ISSN 1738-3935

New & Renewable Energy 2019. 9 Vol. 15, No. 3 https://doi.org/10.7849/ksnre.2019.9.15.3.085
R [2019-9-BE-010]

Check for

updates

HO|SFETC| I7|2BSE Xd=1i2t
A=l HY

MEZ" - ZatLp - moja”

—

0!

Hyoungju Seo” - Hana Kim? - Euichan Jeon®"

Received 2 July 2019 Revised 8 August 2019 Accepted 13 August 2019

ABSTRACT The Korean government has announced the ‘3020 Implementation Plan for Renewable Energy’ to increase the renewable
energy ratio by 20% by 2030. Recently, bio heavy oil (BHO) has been added as a renewable energy source to help increase the ratio of
renewable energy. As an alternative fuel to heavy fuel oil (HFO), BHO is effective in reducing air pollution and greenhouse gas
emissions. This environmental improvement effect of BHO has been revealed through previous studies. On the other hand, since
previous studies have been conducted for a short period of time or have been pilot experiments, it is necessary to analyze the long term
data of the power generations in operation. This study examined the effects of reducing the air pollutants of BHO power generation
using the measurement data from Tele-Monitoring System of actual operating BHO and HFO power generations. In addition, the
social benefits of environmental improvement effects of BHO power generation were estimated. This study confirmed the reduction
effects of BHO power generation compared to HFO power generation for SOx, NOx, and PM-2.5, but for TSP, the deviation from the
reduction effect was significant depending on the method of operation of the air pollution prevention facilities.

Key words Bio-heavy oil power generation(H}©] . 3-8-47), Liquid biofuel(H ] H}o] © 4 &), Environmental improvement
effect(Z+73 7} A & 1}), Social benefit(A} 3] A H 2]), Renewable energy (R AJ o 4 A])

Subscript PM : particulate matter

BHO : bio heavy oil PPM : parts per million

HFO : heavy fuel oil SCR : selective catalytic reduction

NOx : oxides of nitrogen SOx  oxides of sulphur

TSP : total suspended particulate
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Table 1. Major Specification of Target Power Plant

Category BHO HFO

Year of construction 2000 2000
Power capacity(MW) 75 75
Flue gas desulfurization system N N
Flue gas denitrification system Y Y
Electrostatic precipitator Y Y
BHO mixture ratio(%) 100 0
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Table 2. Emission concentration for BHO and HFO power
generations

SOx(ppm) NOx(ppm) TSP(mg/m°)
HFO BFO HFO BFO | HFO | BFO
2015 | 140,34 | 0,43 | 108,18 | 84,02 | 6,88 | 7.02
Year 2016 | 141,27 | 5,74 | 105,25 | 89.36 | 5,51 | 7.60
2017 | 138,07 | 18,53 | 109,39 | 97.50 | 5,39 | 3.60
Average 139,89 | 8.23 | 107,60 | 90.29 | 5,93 | 6.07

Category

Emission
tandard of
standard o 180 140 30
Target power

plant
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Table 3. Emissions per unit of electricity for BHO and HFO
power generations

Category year SOx NOx | TSP | PM—-25
2015 | 1.314 | 0.727 | 0.023 | 0.529
HFO power 2016 | 1.367 | 0.721 | 0.020 | 0,544
generation 2017 | 1.264 | 0.711 | 0,018 | 0.506
average | 1.315 | 0,720 | 0,020 | 0.526
2015 | 0.004 | 0.554 | 0.022 | 0.063
BHO power 2016 | 0,061 | 0.682 | 0.029 | 0.098
generation 1 . 1 P
(keg/MWh) 2017 | 0,168 | 0,640 | 0,014 | 0,120

average | 0,078 | 0,625 | 0,022 | 0,093

BHO's Reduction 2015 | 99.7 | 23.8 | 0.9 88.1

ratio Compare to | 2016 | 956 | 55 |—-455| 821

emissions in HFO | 2017 | 86,7 | 10.0 | 22.2 | 76.4

power generation(®) [ o0 [ 941 | 131 | -8.0 | 82.3
kg/MWh [ wro M sH0
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Fig. 1. SOx emissions per unit of electricity for each power
generations
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Fig. 2. NOx emissions per unit of electricity for each power
generations
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Fig. 3. TSP emissions per unit of electricity for each power
generations
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Fig. 4. PM—2.5 emissions per unit of electricity for each
power generations
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Table 4, Scenario summary

Number of Power Power
Scenario power capacity generation
generators (MW) (Gwh)
Baseline 5 969 1,451
Scenario I 14 3,178 4,133
Scenario II 18 3,320.3 10,144
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Table 5. Air pollutants emission reductions in scenarios

(unit: ton)
Scenario Category SOx NOx | TSP | PM-25
o HFO | 1,835 | 1,032 | 26 735
emissions
Baseline BHO 244 929 20 174

emission reduction| 1,590 | 103 6 561

HFO | 5,226 | 2,940 | 73 | 2,093
BHO | 696 | 2,645 | 57 495

emission reduction| 4,529 | 294 16 1,599
HFO 12,825 | 7,215 | 180 | 5,138
BHO | 1,709 | 6,492 | 140 | 1,214
emission reduction | 11,116 | 723 40 | 3,924

Scenario | emissions
I

Scenario | emissions
II
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Table 6. Relative size of air pollutants emission reductions
based on 2017 emissions in power sector

(unit: %)
Scenario SOx NOx TSP PM-2.5
Baseline 2.07% 0.08% 0.15% 1.14%

Scenario 1 5.88% 0.22% 0.42% 3.24%
14.44% 0.54% 1.04% 7.95%

Scenario 11
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Table 7. Social benefits of reduction in air pollutants emission
(unit: 100 million KRW)

Scenario SOx NOx PM-2.5 Total
Baseline 615 39 292 946
Scenario I 1,751 110 833 2,693
Scenario 11 4,296 270 2,044 6,610
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