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l 수질오염총량규제

l 지하수위, 지하수질, 지하수 이용 정보 등 GIMS, SGIS

l 물환경정보시스템, WAMIS, …

l 수질오염 - 공간정보시스템

l 수질오염 – 수자원 - 유역 물 환경을 중심으로 하는
GIS 시스템

l 수질오염과 수자원, 유역의 인간활동을 포함하여 종합
적으로 환경정보가 지도 기반분석

l 물환경관리 및 환경정책(수질총량관리 등)에 대한 이해
와 연구

연구배경
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l 우리나라의 대표적인 유역별로 물 환경과 관련한 정보

l 다양한 수질 지표별 data 수치 및 그래프

l 하천 유역별로 점오염원, 비점오염원에 대한 정보

l 토지이용에 대한 정보, 물 환경에 영향을 줄 수 있는 다
양한 정보

l 유역별 인구에 대한 정보, 가능하면 유역별 다양한 수
자원 이용에 관한 정보, 하수처리장 위치 및 용량 등에
대한 정보

l 정수장의 위치 및 용량, 산업단지 등에 대한 정보, 댐
과 보에 대한 정보, 저류지 및 유수지 등에 대한 정보,
기타 인간 활동에 대한 정보
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식객 황태편
송천 + 도암댐 +  대관령

하천의 오염부하특성을 고
려한 댐호의 수질예측에 관

한 연구, 1992

정종철,1999,원격탐사를 이
용한 연안해역과 시화호의

수질평가기법,
서울대학교 박사학위논문
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출처 : 한국수력원자력
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Ⅰ. Introduction

BackgroundBackground

• Korea GHG redution target : BAU 37%

• Active policoy for renewable energy supply

• Increase mandatory renewable energy supply for RPS(Renewable Energy Portfolio Standard) 

10% up in 2022 compare to 2014

• Analysis optimum combustion condition of blending bio heavy oil of 400MW boiler and bio diesel for 

GHG reduction

PurposePurpose

Ⅱ. Theoretical Background

1. Bio heavy oil

• Product of heavy oil produced based on biomass and palm oil, animal fat and lard 

• Low viscosity and sensitive to temperature

• The carbon / hydrogen ratio is lower than that of b-c heavy oil and lower radiant heat flux

• Resulting in a reduction of 310,000 tons of greenhouse gas emissions per year by blend in 75MW 

boiler.(10% of heavy fuel oil)

2. Bio diesel

• Product of vegetable oils such as soybean oil, rapeseed oil, waste vegetable oil, and seaweed as 

raw materials

• High ignitability due to high cetane number

• High viscosity and surface tension

• BD5 ~ BD20 for government office car and truck 
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Ⅲ. Research Method

• U plant boiler

• Emulsion : fuel+steam

• Steam pipe bundle : Primary S/H, Secondary R/H

Primary R/H, Economizer

• Rediant - Evaporator, Primary Superheater

• Convection - Primary Reheater, Economizer

• No gas recirculation but passing to the outlet

56m

10m 12.6m

Fig. Schematic of the plant Boiler

1. Target model1. Target model

2. Numerical analysis model2. Numerical analysis model

• Analysis code : STAR CCM+ 11.02

• Number of grids in the boiler : about 544,600

• Standard k-ε model applied

- The most basic turbulence model

- Includes turbulence kinetic energy and the resulting 

• Apply Eddy Break-Up Model 

- Combustion rate is equal to turbulent mixing rate, turbulent reaction rate is proportional to eddy's 

decay rate

- The turbulent reaction of the meteorological fuel can be assumed to be the combustion of the fuel 

and the oxidizer at the same time because the chemical reaction time of the fuel is very fast

Ⅲ. Research Method
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Ⅲ. 연구 방법

Fig. Grid system of geometry

2. Numerical analysis model2. Numerical analysis model

Ⅲ. 연구 방법

3. Condition of numerical analysis3. Condition of numerical analysis

• Assumption : Gasified fuel because of high 

temperature steam 

• Porous medium volume because of compact 

water pipe bundle in boiler upper side

• The chemical reactions formula is

Operating parameter Heavy Fuel Oil Bioliquid Biodiesel

Fuel

Throughput 

(kg/s)
24.69 - -

Temp (℃) 107 107 107

Moisture (%) 0.5 0.1 0.05

VM (%) 94.342 99.819 -

FC (%) 5 0 -

Ash (%) 0.158 0.081 0.01

C (%) 86.5 81.7 77

H (%) 10.8 11.4 12

O (%) 0.202 6.67 11

N (%) 0.458 0.19 -

S (%) 2.04 0.04 0.05

HHV (MJ/kg) 41.51 36.59 -

Atomizer 

steam

Temp (℃) 346 346 346

Flow rate (kg/s) 1.611 1.611 1.611

Air

Excess air (%) 1.19 4.6 4.6

Flow rate (kg/s) 344.25 384.4 384.4

Temp (℃) 312 313 313

Table 1. Analysis condition of U plant Boiler
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Ⅳ. Result and Discussion

