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Abstract The Energy and Green House Gas target management system was launched by the Korean Government in 2010.
The Korea Emission Trading System will start in 2015. Therefore, simultaneous pursuit of energy saving and greenhouse
emission reduction through energy use rationalization is an important obligation of Korean engineers, who import about
97% of domestic energy consumption. Economic analysis of the GHG emission reduction methodologies registered and
approved by Korea Voluntary Emission Reduction (KVER) program was conducted. The results for waste heat recovery
employed in an energy intensive pulp, paper and wood industry were reported. The emission reduction intensities were 9.7
kg CO2/ton_pulp production. Net Present Value analysis showed that the GHG emission reduction was economically beneficial
with an internal rate return of 60%. The results of exergy analysis indicated that the second law efficiencies of waste heat
recovery system employed in KVER program were 77.3% and 53.6%. NPV decreased as the exergy decreased.
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Table 1 KVER validation and verification credit
during 2006~2013

Number of validation 470
Validation Annual expected emission reudciton 570

[x1000 tCO2] ’

Number of verification 980
Verification Certified emission reduction[x1000

{COn] 14,692
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Table 2 Case study data
GHG reduction

. . Heat recovered
Verification

(tCO2) (Geal)

Ist 2,049 8,547
2nd 1,081 6,994
3rd 2,054 11,126
4th 1,822 9,085
Average 1,752 8,938
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Fig. 1 Schematics of inlet and outlet conditions.

Table 3 Case study conditions

AFA(KVER) AA5A Eof /15 1t

o

value S
Parameter Symbol [TC or [kg/ky
keg/k
kg/s] g/ K]
water #1 inlet temp. Twi, n  40.8 1709 0.5830
water #1 outlet temp. Twi, w45 188.4 0.6386
water #1 mass flow rate ’m;“l 61.2

waste heat air #1 inlet

Tal, . 66.7 340.1 1.8270
temp.

waste heat air #1 outlet . -0 3175 17580

temp.

water #2 inlet temp. Tw2, m 7.1 29.84 0.1077
water #2 outlet temp. Tw2, out 38.3 160.4 0.5495
water #2 mass flow rate m;,,Z 5.1

water #3 inlet temp. Tws, n 239 100.2 0.3516
water #3 outlet temp. Tws, owt 464 1943 0.6569

water #3 mass flow rate m,; 16.1

waste heat air #2 inlet

Ta2, n 61.8 3352 1.8123
temp.

waste heat air #2 outlet

Ta2, o 37 3102 1.7350
temp.
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Table 4 Values of parameters employed in economic

analysis
Pri f t A 1 Di t
rice of government Approval Discount o\ o
purchase period rate
3% of

5,000 W/tCO2 10 years 3%

capital cost
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Table 5 Economic evaluation results for GHG
reduction utilizing waste heat recovery

NPV BCR IRR PP
5,481.69 4.29 55.26%

1.62 year
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Table 6 Exergy evaluation by waste heat air #1
inlet temperature

Tal, in
9 65.0 66.0 667 670 68.0
()

Second law

efficiency(%) 78.1 77.6 773 772 768
exergy

destruction(kW) 31.56 -34.00 -35.72 -36.44 -36.77

water #1 mass

flow rate(kg/s) 566 593 612 620 647

mass flow rate

-8.1 -3.1 - +13  +5.7

change(%)
NPV 5,576 5,518 5482 5467 5416
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