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HFO & ITS FEATURES

1. HFO IS BOTTOM RESIDUE FROM THE TOPPING UNIT，
WHIS IS OF HIGH CALORIFIC VALUE (8,500~11,000 
Kcal/kg)， WITH HIGH CONCENTRATION OF 
ALSPHALTENE AND SULFATE

2. POPULAR TO USE DUE TO COST-EFFICIENCY 

PROBLEMS

1. HIGH POLLUTION EMISSION PROBLEMS SUCH AS S.S、
SOx、NOx、 NO、 CO AND FLARE GAS TEMP.

2. CAUSES PROBLEMS DUE TO BLOCKAGE OF ASPHALTENE 
IN THE PIPELINE & INJECTION NOZZLE  OF THE BURNER 
BECAUSE OF NEED TO BE CONSTANTLY HEATED TO 
MINIMIZE THE VISCOSITY OF HFO

FEATURES OF HEAVY FUEL OIL
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THE EXISTING SOLUTION (1)
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DOSING ADDITIVE:
• INCLUDING DESPERSANT, DE-EMUSIFIER AND SO 

ON，MANUFACTURERS INCUDE Bycosin AB 
(Sweden)，Octel (USA), Alken Murray( USA), Firson
( Taiwan), Unik ( India), WRT (The Netherlands), 
Infineum ( UK).,AND SO ON. 

PROBLEMS
1. HIGH COST OF ADDITIVE，REDUCES COST-

SAVING
2. REQUIRES AUXILIARY EQUIPMENT 

AVERAGE SAVING RATE : 2~3%
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USING HOMOGENIZER
• DILUTION OF ASPHALTENE, TO INCREASE 

OXYGENISATION OF THE OIL DROPLET
PROBLEM

IT TENDS TO REDUCE THE DROPLET SIZE TO 
INCREASE THE AMOUNT OF OXYGEN 
NERVERTHELESS, THE PROBLEMS CAUSED BY 
ASPHALTENE WILL HAVE AN EFFECT.    

ENERGY SAVING RATE: 2~3%

THE EXISTING SOLUTION (2)



THE EXISTING SOLUTION (3)
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USING EMUSIFIED FUEL OIL

• A FURTHER ALTERNATIVE SOLUTION IS TO USE EMULSIFIED FUEL 
OIL.  IT CAN EITHER BE OIL-IN-WATER IN WHICH WATER IS IN 
CONSTANT PHASE, OR WATER-IN-OIL IN WHICH OIL IS IN 
CONSTANT PHASE. DURING THE BURN, WATER IS EVAPORATED 
AND SEPARATES FROM THE OIL DROPLET, SO THAT THE OIL 
DROPLETS CAN THEN BE ATOMIZED INTO A HUGE NUMBER OF 
MUCH SMALLER DROPLETS IN ORDER TO ABSORB MUCH MORE 
OXYGEN.

PROBLEMS

1. DE-EMULSIFICATION CAN OCCUR EASILY DUE TO HEATING OF 
THE PRODUCT DURING TRANSPORTATION CAUSING PARTIAL 
SEPARATION

2. OPTIMIZATION TO FIT EACH INDIVIDUAL APPLICATION IS NOT 
POSSIBLE 

MEAN ENERGY SAVING RATE: 10% (DEPENDING ON WATER  
DOSING RATE)



COMPARASION FOR THE SOLUTIONS 

REMARKS: THE LOWER THE BETTER IN ITEM 4, THE HIGHER THE 
BETTER FOR ALL OTHER ITEMS
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SOLUTION

COMPARA-

SION

USING ADDITIVE USING 
HOMOGENIZER

USING EMULSIFIED 
FUEL OIL

1. FUEL SAVING

(DECREASING FUEL 
CONSUMPTION)

LOW (2~3%) LOW (2~3%) HIGH*(~10%)

(DEPENDING ON 
WATER  DOSING 
RATE)

