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A fuel production system 1 includes a gasification unit 3 ; an 
electrolysis unit ; 60 that is connected to a renewable power 
generating unit 5 and a commercial power grid 8 and 
produces hydrogen using electric power , and a control unit 
7 that determines a power index that depending on the 
carbon dioxide emission intensity of the electric power 
supplied from the commercial power grid 8. When the 
remaining amount of hydrogen is smaller than a lower 
threshold , the control unit 7 causes electric power to be 
supplied to the electrolysis unit 60 from the renewable 
power generating unit 5 and the commercial power grid 8 for 
production of hydrogen , and controls , based on the power 
index , the amount of hydrogen supplied by a hydrogen 
supply pump 64 and the amount of commercial power 
supply from the commercial power grid 8 to the electrolysis 
unit 60 . 

1 31. GASIFICATION FURNACE 
SENSOR GROUP 

30 2 35 36 
20 

BIOMASS 
FEEDSTOCK 
SUPPLY UNIT 

GASIFICATION 
FURNACE SCRUBBER DESULFURIZATION LIQUID FUEL 

PRODUCTION 
UNIT 

34 

HEATING UNIT 
33 

HYDROGEN 
SUPPLY PUMP 

62 63 

OXYGEN 
SUPPLY UNIT 

HYDROGEN 
TANK 

PRESSURE 
SENSOR 

32 61 

WATER SUPPLY HYDROGEN 
CHARGING 

7 7 5 60 

RENEWABLE POWER 
GENERATING SYSTEM 

ELECTROLYSIS 
UNIT 

* ***** CONTROL UNIT 

SELLING 8? POWER 8 
one or 

COMMERCIAL POWER COMMERCIAL 
GENERATING SYSTEM POWER GRID PURCHASING 

POWER 



FIG . 1 

1 

311 
GASIFICATION FURNACE SENSOR GROUP 

3 

30 

35 

36 

20 

Patent Application Publication 

BIOMASS FEEDSTOCK SUPPLY UNIT 

GASIFICATION FURNACE 

DESULFURIZATION 
SCRUBBER 

DESULI 

LIQUID FUEL PRODUCTION UNIT 

34 

64 

HEATING UNIT 

HYDROGEN SUPPLY PUMP 

33 

62 

63 

OXYGEN SUPPLY UNIT 

HYDROGEN TANK 

PRESSURE SENSOR 

32 

61 

Sep. 23 , 2021 Sheet 1 of 9 

WATER SUPPLY UNIT 

HYDROGEN CHARGING PUMP 
5 

60 

RENEWABLE POWER GENERATING SYSTEM 

ELECTROLYSIS UNIT 

reno 5. CE 

CONTROL UNIT 

8a 

SELLING POWER 

8 

COMMERCIAL POWER GENERATING SYSTEM 

COMMERCIAL POWER GRID 

URCH PURCHASING POWER 

US 2021/0292667 A1 



Patent Application Publication Sep. 23 , 2021 Sheet 2 of 9 US 2021/0292667 A1 

FIG . 2 
2? 

HIGH LARGE 

H2 

CO CONCENTRATION [ % BY VOLUME ] CARBON DIOXIDE EMISSION AMOUNT [ kg / h ] 

CO2 

LOW SMALL 
HYDROGEN SUPPLY AMOUNT 

[ kg / h ] 

FIG . 3 

LARGE 

CARBON DIOXIDE EMISSION AMOUNT [ kg / h ] 
ADJUSTING 

STER 

GASIFI 
CATION 
STEP 

GASIFI 
CATION 
STEP 

SMALL CONVENTIONAL 
FUEL PRODUCTION 

SYSTEM 
FUEL PRODUCTION SYSTEM 
ACCORDING TO EMBODIMENT 



Patent Application Publication Sep. 23 , 2021 Sheet 3 of 9 US 2021/0292667 A1 

FIG . 4 

SYNGAS PRODUCTION 
OPERATION 

S1 

YES REMAINING HYDROGEN 
AMOUNTS 

UPPER THRESHOLD ? 
NO S2 

REMAINING HYDROGEN 
AMOUNT YES 

LOWER THRESHOLD ? 
S3 $ 4 S5 

REMAINING AMOUNT 
REDUCING OPERATION 

NORMAL CONTROL 
OPERATION 

REMAINING AMOUNT 
INCREASING OPERATION 

END 

FIG . 5 

UPPER HYDROGEN 
STORAGE LIMIT 
UPPER THRESHOLD 

REMAINING HYDROGEN AMOUNT NORMAL RANGE 

LOWER THRESHOLD 
LOWER HYDROGEN 
STORAGE LIMIT 



Patent Application Publication Sep. 23 , 2021 Sheet 4 of 9 US 2021/0292667 A1 

FIG . 6 

NORMAL CONTROL 
OPERATION 

S11 

CALCULATE OPTIMUM OPERATION POINTS 
BASED ON SENSOR SIGNALS FROM 

GASIFICATION FURNACE SENSOR GROUP 
S12 

CONTROL HYDROGEN SUPPLY AMOUNT , 
OXYGEN SUPPLY AMOUNT , HEAT 

INTRODUCTION AMOUNT , AND HYDROGEN 
SUPPLY AMOUNT SO AS TO ACHIEVE 

OPTIMUM OPERATION POINTS 
$ 13 

PRODUCE HYDROGEN 
USING POWER GENERATED USING 
RENEWABLE ENERGY AND CHARGE 
HYDROGEN INTO HYDROGEN TANK 

END 



Patent Application Publication Sep. 23 , 2021 Sheet 5 of 9 US 2021/0292667 A1 

FIG . 7 

REMAINING AMOUNT 
REDUCING OPERATION 

S21 

NO FIRST GAIN2SECOND GAIN ? 

YES S22 S25 

REDUCE H / CO RATIO OF SYNGAS 
PRODUCED BY REACTIONS IN 

GASIFICATION FURNACE 

CALCULATE OPTIMUM OPERATION 
POINTS BASED ON SENSOR SIGNALS 
FROM GASIFICATION FURNACE 

SENSOR GROUP 
S26 

1. FURNACE TEMPERATURE 
LOWERING OPERATION 
2. WATER REDUCING OPERATION 

S23 

CONTROL HYDROGEN SUPPLY AMOUNT , 
OXYGEN SUPPLY AMOUNT , HEAT 
INTRODUCTION AMOUNT , AND 

HYDROGEN SUPPLY AMOUNT SO AS TO 
ACHIEVE OPTIMUM OPERATION POINTS 

INCREASE 
HYDROGEN SUPPLY AMOUNT 

$ 27 

S24 SUPPLY POWER GENERATED USING 
RENEWABLE ENERGY TO COMMERCIAL 

POWER GRID AND SELL POWER PRODUCE HYDROGEN USING POWER 
GENERATED USING RENEWABLE 
ENERGY AND CHARGE HYDROGEN 

INTO HYDROGEN TANK 
S28 

REDUCE AMOUNT OF HYDROGEN 
PRODUCTION BY ELECTROLYSIS UNIT 
AND REDUCE AMOUNT OF HYDROGEN 

CHARGE BY HYDROGEN UNGEN 



Patent Application Publication Sep. 23 , 2021 Sheet 6 of 9 US 2021/0292667 A1 

FIG . 8 

HIGH 
A 

A 

O O 0 O CONCENTRATION D 

o CO2 
CO 

A H? 

LOW 
LOW 

QQ mok 
HIGH GASIFICATION FURNACE 

TEMPERATURE 



Patent Application Publication Sep. 23 , 2021 Sheet 7 of 9 US 2021/0292667 A1 

FIG . 9 
REMAINING AMOUNT 

INCREASING 
OPERATION 

S31 

ACQUIRE INFORMATION 
INDICATING ENERGY MIX COMPOSITION OF 
COMMERCIAL POWER GENERATING SYSTEM 

S32 

CALCULATE POWER INDEX OF 
POWER SUPPUED FROM COMMERCIAL POWER 

GRID BASED ON INFORMATION 
INDICATING ENERGY MIX COMPOSITION 

533 

CALCULATE , BASED ON POWER INDEX , OPTIMUM 
HYDROGEN SUPPLY AMOUNT AND OPTIMUM 
COMMERCIAL POWER SUPPLY AMOUNT THAT 

MINIMIZE CARBON DIOXIDE EMISSION INTENSITY 
OF LIQUID FUEL 

S34 

CALCULATE OPTIMUM OPERATION POINTS OTHER 
THAN HYDROGEN SUPPLY AMOUNT USING HYDROGEN 
SUPPLY AMOUNT USING OPTIMUM HYDROGEN SUPPLY 

AMOUNT FIXED AS HYDROGEN SUPPLY AMOUNT 

S35 

CONTROL WATER SUPPLY AMOUNT , OXIGEN SUPPLY 
AMOUNT , HEAT INTRODUCTION AMOUNT , AND 
HYDROGEN SUPPLY AMOUNT SO AS TO ACHIEVE 

OPTIMUM OPERATION POINTS 

S36 

SUPPLY POWER FROM BOTH RENEWABLE POWER 
GENERATING UNIT AND COMMERCIAL POWER GRID , 

PRODUCE HYDROGEN , AND 
CHARGE HYDROGEN INTO HYDROGEN TANK 

END 



Patent Application Publication Sep. 23 , 2021 Sheet 8 of 9 US 2021/0292667 A1 

FIG . 10 

YN Y YYYYYY N N Y Y YYY Y Y Y Y YYY . 1 UPPER 
THRESHOLD 

REMAINING HYDROGEN AMOUNT 
9 ? 

