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Fuzzy centralized DEA approach for reallocation of emission permits

under cap and trade regulation
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Abstract
Nowadays, sustainable development is the most important issue in the economic development of countries.

To achieve sustainable development, countries must pay special attention to environmental aspects.
Environmental aspect focuses on ecosystem stability and maintenance of ecologic functions. To make
countries more sustainable, Greenhouse Gas (GHG) emission should be reduced and controlled. Cap and
trade approach is one of the most effective approaches in controlling GHG emissions. In the cap and trade
approach, the total amount of emissions are decreased by reallocating emission permits to countries. The
objective of this paper is to propose a centralized Data Envelopment Analysis (DEA) model to reallocate
emission permits in the cap and trade system given countries’ efficiencies. Our model evaluates efficiencies
of countries in the presence of discretionary and nondiscretionary inputs to reallocate emission permits. The
fuzzy set considers uncertainties in parameters. Also, this paper determines the amount of emitted gases that
can be reduced without reducing other outputs. A case study demonstrates the applicability of the proposed
model. Sensitivity analysis is carried out to investigate the impact of parameters’ variations on results.

Keywords: Sustainable development, Greenhouse gas emission, Cap and trade, Data envelopment

analysis, Fuzzy data.
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'Sustainable development

"Greenhouse gas emission

"Kyoto protocol

‘Paris agreement

°United Nations Framework Convention on Climate Change (UNFCCC)
“Tradable emission permit

"Pollution tax

*Emission trading system

%Cap and trade

“'Data envelopment analysis
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‘Discretionary
*Non-discretionary
"Desirable
tUndesirable
*Sensitivity analysis
#Strategic Imperatives
YThree bottom line
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‘Environmental sustainability

‘Inter-Governmental Panel on Climate Change (IPCC)

*World Meteorological Organization (WMO)

tUnited Nations Framework Convention on Climate Change (UNFCCC)
*Market based

*Emission trading
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‘Grandfathering
*Periodic reallocation

*Output-based allocation
‘Decision making units
*Common dual weights
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‘Context-dependent DEA

"Multiple objective linear programming
*Cloud system

‘Centralized
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Table 2- Data collection of the countries member of the economic cooperation and development organization in

2014.

