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Potential of substitution of fossil resource
consuming materials with biomass
- aiming for 80% reduction of
CO. emission by the year 2050 -
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Abstract

To attain 80% reduction of COz emission from fossil energy consumption (FEC) of the year 2013 ( 19.339 EJ)
in 2050, the FEC must be less than 3.868 EJ in 2050. Assuming the following three paradigm shifts (PS), 1) reduction

of energy demand of all energy consuming sections (including the loss of material production processes but except

the energy used for materials themselves) to 70% of those of 2013 in 2050, 2) electrification of all of the

transportation, and 3) introduction of COz non-emitting electricity generation that is equivalent to 1000 GW

photovoltaic power plant (PVPP), and the expected population reduction to 80% of that in 2013, the energy demand
of Japan in 2050 still exceed 1.818 EJ from the energy supply of FEC (3.868 EJ) added to the energy from the PVPP

(3.600 EJ). The fourth PS, substitution of part of iron and cement mainly used for construction by 16 million tons of

cutting edge woody biomass materials such as cross laminated timber (CLT) that could be used for mid-to-high rise

buildings, could reduce another 0.845 EJ for materials leaving 0.973 EJ of energy demand that should be supplied by

non fossil energy or eliminated by carbon capture and carbon fixing technologies in the future.
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Table 1 Energy balance flow of Japan in 2013 (EJ)

Primary energy supply Converyed energy. conversion (Sub  |Final energy con= Sub Final energy consumption |Sub
consumption and loss total |sumption by sector total by energy sources total
Nucloar power gen.® 0080 | |Utility generation Howsehold Electric power
Hydrosleatric, Electric powar 24982 Electric power 1027 Househald 1027
Geothermal and 1.580 Generation loss 4630 City gas 0410 Business 2389 |3416
Alt.*Power gen.* [ oBp* 0558
Natural gas 5085 Electric pawar 0408 |3480 | Others 0018 |2013 ||Transportation
oh BETT Genaration loss ogrg Passanger 18577
Caoal 5.277 HC® and TD®loss 0287 | 5.730 | Transportation.~ passenger Freight 1259 |3.236
Fessil energy sub total 19338 Gasoline 1.538
 Total 20999 | | City gas™* 1134 |1.934 | Diesel oil 0.129 oBp*
20% of fossil fuel 3.B6B|| Gonversion loss** 0570 |0570 | Jet fuel 0127 Househald 0558
Hausehold LPG and EP* 0183 |1.4877 Business 111 |3.669
Abbweviations Kerosen. LPG® 0558 |0.558
BFE": blast furnace blowing Trangportation Trangportation. Freight Gas
CE*: coment bakig Gasoline 1.847 Gasoline 0310 Household 0410
CBP* Coal-based products Diesel oil 0.940 Diesel oil 0E1 Business 0724 1134
CL" : conversion loss Others 0380 [3067 | Heavy oil. & others 0138 [1.259
EP®: slactric powar Pawear gan., Industry, heawy ail ate. Caal and Haat
H* : In-house Converzion loss 1.787 | 1.787 |Business S&H" for H* DB3B
IHC®: In=house consumption  |DBP* for Industry 3011|3011 | City gas 0654 Coal and CBP® 1585 |2483
LPG* : liguefied petroleum gas Matural gas 0070 |0.724
DBP*: Oil-based products % & H* for [H" use 0893 |0.898 | Alternative energy 0090 Others
5 & H™ Steam and heat Conversion loss 0289 Electric power 2389 Household ome
TD* : tranemition and distributio] Conv® consumption 0137 |0408 | OBP* for Industry 3111 Alt. energy 0090 |0.108
alt™ : alternative Coal for BFB™ and CB" 0462 SandH* for IH®  DB9B
conv.® © conversion CBP™ for Industry 1123|1585 | Coal and CBP* 1585 (8073 Total 14.046
gen® : generation Conv.® consumption 0629 (0629 (2214
Total 23065 Total 14.046
Total loss 8132 '

City gas**, Canversion loss*s: The converted energy for city gas (1,704 EJ) shown the original flow chart was very larger than that of final
consumgtion (1.134 EJ) and no conversion loss was shown in the chart. The difference of them (0.570 EJ } was therfore added as a conversion
loss and 1.134 EJ was used as a converted energy for city gas in this table.
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Table 2 Final energy demand (EJ) in 2013 and an example of final energy demand in 2050, and virtual photovoltaic

plant capacities (GWpv) to meet those demands supposing 1000 GW PV produce 1 PWh/year of electricity.