LOWER 
THRESHOLD 

EVENING MORNING AFTERNOON 

AMOUNT OF POWER 
DEMANDED 

AMOUNT OF POWER GENERATED ENERGY OTHER THAN 
RENEWABLE ENERGY RENEWABLE 

ENERGY VIZ 
MORNING AFTERNOON EVENING 

POWER INDEX 
MORNING AFTERNOON EVENING 



Patent Application Publication Sep. 23 , 2021 Sheet 9 of 9 US 2021/0292667 A1 

FIG . 11 

1 AMOUNT OF CO2 EMISSION DURING SYNTHESIS 

AMOUNT OF CO2 EMISSION DURING HYDROGEN PRODUCING 
HYDROGEN SUPPLY AMOUNT 

LARGE 
POWER 
INDEX 

SMALL 

AMOUNT OF COMMERCIAL POWER SUPPLY 
( PROPORTIONAL TO AMOUNT OF 

HYDROGEN SUPPLY ) 

LARGE POWER INDEX AMOUNT OF CO2 NOISSIW SMALL 

O HYDROGEN SUPPLY OPTIMUM HYDROGEN 
SUPPLY AMOUNT AMOUNT 

( PROPORTIONAL TO OPTIMUM POWER 
SUPPLY AMOUNT ) 



US 2021/0292667 A1 Sep. 23 , 2021 
1 

FUEL PRODUCTION SYSTEM 

This application is based or : and claims the benefit 
of priority from Japanese Patent Application No. 

2020-048936 , filed on 19 Mar. 2020 , the content of 
which is incorporated herein by reference . 
BACKGROUND OF THE INVENTION 

Field of the Invention 

[ 0001 ] The present invention relates to a fuel production 
system . More specifically , the present invention relates to a 
fuel production system that produces a liquid fuel using 
biomass feedstock and renewable energy . 

Related Art 

[ 0002 ] In recent years , synthetic fuels have attracted atten 
tion as alternatives to fossil fuels . Such synthetic fuels are 
produced from materials including : hydrogen produced 
using power generated using renewable energy ; and a car 
bon source such as biomass or carbon dioxide discharged 
from factories . 
[ 0003 ] A common process for producing a liquid fuel , 
such as methanol or gasoline , using biomass as feedstock is 
as follows . The process includes a gasification step including 
gasifying specifically pretreated biomass feedstock together 
with water and oxygen in a gasification furnace to produce 
a syngas containing hydrogen and carbon monoxide ; a 
cleaning step including cleaning the produced syngas and 
removing tar , a HZ / CO ratio adjusting step including adjust 
ing the H2 / CO ratio of the cleaned syngas to a target ratio 
depending on the liquid fuel to be produced ; a desulfuriza 
tion step including removing sulfur components from the 
syngas after the H2CO ratio adjusting step ; and a fuel 
production step including producing a liquid fuel from the 
syngas after the desulfurization step . The liquid fuel is 
produced from the biomass feedstock through the process . 
[ 0004 ] In this process , the H / CO ratio of the syngas 
produced through the gasification step often remains short of 
the target ratio , which means that the syngas is short of 
hydrogen . In the H , CO ratio adjusting step , therefore , 
hydrogen is produced by reaction of carbon monoxide with 
water to increase the H2 / CO ratio to the target ratio . 
[ 0005 ] Patent Document 1 discloses an invention relating 
to a fuel production system that produces a synthetic fuel 
from biomass feedstock as mentioned above . In this system , 
hydrogen is produced using power generated using renew 
able energy and then mixed into a syngas , which is produced 
using a gasification furnace , to adjust the H / CO ratio to a 
target ratio . 
[ 0006 ] Patent Document 1 ; Japanese Unexamined Patent 
Application , Publication No. 2002-183358 

hydrogen is close to the lower , storage limit ; of the hydrogen 
tank , therefore , a sufficient amount of hydrogen can no 
longer be supplied to the gasification furnace and so on , 
which may lead to an increase in the amount of carbon 
dioxide emission in the gasification step , the H_ / CO ratio 
adjusting step , and so on . This may result in a significant 
increase in the carbon dioxide emission intensity of the 
liquid fuel produced by the fuel production system ( the 
carbon dioxide emission intensity is the amount of carbon 
dioxide emitted during the production of a unit amount of 
the liquid fuel , also called “ carbon intensity ” ) . 
[ 0008 ] It is an object of the present invention to provide a 
fuel production system capable of continuously producing a 
liquid fuel with no significant increase in the carbon dioxide 
emission intensity of the liquid fuel oven when only a small 
amount of hydrogen remains in its hydrogen tank . 
[ 0009 ] ( 1 ) A fuel production system ( e.g. , a fuel produc 
tion system 1 described later ) according to the present 
invention is for producing a liquid fuel from biomass 
feedstock and includes n gasification unit ( e.g. , a gasification 
unit 3 described later ) including a gasification furnace ( e.g. , 
a gasification furnace 30 described later ) that , gasifies bio 
mass feedstock to produce a syngas including hydrogen and 
carbon monoxide ; a liquid fuel production unit ( e.g. , a liquid 
fuel production unit 4 described later ) that produces a liquid 
fuel from the syngas produced by the gasification unit ; an 
electrolysis unit ( e.g. , an electrolysis unit 60 described later ) 
that is connected to a first , electric power source ( e.g. , a 
renewable power generating unit 5 described later ) that 
supplies electric power generated using renewable energy 
and connected to a second electric power source ( e.g. , a 
commercial power grid 3 described later ) that supplies 
electric power with a carbon dioxide emission intensity 
higher than that of the electric power from the first electric 
power source and produces hydrogen from water using 
electric power ; a hydrogen tank ( e.g. , a hydrogen tank 62 
described later ) that stores the hydrogen produced by the 
electrolyte unit ; a remaining hydrogen amount , determining 
section ( e.g. , a pressure sensor 63 and a control unit 7 
described later ) that determines the amount of hydrogen 
remaining in the hydrogen tank ; a hydrogen supply unit 
( e.g. , a hydrogen supply pump 64 described later ) that 
supplies the hydrogen from the hydrogen tank to the gas 
ification unit ; a power index determining section ( e.g. , a 
control unit 7 described later ) that determines a power index 
that increases and decreases depending on the carbon diox 
ide emission intensity of the electric power supplied from 
the second electric power source ; end a control unit ( e.g. , a 
control unit 7 described later ) , in which when the remaining 
amount of hydrogen is smaller than a predetermined 
amount , the control unit causes the electric power , to be 
supplied from the first and second electric power sources to 
the electrolysis unit for production of hydrogen and controls , 
based on the power index , the amount of hydrogen supplied 
by the hydrogen supply unit and the amount of second 
electric power supplied from the second electric power 
source to the electrolysis unit . 
[ 0010 ] ( 2 ) In the system , the control unit preferably 
reduces the amount of hydrogen supply and the amount of 
second electric power supply as the power index increases 
and preferably Increases the amount ;, of hydrogen supply 
and the amount of second electric power supply as the power 
index decreases . 

SUMMARY OF THE INVENTION 

[ 0007 ] The fuel production system disclosed in Patent 
Document 1 includes an electrolysis apparatus that , pro 
duces hydrogen using electric power generated using renew 
able energy ; and a hydrogen tank that stores the produced 
hydrogen . In the system disclosed in Patent Document 1 , the 
amount of hydrogen remaining in the hydrogen tank will 
significantly fluctuate depending on the environmental con 
ditions because wind power or sunlight supposed to be the 
renewable energy is not constant . If the remaining amount of 
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[ 0011 ] ( 3 ) In the system , the control unit preferably con 
trols the amount of hydrogen supply and the amount of 
second electric power supply such that the liquid fuel 
produced by the liquid fuel production unit has a minimum 
carbon dioxide emission intensity . 
[ 0012 ] ( 4 ) In the system , the control unit preferably causes 
the electrolysis unit , to supply , to the gasification unit , 
hydrogen produced using the electric power supplied from 
the second electric power source and preferably controls the 
amount of hydrogen supply and the amount of second 
electric power supply so as to minimize the sum of the 
amount of CO2 emission during synthesis and the amount of 
CO2 emission during hydrogen production , whore in the 
amount of CO2 omission during synthesis corresponds to the 
amount , of carbon dioxide emitted from the gasification unit 
per unit of liquid fuel produced by the liquid fuel production 
unit , and the amount of CO2 emission during hydrogen 
production corresponds to the amount of carbon dioxide 
emitted from a power generating system ( e.g. , a commercial 
power generating system 8a described later ) that supplies 
the electric power to the second electric power source , per 
unit of liquid fuel produced by the liquid fuel production 
unit . 

[ 0013 ] ( 5 ) In the system , the power index determining 
section preferably acquires information indicating the com 
position of the energy mix of the power generating system 
and preferably calculates the power index based on the 
information indicating the composition of the energy mix . 
[ 0014 ] ( 1 ) The fuel production system according to the 
present invention includes a gasification unit that gasifies 
biomass feedstock to produce a syngas ; a liquid fuel pro 
duction unit that produces a liquid fuel from the syngas ; an 
electrolysis unit that produces hydrogen using electric 
power ; a hydrogen tank that stores the hydrogen produced 
by the electrolysis unit ; and a hydrogen supply unit that 
supplies the hydrogen from the hydrogen tank to the gas 
ification unit . In the present invention , the electrolysis unit 
is connected to two electric power sources including first 
and second electric power sources , in which the first electric 
power source supplies electric power generated using 
renewable energy , and the second electric power source 
supplies electric power with a carbon dioxide emission 
intensity higher than that of the electric power from the first , 
electric power source . When the amount of hydrogen 
remaining in the hydrogen tank is smaller than a predeter 
mined amount , the control unit causes electric power to be 
supplied to the electrolysis unit . not . only from the first 
electric power source using renewable energy but also from 
the second electric power source . This allows the electroly 
sis unit to produce as much hydrogen as necessary for the 
gasification unit . The power index determining section 
determines a power index that increases and decreases 
depending on the carbon dioxide emission intensity of the 
electric power supplied from the second electric power 
source . When the amount of hydrogen remaining in the 
hydrogen tank is smaller than a predetermined amount , the 
control unit controls , based on the power index , the amount 
of hydrogen supplied by the hydrogen supply unit and the 
amount of second electric power supplied from the second 
electric power source to the electrolysis unit . This makes 
possible continuous production of the liquid fuel with no 
significant increase in the carbon dioxide emission intensity 

