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Table 2 Power and energy value of each device in planning scheme of rural micro-energy-grid

OB AR ALEIRGURIAHL R R I etk L) L ERKAERE & HRERE

GES P Heat Lithium-bromide Gas . . Wind Battery Heat Cool
#L Micro- . . Air-source  Photovoltaic/
Scheme turbine/kWw  reeovery absorption-type boiler/ heat/kW KW power/ storage/ storage/ storage/
boiler/kW refrigerator/k W kW kW (kW-h) (kW -h) (kW -h)
TR 1 750 1125 1000 600 0 200 150 0 0 0
Scheme 1
S
T2 700 1050 900 300 300 200 200 0 0 0
Scheme 2
E X
Scheme 3 600 900 800 200 600 300 100 1000 1000 1000
R3  RFTYREMERESH
Table 3 Device parameters of rural micro-energy-grid
B AHBEHE A BATYE AR R [ B4R B BB S I ]
% Micro-source Initial investment cost/ Maintenance cost/ Available life/a Failure rate/ Average repair time of
(JC kW) (Ot (kW -h)?) (WK -at) each time in one year/h
KU, Wind power 10 000 0.110 20 0.11 70
Stk Photovoltaic 750 0.080 20 0.13 72
AR THE AL Micro-turbine 6800 0.020 20 0.18 12
AR Heat recovery boiler 300 0.025 20 0.12 10
WAL (il 2 L Lithium-
PUIEERIRCATRIFEBL Lithium 1200 0.025 20 0.12 10
bromide absorption-type refrigerator
RSN Gas boiler 200 0.030 20 0.10 10
2K PRIIE Air-source heat pumps 300 0.030 20 0.11 10
pump
17t Battery storage 200 0.020 10 0.03 50
PLETFSS Heat storage 200 0.020 20 0.05 10

PABAE RS Cool storage 200 0.020 20 0.05 10
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Table 4 Time-of-use electrical price of rural micro-energy-grid

JG+ (kW-h)"!
JAW] Bt Buy%ygiﬁcigrical Sell%g%@cﬁical
Cycle Period ! .
price price
e J5] 41 08:00 - 11:00, 0.759
Peak cycle 18:00 - 23:00 ’
B 07:00 - 08:00,
Flatcycle  11:00 - 18:00 0.510 0.65
BB 23:00 - 24:00, 0.261
Valley cycle  24:00 - 07:00 )

RS RETYLRERSEAIHE R B FITAN AR
Table 5 Pollutant emission coefficient and evaluation standard of
rural micro-energy-grid

4.2 RIFHEEMIFNIBIRAELER
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B A 1 h, EEEUEE N 1 a, AR ELE (g
F) MU ARREIA, EF (R %) e 238
A, H8#ZE ORMERNSE) H4a AR5 H 210
Ao ATEEEFR bR R T B 580 RIS L AT B3R
J T EACTEE, AW RAR R RS2 T H A AT
SKAHA o

o HOREL RGO AR B W 45 46 5 1 152 45 SR A 6 B i i
IM1Ss10n coellicient valuation standar » Ny N N .
I — i Fo i, W5y TR, TR 3
WORAEEAL R . ik oy e N =
Pollutant 0 Ak TR gk = Wk A5 R b s S
ollutan Micro-turbine/  Gas boiler/ Env1$irlllrlr§ntal Penalty/ RO L ARLBR S A HL AR U 2 e d /N, BrLATS Je i HE
— kY AR PN Y
(kg (W b)) (g RW-R)) ey Obeke?) B AR, TR 3 RS AT B A R U RN v A
NO, 6.19x10* 6.23x10* 7.064 1 1.766 0 Eﬁ,ﬂ:;éﬁj\:*ﬂ.gﬂ E/‘J%ﬂl Uﬁ%ﬁﬁﬁ ) ﬁ% 1 y‘j%’fjﬁﬁ*%o
co, 0.184 0.190 0.020 3 0.008 8 Y FE 53 VEAL 2% 48 B5 X AR TRE I 2R G 0 5 e R
cO LTA0Y 2000 08830 01413 SR P B VA8 5 A B 9 4% 9 B HE 1T 45
S0, 9.28x107 9.31x107 52980 0.883 0 AEA
6 RIHEEMIFMNIEIRTELER
Table 6 Calculation results of evaluation indexes of rural micro-energy-grid
— YRR e/ & =170 =R KR HE2 O HER3 izt
Primary indicator Secondary indicator Tertiary indicator Schemel Scheme2 Scheme3 Indicator property
b H AT .
" AR AL 1.01x105  1.1x10°  7.27x10°
e Electrical reliability A1l BB LR b ) ) .
Reliability A PV P AT FEM: i S BV 3.2x10°  2.9x10°  2.3x10° 1
Heat and cool reliability A2 R REBR LR A22 2.6x106  2.1x10°  1.9x10°¢ !
G 2 AT %%‘%%ﬁJ‘HBU/Eé 9.7x10°  9.8x10%  9.3x10° 1
B 105 B Svst (0 BI RYIaAT4Ed 9 I B12/7G 30903 35852 31658 }
conomies yStemm economies RN SR B3 487875 490250 479 000 |
HERE 4 TS YYHECE C 1 /kg 83153 86809  7937.1 !
FRfRpE Environmental protection of A AR REURAUHEALLL 1] C12/% 9.2 10.9 6.2 1
_ : | energy-supply equipment C1 A B AL (2L 4 C13/% 19.6 19.2 9.2 il
;‘j;f;’;j‘;ﬁ“g iR B PR L 8 26 S B 0 C21/% 0 0 10 1
Environmental protection of VA 15 £ T4 SR R C22/% 0 0 20 1
energy-storage equipment C2 fis IR 25 B 4 JE 41 3R € 23/% 0 0 20 1
s b FasE 5435 Stable benefit E1 SR HL I Dy A S B E11/5T 65315 58383  1409.1 1
K Am. -
SEvven
Benefit E FRSEAG b5 gL A il S E21/00 497.1 518.3 415.9 !