2013 Demand reduction by Popularion reduction by Popularion reduction by
2050 (70% of 2013) 2050 (0.8 times of 2103) 2050 (0.8 times of 2103)
Electric Demand ::p:::; Demand ::p:::; Demand ::p:::; Demand ::p:::;
POWEr hsusehold 1.027 285.278 0719 199.694 0575 159.756 0575 159.756
Business 2.389 663.611 [ 1672 464.528 1.338 371622 1.338 371622
Subtotal 3416 948.889 2.391 664.222 1913 531.378 1913 531.378
Popularion reduction
2013 (E\f";:f?cdi;’;ima"; 0 | T e s ot 103 In case of 50% HV and 50% EV
PV plant PV plant PV plant | Gasoline |Electricit PV plant
Transl— Demand cap:city Demand cap:city Demand cap:city Demand I:)emaand)'r cap:city
portation |, csenger 1977 549.167 0608 168.974 0487 135179 0295 | 0243 67.590
Freight 1.259 349.722 [ 0.387 107.607 0310 86.085 0.188 0.155 43.043
Subtotal 3.236 898.889 0.996 276.581 0.797 221.265 0.483 0.398 110.632
Required virtual PV capacity 940.803 752.643 642.010
2013 Demand 0.56 times#* 2013 Demand 0.56 times
Oil-based |Household 0.558 0.312 |Conversion loss
products [Business 3.110 1.742 Steam and heat | 0.269 0.151
Household 0410 0.230 [Conversion consumption
Gas, Coal, |Business 0.724 0.405 oill 1.797 1.006
Heat |Heat 0.898 0.503 Coal| 0.629 0.352
Coal-based 1.585 0.888 Steam and heat | 0.137 0.077
Subtotal 7.285 4080 Subtotal 2.832 1.586
Total 13.937 | | 6.789

3.25 times#*: Expected efficiency improvement obtained from tabled.

0.56 times*: Reducrion rate obtained from demand reduction by energy saving (0.7) multiplied by population reduction (0.8).
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Fig. 1 Perspective of energy demands in 2050 with consideration of the energy demands for producing materials. PS*:

paradigm shift, PS1*: Energy saving, PS2*: Electrification of transportation, PR : Population reduction, UFR*:
Usable fossil resource, NFEP*: Non-fossil electric power (PS3).
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(T HZAL L7 b 3) BINZT- 7468 EJ £ ORIZ
1.818E] b DX ¥ v 7FNb5b. ZDOEZMDHAITIE, S
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6. MHRBICLISI-BHRERRPFHERRE (K
T&d%ETII)—-FDORE)

%Fﬁﬂj®5%ﬁ&txyb , EEE - AP X
UV H By O 7 21T ﬁ%énéb N D5y

i,%%@ﬁf/%%@%émifuﬁﬁ%@ﬁﬂ&
LTHSAREAMIEDN TV, EESBH~OF I L
TIE, MEBEHREED (2L b L 1978 4EIC 81.7% Th
STEARBEFEFHOLEN 2008 FI21E 58.9% ([TET
LTWBH0OD, R E LTEED 6 EHNAETHD

(BT, (EEORBE 3303 THD 5B 88.3%MAK
ET, 11.7% DBIEAETH D) . EERERD 41.7% %5
DLEFREED I B 724% 2 5HD 3 BEL EOAEY
WBHEAREEELEEZLN DN, KT, EAREMK (
CLT: Cross laminated timber) & FRIEI 25| & Mz W~7=
JEAEZHICERZ SETRY AL 7B S+ om, M

A= FIVIZ R S5 ERR, FEE - 7o KM o HBLIZ &
D, INLOFEBET - BPICEVTH AR & Y
WHEALTITZ Y EWHEEREE Y 22H Y, END
ARBETA =T —2EE 350 m (70 PEET) oAEE L
OB EAF L THHID,