of the liquid fuel even when the amount of hydrogen 
remaining in the hydrogen tank is smaller than a predeter 
mined amount . 
[ 0015 ) ( 2 ) The higher the power index , the larger the 
amount of carbon dioxide emitted from the power generat 
ing system that supplies electric power to the second electric 
power source , per unit of hydrogen produced by the elec 
trolysis unit using electric power supplied from the second 
electric power source . In the present invention , therefore , the 
control unit may reduce the amount of hydrogen supply and 
the amount of second electric power supply as the power 
index increases , and may increase the amount of hydrogen 
supply and the amount of second electric power supply as 
the power index decreases . This makes possible continuous 
production of the liquid fuel with no significant increase in 
the carbon dioxide emission intensity of the liquid fuel . 
[ 001 ] ( 3 ) The liquid fuel is produced using the gasifica 
tion unit and the liquid fuel production unit while the 
hydrogen produced using electric power supplied from the 
second electric power source is supplied to the gasification 
unit . In this process , main carbon dioxide emission sources 
are the gasification unit and the power generating system 
that supplies electric power to the second electric power 
source . The amount of carbon dioxide emitted in the gas 
ification unit correlates with the amount of hydrogen sup 
plied to the gasification unit . Therefore , the carbon dioxide 
emission intensity of the liquid fuel correlates with the 
amount of hydrogen supply and the amount of second 
electric power supply . Based on the correlation , the control 
unit controls the amount , of hydrogen supply and the amount 
of second electric power supply so as to minimize the carbon 
dioxide emission intensity of the liquid fuel . This makes 
possible continuous production of the liquid fuel with no 
significant increase in the carbon dioxide emission intensity 
of the liquid fuel , even when the remaining Amount of 
hydrogen is smaller than a predetermined amount . 
[ 0017 ] ( 4 ) In the present invention , the control unit may 
cause the electrolysis unit to supply , to the gasification unit , 
hydrogen produced using the electric power supplied from 
the second electric power source and may control , the 
amount of hydrogen supply and the amount of second 
electric power supply so as to mini adze the sum of the 
amount of CO2 emission during synthesis end the amount of 
CO2 emission during hydrogen production , wherein the 
amount of CO2 emission during synthesis corresponds to the 
amount of carbon dioxide emitted from the gasification unit 
per unit of liquid fuel produced by the liquid fuel production 
unit , and the amount of CO2 emission during hydrogen 
production corresponds to the amount of carbon dioxide 
emitted from the power generating system that supplies the 
electric power to the second electric power source , per unit 
of liquid fuel produced by the liquid fuel production unit . 
This feature makes possible continuous production of the 
liquid fuel with no significant increase in the carbon dioxide 
emission intensity of the liquid fuel , even when the remain 
ing amount of hydrogen is smaller than a predetermined 
amount . 
[ 0018 ] ( 5 ) In the present invention , the power index deter 
mining section may acquire information indicating the com 
position of the energy mix of the power generating system 
that supplies electric power to the second electric power 
source and may calculate the power index based on the 
information indicating the composition of the energy mix . 
This allows precise calculation of the power Index based on 
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the composition of the energy mix of the power generating 
system , which changes with time . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0019 ] FIG . 1 is a diagram showing the configuration of a 
fuel production system according to an embodiment of the 
present invention ; 
[ 0020 ] FIG . 2 is a graph showing the relationship between 
the concentration of each component in the syngas in the 
gasification furnace and the amount of hydrogen supplied 
into the gasification furnace ; 
[ 0021 ] FIG . 3 is a graph showing a comparison between 
the conventional fuel production system and a fuel produc 
tion system according to an embodiment of the present 
invention with respect to the total amount and breakdown 
amount of carbon dioxide emitted throughout the system 
when a predetermined amount of syngas with a predeter 
mined target ratio is produced ; 
[ 0022 ] FIG . 4 is a main flowchart of a syngas production 
operation ; 
( 0023 ] FIG . 5 is a diagram showing threshold values set 
for the amount of hydrogen remaining in a hydrogen tank ; 
[ 0024 ] FIG . 6 is a flowchart showing a specific procedure 
for a normal control operation ; 
[ 0025 ] FIG . 7 is a flowchart showing a specific procedure 
for a remaining amount reducing operation ; 
[ 0026 ] FIG . 8 is a diagram showing the relationship 
between the concentration of each component in the syngas 
produced in the gasification furnace and the temperature in 
the gasification furnace in a case where the amount of 
hydrogen supplied from outside the gasification furnace is 

ing unit 5 and / or a commercial power grid 6 and supplies the 
produced hydrogen to the gasification unit 3 ; and a control 
unit 7 that controls the gasification unit 3 , the renewable 
power generating unit 5 , and the hydrogen production and 
supply unit 6. The system 1 uses these components to 
produce a liquid fuel from biomass feedstock . 
[ 0032 ] The biomass feedstock supply unit 2 pretreats , in a 
given way , biomass feedstock , such as rice hulls , bagasse , 
arid wood , end supplies the pretreated biomass feedstock to 
a gasification furnace 30 in the gasification unit 3 through a 
feedstock supply channel 20. The pretreatment performed 
on the biomass feedstock includes , for example , a drying 
step including drying the feedstock and a pulverization step 
including pulverizing the feedstock . 
[ 0033 ] The gasification unit 3 includes a gasification fur 
nace 30 that gasifies the biomass feedstock supplied through 
the feedstock supply channel 20 ; a group 31 of gasification 
furnace sensors including multiple sensors that each detect 
the condition of the interior of the gasification furnace 30 ; a 
water supply unit 32 that supplies water into the gasification 
furnace 30 ; an oxygen supply unit 33 that supplies oxygen 
into the gasification furnace 30 ; a heating unit 34 that heats 
the gasification furnace 30 ; a scrubber 35 that cleans the 
syngas discharged from the gasification furnace 30 ; and a 
desulfurization unit 36 that removes sulfur components from 
the syngas cleaned by the scrubber 35 and supplies the 
desulfurized syngas to the liquid fuel production unit 4 . 
[ 0034 ] The water supply unit 32 supplies water from a 
water tank ( not shown ) , which stores water , into the gasifi 
cation furnace 30. The oxygen supply unit 33 supplies 
oxygen from an oxygen tank ( not shown ) , which stores 
oxygen , into the gasification furnace 30. The heating unit 34 
heats the gasification furnace 30 by consuming a fuel 
supplied from a fuel tank ( not shown ) or consuming electric 
power supplied from a power source ( not shown ) . The 
control unit 7 controls the amount of water supplied from the 
water supply unit 32 into the gasification furnace 30 , the 
amount of oxygen supplied from the oxygen supply unit 33 
into the gasification furnace 30 , and the amount of heat 
introduced from the heating unit 34 into the gasification 
furnace 30. In the fuel production system 1 according to this 
embodiment , the supply of hydrogen from the hydrogen 
production and supply unit 6 into the gasification furnace 30 
or the feedstock supply channel 20 will sometimes eliminate 
the need to actively supply water from the water supply unit 
32 into the gasification furnace 30. In this case , the water 
supply unit 32 may be omitted from the fuel production 
system 1 . 
[ 0035 ] When the water supply unit ; 32 , the oxygen supply 
unit 33 , and the heating unit 34 introduce water , oxygen , and 
heat , respectively , into the gasification furnace 30 containing 
the supplied biomass feedstock , forward gasification reac 
tions and backward reactions , such as those represented by 
formulas ( 1-1 ) to ( 1-5 ) ( ten reactions in total ) , are allowed 
to proceed in the gasification furnace 30 so that a syngas 
including hydrogen and carbon monoxide is produced . 

C + H2O = CO + H2 ( 1-1 ) 

Zero ; and 
[ 0027 ] FIG.9 is a flowchart showing a specific procedure 
for a remaining amount increasing operation . 
[ 0028 ] FIG . 10 is a graph showing an example of the 
fluctuation , over a day , of the amount of hydrogen remaining 
in a hydrogen tank , the amount of power generated in a 
commercial power generating system , and the power index 
of the power through a commercial power grid ; and 
[ 0029 ] FIG . 11 is a graph showing changes in the amount 
of CO2 emission during synthesis and in the amount , of CO2 
emission during hydrogen production upon changes in the 
amount of hydrogen supply and the amount of commercial 
power supply 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0030 ] Hereinafter , a fuel production system 1 according 
to an embodiment of the present invention will be described 
with reference to the drawings . 
[ 0031 ] FIG . 1 is a diagram showing the configuration of 
the fuel production system 1 according to an embodiment of 
the present invention . The fuel production system 1 includes 
a biomass feedstock supply unit 2 that supplies biomass 
feedstock ; a gasification unit 3 that gasifies biomass feed 
stock supplied from the biomass feedstock supply unit 2 to 
produce a syngas including hydrogen and carbon monoxide ; 
a liquid fuel production unit 4 that produces a liquid fuel 
from the syngas supplied from the gasification unit 3 ; a 
renewable power generating unit 5 that generates electric 
power using renewable energy ; a hydrogen production and 
supply unit 6 that produces hydrogen from water using 
electric power supplied from the renewable power generat 

C + C025200 ( 1-2 ) 

C + 2H25CH4 ( 1-3 ) 

CO + H2O5CO2 + H2 ( 1-4 ) 

