E+22  1.12E+22  131E+22  131E+22  1.50E+22
31 HAbKs & 2.07E+12  sej/$  5.65B+19  3.78E+19  4.75E4+20  6.39E+19  3.42E+19
32 221E+05  sej/]  9.88E+20  4.99E+20  1.97E+21  2.04E+21  1.96E+21
33 BEORS 2.07E+12  sej/$  3.92E+22  1.06E+22  2.04E+22  1.28E+22  2.46E+22

/NI 5.63E+22  425E+22  2.63E+22  549E+22  7.09E+22
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ARG S SR T REMA A P se T AT R E R T 2223
&kl
. A b B/
e A L 20144F 20154E 20164F 20174E 20184F
HH TR B i
34 JRE 23 sej/J  577E+22  3.03E+22  3.30E+22  3.90E+22  5.22E+22
35 &R EZ S| sejlg  6.43E+21 5.85E+21  9.12E+21 1.I2E+22  1.02E+22
36 W 22 sej/lg  6.07E+22  3.19E+22  3.54E+22  422E+22  5.55E+22
37 ERARLTE EZ S| sej/J  2.37E+21 1.96E+21  3.03E+21  291E+21  3.54E+21
38 HkE, M, R 22 sej/J  1.39E+20  1.20E+20  1.55E+20  1.60E+20  2.45E+20
39 HWURPRLG SR EZ S sej/g 1.20E+20  9.14E+19  1.34E+20  132E+20  1.50E+20
40  fh2Es 2 sej/J  290E+21  3.17E+21  3.77E+21  3.02E+21  2.96E+21
41 EZz Sl sej/J  1.02E+21  1.04E+21  1.75E+21  1.24E+21  1.11E+21
42 PLEvRIzsEiz s 23801 sej/$  1.81E+21  5.95E+20  1.02E+21  7.95E+20  7.80E+21
43 B 221E+05 sej/J  256E+21  232E+21  3.56E+21  3.89E+21  3.54E+21
44 RS FEZXEMR sej/$  7.55E+22  6.01E+21 9.00E+21 8.26E+21 8.87E+21
45 JiRiEl R EMR sej/$ 1.62E+21  9.40E+20  9.80E+20  1.13E+21 1.27E+21
AN 2.76E+23  843E+22  1.00E+23  1.14E+23  1.40E+23

T a RPBEEAARAEERIE T NEADEHE R, b, Al EH R SR B AR TR, 78 A % NEAD #fii

B o A @SR EZRAIRIIR S, AR AR )

o s
S\ He

fEE . d Rl O™ LS

T BE 5540 B R 3548 12.0E+24 sej/a Tl 9.44E+24 sej/a 19 BB, e RS . iial 09 e B3 2
ABAE 3 T LR SR o ok, 2014 4R A9 8 1R S5 AR Bl S 1.A1E+11 sei/$; 2015 45 (9 Hh 11 I 55 Ui il >
9.73E+11 sej/$; 2016 4F 1Y 1 171 IR 45 AR B N 1.48E+12 sej/$; 2017 4E By 4 171 IR 45 FAR Bl A 1.27E+12 sej/$;

2018 4T (14 Y F AR 45 AR ek > 1.22E+12 sej/$.,

R2 20142018 FRaFF R BB REEISIR D AT 3R
Table 2 Emergy indicators of Kazakhstan in 2014-2018

_ ARG RS
Eiztun P
20144 20154F 20164F 20174 20184F
SBBE AT L Ulsej R+NS+NSHIMP 1.38E+24  1.36E+24  1.37E+24  1.43E+24  1.46E+24
REAELMT SR B 48 5 -
HEE % % ED/(sej/m’) Ul/drea 5.04E+11  5.00E+11  5.03E+11  525E+11  5.36E+11
NIIBEAE (5 A it/ (sej/capita) U/Population 791B+15  7.71E+15  7.68E+15  7.87E+15  7.95E+15
M 5T FL2R EMR/(sej/$)  U/GDP 9.50E+11  9.73E+11  148E+12  127B+12  1.22E+12
B e R L Electricity/U 0.06 0.05 0.06 0.06 0.06
DEH ORE(E L IMP/EXP* 0.59 0.50 0.48 0.48 0.50
AEMEIE AR EIR IMP/(R+Ny+N;) 0.04 0.03 0.02 0.04 0.05
TR 1Y AT RS K A8 AT EmSI:
ISR ELR (IMP+N#+N,)/R 18.75 18.57 18.72 19.55 19.99
BEME ™~ tH 2R EYR U/IMP 16.87 21.10 22.10 26.11 20.64
FLTREIE A AT sl R A 5L EYR/ELR 0.90 1.15 1.18 1.34 1.03

Hieoa R, ATHCRGORAEMEGE M 4 b, No, HUBEEAIROBEIR; o N, SRR d IMP, JEOREERE; e

EXP, HITRE(EHE

JREHGE A E 5

REMEHAR (K4) HRGERANYFERE RS RGN IHFER A R PTEBEME Y L

i,

PR P REMELE (B 4) W I 7R 32 15 5 R0 3t DX 5 A1 5 06 47 ) o 9% 8 58 45 i 350 3R P
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Fig. 2 Proportion of total emergy used of each component of Kazakhstan in 2014-2018
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monetary ratio of Kazakhstan in 2014-2018
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Fig. 4 Imports to exports ratio, electricity fraction and emergy
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i Fig. 5 Emergy indices of sustainability in Kazakhstan in 2014-2018
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Evaluation of Kazakhstan's sustainability based on emergy theory

LI Hai-tao', LI Ming-yang'*
(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: Kazakhstan, an important country along the Belt and Road, is rich in non-renewable
resources such as petroleum and minerals. Its economic development ranks first among the five
Central Asian countries (Tajikistan, Uzbekistan, Kyrgyzstan, Turkmenistan and Kazakhstan)
and has friendly trade relations with China. Therefore, understanding the economic
development status and sustainable development of Kazakhstan is of great significance to
bilateral friendly cooperation. We applied emergy theory to analyze the resource utilization
structure, foreign trade status and sustainable development of this country in 2014-2018. The
results showed that about 89.94% of Kazakhstan's total emergy used depended on the
consumption of local non-renewable resources, and there was a large amount of raw materials
(such as petroleum, minerals, metals, etc.) for export, which undoubtedly has a greater impact
on the ecological environment and increasing environmental burden of Kazakhstan. And the
export of low value- added products placed Kazakhstan in a disadvantaged position in the
foreign trade market. The emergy money ratio showed that Kazakhstan's unit currency has low
purchasing power (9.50x10"-1.22x10" sej/$), and the amount of emergy purchased per unit
currency is small, the country's economic development is still at a lower level than that of
developed countries. The emergy yield ratio fluctuated within a range of 16.87-26.11. From the
perspective of emergy-based sustainability index, the emergy yield ratio was 0.90 in 2014, the
system development of Kazakhstan lacked sustainability. From 2015 to 2018, the index was
higher than 1, and the system development was sustainable. In addition, Kazakhstan has a high
environmental loading ratio, which is mainly due to the exploitation of local non-renewable
resources, and the utilization efficiency is low. In view of the above, this paper puts forward
suggestions such as strengthening the development of renewable resources, improving resource
utilization efficiency, and improving the structure of foreign trade to enhance the
competitiveness in the world market, in order to promote the orderly and healthy development
of Kazakhstan.

Keywords: emergy; sustainability; Kazakhstan



