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Calculation method of energy ecological footprint based on global net

primary productivity
FANG Kai"*, DONG Deming’, LIN Zhuo®, SHEN Wanbin® "

1 Institute of Environmental Sciences (CML) , Leiden University, Leiden 2300 RA, Netherlands

2 College of Environment and Resources, Jilin University, Changchun 130012, China

Abstract: Net primary productivity (NPP) is a conceptual breakthrough in improving ecological footprint ( EF) analysis.
Three common features shared by the two assessment methods are the following: (1) an overlapping of space occupied. EF
converts all consumption into land most of which also participates in global carbon cycle and is involved in net primary
production; (2) the same basic measurement units adopted in them. EF that uses biological productivity as the basic
measurement unit converts physical hectares into global hectares equal to the global average productivity, and NPP is
employed as a common indicator of biological productivity. Therefore, both methods measure ecological sustainability
directly based on biological productivity in essence; and (3) the complementary to each other for further information. They
both emphasize the desirability of reducing the demand for nonrenewable resources. NPP can provide some missing
information on analyzing sustainability when combined with EF. On the other hand, EF is able to compensate NPP for the
lack of straightforwardness when tracking the maintenance of the biosphere’s capacity. As a matter of fact, more and more
studies attempt to include ocean, grassland and cropland’s capacity for carbon sequestration into energy ecological footprint
(EEF) assessment. However, EEF, the most important and disputed subject of EF, has rarely been applied in combination
with NPP as modified methodologies. Of particular concern is how EEF is defined and what it actually measures, exclusion
of a majority of land and water and failure to capture their actual capacity for carbon sequestration. Moreover, it illustrates
the hypothetical land appropriation of energy consumption, which is inevitably in conflict with the actual appropriated land

for biological production in one aggregation of EFs calculation. In this paper, a modified method for assessing EEF is
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developed based on global NPP | thereby primarily focusing on the interaction between CO, emissions and land carbon
sequestration. The results demonstrate the followings: (1) ocean, forest and grassland are the principal spatial components
of EEF equivalents that measure EEF per unit mass of energy, accounting for 28.32% , 27.25% and 21.77% of the total,
respectively; (2) the EEF factors that represent the calorific values per area of land appropriation for each group of energy
decrease from 9.76x107 to 68 GJ/hm’ corresponding to electricity, gaseous energy, liquid energy and solid energy; and
(3) all the energy sources would produce less ecological impact when using the modified method compared with the
traditional method, as a result of considering the contribution of carbon sequestration from all types of land and water on the
globe. It is indicated as follows: (1) the EEF based on NPP reflects the world-average land appropriation of energy
consumption; (2) linking biological productivity and carbon sequestration rate through NPP is able to reduce the disparity
in spatial composition between EEF and the biological EF and hereby enhances their logic consistency; (3) changing the
basis for EEF calculation from forest’s carbon sequestration rate to NPP | is a useful tool for assessing the world-average land
appropriation of energy consumption; and (4) the modified method can be used to improve the validity and accuracy of the

calculation results and make more meaningful assessment of energy consumption for sustainable development.

Key Words: ecological footprint; energy ecological footprint; net primary productivity; land appropriation
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JEIIEH T, energy ecological footprint factor, EEFF) ;@ Hi&F—2KETR IR BE I 22 805 LLBE TR K 115 2] B
JE P REE LI (LA RTFRBE IR L 24 i, energy ecological footprint equivalent, EEFE)
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173 A2 13, 7T UL 2 AL 28 e BRI A3 R R R 22 5 ) B W RE ) S — AR X 58
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G SRRSO, AR SCHER AL T A BRI 20 7 0 R RE TR R 3 T35 VA 4 580 5 I LA BRI
2 HARAE
2.1 HAHE

NPP i &5 (O AE Yy 76 507 o [5) 0 AL T AR BT BR E % AR 0 J BT LT B A 7 e, o i R BARA A
(I 20 1 RN A 25 R G 0 5 RE 2 5 A SRR IR | T L L 512 S 4 5 - i 9 A ) 2 P R IR AR A 10 10
PRI, R T NPP K A= A 7 T g s RE ST A S —