CH4 + H2O5 = CO + 3H2 ( 1-5 ) 
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[ 0036 ] The gasification furnace sensor group 31 includes , 
for example , a pressure sensor for detecting the pressure in 
the gasification furnace 30 , a temperature sensor for detect 
ing the temperature in the gasification furnace 30 , a H2 / CO 
sensor for detecting the H / CO ratio corresponding to the 
ratio between hydrogen and carbon monoxide in the syngas 
in the gasification furnace 30 , a CO2 sensor for detecting 
carbon dioxide in the gasification furnace 30 , and the like . 
The sensors in the gasification furnace sensor group 31 send 
sensor signals to the control unit 7 . 
[ 0037 ] The gasification furnace 3 mixes the syngas pro 
duced by the gasification reactions and reverse reactions 
thereof represented by formulas ( 1-1 ) to ( 1-5 ) above with 
hydrogen supplied from the hydrogen production And sup 
ply unit 6 described later to adjust the H2CO ratio of the 
syngas to a predetermined target ratio ( e.g. , a target H / CO 
ratio of 2 when methanol is produced ) depending on the 
liquid fuel to be produced , and then supplies the resulting 
syngas to the liquid fuel production unit 4 . 
[ 0038 ] The liquid fuel production unit 4 may include a 
methanol synthesis unit , a methanol - to - gasoline ( MTG ) 
synthesis unit , a Fischer - Tropsch ( FT ) synthesis unit . , and an 
upgrading unit , or the like and use these units to produce a 
liquid fuel , such as methanol or gasoline , front the syngas 
with the H2 / CO ratio adjusted to a predetermined ratio in the 
gasification unit 3 . 
[ 0039 ] The renewable power generating unit 5 may 
include a wind power generating unit configured to generate 
electricity by wind power as renewable energy , a solar 
power generating unit configured to generate electricity 
from sunlight as renewable energy , or the like . The renew 
able power generating unit 5 is connected to the hydrogen 
production and supply unit 6 so that the power generated by 
the wind power generating unit , the solar power generating 
unit , or the like using renewable energy is supplied to the 
hydrogen production and supply unit 6. The renewable 
power generating unit 5 is also connected to a commercial 
power grid 3. Thus , some or all of the power generated by 
the renewable power generating unit 5 can be supplied to the 
commercial power grid 8 for the purpose of selling the 
power to a power company . 
[ 0040 ] The commercial power grid 6 receives the power 
generated through a commercial power generating system 
8a operated by the power company . The commercial power 
grid 8 is connected to the hydrogen production and supply 
unit 6. Thus , the power through the commercial power grid 
8 can be purchased from the power company and supplied 
to the hydrogen production and supply unit 8. The commer 
cial power generating system 8a includes multiple power 
generating plants operated by the power company , such as a 
thermal power plant , a hydroelectric power plant , a nuclear 
power plant , a wind power plant , a solar power plant , and a 
geothermal power plant . 
[ 0041 ] The power generated through the commercial 
power generating system 3a has a carbon dioxide emission 
intensity higher than that of the power generated by the 
renewable power generating unit 5 using renewable energy . 
The information indicating the composition of the energy 
mix of the commercial power generating system 8a is 
transmitted from the power company to the control unit as 
needed . The information indicating the composition of the 
energy mix includes pieces of information necessary for the 
calculation of the carbon dioxide emission intensity of the 
power through the commercial power grid 8. More specifi 

cally , the information indicating the composition of the 
energy mix includes pieces of information indicating the 
composition ratio between the materials or energy sources 
used for the power generation through the commercial 
power generating system 8a ( specifically , composition per 
centages such as a % of coal , b % of petroleum , c % of gas , 
and d % of renewable energy ) . 
[ 0042 ] The hydrogen production and supply unit 6 
includes an electrolysis unit 60 , a hydrogen charging pump 
61 , a hydrogen tank 62 , a pressure sensor 63 , and a hydrogen 
supply pump 64 and uses these components to produce 
hydrogen using the power supplied from the renewable 
power , generating unit 5 and the commercial power grid 8 
and then to supply the produced hydrogen to the gasification 
unit 3 . 
[ 0043 ] The electrolysis unit 60 , which is connected to the 
renewable power generating unit 5 , produces hydrogen from 
water by electrolysis using the power supplied from the 
renewable power generating unit 5. The electrolysis unit 60 
is also connected to the commercial power grid 8. Thus , the 
electrolysis unit 60 can produce hydrogen using either or 
both of the power supplied from the renewable power 
generating unit 5 and the power supplied through the com 
mercial power grid 8 , which is purchased from the power 
company . The amount of power supplied from the commer 
cial power grid 8 to the electrolysis unit 60 ( hereinafter 
referred to as “ the amount of commercial power supply ” ) 
and the amount of hydrogen produced by the electrolysis 
unit 60 are controlled by the control unit 7 . 
[ 0044 ] The hydrogen charging pump 61 compresses the 
hydrogen produced by the electrolysis unit 60 and charges 
the hydrogen into the hydrogen tank 62. The amount of 
hydrogen charged by the hydrogen charging pump 61 is 
controlled by the control unit 7. The hydrogen tank 62 stores 
the hydrogen compressed by the hydrogen charging pump 
61. The pressure sensor 63 detects the pressure in the 
hydrogen tank 62 and sends a sensor signal to the control , 
unit 7. The amount of hydrogen remaining in the hydrogen 
tank 62 is calculated by the control unit 7 based on the sensor 
signal from the pressure sensor 63. In this embodiment , 
therefore , the remaining hydrogen amount determining sec 
tion that determines the amount of hydrogen remaining in 
the hydrogen tank 62 includes the pressure sensor 63 and the 
control unit 7 . 
[ 0045 ] The hydrogen supply pump 64 supplies the . hydro 
gen from the hydrogen tank 62 into the gasification furnace 
30 of the gasification unit 3. The amount of hydrogen 
supplied from the hydrogen supply pump 64 into the gas 
ification furnace 30 is controlled by the control unit FIG . 1 
illustrates an embodiment in which the hydrogen is stored in 
the hydrogen tank 62 and then supplied into the gasification 
furnace 30 by the hydrogen supply pump 64 , which is riot 
intended to limit the present invention . Alternatively , after 
being stored in the hydrogen tank 62 , the hydrogen may be 
supplied upstream of the gasification furnace 30 , more 
specifically , supplied into the biomass feedstock supply 
channel 20 . 
[ 0046 ] The control unit 7 is a computer that controls the 
amount of water supplied by the water supply unit 32 , the 
amount of oxygen supplied by the oxygen supply unit 33 , 
the amount of heat introduced by the heating unit 34 , the 
amount of hydrogen produced by the electrolysis unit 60 , the 
amount of hydrogen charged by the hydrogen charging 
pump 61 , the amount of hydrogen supplied by the hydrogen 
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supply pump 64 , and so on based on sensor signals from the 
gasification furnace sensor group 31 , the pressure sensor 63 
of the hydrogen tank 62 , end so on . How the control unit 7 
specifically controls the amount of hydrogen supply and the 
like will be described later with reference to FIGS . 4 to 11 . 
[ 0047 ] Next , how the supply of hydrogen into the gasifi 
cation furnace 30 or the feedstock supply channel 20 in the 
gasification unit 3 is advantageously effective will be 
described with reference to FIGS . 2 and 3 . 

[ 0048 ] FIG . 2 Is a graph showing the relationship between 
the concentration ( % by volume ) of each component in the 
syngas in the gasification furnace 30 and the rate ( kg / h ) of 
hydrogen supply into the gasification furnace 30. FIG . 2 
shows the results of simulation under specific conditions . In 
FIG . 2 , the thick solid line indicates the hydrogen concen 
tration of the syngas in the gasification furnace 30 , the thick 
dashed line indicates the carbon monoxide concentration of 
the syngas in the gasification furnace 30 , and the thin solid 
line indicates the carbon dioxide concentration of the syngas 
in the gasification furnace 30. FIG . 2 also shows the amount 
( kg / h ) of carbon dioxide production throughout the system , 
which is indicated by the thin dashed line , in a case where 
a syngas with a predetermined target ratio is produced at a 
predetermined rate by the gasification unit 3 . 
[ 0049 ] FIG . 3 is a graph showing a comparison between 
the conventional fuel production system and the fuel pro 
duction system 1 according to this embodiment with respect 
to the total amount ( kg / h ) and breakdown amount ( kg / h ) of 
carbon dioxide emitted throughout the system when a syn 
gas with a predetermined target ratio is produced at a 
predetermined rate . In this regard , the conventional fuel 
production system is configured to adjust , using water , the 
HZ / CO ratio of the syngas produced by the gasification unit 
3 to a target ratio without supplying hydrogen from outside 
to the gasification unit 3 . 
[ 0050 ] As shown in FIG . 2 , if the amount of hydrogen 
supplied into the gasification furnace 30 is set ; at zero , the 
HZ / CO ratio of the syngas in the gasification furnace 30 will 
be smaller than the target ratio . To increase the H / CO ratio 
of the syngas produced by the gasification unit 3 to the target 
ratio , therefore , it is necessary to further perform a H CO 
ratio adjusting step that includes allowing water to react with 
excess of carbon monoxide in the syngas produced in the 
gasification furnace 30 to increase the H_ / CO ratio . Unfor 
tunately , such a H2CO ratio adjusting step causes carbon 
dioxide emission . Tn the conventional fuel production sys 
tem , therefore , carbon dioxide is emitted not only in the 
gasification step in the gasification furnace 30 but also in the 
H / CO ratio adjusting step as shown in FIG . 3 . 
[ 0051 ] To address this , as indicated by the dashed line 2a 
in FIG . 2 , the amount of hydrogen supplied into the gasifi 
cation furnace 30 is increased , so that the concentration of 
hydrogen in the syngas in the gasification furnace 30 
increases correspondingly . Thus , when the amount of hydro 
gen supplied into the gasification furnace 30 is controlled to 
a predetermined amount , the HQ / CO ratio of the syngas in 
the gasification furnace 30 is successfully adjusted t.o the 
target ratio . In the fuel production system 1 according to this 
embodiment , therefore , it is not necessary to actively per 
form a H / CO ratio adjusting step , so that the amount of 
carbon dioxide can be made smaller by at least an amount 
corresponding to no need for such a step than that in the 
conventional fuel production system . 