1-1. Heavy oil and bio heavy oil blending - temperature

HFO 100%
HFO 30% 
+ BO 70%

HFO 50% 
+ BO 50%

HFO 70% 
+ BO 30%

HFO 100%
HFO 30% 
+ BO 70%

HFO 50% 
+ BO 50%

HFO 70% 
+ BO 30%

1-2. Heavy oil and bio heavy oil blend - CO

Ⅳ. Result and Discussion



2018-05-25

6

1-3. Heavy oil and bio heavy oil blend – CO2

HFO 100%
HFO 30% 
+ BO 70%

HFO 50% 
+ BO 50%

HFO 70% 
+ BO 30%

Ⅳ. Result and Discussion

1-4. heavy oil and bio heavy oil blend – NOX

HFO 100%
HFO 30% 
+ BO 70%

HFO 50% 
+ BO 50%

HFO 70% 
+ BO 30%

Ⅳ. Result and Discussion
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1-5. Comparing heavy oil to bio heavy oil 

• Bio heavy oil showed 1.66%, 2.4% and 3.76% lower CO2 concentrations than 100% combustion of 

heavy oil

- The carbon content of bio heavy oil is lower than that of heavy oil.

• NOx concentrations decreased by 4.78%, 4.79%, and 13.98% respectively, when bio heavy oil 

was mixed, compared with 100% combustion of heavy oil

- C/H ratio cause difference gas temperature in combustion chamber to 10~30℃.

- Effect of Thermal NOx is great

- Bio heavy oil has lower nitrogen content than heavy oil

Case 1 Case 2 Case 3 Case 4

CO2 (%) 13.83 13.60 13.50 13.31

NOx (ppm) 313.2 298.2 283.6 269.4

Ⅳ. Result and Discussion

2-1. heavy oil and bio diesel blending – temperature

HFO 100%
HFO 30% 
+ BD 70%

HFO 50% 
+ BD 50%

HFO 70% 
+ BD 30%

Ⅳ. Result and Discussion
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2-2. heavy oil and bio diesel blending – CO

HFO 100%
HFO 30% 
+ BD 70%

HFO 50% 
+ BD 50%

HFO 70% 
+ BD 30%

Ⅳ. Result and Discussion

2-3. heavy oil and bio diesel blending – CO2

HFO 100%
HFO 30% 
+ BD 70%

HFO 50% 
+ BD 50%

HFO 70% 
+ BD 30%

Ⅳ. Result and Discussion
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2-4. heavy oil and bio diesel blending – NOX

HFO 100%
HFO 30% 
+ BD 70%

HFO 50% 
+ BD 50%

HFO 70% 
+ BD 30%

Ⅳ. Result and Discussion

2-5. Comparing heavy oil to bio diesel

Ⅳ. Result and Discussion

• Bio diesel showed 3.4%, 5.46% and 8.24% lower CO2 concentrations than 100% combustion of 

heavy oil

- The carbon content of bio diesel is lower than that of heavy oil.

• NOx concentrations decreased by 14.25%, 20.12%, and 23.95% respectively, when bio diesel 

was mixed, compared with 100% combustion of heavy oil

- C/H ratio cause difference gas temperature in combustion chamber to 20~50℃.

- Effect of Thermal NOx is great

- Bio heavy oil has lower nitrogen content than heavy oil

Case 1 Case 5 Case 6 Case 7

CO2 (%) 13.83 13.35 13.07 12.69

NOx (ppm) 313.2 268.56 250.18 238.20
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Ⅴ. Conclusion

• CO2

- Actual CO2 emission is 13~17%

- Lowest CO2 emissions of 70% bio diesel combustion is suitable but the boiler efficiency is 

lowest.

- In case of case 3, efficiency is a little lower but it is suitable because of low CO2 emissions

- Consider the fact that bio heavy oil with high oxygen content causes a lot of heat loss due to 

the excess air

• NOx 

- Effect of Thermal NOx is great

- It was shown that mixed fuel combustion emitted lower NOX.

1-1. GHG reduction