[E Tm\fE 3,779 77 ha ® 5 H 66% (2,510 J5 ha) ZFpbk
B 5 BHARIZITBAR 50 (8 m® OFRKEIROEFEN
Y, HE 8000 5 mP OEFERIEMNBHH03. ZdH HHE
FEM & LTI STV B DOIEAR 2000 7 m? TH Y,
#6000 77 m3 (2400 75 b)) AMEDLITICTIICRS T
WAHHEZRD. K 21T A% 1Z, 35 N/mm? O FERE 70
P IO 90 N/mm? 3| 3EMETE 2 F 5, gkt LT
HEHTVH 2 FOEMBEL XV 4 FO5|5RIEE R
BB, RIZ 1600 7 k> DA (4000 5 m®) Z 85
a7 ) — MCXDEESBFICHES LIREL, TO/BOD
3200 JJ b O#kEAM TRETE D LEET UL, 2013
FEIZCHAR TIPS APER 8385 7 b U9 & L CEIF
FAVGAR R & AR BLL (1,585 E)) & A RBLLELED 720
DR (0.629 E)) ICHYS T3 L¥— (£ 1)
BEHAENTWETD, ZOEFOND 0845 E] OfbhA
BRELDSHIR T EE & 72 D 7238, BREEA TR OPEHREAL T
— A R—=200 2 Lok, B, B, Ear s U — M
M (ER4F) o R IR F T HEH B EALE, K% 0.176 t-
CO2eq/m?, 0.563 t-CO2eq/m?, 0.316 t-CO2eq/m® 35 L TN 2.04
vammtk@ofwéﬁ,%waﬂT%6Cﬂ4®?

ISR S TV 220, ZOMEHZ DWW TIE, AREFT O
ﬁiﬁm CIEPEA X H M LA O b b E
TO CLT #&EICBId 2 Zi b ik F PR HAL 0.510 t-
COzeq/m® (PN 0.201 t-COzeq/m? (X TN LHEH S HE 5
ARIEEMER) 2, —>® CLT AEETIHOHEH & L TR
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Table 3 An estimation of well to wheel energy efficiency of automobiles by power train differences.

Efficiency factor Tl a* * c w
#® #® o ‘-g ‘,g ,E ﬁ & 13 ‘:: g ° g e
hh&x&x“‘“axhxhh 2l |s8|es| LEEoRuE| 5| 2|82 |g2| o
£ 50 5 2
ICE (Internal combustion engine) | 0982|0987 (087 | — 0995 - - - - 038 0550125 1.00
HV (Hybrid vehicle) 0982|0987 |087| — | 0995 - - | 03| 08 |0201
HV+good thermal efficiency ICE 0982|0987 087 | — 0995 - — — - 04 08 0.268 2.14
H-ICE (High thermal efficiency ICE} | 0982|0987 |087 | — 0995 - - - - 05 05 0.209
HV+H-ICE 0982|0987 |087| — | 0995 - - | - — | 05| 08 |0334 268
HV+very H-ICE 0982|0987 |087| — | 0995 - - | = — |055| 08 | 0368 294
EV*/Coal fired power generation 0936|0976 | — |040 - — |095|086| 09 - 09 0.242
EV/Coal fired power generation 0936|0976 — |040 - — |095(086| 0.9 - 0.7%| 0.188 1.47
EV/Coal, IGFC* 09360976 — | 055 — — |095(/086| 09 - 09 0.332
EV/Coal, IGFC 0936|0976 — | 0.55 - — |095|086| 09 | — 0.7 | 0258 202
EV/LNG* GTFC* 0.960 |0967| — | 0.63 - — |095(086| 09 | — 09 | 0387
EV/LNG, GTFC 0960 |0967| — | 063 — — |095(/086| 09 - 0.7 0.301 235
EV/NF*power generation - - - 1 - 081 |095|086| 09 - 09 0.535
EV/NF power generation - - - 1 - 081 |095|086| 09 - 07 0416 3.25

EV™* Electric vehicle, IGFC™*: Integrated gasification fuel cell generation, LNG*: liguefied natural gas, GTFC¥: Gas turbine fuel

cell generation, NF* Non—fossil. Data with a superscripts “#” and “ 1" are from reference?2, and refarence 23 respectively.

Power train to wheel efficiency 05% was estimated from tank to wheel efficiency of 15% reported in reference

(24 \yith an estimation

of thermal efficiency of 0.3% of ICE in 2013. The other figures are estimated by the author. The reduced lower power train to wheel

efficiency of 0.7F was set for the case of air conditioner usage.
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