[ 0052 ] Moreover , when the amount of hydrogen supplied 
into the gasification furnace 30 is increased , the amount of 
water supplied into the gasification furnace 30 can be made 
smaller than that in the conventional fuel production system , 
which results in suppression of the reactions for producing 
carbon monoxide and carbon dioxide among the reactions 
represented by formulas ( 1-1 ) to ( 1-5 ) occurring in the 
gasification furnace 30. That is , as shown in FIG . 2 , as the 
amount of hydrogen supplied into the gasification furnace 30 
is increased , the concentration of carbon monoxide and 
carbon dioxide In the syngas in the gasification furnace 30 
decreases . As shown in FIG . 3 , therefore , the amount of 
carbon dioxide emitted in the gasification step in the gas 
ification furnace 30 can be made smaller In the fuel pro 
duction system 1 according to this embodiment than in the 
conventional fuel production system . The above demon 
strates that the total emission of carbon dioxide can be 
reduced throughout the fuel production system 1 according 
to this embodiment . 
[ 0053 ] FIG . 4 is a main flowchart of a syngas production 
operation using the gasification unit 3 , the hydrogen pro 
duction and supply unit 6 , and the renewable power gener 
ating unit 5. The syngas production operation shown in FIG . 
4 is repeatedly performed with a predetermined period by 
the control unit 7 . 
[ 0054 ] FIG . 5 is a diagram showing threshold values set 
for the amount of hydrogen remaining in the hydrogen tank 
62 , which is for illustrating the concept of the syngas 
production operation shown in FIG . 4. In FIG . 5 , the upper 
hydrogen storage limit corresponds to the upper limit of the 
amount of hydrogen storable in the hydrogen tank 62. That 
is , the hydrogen tank 62 cannot store hydrogen in an amount 
more than the upper hydrogen storage limit . In FIG . 5 , the 
lower hydrogen storage limit corresponds to the minimum 
amount of hydrogen that needs to be stored in the hydrogen 
tank 62 for the supply of hydrogen from the hydrogen tank 
62 into the gasification furnace 30 through the hydrogen 
supply pump 64. Therefore , if the remaining amount of 
hydrogen falls below the lower hydrogen storage limit , the 
hydrogen supply pump 64 can no longer supply hydrogen 
into the gasification furnace 30 . 
[ 0055 ] In the syngas production operation , upper and 
lower thresholds are set with respect to the remaining 
amount of hydrogen . The upper threshold is set slightly 
smaller than the upper hydrogen storage limit , and the lower 
threshold is set smaller than the upper threshold and slightly 
larger than the lower hydrogen storage limit . In the opera 
tion , the gasification unit 3 , the hydrogen production and 
supply unit 6 , and the renewable power generating unit 5 are 
controlled such that the amount of hydrogen remaining in 
the hydrogen tank 62 is maintained within a normal range 
between the upper and lower thresholds , in other words , 
such that the remaining amount of hydrogen will neither 
depart from the normal range nor reach the upper or lower 
hydrogen storage limit . 
[ 0056 ] First , in step S1 , the control unit 7 calculates the 
amount of hydrogen remaining in the hydrogen tank 62 
based on the sensor signal from the pressure sensor 63 and 
then determines whether the remaining amount of hydrogen 
is equal to or more than the upper threshold . When the result 
of determination in step S1 is NO , the control unit 7 
proceeds to step S2 . In step S2 , the control unit 7 determines 
whether the amount of hydrogen remaining in the hydrogen 
tank 62 is leas than the lower threshold . 
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[ 0057 ] When the result of determination in step 32 is NO , 
that is , when the amount of hydrogen remaining in the 
hydrogen tank 62 is within the normal range , the control unit 
7 performs a normal control operation ( see step S3 ) , which 
will be described later with reference to FIG . 6 , and then 
ends the operation shown in FIG . 4. As shown in FIG . 5 , the 
remaining amount of hydrogen falling within the normal 
range may mean that the hydrogen tank 62 has room to 
receive hydrogen produced by the electrolysis unit 60 and 
has room to supply hydrogen in an amount necessary for the 
gasification furnace 30 . 
[ 0058 ] When the result of determination in step S1 is YES , 
that is , when the amount of hydrogen remaining in the 
hydrogen tank 62 is equal to or more than the upper 
threshold , the control unit 7 performs a remaining amount 
reducing operation ( see step S4 ) , which will be described 
later with reference to FIG . 7 , and then ends the operation 
shown in FIG . 4. As shown in FIG . 5 , when the remaining 
amount of hydrogen is equal to or more than the upper 
threshold , it is necessary to reduce the remaining amount of 
hydrogen so that the remaining amount will not exceed the 
upper hydrogen storage limit . As mentioned above , if the 
remaining amount of hydrogen exceeds the upper hydrogen 
storage limit , the hydrogen tank 62 can no longer store 
hydrogen , so that hydrogen can be no longer produced using 
renewable energy . Therefore , the control unit 7 performs the 
remaining amount reducing operation to reduce the remain 
ing amount of hydrogen . 
[ 0059 ] When the result of determination in step S2 is YES , 
that is , when the amount of hydrogen remaining in the 
hydrogen tank 62 is less than the lower threshold , the control 
unit 7 performs a remaining amount increasing operation 
( see step S5 ) , which will be described later with reference to 
FIG . 9 , and then ends the operation shown in FIG . 4. As 
shown in FIG . 5 , when the remaining amount of hydrogen 
is less than the lower threshold , it is necessary to increase the 
remaining amount of hydrogen so that the remaining amount 
will not fall below the lower hydrogen storage limit . As 
mentioned above , if the remaining amount of hydrogen falls 
below the lower hydrogen storage limit , the hydrogen sup 
ply pump 64 can no long supply hydrogen . Therefore , the 
control unit 7 performs the remaining amount increasing 
operation to increase the remaining amount of hydrogen . 
[ 0060 ] As described above , the syngas production opera 
tion shown in FIG . 4 includes performing the remaining 
amount reducing operation when the remaining amount of 
hydrogen is equal to or more than the upper threshold ; 
performing the remaining amount increasing operation 
when the remaining amount of hydrogen is less than the 
lower threshold ; and performing the normal control opera 
tion when the remaining amount of hydrogen falls within the 
normal range , so that the remaining amount of hydrogen is 
maintained within the normal range . 
[ 0061 ] FIG . 6 is a flowchart showing a specific procedure 
for the normal control operation . First , in step S11 , the 
control unit 7 calculates optimum points for operation of the 
gasification furnace 30 based on the sensor signals from the 
gasification furnace sensor group 31. In this case , optimum 
points for operation of the gasification furnace 30 include 
the amount of water , supplied by the water supply unit 32 , 
the amount of oxygen supplied by the oxygen supply unit 
33 , the amount of heat introduced by the heating unit 34 , and 
the amount of hydrogen supplied by the hydrogen supply 
pump 64. Optimum operation points also refer to operation 

points at which the H / CO ratio of the syngas discharged 
from , the gasification furnace 30 reaches a target ratio . The 
control unit 7 stores a basic map that associates sensor 
signals from the gasification furnace sensor group 31 with 
optimum operation points . The control unit 7 calculates 
optimum operation points through retrieving data from the 
basic nap based on the sensor signals from the gasification 
furnace sensor group 31 . 
[ 0062 ] The optimum points for operation of the gasifica 
tion furnace 30 vary depending on the type and properties of 
the biomass feedstock introduced into the gasification fur 
nace 30. Preferably , therefore , the control unit 7 stores basic 
maps different for each type and property of biomass feed 
stock , and calculates optimum operation points through 
selecting the basic maps for reference depending on the type 
and properties of the biomass feedstock introduced into the 
gasification furnace 30. Therefore , depending on the type 
and properties of the biomass feedstock introduced into the 
gasification furnace 30 , the control unit 7 successfully 
changes the amount of hydrogen supplied by the hydrogen 
supply pump 64 and so on and adjusts , to a target ratio , the 
H2 / CO ratio of the syngas discharged from the gasification 
furnace 30 . 
[ 0063 ] The above embodiment , shows a case in which 
optimum operation points are calculated based on a basic 
map , which is not intended to limit the present invention . 
Alternatively , optimum operation points may be calculated 
through a calculation procedure preset based on sensor 
signals from the gasification furnace sensor group 31 and the 
type and properties of the biomass feedstock to be intro 
duced into the gasification furnace 30 . 
[ 0064 ] In step S12 , to achieve optimum operation points 
through the calculation , the control unit 7 controls the 
amount of water supplied by the water supply unit 32 , the 
amount of oxygen supplied by the oxygen supply unit 33 , 
the amount of heat introduced by the heating unit 34 , and the 
amount of hydrogen supplied by the hydrogen supply pump 
64 . 
[ 0065 ] In step S13 , the control unit 7 causes the renewable 
power generating unit 5 to supply the power generated using 
renewable energy to the electrolysis unit 60 , causes the 
electrolysis unit 60 to produce hydrogen , and causes the 
hydrogen charging pump 61 to charge the produced hydro 
gen into the hydrogen tank 62 , and then ends the normal 
control operation shown in FIG . 6 . 
[ 0066 ] To maintain the amount of hydrogen remaining in 
the hydrogen tank 62 within the normal range without large 
fluctuations , the control unit 7 preferably control the amount 
of power supplied from the renewable power generating unit 
5 to the electrolysis unit 60 or the amount of power gener 
ated by the renewable power generating unit 5 such that the 
amount of hydrogen produced by the electrolysis unit 60 and 
charged into the hydrogen tank 62 is equal to the amount of 
hydrogen supplied by the hydrogen supply pump 64 , which 
is calculated in step S11 . In some cases , however , the 
renewable power generating unit 5 , which uses renewable 
energy to generate power , falls to supply the required 
amount of power to the electrolysis unit 60. In such cases , 
the remaining amount of hydrogen tends to decrease , since 
the amount of hydrogen supply becomes larger than the 
amount of hydrogen production and hydrogen charge . When 
the remaining amount of hydrogen is sufficiently smaller 
than the upper threshold , hydrogen may be produced using 
the entire amount of power generated by the renewable 
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power generating unit 5 and charged into the hydrogen tank 
62. In this case , the remaining amount of hydrogen tends to 
increase , since the amount of hydrogen production and 
hydrogen charge is larger than the amount of hydrogen 
supply . This allows the entire amount of available renewable 
energy to be converted into hydrogen for storage in the 
hydrogen tank 62 . 
[ 0067 ] FIG . 7 is a flowchart showing a specific procedure 
for the remaining amount reducing operation to reduce the 
amount of hydrogen remaining in the hydrogen tank 62. In 
the fuel production system 1 , the hydrogen is supplied from 
the hydrogen tank 62 to the gasification unit 3 while the 
hydrogen produced by the electrolysis unit 60 is charged into 
the hydrogen tank 62. Therefore , to reduce the remaining 
amount of hydrogen , the control unit 7 is configured to select 
and perform one of a hydrogen consumption increasing 
control ( steps S22 to S24 ) to reduce the remaining amount 
of hydrogen by increasing the consumption of hydrogen in 
the gasification unit 3 and the amount of hydrogen supplied 
by the hydrogen supply pump 64 ; and a hydrogen produc 
tion reducing control ( steps S25 to S28 ) to reduce the 
remaining amount of hydrogen by reducing the amount of 
hydrogen produced by the electrolysis unit 60 and the 
amount of hydrogen charged by the hydrogen charging 
pump 61 . 
[ 0068 ] First , in step S21 , the control unit 7 calculates a first 
gain available if the hydrogen consumption increasing con 
trol is performed ; and a second gain available if the hydro 
gen production reducing control is performed , and then 
determines whether the first gain is equal to or more than the 
second gain . When the result of determination in step S21 is 
YES , that is , when the hydrogen consumption increasing 
control is more advantageous than the hydrogen production 
reducing control , the control unit 7 proceeds to step S22 . 
When the result of determination in S21 is NO , that is , when 
the hydrogen production reducing control is more advanta 
geous than the hydrogen consumption increasing control , 
the control unit 7 proceeds to step S25 . Specific procedures 
for calculating the first and second gains will be described 
after the description of specific procedures for the hydrogen 
consumption increasing control and the hydrogen produc 
tion reducing control . 
[ 0069 ] In step S22 , the control unit 7 changes the optimum 
operation points from those at the time when the normal 
control operation is performed to reduce the H , CO ratio of 
the syngas produced by reactions in the gasification furnace 
30. As used herein , the expression “ syngas produced by 
reactions in the gasification furnace 30 ” refers to a part of the 
syngas in the gasification furnace 30 , exclusive of hydrogen 
supplied from outside the gasification furnace 30 ( namely , 
supplied by the hydrogen supply pump 64 ) . In other words , 
the “ syngas produced by reactions in the gasification furnace 
30 ” is equivalent to syngas produced is the gasification 
furnace 30 when the amount of hydrogen supplied by the 
hydrogen supply pump 64 is zero , which differs from the 
" syngas discharged from the gasification furnace 30 ” . 
[ 0070 ] To reduce the H2CO ratio of the syngas in step 
S22 , the control unit 7 is configured to perform either of or 
a combination of a furnace temperature lowering operation 
to lower , the temperature in the gasification furnace 30 ; and 
a water reducing operation to reduce the amount of water 
supplied into the gasification furnace 30 . 
[ 0071 ] FIG . 8 is a diagram showing the relationship 
between the concentration of each component in the syngas 