2. EMISSION   
REDUCTION

HIGH* MED HIGH*

3. STABLIZATION HIGH* HIGH* LOW

4. PERIPHERIES

REQUIRED    

HIGH HIGH LOW*

5. BENEFITS LOW MED HIGH*



TOTAL SOLUTION – GFOP
GREEN FUEL OIL PROCESSOR ON-LINE  

CONCEPT OF GFOP

1.    PROCESSING ON-LINE, AVOIDING DE-EMULSIFED 
PROBLEM IN TRANSPORTATION   

2.   HOMOGENIZATION OF FUEL OIL + EMULSIFIER + WATER. 
COMBUSTION EFFICIENCY OF THIS GREEN FUEL OIL IS 
MUCH BETTER DUE TO SECONDARY ATOMIZATION OF 
ATOMIZED OIL  IN COMBUSTION CHAMBER,  FUEL 
SAVING CAN BE AS HIGH AS 15%)

3.   COMPLETELY HOMOGENIZED & STABILIZED   

4.   DOSING RATE OF WATER CAN BE OPTIMIZED FOR EACH 
INDIVIDUAL APPLICATION  
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SECONDARY ATOMIZATION  
= KEY OF GFOP PROCESS
TO ACHIEVE FUEL SAVING & 
EMISSION REDUCTION



CONFIGURATION FOR OBSERVATION OF 
SECONDARY ATOMIZATION



PROCESS OF SECONDARY ATOMIZATION – TEST REPORT

1. HEATING ATOMIZED OIL 
DROPLET

2. WHEN TEMP EXCEEDS  100℃, WATER IN 
ATOMIZED OIL DROPLET STARTS TO 
EVAPORATE AND VOLUME OF WATER 
EXPANDS  RAPIDLY

3. WHEN  THE STEAM PRESSURE IS IN EXCES
S OF THE SURFACE TENSION, SECONDARY  
ATOMIZATION OCCURS (MICRO EXPLOSION)

4. MICRO-EXPLOSION CAUSES ATOMIZED 
OIL DROPLETS TO SPLIT  INTO A HUGE 
NUMBER OF SMALLER OIL DROPLETS 



SECONDARY ATOMIZATION – TEST REPORT
(SECONDARY MICRO-EXPLOSION)



GFOP vs. EMULSIFIED FUEL OIL

COMPARASION GFOP USING EMULSIFIED FUEL 
OIL

CORE 
TECHNOLOGY

SECONDARY 
ATOMIZATION

SECONDARY 
ATOMIZATION

PREPARATION &

APPLICATION

ON-LINE PREPARED AT FACTORY 
AND SHIPPED TO THE USER

TRANSPORTA-
TION 
MANAGEMENT

NONE REQUIRED

DOSING RATE OF 
WATER &

EMULSIFIER

OPTIMIZED ON-LINE DETERMINED BY THE 
EMULSIFIED OIL 
MANUFACTURER
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CORE PROCESSES OF GFOP
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EMULSIFIER WATER

97~98%

FDA200
ADDITIVE
10% ~30%

HOMOGENI-
ZATION

HOMOGENI-
ZATION

FUEL OIL
70~90%

GREEN FUEL
OIL (GFO)

EMULSIFIED
OIL

FUEL OIL

FIRST CORE PROCESS

SECONDARY CORE PROCESS

ENGINE
OR
BURNER



FS2+WATER+HOMOGENIZATION=ADDITIVE FDA200

+

=



FDA200 ADDITIVE + FUEL OIL + HOMOGENIZATION 
=GREEN FUEL OIL

+

=



GFOP PACKAGED UNIT



TEST REPORT OF GFOP



#6 FUEL OIL VS. GREEN FUEL OIL
TEST BURNER

FUEL BURNER
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FUEL OIL #6 FUEL

OIL %

WATER 

CONTENT

%

FS2
EMULSIFIER

%

FLAME 
TEMP. 
LOWEST

℃(R7)

FLAME 
TEMP. 
HIGHEST

℃(R7)

#6 FUEL 
OIL

100% 0% 0% 1118 1144

GFO #1 86.55% 12.80% 0.65% 1102 1108

GFO#2 72.97% 25.70% 1.33% 1045 1066

GFO#3 67.98% 31.06% 0.96% 991 997

*BASE OF GREEN FUEL OIL (GFO) ARE #6 HEAVY FUEL OIL

#6 FUEL OIL VS. GREEN FUEL OIL
TEMPERATURE COMPARASION (3)
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#6 FUEL OIL VS. GREEN FUEL OIL
TEMPERATURE COMPARASION- TEST REPORT (1)