AR G IR BT B R A AR R R BRI AR I A TR Tl B, 2% i 3
PRI A RV GE IR 2% 5 I 28 TR PERFE 22 AR SO 2 5 0 CO, 1 3 28 30 ph M b ™ R 38 42 R 4 9 43
AL ],

D PRAIESS SR AR T L IX — A 25 R B F KA AL, 2% 28 b MR KA ) THD AR R NP P 24 2Re FHY 4 3R Rl A g
TE L, PRI KL T Ak NPP (W RRIE R 2 SN  AE 2 BR M R T B A 7 T 4T, WIS RE R 2 0 AR
Hh IR e T T & S - RK AR TR, AR Z0E S, A BROF- 1 NPP SR R ARBE T SCHE , BT
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E1 ETFHEVREFNOERETHS
Fig. 1 Concept of EEF based on NPP
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A=Y YA, (1)
n =1 i=1

LA, S kMR (hm® ) 5, m 20 B0 B RO 7 K (2 <n<4,0<m<3,m=0 iif, iAij -
A; ) A NS AR TR (hm?)

F1 CERRLHHERES LFKERBYERS SNRESD
Table 1 Area and NPP of global different land and water types of former researches

KA Land and water Atjay!2¢] Mooney USDE!?7] Venetoulis
257 syt TR Area NPP i Area NPP TR Area NPP THIB Area NPP
Type Subtype /(10°hm?) /(1C-hm™2-a)  /(10°hm?) /(1C-hm2-a”') /(10°hm?) /(iC-hm2-a™') /(10°hm?) /(1C-hm2-a7!)
ﬂ“#ﬂ‘ ¥
it ﬁ?%lﬁ]‘ 1.76 7.784 1.75 12.514 1.48 9.250
Forest Tropical
JEHE AR
L 1,04 6.250 1.04 7.788 0.95 6.763
Temperate
A 1.37 2.336 1.37 1.898 0.90 3.550 3.61 6.583
Boreal
i ﬂﬂjﬂ.glﬁ 2.25 7.867 2.76 5.399 2.50 7.470
Grassland Tropical
N +w+.—l
I 74 1.25 4.240 1.78 3.933 1.25 3.500 2.98 4.835
Temperate
#iHb Cropland 1.60 4.250 1.35 3.037 1.48 4.250 1.48 4.243
H UM Built land — — — — 0.20 1.000 0.20 0.997
2 b b ke
ﬁi?ﬂjﬁtﬂ iR 4.55 0.308 2.77 1.264 3.00 0.502
Low productive land Deserts
STy
FRAL 0.95 1.053 0.56 0.893 0.95 1.050 6.61 2.080
Tundra
1z Wetland 0.35 12.286 — — 0.28 11.800 — —
JKIE Water body — — — — 0.20 2.000 2.13 5.344
7 Ocean — — — — 36. 14 0.570 34.36 0.959

ARAE =y e A I B IR R L, AR, T T AT MO, R e 60 5 Al R B, /K SR A 2 BB R B 43, L3t st
Bl D, BN AR A A ORI IR0 SR 2 ; Kivzes %60 VRRAIE th R% BBk b AT b 7E 3 LV RN A e 3w 0 1 9 2 A5 IR 5, Bt 2
A (A ) | AP AR B D, X R R A A AR FTRE B 22 /0 ST B X JR) S R T RESE IRAR G ; TRES6 2 P 0 (IRAE M ) B R (0
JE) T REAE S BN Ry b AR A R

(2) THHEAIE LA NPP
B— LY NPP A& 4z M p gl b = i (B T AS NPP B3R Z FIBR LA L —25 11t
Bk

n

iA NPP,

NPP, =% (2)
k

XA, NPP, A kIS G R ) (WC - hm e e ) s NP R A i 02K M A TR
(tC+hm™-a™"),

(3) IHAREEENPP, iy TP BT 4 RAN SRS 31 452 L M ) 9 A7 B A BR EAAS 26 1
o T AR R4 3] 42 Bk V-2 NPP

8
2 AsNPP,
NPP,, = —F—— (3)

> 4,
k=1
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[ NPP,, BP9 A 7 01 (1C-hm ™ a™)  B05 8 AR R FUK RS BUR Akt | B st okt |
U KA S Sy TR M KA
L b 3 AR BIAHRSE By 5945 2 - Hb FK AR RO TE AR RN NPP {E (£ 2) .
F2 WS HAAKERNER ENRER N5 ENREE

Table 2 Area, NPP and total NPP of global different land and water types
A7 1t

. - . ; - o F
e fs:U) K Bt HEB I Low i IR {258 G lohfl/
Item Forest Grassland Cropland ~ Built land  productive Wetland ~ Water body Ocean !