produced in the gasification furnace 30 and the temperature 
in the gasification furnace 30 in a case where the amount of 
hydrogen supplied from outside the gasification furnace 30 
is zero . As shown in FIG . 8 , as the temperature in the 
gasification furnace 30 is lowered , the content of carbon 
monoxide in the syngas increases , whereas the content of 
hydrogen and carbon dioxide in the syngas decreases . Thus , 
as the temperature in the gasification furnace 30 is lowered , 
the H / CO ratio of the syngas produced by reactions in the 
gasification furnace 30 decreases . Taking advantage of this 
mechanism , the control unit 7 performs the furnace tem 
perature lowering operation to reduce the amount of heat 
introduced by the heating unit 34 , relative to the optimum 
operation point determined for the normal control operation , 
so that the temperature in the gasification furnace 30 is 
forced to be lowered to reduce the H , CO ratio of the syngas 
produced by reactions in the gasification furnace 30 . 
[ 0072 ] As shown in FIG . 8 , as the temperature in the 
gasification furnace 30 is lowered , the content of carbon 
dioxide in the syngas decreases . Moreover , as the amount of 
heat introduced by the heating unit . 34 Is reduced , the energy 
consumption of the heating unit 34 decreases , and thus the 
amount of carbon dioxide produced in the gasification unit 
3 is successfully reduced . 
[ 0073 ] As shown in formulas ( 1-1 ) to ( 1-5 ) above , as the 
amount of water supplied into the gasification furnace 30 is 
reduced , the hydrogen content of the syngas decreases . 
Taking advantage of this mechanism , the control unit 7 
performs the water reducing operation to reduce the amount 
of water supplied by the water supply unit 32 , relative to the 
optimum operation point determined for the normal control 
operation , so that the H2CO ratio of the syngas produced by 
reactions in the gasification furnace 30 is reduced . When the 
amount of water supplied into the gasification furnace 30 is 
reduced , the amount of heat introduced by the heating unit 
34 can be reduced by an amount corresponding to the latent 
heat of water . Therefore , the control unit 7 preferably 
reduces the amount of water supplied by the water supply 
unit 32 and reduces the amount of heat introduced by the 
heating unit 34 to keep the temperature in the gasification 
furnace 30 constant . 
[ 0074 ] As shown in formulas ( 1-1 ) to ( 1-5 ) above , as the 
amount of water supplied into the gasification furnace 30 is 
reduced , the carbon dioxide content of the syngas decreases . 
Moreover , as the amount of heat introduced by the heating 
unit 34 is reduced , the energy consumption of the heating 
unit 34 decreases , and thus the amount of carbon dioxide 
produced in the gasification unit 3 is successfully reduced . 
[ 0075 ] In step S22 , the control unit 7 performs either of or 
a combination of the furnace temperature lowering operation 
end the water reducing operation to reduce the H / CO ratio 
of the syngas produced by reactions in the gasification 
furnace 30. More specifically , how much carbon dioxide 
emission can be reduced differs between when the furnace 
temperature lowering operation is performed and when the 
water reducing operation is performed . Preferably , therefore , 
the control unit 7 reduces one or both of the amount of heat 
introduced by the heating unit 34 and the amount of water 
supplied by the water supply unit 32 relative to the optimum 
operation points determined for the normal control operation 
so as to minimize the amount of carbon dioxide produced in 
the gasification unit 3 . 
[ 0076 ] In step S23 , the control unit 7 increases the amount 
of hydrogen supplied by the hydrogen supply pump 64 
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relative to the optimum operation point determined for the 
normal control operation so as to adjust , to a target ratio , the 
H / CO ratio of the syngas discharged from the gasification 
furnace 30. When the H_ / CO ratio of the syngas produced by 
reactions in the gasification furnace 30 is reduced in step 
S22 , the adjustment of the H / CO ratio of the syngas 
discharged from the gasification furnace 30 to a target , ratio 
requires the amount of hydrogen supplied by the hydrogen 
supply pump 64 to be larger than the optimum operation 
point determined for the normal control operation . The 
control of the amount of oxygen supplied by the oxygen 
supply unit 33 may be basically the same as in the normal 
control operation , and thus will not be described in detail . 
[ 0077 ] In step S24 , according to the same procedure as in 
step S13 for the normal control operation , the control unit 7 
causes the renewable power generating unit 5 to supply the 
power generated using renewable energy to the electrolysis 
unit 60 , causes the electrolysis unit 60 to produce hydrogen , 
and causes the hydrogen charging pump 61 to charge the 
produced hydrogen into the hydrogen tank 62 , and then ends 
the remaining amount reducing operation shown in FIG . 7 . 
[ 0078 ] As described above , the hydrogen consumption 
increasing control ( steps S22 to S24 ) includes reducing the 
H / CO ratio of the syngas produced by reactions in the 
gasification furnace 30 and increasing the amount of hydro 
gen supplied by the hydrogen supply pump 64 , so that a 
syngas with the H2 / CO ratio adjusted to a target ratio is 
produced in the gasification unit 3 while the amount of 
hydrogen remaining in the hydrogen tank 62 is reduced . 
[ 0079 ] When the hydrogen consumption increasing con 
trol is performed as described above , the energy consump 
tion of the heating unit 34 can be reduced . Moreover , as 
shown in FIG . 2 , the amount of carbon dioxide emitted in the 
gasification furnace 30 decreases as the amount , of hydrogen 
supplied from outside is increased , so that , the efficiency of 
the syngas production in the gasification furnace 30 ( the 
ratio of the amount of the syngas produced in the gasification 
furnace 30 to the amount of biomass feedstock introduced 
into the gasification furnace 30 ) increases . In Step S21 , 
therefore the control unit 7 calculates the first gain by 
summing the gain available if the amount of heat introduced 
from the heating unit 34 is reduced and the gain available if 
the efficiency of the syngas production in the gasification 
furnace 30 is increased . 
[ 0080 ] In step S25 , according to the same procedure as in 
step S11 for the normal control operation , the control unit 7 
calculates optimum points for operation of the gasification 
furnace 30 based on sensor signals from the gasification 
furnace sensor group 31 . 
[ 0081 ] In step S26 , to achieve optimum operation points 
through the calculation , the control unit 7 controls , accord 
ing to the same procedure as in step S12 for the normal 
control operation , the amount of water supplied by the water 
supply unit 32 , the amount of oxygen supplied by the 
oxygen supply unit 33 , the amount of heat introduced by the 
heating unit 34 , and the amount , of hydrogen supplied by the 
hydrogen supply pump 64 . 
[ 0082 ] In step S27 , the control unit 7 causes the renewable 
power generating unit 5 to supply some or all of the power 
generated using renewable energy to the commercial power 
grid 8 for selling power to the power company . 
[ 0083 ] In step S28 , the control unit 7 reduces the amount 
of hydrogen produced by the electrolysis unit 60 and the 