o539, b g9
JASHE S e ol e lagas

@il Bpas gy dolo jus plows o SIS slagls sl e (el sy

(&\ ...... ) (}.&'U'\”’) ()BL)\ oooooo ) (]j;'\.».) (&\ooo) ()Yo\ oooooo )
12534703, 127 29265, 12335.8 39449755 23491 519002.7, 522397.1, 526897.6 1077535.2 (W
31.8414, 32.163, 32.4846 4357.7 1891024.375 8468.6 76277.9, 76332.6, 76381.3 3693205 eyl
52.75679, 53.98783, 55.21887 4967 2300616 11227.3 113654.5, 113866.6, 114116.2 459555.3 i il
23262802, 25631513, 19189.3 6097224.5 35540 721658.4, 727158.2, 732418.9 1515437.6 labls
33.365, 36,103, 38.841 8442.7 1166427.75 17819.1 108809.7, 109908.8, 111109.1 3755933 skt
41.18915, 41.20313, 4139711 5297.9 173317112 10524.8 121400.2, 123650.7, 125838.6 3132534 Sz & see>
15,517, 16.211, 16.905 2889.8 1079511.12 5627.2 51880.5, 52166.8, 52466.4 253126.2 Slesls
5.348, 6.037, 6.726 682.8 150939.28 1315.8 21056.6, 21081.1, 21100.2 34181.7 gl
33,5046, 33.934, 34.2733 2609 1003242.06 5472 59029, 59072.4, 50122.2 207831.4 REVEE
240.1585, 22225'?081%32% 204995 12076728 64062.3 459917.5, 464417.8, 468758.1 2455870 il b
29710632, 30 0108, 41943 15146735 80896 900202.2, 904262.2, 908462.8 3473467.5 ot
21.839, 23.134, 24.429 4819.2 2004816.37 10926.8 99203.3, 101403.3, 103453.1 255977.8 b
22.60764, 22.836, 23.06436 4444.1 1065811.75 9863 56567.8, 57223.6, 57923.5 235520 i e
5,672, 5.865, 6.058 187 59350.67 327.4 4305.4, 4455.1, 4596.8 13980 il
11,978, 12.77, 13562 2156.1 991600.87 4609.9 57262.1, 57757.9, 58297.1 269794.2 iyl
141.8868, 146.45693, 151.027 25514.9 13027931 60447.9 413587.9, 418587.2, 423324.4 2013578.9 Lk
0Lz, 481 1358, 65770 18236474 127298 1359997.4, 1361929.8, 1364930.9 4436993.5 ol
27450084, 21509925, 26535.9 6839375 50424 6730812, 682581, 690615.5 1741967.1 o)
4,015, 4215, 4.415 396.1 180698.06 549 10741.4, 10756, 10776.2 49821 Sysmalssy
186.845, 187.979, 189.113 51836.8 6677512 119713 626280.6, 632880, 639208.8 1939052.3 Se5Se
72,2165, 72.946, 73.6754 8964.8 3507223.25 16804.8 186318.1, 186845.4, 187445 7690317 aila
20.74918, 2082492, 2455 450617.12 4509.7 79367.5, 80267.9, 81104.4 151788 adjg
28,7133, 20.00340, 29.29343 2734 1294501.25 5137 52080.2, 53155.8, 53355.8 307600.7 59,5
94.41528, 949'25469881333; 17428 2073986.87 38484 379287.2, 380037.6, 380687.7 931796 Ol
21,0344, 21.21501, 21.396617 5225.6 193715475 10457.3 63900.2, 64195.6, 64525.1 276229.6 Jus
15.7865, 15.946, 16.1054 40593.8 522355.84 5415.9 40593.8, 40638.7, 40677.8 152340.8 S lgkal
6.6062, 6.673, 6.7397 1015.4 338292.25 2061.6 16554.3, 16582.3, 16614.2 58189.6 I
11257, 11293528 22954.6 8438931 46464.1 310214.2, 324214.8, 328926.3 1472316.5 Ll
47.755, 47.941328, 48.128 5153.6 1774148 9609 53289.7, 53836.2, 54436.1 432516.4 Wy
24.8064, 25.057, 25.30757 5102.6 1907268.12 8140 48585.9, 48605.2, 48620.2 446085.7 roms
120.0466,120 85526, 28786 4605440.5 76902.9 443680.3, 455615, 467615.7 14241723 S5
1758308, 177 090", 32638.9 11811327 63650 525420.2, 526370.3, 527203.4 2476524.3 [FER

Jl» (8666315.3, 8732253, 8798192.9) lte 4 La )31 4o Jaugd ol 2t (gllS UajlS Ul (ol IS ev oV i s

Boh Sl a3 |y 365 SIS aylS Sl yliae 48 Ln g ol e §55S 1S5 55 ey piS Sl oo (5B (g3de S o3 g 5
Jalss (7973010.1, 8033672.8, 8094337.5) L il (550 HLacsl (VL A l5ae ‘ﬁﬂﬁjﬁﬁ by e ol Shdas fals

A

‘\Sﬁ)jTg;.wD‘L.:é))labdjuu@@dﬁ)w@?jbu‘:;@y)g QIJ'.:»)LA))&SMJJU.&»UWQTJL:};@LA

355 et Sike Bl 5 oo L) o 28 oIS Sl s ol o 805 Sojloty sy ol e e 4 LT LSS Ol pees



a3 5 g8 u3lis 51 (0) Jde ) b S Ol dregs L3 b 1) 555 draon 35008 L Lny 28 oS 5 iy o

= BN ESPRAY
gas sl)glS arass polie s oS asgeze -V Jaua
Table 3- Set of efficiency and allocation values of member countries.
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Table 4- Values of the amount of allocation of countries and the amount of exchanges between them.
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Table 5- Changes of relative efficiency scores of countries based on changes in the value of
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Figure 1- Changes in the efficiency values of countries by changing the value of a.

laysiS obS slie Ky T das Jle jgbas dins oo olis Cilises (sla a1 jldie U1y LaysiS GBS oslie Cilises s,
5 LA o 5 NS ldde (55 @ (108,50 (a8l (6,505 ol 3BT o ) 53 s oo 0lis 020 I o

Sl a@ui)‘;idj.l:'-):c{tb}oﬁwjfjlm)b-o01‘3'05‘}:.:0! C)l.nn" .Jéﬁw |J>-‘



el g Be0s 5 ol 5 (@) Cgsgase Jlaie 2alS 3L -5 Jeua

Table 6- The effect of reducing the amount of restriction (o) on the amount of emissions.
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