World-average
land

& Area/ (10°hm? ) 3.82 3.69 1.48 0.20 4.85 0.32 1.17 35.25 50.78
NPP/(tC-hm™%a™") 6.750 5.576 3.971 0.999 1.168 12.070 5.057 0.760 1.863
2 %/:t Ly =N
i R 25.8 20.6 5.9 0.2 5.7 3.8 5.9 26.8 94.6

Total NPP/(10° tC-a™")

2.2.2  FRIKIAR A A A 7 e S R
252 M RR AR () 0 7= e ph HLTE AR NPP THARL
NPP,, , = A,NPP, (4)
K NPP,, , FHE kAR 9 A 77 7 (107 1C-a™ )
8 J& - i RIK AR () A 7= A 8 E A 380 £h 45 1 VR A 7 ek 5 AR R A 7 i 1 LU (A A

8
wk = NPPwt,k/ Z NPPun,k (5)
k=1

K w0, R kMR P A B (% )

&2 MR KA A SR PR N 2R 2 IR o TER BRI BN e 2 7 Al i (181 2) 5T AR i (I
3) FEAE B 2200 e AR P iR B ) e i S AR A Y PR B K B IR 7R T 3
AL FH 5 TR ok b 8] Pl v AR O Ve I Tyt R R AR KR TR R B, o
TR NPP A%, AR, SEOLE I 2L 7o sk B ) 9k P2 B AT 173, 452 LRk 44 b i
15 5 WA NPP 28 55 T oA 25 28 = i RK A (R R T RS 3R SRR 0. 63% , TR A 7 1 4
BRI 4.02% ; & bR AL I H A i NPP (B & T ) |, N2 i AU/, 5 3O 0 7= i A0 7 Bk
f90.21% , 45 M RK R P el (EASE R I R R e G 7 i o BRIV 27. 25% , ASAUBEAR T-ifg

72 7.52
% . B .

Bt h %
a8 i H 2.91 a HH
B i 039 G
O # % i H A & i
B R4 Ty 3t 4 HH9.55 0 e
bt = )i
=k 0.63 o Jii
=i 7\-2.30 @ ki

s 9 % 69.42 "

77021 ¢ 9
2 EIRETHMKE LB SR E =2 LG/ % 3 ERE MK EB W ERIME LB/ %

Fig. 2 Total NPP proportion of global different land and water types Fig. 3 Area proportion of global different land and water types

2.2.3 felRmHE Y =
P A S RB TR IR e PR AE 2 BRI A HE Al 22 50 38 JHE P 7 o st P e HE s i ( DT fT B HE S £, carbon
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emission equivalent, CEE) 255 U13% 3 fi .
CEE =CVF-CEF (6)

[, CEE N RBIERBRHEACY 5 (1C/t) s CVF A BEIAREE R AL (TI/v) , 45 B0 BT it BEIEAR SR IS il 7 A 1 44
{EL; CEF 2y RE 8 ik HF i 22 80 (1C/T)) |, 48 7 A B BE i 75 I FE Y B %, CVF HI CEF $9 U H TPCC
ek,

o BRIt P T PRIR IR %) 22 A T A6 P 9 R 1) B DR 2R BRI AR ], AR BP (S A 9h A W) ST
T, L 7K H RIS L 4R B2 & 3K, 2008 AR & HL R Z L 16012011 AR SC B HL 7k
HLAIAZ LY RS Herh K R RIA L BRI 143012924 0. 058107 0. 053X 107 4tC-kW - h ™ % K HLfY
MR IR A ATl R R AR A, =3 IR 1 (4330 0,293 %1070 ,0. 215107 ,0. 231 x107°
tC-kW ™' eh™ PO RS A T AR A R R R R L A B H 1 T AT 35 HE Y B 0. 245 X
107 tC-kW™'-h™",

x3 BEBREBNHBHMLEE
Table 3 CEE of different energy sources

RS SRBERE AL THER R 5L T HE R Y
Energy sources CVE/( TI/b) CEF/( C/T)) CEE/( 1C/t)
JEHE Crude coal 0.021 27.2 0.571