#6 FUEL OIL

GFO#1
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GFO#2

GFO#3

#6 FUEL OIL VS. GREEN FUEL OIL
TEMPERATURE COMPARASION- TEST REPORT (2)
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*BASE OF GREEN FUEL OIL (GFO) ARE #6 HEAVY FUEL OIL

#6 FUEL OIL VS. GREEN FUEL OIL
PRE-HEATING TEMP – TEST REPORT

#6 fuel oil GFO#1 GFO#2 GFO#3

PRE-HEATING TEMP. TRANSPORTATION

ATOMIZATION

TEST #

FUEL #
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#6 FUEL OIL VS. GREEN FUEL OIL
COMPARASION – SECONDARY AIR SUPPLY  

FUEL OIL #6 FUEL 
OIL %

WATER

CONTENT

%

FS2 
ADDITIVE 

%

FUEL

FLOW 
RATE

L/Hr

BLOWN 
AIR

M3/hr

#6 FUEL 100% 0% 0% 20 220

GFO #1 86.55% 12.80% 0.65% 20 195

GFO#2 72.97% 25.70% 1.33% 20 185

GFO#3 67.98% 31.06% 0.96% 20 160

* BASE OIL OF GREEN FUEL OIL (GFO) ARE #6 HEAVY FUEL OIL



#6 FUEL OIL VS. GREEN FUEL OIL
TEST RECORD– SECONDARY AIR SUPPLY – TEST REPORT (1)

#6 fuel oil GFO#1 GFO#2



GFO#1 GFO#2 GFO#3

#6 FUEL OIL VS. GREEN FUEL OIL
TEST RECORD– SECONDARY AIR SUPPLY- TEST REPORT(2)
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*BASE OF GREEN FUEL OIL (GFO) ARE #6 HEAVY FUEL OIL

#6 FUEL OIL VS. GREEN FUEL OIL
COMBUSTION EFFICIENCY

FUEL OIL #6 FUEL 
OIL %

WATER 
CONTENT

%

FS2
ADDITIVE 

CONTENT 
%

LOWEST 
COMBUS-
TION EFF.

%

HIGHEST 
COMBUS-
TION EFF.

%

#6 FUEL 
OIL

100% 0% 0% 84% 85%

GFO #1 86.55% 12.80% 0.65% 85% 86%

GFO#2 72.97% 25.70% 1.33% 86% 87%

GFO#3 67.98% 31.06% 0.96% 86% 87%



#6 FUEL OIL GFO#1 GFO#2

#6 FUEL OIL VS. GREEN FUEL OIL
COMBUSTION EFFICIENCY- TEST REPORT (1)



GFO#1 GFO#2 GFO#3

#6 FUEL OIL VS. GREEN FUEL OIL
COMBUSTION EFFICIENCY-TEST REPORT (2)
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#6 FUEL OIL VS. GREEN FUEL OIL
COMPARASION – CALORIC  VALUE

FUEL OIL #6 FUEL 
OIL

%

WATER

CONTEN
T

%

FS2 ADDITIVE

CONTENT

%

NET 
HEATING 
VALUE

Cal/g

#6 FUEL 
OIL

100% 0% 0% 10,627

GFO #1 86.55% 12.80% 0.65% 10,162

GFO#2 72.97% 25.70% 1.33% 8,941

GFO#3 67.98% 31.06% 0.96% 7,443

• BASE OF GREEN FUEL OIL (GFO)  ARE #6 FUEL OIL
• TEST METHOD ASTM D240 (SHOWN ON TEST REPORT)



BASED ON TEST REPORT OF CPC LAB – PLEASE SEE COMPLETED 
TEST REPORT  

#6 fuel oil GFO#1 GFO#2 GFO#3

#6 FUEL OIL VS. GREEN FUEL OIL
COMPARASION – CALORIC VALUE – TEST REPORT 

TOTAL CALORIC VALUE

NET CALORIC  VALUE

HELIUM

HYDROGEN

CARBON

PARAFFIN

WATER & SEDIMENT 

K. VISCOSITY

POUR POINT

SULFATE

FLASH  POINT

DENSITY

FUEL



#6 FUEL OIL VS. GREEN FUEL OIL
COMPARASION – EMISSION TEST

EMISSION TEST FACILITIES
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#6FUEL OIL VS. GREEN FUEL OIL
COMPARASION - EMISSION TESTS

FUEL OIL O2

% Max.