amounts of hydrogen charged by the hydrogen charging 
pump 61 by a factor corresponding to the anoint of power 
sold to the power company . 
[ 0084 ] As described above , the hydrogen production 
reducing control ( steps S25 to S28 ) includes selling the 
power generated using renewable energy and reducing the 
amount of hydrogen produced by the electrolysis unit 60 , so 
that a syngas with the H2 / CO ratio adjusted to a target ratio 
is produced in the gasification unit 3 while the amount of 
hydrogen remaining in the hydrogen tank 62 is reduced . As 
described above , the hydrogen production reducing control 
makes it possible to sell the power generated using renew 
able energy . In step S21 , therefore , the control unit 7 
calculates , as the second gain , the gain available if the power 
generated by the renewable power generating unit 5 is sold 
to the power company . 
[ 0085 ] FIG . 9 is a flowchart showing a specific procedure 
for the remaining amount increasing operation to increase 
the amount of hydrogen remaining in the hydrogen tank 62 . 
As mentioned above with reference to FIG . 5 , when the 
remaining amount of hydrogen is less than the lower thresh 
old , the remaining amount of hydrogen needs to be increased 
so as not to fall below the lower hydrogen storage limit . To 
increase the remaining amount of hydrogen , it is necessary 
to increase the amount , of hydrogen produced by the elec 
trolysis unit 60. To increase the amount of hydrogen pro 
duction , it is necessary to increase the amount of power 
supplied to the electrolysis unit 60. Thus , the remaining 
amount increasing operation shown in FIG . 9 includes 
causing power to be supplied to the electrolysis unit 60 not 
only from the renewable power generating unit 5 but also 
from the commercial power grid 8 for the production of 
hydrogen . 
[ 0086 ] First , in step S31 , the control unit 7 acquires , from 
the power company , information indicating the composition 
of the energy mix of the commercial power generating 
system 8a . Next , in step S32 , the control unit 7 calculates a 
power index , which indicates the carbon dioxide emission 
intensity of the power currently supplied from the commer 
cial power grid 8 , based on the information indicating the 
composition of the energy mix . Hereinafter , an embodiment 
in which the carbon dioxide emission intensity itself is used 
as the power index will be described . It will be understood 
that such an embodiment is not intended to limit the present 
invention . The power index may be any index that increases 
and decreases depending on the carbon dioxide emission 
intensity of the power supplied from the commercial power 
grid 8 . 
[ 0087 ] FIG . 10 is a graph showing an example of the 
fluctuation , over a day , of the amount of hydrogen remaining 
in the hydrogen tank 62 , the amount of power generated 
through the commercial power generating system 8a , and 
the power index of the power through the commercial power 
grid 8. FIG . 10 shows a case in which the remaining amount 
of hydrogen falls below the lower threshold before noon , 
and thus the remaining amount increasing operation shown 
in FIG . 9 is performed . 
[ 0088 ] As shown in the middle graph of FIG . 10 , the 
amount of power generated through the commercial power 
generating system 8a fluctuates depending on the power 
demand through the commercial power grid 6. The compo 
sition of the energy mix of the commercial power generating 
system 8a also fluctuates over a day . As shown in FIG . 10 , 
the energy mix of the commercial power generating system 
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8a is divided Into two types : renewable energy and energy 
other than renewable energy . As shown in the lower graph of 
FIG . 10 , the power index of the power through the com 
mercial power grid 8 changes with changing composition of 
the energy mix of the commercial power generating system 
8a . More specifically , the power index decreases as the ratio 
of renewable energy in the energy mix increases . As shown 
in FIG . 10 , therefore , the power index calculated in step S32 
changes at the time when the remaining amount of hydrogen 
falls below the lower threshold . 

[ 0089 ] Referring back to FIG . 9 , in step S33 , the control 
unit 7 causes the electrolysis unit 60 to supply , to the 
gasification unit 3 , the hydrogen produced using the power 
supplied from the commercial power grid 6 , and calculates 
the amounts of hydrogen supply and commercial power 
supply that minimize the carbon dioxide emission intensity 
of the liquid fuel per unit of liquid fuel produced by the 
liquid fuel production unit 4 ( hereinafter , such amounts of 
hydrogen supply and commercial power supply will be 
referred to as “ optimum amount of hydrogen supply ” and 
" optimum amount of power supply ” , respectively ) . Herein 
after , a procedure for calculating the optimum amount of 
hydrogen supply and the optimum amount of power , supply , 
which minimize the carbon dioxide emission intensity of the 
liquid fuel , will be described . 
[ 0090 ) First , the gasification unit 3 and the commercial 
power generating system 3a are assigned as main carbon 
dioxide emission sources in the process of producing the 
liquid fuel using the liquid fuel production unit 4 and the 
gasification unit 3 to which hydrogen produced using the 
power supplied from , the commercial power grid 8 is 
supplied . Therefore , per unit of liquid fuel produced using 
the liquid fuel production unit 4 and the gasification unit 3 
to which hydrogen produced by the electrolysis unit 60 
using the power supplied from the commercial power grid 8 
is supplied , the carbon dioxide emission intensity of the 
liquid fuel is approximately proportional to the sum of the 
amount of carbon dioxide emitted from the gasification unit 
3 ( hereinafter , referred to as “ the amount of CO2 emission 
during synthesis ” ) and the amount of carbon dioxide emitted 
from the commercial power generating system 8a ( herein 
after , referred to as “ the amount of CO2 emission during 
hydrogen production " ) , which supplies the power to the 
commercial power grid 8 . 
[ 0091 ] FIG . 11 is a graph showing changes in the amount 
of CO2 emission during synthesis and in the amount of CO2 
emission during hydrogen production upon changes in the 
amount of hydrogen supply and the amount of commercial 
power supply . The upper graph of FIG . 11 shows the 
relationship between the amount of CO2 emission during 
synthesis and the amount of hydrogen supply . The middle 
graph of FIG . 11 shows the relationship between the amount 
of CO2 emission during hydrogen production and the 
amount of commercial power supply . 
[ 0092 ] As shown in the upper graph of FIG . 11 , the 
amount of CO2 emission during synthesis decreases with 
increasing amount of hydrogen supply and increases with 
decreasing amount of hydrogen supply . As shown in the 
middle graph of FIG . 11 , the amount of CO2 emission during 
hydrogen production increases with increasing amount of 
commercial power supply and decreases with decreasing 
amount of commercial power supply . The slope of the 

amount of CO2 emission during hydrogen production 
increases with increasing power index and decreases with 
decreasing power index . 
[ 0093 ] Assume , for the sake of explanation , that the entire 
amount of hydrogen produced by the electrolysis unit 60 
using the power supplied from the commercial power grid 8 
is supplied to the gasification unit 3. In other words , assume 
that the amount , of hydrogen supply is equal to the amount 
of hydrogen produced using the power from the commercial 
power grid 8. Under this assumption , the amount of com 
mercial power supply is proportional to the amount of 
hydrogen supply . As shown in the lower graph of FIG . 11 , 
therefore , the amount of CO2 emission during synthesis and 
the amount of CO2 emission during hydrogen production 
can be both expressed as a function of the amount of 
hydrogen supply . 
[ 0094 ] As shown in the lower graph of FIG . 11 , the 
amount of CO2 emission during synthesis decreases with 
increasing amount of hydrogen supply , whereas the amount , 
of CO2 emission during hydrogen production increases with 
increasing amount of hydrogen supply . On the other hand , 
the amount of CO2 emission during synthesis increases with 
decreasing amount of hydrogen supply , whereas the amount 
of CO2 emission during hydrogen production decreases with 
decreasing amount of hydrogen supply . Therefore , when the 
sum of the amount of CO2 emission during synthesis arid the 
amount of CO2 emission during hydrogen production is 
expressed as a function of the amount of hydrogen supply , 
the optimum amount of hydrogen supply can be calculated 
as a solution to what is the minimum of the sum . As 
mentioned above , the slope of the amount of CO2 emission 
during hydrogen production changes depending on the 
power index . More specifically , the optimum amount of 
hydrogen supply decreases with increasing power index and 
increases with decreasing power index . Therefore , the opti 
mum amount of hydrogen supply can be expressed as a 
function of the power index . 
[ 0095 ] The control unit 7 stores a map that associates the 
optimum amount of hydrogen supply with the power index . 
In step S33 , the control unit 7 calculates the optimum 
amount of hydrogen supply by retrieving data from the map 
based on the power index calculated in step S32 . The control 
unit 7 also calculates the optimum amount of power supply 
by multiplying the optimum amount of hydrogen supply by 
a predetermined factor to convert the amount into electric 
power . According to the procedure described above , the 
control unit 7 calculates , based on the power index , the 
optimum amount of hydrogen supply arid the optimum 
amount of power supply , which minimize the carbon dioxide 
emission intensity of the liquid fuel . 
[ 0096 ] In step S34 , the control unit 7 calculates optimum 
operation points ( the amount of water supplied by the water 
supply unit 32 , the amount of oxygen supplied by the 
oxygen supply unit 33 , and the amount of heat introduced by 
the heating unit 34 ) , other than the amount of hydrogen 
supply , using the optimum amount of hydrogen supply , 
which is determined in step S33 , fixed as the amount of 
hydrogen supplied by the hydrogen supply pump 64 . 
[ 0097 ] In step S35 , the control unit 7 controls the amount 
of water supplied by the water supply unit 32 , the amount of 
oxygen supplied by the oxygen supply unit 33 , the amount 
of heat introduced by the heating unit 34 , and the amount of 
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hydrogen supplied by the hydrogen supply pump 64 so as to 
achieve the optimum operation points calculated in steps 
S33 and S34 . 
[ 0098 ] In step S36 , the control unit 7 causes both the 
renewable power generating unit 5 and the commercial 
power grid 8 to supply the power to the electrolysis unit 60 , 
causes the electrolysis unit 60 to produce hydrogen , and 
causes the hydrogen charging pump 61 to charge the pro 
duced hydrogen into the hydrogen tank 62 , and then ends the 
remaining amount increasing operation shown in FIG . 9 . 
The control unit 7 controls the amount of commercial power 
supply from the commercial power grid 8 to the electrolysis 
unit 60 so as to achieve the optimum amount , of power 
supply determined in step S33 . As described above , the 
control unit 7 calculates the optimum amount ;, of power 
supply by converting the optimum amount of hydrogen 
supply into electric power . As a result , the amount , of 
hydrogen remaining in the hydrogen tank 62 increases by an 
amount corresponding to the power supplied from the 
renewable power generating unit 5 to the electrolysis unit 
60 . 
[ 0099 ] The fuel production system 1 according to this 
embodiment brings about advantageous effects as follows . 
[ 0100 ] ( 1 ) The fuel production system 1 includes the 
gasification unit 3 that gasifies biomass feedstock to produce 
a syngas ; the liquid fuel production unit 4 that produces a 
liquid fuel from the syngas ; the electrolysis unit 60 that 
produces hydrogen using electric power ; the hydrogen tank 
62 that stores the hydrogen produced by the electrolysis unit 
60 ; and the hydrogen supply pump 64 that supplies the 
hydrogen from the hydrogen tank 62 to the gasification unit 
3. In the fuel production system 1 , the electrolysis unit 60 is 
connected to two electric power sources including the 
renewable power generating unit 5 that supplies electric 
power generated using renewable energy and the commer 
cial power grid 8 that supplies electric power with a carbon 
dioxide emission intensity higher than that of the electric 
power from the renewable power generating unit 5. When 
the amount of hydrogen remaining in the hydrogen tank 62 
is smaller than the lower threshold , the control unit 7 causes 
electric power to be supplied to the electrolysis unit 60 not 
only from the renewable power generating unit 5 using 
renewable energy but also from the commercial , power grid 
8. This allows the electrolysis unit 60 to produce as much 
hydrogen as necessary for the gasification unit 3. The control 
unit 7 also acquires the power index that increases and 
decreases depending on the carbon dioxide emission inten 
sity of the power supplied from the commercial power grid 
8. When the amount of hydrogen remaining in the hydrogen 
tank 62 is smaller than the lower threshold , the control unit 
7 controls , based on the power index , the amount of hydro 
gen supplied by the hydrogen supply pump 64 and the 
amount of commercial power supply from the commercial 
power grid 8 to the electrolysis unit 60. This makes possible 
continuous production of the liquid fuel with no significant 
increase in the carbon dioxide emission intensity of the 
liquid fuel even when the amount of hydrogen remaining in 
the hydrogen tank 62 is smaller than the lower threshold . 
[ 0101 ] ( 2 ) The higher the power index , the larger the 
amount of carbon dioxide emitted from the commercial 
power generating system 8a that supplies electric power to 
the commercial power grid 8 , per unit of hydrogen produced 
by the electrolysis unit 60 using electric power supplied 
from the commercial power grid 8. To address this , the 