#2J% Charcoal 0.028 25.8 0.722

JEH Crude oil 0.042 20.0 0.840
JRRHIN Fuel oil 0.040 21.1 0.844

¥R Gasoline 0.045 18.9 0.851

53 Kerosene 0.045 19.6 0.882

4E7H Diesel oil 0.043 20.2 0.869
KHRA Natural gas 0.029 16.1 0.467
WALA M LPG 0.047 17.2 0.808

K HA, Fossil electricity * — — 0.245%1073
7K Hi Hydroelectricity * — — 0.058x1073
#Hi, Nuclear electricity * — — 0.053x107*

# IPCC i it it B0d , P 0 el fle ) B34 1C kW' h !

2.3 RelR R Y i KA [
H 2% S RE VR B BRHERI 2 A A ROV 1 NPP 3 AE VR 2 55 2 i
EEFE=CEE/NPP (7)
K, EEFE BRI LT Y 5 (hm?/t) .
[E123/ LR e e gt ol (B 305 A N 2 DO wh A v € NS 2 91 2 R ) s I el
EEFE, =EEFE -w, (8)
A EEFE, MRBUE LI 2 1955 b 2828 (B AL (hm*/t)
H S P RS RE T A2 35 214 10 2 [ 2 I

EEFE,,, =| ¢ . (9)
o, my, WS p RBEIR L i A HS b 2RAS R (hm® /1)

H 3% 4 AT H A R S 5 TE 2. 8449%107°—1. 3151x10 hm> kW'~ h™" | Hoip B fe /N, KL JE R ok
HLER R, A KRR A0 2 50 Y T 7E 0. 2506—0. 4734 hm?/t, Tl RIRS, i e . Ak b Bk 2K [
AEEIR L E BN RS RER R A RE IR R, A5 R R L WV AR AR 53 o R TR 2
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W 77.34% UL = F SR T BRI R BRSO A AR 55, AN B A HE CO, Al B TR, R A RE
TR FE PR DIRE T4 Kk Bk AR A 7= g MR 4% 7 5% Zc Ay, O 3T, a0 iR T e AT = 1) B i AR
NPP 2E 5 AE AR 5 13 LARR 2T R s B B AT o U B (EL RS BE SR 32 254 k) 3 A TS 2/ N

R4 BREXBENETHERHTEMBER

Table 4 EEFE and its spatial composition matrix of different energy sources

23 [B] 4 A Spatial composition

B3 K AEIR A7 14
Hb/ﬁx@ [T =% e L - PN
Enerer sonrces RIBNE M iy B R Low L) KB ¥
ey o EEFE Forest Grassland Cropland Built land  productive Wetland ~ Water body Ocean
land
JEHE Crude coal/ (hm?/t) 0. 3066 0.0836 0. 0668 0.0190 0. 0006 0.0184 0.0123 0.0191 0.0868
fEH Charcoal/ (hm*/t) 0.3878 0. 1057 0.0844 0.0241 0.0008 0.0232 0.0156 0.0242 0.1098
JE Crude oil/ (hm?/t) 0.4509 0.1229 0.0982 0.0280 0.0010 0.0270 0.0181 0.0281 0.1277
IRARHH Fuel oil/ (hm?/t) 0.4530 0.1235 0.0986 0.0281 0.0010 0.0271 0.0182 0.0282 0. 1283
¥ Gasoline/ (hm?/t) 0. 4565 0.1244 0.0994 0.0283 0.0010 0.0273 0.0184 0.0284 0.1293
i Kerosene/ (hm?/t) 0.4734 0. 1290 0. 1031 0.0294 0.0010 0. 0284 0.0190 0. 0295 0. 1341
8531 Diesel oil/ (hm?/t) 0.4662 0.1271 0.1015 0.0289 0.0010 0.0279 0.0187 0.0290 0.1320
FIRA Natural gas/(hm?/t)  0.2506 0.0683 0. 0546 0.0155 0. 0005 0.0150 0.0101 0.0156 0.0710
WAL A LPG/ (hm?/t) 0.4339 0.1182 0. 0945 0.0269 0.0009 0. 0260 0.0174 0.0270 0. 1229