Environmental benefit E2

TE: T ARRAEPREUE NS s | RS R HOCS .

Note: T shows that the smaller numbers indicate the better indicators; | shows that the bigger numbers indicate the better indicators.
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Fig.4 Entropy weight of each index of rural micro-energy-grid
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Construction and application of evaluation indexes for rural
micro-energy-grid
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Abstract: The rural micro-energy-grid with electricity-heating-cooling-gas was a hot issue in the field of energy. Most
researches have been done on the modeling, planning and operation of micro-energy-grid. But the planning evaluation system
of rural micro-energy-grid is still lacking. To evaluate the planning performance on rural micro-energy-grid, the planning
evaluation system of rural micro-energy-grid was established in this study. The planning evaluation system contained four
primary indicators, seven secondary indicators and fourteen tertiary indicators. Specifically, the four primary indicators were
the reliability, economics, environmental protection and benefit. The seven secondary indicators were the electrical reliability,
heat and cool reliability, system economics, environmental protection of energy-supply equipment, environmental protection
of energy-storage equipment, stable benefit, environmental benefit. The fourteen tertiary indicators were the electrical
deficiency rate, heat deficiency rate, cool deficiency rate, initial investment cost, maintenance cost, ratio of price to available
life on the equipment, pollutant emission, installation rate of renewable energy, installation rate of heating-cooling-electricity
for supply unit, replacement cycle rate of battery storage, replacement cycle rate of cool storage, replacement cycle rate of heat
storage, electrical power exchange cost with distribution network, environmental pollution penalty cost. The formula of each
indicator were given for these 25 parameters. The weightof each evaluation indicator was solved using an entropy method,
indicating a flow chart for theimplementation. The weight distributions of these indicators were obtainedin the micro-energy-
grid, representing the evaluation value of each planning scheme. In the actual planning process of a project, it was usually
focused on small parts of the indicators, depending onthe environmental condition, funding and the needs of the project. It was
not possible to select the whole planning scheme fully complying with these 25 indicators in the actual evaluation. Therefore,
an expert evaluation method was also establish to show the weight table of expert evaluation indicators. The new weight/
values of the different indicators in the planning schemes were obtainedcombining the entropy and the expert evaluation
method, as well the new evaluation values of the whole planning schemes on the rural micro-energy-grid. Three planning
schemes of a village in the western China were selected as a case study to verify the proposed planning indicators in this
paper. The loading data of the heating-cooling-electricity in four seasons was given before the simulation, as well the time-of-
use electrical price and equipment parameters of the rural micro-energy-grid. The results showed that the evaluation values of
the scheme 1, 2 and 3 were 1.32, 1.14 and 2.47, respectively,according to entropy method. In the scheme 2,there was the
minimums in the installed rate of renewable energy and heating-cooling-electricity supply unit, whereas in the scheme 3, the
maximums considering all the evaluation indicators werethe reliability, economics, environmental protection and benefit.
Therefore, the expert system 1, 2, 3 and 4 focused on the reliability, economics, environmental protection and benefit,
respectively. The whole planning schemes of the rural micro-energy-grid were also re-evaluated by combining the method of
expert evaluation and entropy. The comprehensive evaluation value of scheme 2 has the highest valuebecause the expert
system 3 focused on the environmental protection indicators. In experts 1, 2 and 4, the comprehensive evaluation value of
scheme 3 has the highest value. If the project need is the reliability, economics and benefit, scheme 3 can be the best choice.
The findingsdemonstrated that the proposedevaluation system can efficiently evaluate the planning scheme of the micro-
energy-grid, and provide aninsightful applied guidance for the construction and planning of micro-energy-grid inrural areas.
Keywords: rural areas; power; rural micro-energy-grid; planning evaluation; indicator weight; entropy method; expert
evaluation method