control unit 7 reduces the amount of hydrogen supply and 
the amount of commercial power supply as the power index 
increases , and increases the amount of hydrogen supply and 
the amount of commercial power supply as the power index 
decreases . This makes possible continuous production of the 
liquid fuel with no significant increase in the carbon dioxide 
emission intensity of the liquid fuel . 
[ 0102 ] ( 3 ) The liquid fuel is produced using the gasifica 
tion unit 3 and the liquid fuel production unit 4 while the 
hydrogen produced using electric power supplied from the 
commercial power grid 3 supplied to the gasification unit 
3. In this process , the gasification unit 3 and the commercial 
power generating system 8a that supplies electric power to 
the commercial power grid 3 are assigned as main carbon 
dioxide emission sources . The amount of carbon dioxide 
emitted in the gasification unit 3 correlates with the amount 
of hydrogen supplied to the gasification unit 3. Therefore , 
the carbon dioxide emission intensity of the liquid fuel 
correlates with the amount of hydrogen supply and the 
amount of commercial power supply . Leased on the corre 
lation , the control unit 7 controls the amount of hydrogen 
supply and the amount of commercial power supply so as to 
minimize the carbon dioxide emission intensity of the liquid 
fuel . This makes possible continuous production of the 
liquid fuel with no significant increase in the carbon dioxide 
emission intensity of the liquid fuel , even when the remain 
ing amount of hydrogen is smaller than the lower threshold . 
[ 0103 ] ( 4 ) The control unit 7 causes the electrolysis unit 60 
to supply , to the gasification unit 3 , the hydrogen produced 
using the electric power supplied from the commercial 
power grid 8 and controls the amount , of hydrogen supply 
and the amount of commercial power supply so as to 
minimize the sum of the amount of CO2 emission during 
synthesis and the amount of CO2 emission during hydrogen 
production , wherein the amount of CO2 emission during 
synthesis corresponds to the amount of carbon dioxide 
emitted from the gasification unit 3 per unit of liquid fuel 
produced by the liquid fuel production unit 4 , and the 
amount of CO2 emission during hydrogen production cor 
responds to the amount of carbon dioxide emitted from the 
commercial power generating system 8a that supplies elec 
tric power to the commercial power grid 8 , per unit of liquid 
fuel produced by the liquid fuel production unit 4. This 
feature makes possible continuous production of the liquid 
fuel with no significant increase In the carbon dioxide 
emission intensity of the liquid fuel , even when the remain 
ing amount of hydrogen is smaller than the lower threshold . 
[ 0104 ] ( 5 ) The control unit 7 acquires information indi 
cating the composition of the energy mix of the commercial 
power generating system 8a that supplies electric power to 
the commercial power grid 8 and calculates the power index 
based on the information indicating the composition of the 
energy mix . This allows precise calculation of the power 
index based on the composition of the energy mix of the 
commercial , power generating system 8a , which changes 
with time . 
[ 0105 ] It will be understood that embodiments of the 
present invention described above are not intended to limit 
the present invention . Details of the embodiments may also 
be changed or modified us appropriate within the scope of 
the gist of the present invention . 
What is claimed is : 
1. A fuel production system for producing a liquid fuel 

from biomass feedstock , comprising : 
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a gasification unit comprising a gasification furnace that 
gasifies biomass feedstock to produce a syngas com 
prising hydrogen and carbon monoxide ; 

a liquid fuel production unit that produces a liquid fuel 
from the syngas produced by the gasification unit ; 

an electrolysis unit that is connected to a first electric 
power source that supplies electric power generated 
using renewable energy and connected to a second 
electric power source that , supplies electric power with 
a carbon dioxide emission intensity higher than that of 
the electric power from the first electric power source 
and produces hydrogen from water using electric 
power ; 

a hydrogen tank that stores the hydrogen produced by the 
electrolyte unit ; 

a remaining hydrogen amount determining section that 
determines an amount of hydrogen remaining in the 
hydrogen tank ; 

a hydrogen supply unit that supplies the hydrogen from 
the hydrogen tank to the gasification unit ; 

a power index determining section that determines a 
power index that increases and decreases depending on 
the carbon dioxide emission intensity of the electric 
power supplied from the second electric power source ; 
and 

a control unit , wherein when the remaining amount of 
hydrogen is smaller than a predetermined amount , the 
control unit causes the electric power to be supplied 
from the first and second electric power sources to the 
electrolysis unit for production of hydrogen and con 
trols , based on the power index , the amount of hydro 
gen supplied by the hydrogen supply unit and the 
amount of second electric power supplied from the 
second electric power source to the electrolysis unit . 

2. The fuel production system according to claim 1 , 
wherein the control unit reduces the amount of hydrogen 
supply and the amount of second electric power supply as 
the power index increases , and increases the amount , of 
hydrogen supply and the amount of second electric power 
supply as the power index decreases . 

3. The fuel production system according to claim 1 , 
wherein the control unit controls the amount of hydrogen 
supply and the amount of second electric power supply such 
that the liquid fuel produced by the liquid fuel production 
unit has a minimum carbon dioxide emission intensity . 

4. The fuel production system according to claim 2 , 
wherein the control unit controls the amount of hydrogen 
supply and the amount of second electric power supply such 
that the liquid fuel produced by the liquid fuel production 
unit has a minimum carbon dioxide emission intensity . 

5. The fuel production system according to claim 1 , 
wherein the control unit causes the electrolysis unit to 
supply , to the gasification unit , hydrogen produced using the 
electric power , supplied from the second electric power 
source and controls the amount of hydrogen supply and the 
amount of second electric power supply so as to minimize 
the sum of the amount of CO2 emission during synthesis and 
the amount of CO2 emission during hydrogen production , 
wherein the amount of CO2 emission during synthesis cor 
responds to the amount of carbon dioxide emitted from the 
gasification unit per unit of liquid fuel produced by the liquid 
fuel production unit , and the amount of CO2 emission during 
hydrogen production corresponds to the amount of carbon 
dioxide emitted from a power generating system that sup 

plies electric power to the second electric power source , per 
unit of liquid fuel produced by the liquid fuel production 
unit . 

6. The fuel production system according to claim 2 , 
wherein the control unit causes the electrolysis unit to 
supply , to the gasification unit , hydrogen produced using the 
electric power supplied from the second electric power 
source and controls the amount of hydrogen supply and the 
amount of second electric power supply so as to minimize 
the sum of the amount of CO2 emission during synthesis and 
the amount of CO2 emission during hydrogen production , 
wherein the amount of CO2 emission during synthesis cor 
responds to the amount of carbon dioxide emitted from the 
gasification unit per unit of liquid fuel produced by the liquid 
fuel production unit , and the amount of CO2 emission during 
hydrogen production corresponds to the amount of carbon 
dioxide emitted from a power generating system that sup 
plies electric power to the second electric power source , per 
unit of liquid fuel produced by the liquid fuel production 
unit . 

7. The fuel production system according to claim 3 , 
wherein the control unit causes the electrolysis unit to 
supply , to the gasification unit , hydrogen produced using the 
electric power supplied from the second electric power 
source and controls the amount of hydrogen supply and the 
amount of second electric power supply so as to minimize 
the sum of the amount of CO2 emission during synthesis and 
the amount of CO2 emission during hydrogen production , 
wherein the amount of CO2 emission during synthesis cor 
responds to the amount of carbon dioxide emitted from the 
gasification unit per unit of liquid fuel produced by the liquid 
fuel production unit , and the amount of CO2 emission during 
hydrogen production corresponds to the amount of carbon 
dioxide emitted from a power generating system that sup 
plies electric power to the second electric power source , per 
unit of liquid fuel produced by the liquid fuel production 
unit . 

8. The fuel production system according to claim 4 , 
wherein the control unit causes the electrolysis unit to 
supply , to the gratification unit , hydrogen produced using the 
electric power supplied from the second electric power 
source and controls the amount of hydrogen supply and the 
amount , of second electric power supply so as to minimize 
the sum of the amount of CO2 emission during synthesis and 
the amount of CO2 emission during hydrogen production , 
wherein the amount of CO2 emission during synthesis cor 
responds to the amount of carbon dioxide emitted from the 
gasification unit per unit of liquid fuel produced by the liquid 
fuel production unit , and the amount of CO2 emission during 
hydrogen production corresponds to the amount of carbon 
dioxide emitted from a power generating system that sup 
plies electric power to the second electric power source , per 
unit of liquid fuel produced by the liquid fuel production 
unit . 

9. The fuel production system according to claim 5 , 
wherein the power index determining section acquires infor 
mation Indicating the composition of energy mix of the 
power generating system and calculates the power index 
based on the information indicating the composition of 
energy mix . 

10. The fuel production system according to claim 6 , 
wherein the power index determining section acquires infor 
mation indicating the composition of energy mix of the 
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power generating system and calculates the power index 
based on the information indicating the composition of 
energy mix . 

11. The fuel production system according to claim 7 , 
wherein the power index determining section acquires infor 
mation indicating the composition or energy mix of the 
power generating system and calculates the power index 
based on the information indicating the composition of 
energy mix . 

12. The fuel production system according to claim 8 , 
wherein the power index determining section acquires infor 
mation indicating the composition of energy mix of the 
power generating system and calculates the power index 
based on the information indicating the composition of 
energy mix . 