KA/ (hm*kWLh™1)
Fossil electricity
JKHL/ (hm*kW™h™)
Hydroelectricity
B/ (hm™>kW™"h™")

Nuclear electricity

1.3151x10™  3.5837x107> 2.8636x107> 8.1596x107° 2.7815x1077 7.8773x107° 5.2877x107° 8.1930x107° 3.7239x1073

3.1133x107°  8.4839x107° 6.7791x107° 1.9317x107° 6.5849x107% 1.8648x107° 1.2518x107° 1.9396x107° 8.8158x107°

2.8449x107¢  7.7526x1077 6.1947x1077 1.7651x1077 6.0172x107° 1.7041x1077 1.1439x1077 1.7724x1077 8.0558x1077

2.4 [l 2 AT

A 3 BE VR A 2 R RE R 2 B BT SRR R AL T, (LA T UL T 45 25 AR U B A A e I
THARR IR 0 X AT AL M R A — AN A2

EEFF=NPP , /CEF=CVF/EEFE (10)

A EEFF MREJE LT H T (G)/hm?) |

AW REIE T T an 3% 5 iR, R b BEUE LI PR T A A RS VRS L RE IR
B, Ho EORASERAR, S 68—72 GI/hm® s A1 IHZEFRIR, hy 88—99 GJ/hm?* s AKX, 2 108—116 GJ/hm?;
HL e, 2. 11x10°—9. 76x107 GJ/hm?® , FEBALE 4 FHAH ) AR i, DU S RB IR T R ki S 22 HL 2o
1:1.2:1.5:6.2x10° , W] UL  FEANZE AR R AR 00T, SR F R 7 CRETIDR A% L ) 38 A0 BOP R e B U, o Jd 3
AR AE IR L3
3 T REE
3.1 S5ES RS R A

ARG AELE A EPR L 4 4125 R ALt T, A58 2B NPP o4 1.863 tC-hm™>a™ | iZ{HE L & K
FHHb 7 S 5 RRTR 8 28I A 7= o = MRk A RIS dn ke, 475 B S8 i 4% 5 2R R pR b e O A
A 1,420 tC-hm ™ a™ XA AE R AL G0 7 A0 WA i iR A A 45 T R R 22 BT 3

AR 7 ) A TR 35 PR T R R R i 2 LU N 26 5 s . RETRUL I N T AL 50 0 i A A5 25 0
FIT A REVR 43 A DU K2 R GHIES B REIRIS A 2 (] ——XF 0L, A58 138 245 3 2 A5 48 vk, R WXt
FE R AR 255 M A ARG SR oW o AR ol FH F T BB e B W5 P, e T A g I S IR, R IR kA
T8I AR TAE G XL G % TR R BRI AR BR R STk B 45 5 T Zd8 i fe T B 2
TES AR 4% e v T O R] B LA KR K R R L =28 SR T AR ) B VR SIS Y LU (9 S me HE s > o
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PR 30 2 AR IR A 5 T3t B T AL GE 0T AN B IR R R IR ZE I

x5 BRERTERFNIERESEEFENILE
Table 5 EEFF and EEFE and their comparison with the traditional method

— ARWFFE Modified method 1445759 Traditional method

Energy sources REUR R REV R T 2 i BEJE LT A 131 REUEAR T8 21 42 (ARt )
EEFF/( GJ/hm?) EEFE/(hm?/t) EEFF/(GJ/hm?) EEFE ( Forest) / (hm?/t)