CO2

% Max.

CO

(ppm) Min.

NOx

(ppm)

Max.

SOx

(ppm)

Max.

#6 FUEL OIL 3.7 14 0 389 218

GFO #1

WATER 
CONTENT 

12.80% 

4 13.6 0 349 197

GFO#2

WATER 
CONTENT

25.70%

4.9 13.1 0 289 235

GFO#3

WATER 
CONTENT

31.06%

7.1 12 0 211 223

*BASE OF GREEN FUEL OIL (GFO) ARE #6 HEAVY FUEL OIL



#6重油 GFO#2

GFO#1 GFO#3

#6 FUEL OIL VS. GREEN FUEL OIL
COMPARASION - EMISSION TESTS- TEST REPORT



#6 FUEL OIL vs. GREEN FUEL OIL
COMPARASION- EXHAUST TEMPERATURE

FUEL OIL #6  FUEL 
OIL

%

WATER 

CONTENT

%

FS2 ADDITIVE

CONTENT

%

EXHAUST 
TEMP.

℃

#6 FUEL 
OIL

100% 0% 0% 230℃

GFO #1 86.55% 12.80% 0.65% 205℃

GFO#2 72.97% 25.70% 1.33% 198℃

GFO#3 67.98% 31.06% 0.96% 169℃



#6重油 GFO#2

GFO#1 GFO#3

#6 FUEL OIL vs. GREEN FUEL OIL
COMPARASION- EXHAUST TEMPERATURE – TEST REPORT



GFOP FUEL SAVING SIMULATION*
ACCORDING TO TEST REPORT DATED 07/05/14 - SAMPLE GFO#1 (GF-3)

I.  Fuel saving
1. #6 heavy fuel oil heat value 10,627 cal/g = 10,627,000 kcal/MT
2. GFO#1 (12.85% water content) heat value = 10,162 cal/g =10,162,000 kcal/MT
3.  Based on same heat value 10,627,000 kcal/MT，total volume of GFO#1 = 10,627,000 

kcal/MT /10,162,000 kcal/MT = 1.046MT = 1,046kg，meaning total combustion 
volume of GFO#1 based on the same heat value  will be 1,046 – 1,000 kg = 46 kg 
more, in which 12.85% is water, 0.65% is FSD200

4. Therefore, consumption using GFO #1 from GFOP = 1,000 kg – (865.5 kg + 46 kg 
)=88.5kg, a fuel saving = 88.5kg/1,000 kg =8.85%

II.  Cost saving
1.   Assuming price of #6 is USD 406 / MT
2.  Cost of GFO#1 Green Fuel Oil = USD 406 /MT*0.8655(fuel oil) + (USD 

2.15*0.1280)(water)+ (USD970*0.0065) (FS2 additive)+ (USD 0.085kw-h*7.6kw-
h)(power) = USD 351.4 + 0.27 + 6.30 + 0.65 = USD 358.62

3.  Based on the same heat value, GFO#1 = USD 358.62/MT*1.046 MT = USD 375.10
4.  Cost saving of GFO#1 = USD 406 – USD 375.10 = USD 30.90
5.  Therefore cost saving in using GFO#1 = USD 30.90 / USD 406 = 7.6%

• This confirms that cost savings when using GFO#1 (12.85% water 
content) = 7.60%., or average cost saving is 0.59% when dosing 
with 1% of water. 



RECOMMENDED DOSING RATE WITH WATER

~18.3%~31.06.%Steam boiler,     
Hot water boiler

Food, Hospital,  
Hotel, Swimming 
pool, Public 
building, General 
industry

~15.1%~25.7%Steam boilerPharmaceutical, 
Petrochemical, 
Dyeing, Printing, 
Textile, Dairy, 
Chemical, 
Pigment.,…etc  

~7.6%~12.8%Furnace,   

Kiln Stove,

Oven

FRP Fiber, Glass, 
Ceramics, Cement, 
Mining Industry, 
Asphalt factory, 
Power plant  

COST SAVINGWATER DOSING 
RATE

APPLICATIONINDUSTRY