JF4 Crude coal 68 0.3066 55 0.3806

FE 5% Charcoal 72 0.3878 55 0.5176

J5 Crude oil 93 0.4509 71 0.5897

SRR Fuel oil 88 0.4530 71 0.7070

3 Gasoline 99 0.4565 71 0.6074

JEH Kerosene 95 0.4734 71 0.6074

453 Diesel oil 92 0.4662 71 0.6015

FHRR Natural gas 116 0.2506 93 0.4191

WALA WA LPG 108 0.4339 93 0.5398

K HL Fossil electricity 2.11x10° * 1.3151x107 1000 0.2778 **

7K Hi, Hydroelectricity 8.92x10° * 3.1133%107° 1000 0.2778 **

#% L Nuclear electricity 9.76x107 * 2.8449x107° 71 3.9124**

# AW R T 1 kW-h=3.6x107 GJ ISCRFHN; = o L5077 1k (1 L 3 R 2 et i 58 A5 3, 404 hm® kW™ '-h™!

3.2 BRI SSEEERUY A M T

RER 20— B AR A RV R th A 2 I S B BE AR 40, — A AR B R AR B T i W i)
oLt 5 T, RN A5 AR S A b o 8 A B TR S 8 T R — AR R R Y ARERSE L NPP KA
A7 1 SRR I ARG — , FHERR MU S AE HLAAR Y A M R 2 b BRI T A= 25 2R 48 5 B 1 e e WA 2
fig , WL HEZE /N TR 2 00 55 A5 8 5 00 AE 25 [ADRA B i B R 22 331), 858 1 A 3 a8 e — 3

T EERE IS BRI SR B pcb A1 i) At A 4 A 7= M A b (B db ) N BT RE A R D RE 5 55
CO, =PRI AZEE B (AR BT 2% ) SR KR (R SE Bk 82 A 58 I IR 2 e | ok kb 4R ) +
Hb PR BRI MSCRE N A BRI TR0 SRR N D i T M ERBRAG IR 149 52 24k DA S NI Bh i B R
RIS 2 M b B W AR 1 2 AN e TR 2R TR — 2 B[] DA, 5 208 b RN K PR g e ) G 2 77 i i AT ] Sl DA
TRERERMBOK - ;@) BBV 2 78 5 Z b FAE T REIRIN 7% S L CO, HEBOM A AL AR bR wp s | Bl HAKR BT
TeAr AR RR VRISt R HE O AR AR W BT IR R I P AR B, A PR ACRE TR R I I P s i 2 TR ) AR R
R IR VR FE 0 S B T A b ) S AR A AR T RE——2E W A 7 R, P IR TN AL s i e
T SR HECR KA B CO, AT RERAB MWL, IFAE R A 7= il PO AT 9%

SRR RO ], % & B 9 AT A, BEHL NPP A& GPP o NEP EAFRILILAE f1 . XFE—k, T Hb
HYTE AR NPP #f2s B2 PPN 45 R LSt SR PE . o T ) 2 38 U B A 08 2 TR AR A At
A — 0] LR 4 S8R HATER G A B TR — B U5 7 AR 0 25 M 22 |, Re B i M e B 2 B3k 34 42 )
Az PR OK T, A% R0, = T AU NPP LR 2Z4h F sl A28 Ak, (8 iy 005 5 i A W 48 &R R
il 33X SRS A 3 TS SIS R WSR2 R S AR S R A T2 LU R AT R IR LR, A AR SN E
52 0 Y FRR IR 0 R - I1 81, & R T SE PR 5 A B TR RE IR 2 i AR S5 e I T 5 4%
8807 RIEAT A
3.3 WirEE

IR A 77 01 R UIA ARGERE IR % 1 23 18] o FH A & & A oe 3 28 28 R il B ) — > 20 AA
FET Ak NPP B REE 20 S e 1 R IR I 23 (8] 5 P30 7KF 76 CRIE 423K AT bk i) [R] B i 1 153 45 SR i I
SEPE S e, e R SR TG IR AR, A BTN BE IR TH 0% i T L MR PR AL T T RE, 2K

http ; //www. ecologica. cn



2908 A E = 324

PEc A AT A S BB DB, BRR R ST AR R R (Rl NPP) NS5 35 | R4 4 R AR R
et RAE . BEAh, BETRUAL AN TH S om R AE T BE IR FH 2 A rh i 1) 2 [l o5 R oK 3 3l o A 2SR 8 3
B, A2 i S e DX 35 S B T B SRAIL 1 €O, 52 CH, (N, O S5 AR 3 SR A HIERICZS ], e 2 MR A1 19 25 1 % L
KR PR REWN T A ] bk, T RE IR R I 7 e AT 1% Bt — 2 5e3%
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