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Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies

Potential Capacity and Cost of Pumped-Storage Power in Japan

(Vol. 3)

The 2019 paper puts forward new pumped storage power as a system for storing power from renewables, a major source of
electricity in a zero-carbon society[1]. This new system calls for utilizing an existing multipurpose dam for a lower reservoir and
constructing plural smaller upper reservoirs and power plants. The 2020 paper estimates the total potential storage capacity under
this system in Japan at 750-2,200 GWh/cycle/day without considering individual topographic conditions[2]. In this paper we
consider more realistic conditions, including local topography and land use regulations, in reassessing the potential capacity and
power generation cost of a feasible new pumped storage power plant. We conclude new pumped storage power offering a viable
power storage solution for the future.

osals for Policy Developn-

m Potential storage capacity that can be developed is expected to be 585-1,392 GWh/cycle/day, well above 510
GWh/cycle/day[3], a level that needs to be secured by 2050. The power generation cost is estimated at 18.5-20.5 JPY/kWh.

m Potential sites are widely distributed across the country. It is necessary to investigate site suitability of pumped storage
power plants in each region and an optimal renewable energy combination with the plants. Development plan should be
proceeded according to the investigation.

m A smaller dam means easier with which to pinpoint the sites for upper reservoirs, as well as easier and less costly
construction. As a development procedure, it is preferable to begin with smaller dams.

m Water stored in a multipurpose dam is used for various purposes. It is thus important to ensure that water use for pumped
storage power does not undermine the functions of water utilization and flood control of the dam.

1. Distribution of New Pumped Storage Power Plants
A new pumped storage power plant involves plural upper reservoirs and power plants of the same specifications (Figure 1).
The power storage capacity of such a plant depends on the scale of the multipurpose dam (lower reservoir). A total of 931
multipurpose dams in Japan that can serve as lower reservoirs are classified into five categories according to their scale
(water storage capacity) to assess the distribution of potential sites. The findings are shown in Figure 2.
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Figure 1 Schematic Diagram of a New Pumped Storage Power

2. The Construction Cost of a New Pumped Storage Power Plant
Detailed estimation that factored in topography and other
conditions has found that the total construction cost of a new
pumped storage power plant will be 2.73 billion JPY. For 80% of
such stations, the cost will range from 2.5 to 3 billion JPY. The
steeper the upper reservoir site and the longer the pipeline, the  Figure 2 Locations of New Pumped Storage Power Plants in Japan
higher the construction cost.

The cost of leveling land and constructing upper reservoirs accounts for more than 50% of the total construction cost
(Figure 3).

3. Estimates under Different Conditions
Table 1 shows the estimates of power generation cost and potential storage capacity under different conditions in comparison
with those used in the 2020 paper[2] (Plan 0). Plan 1 considers more accurate topographic conditions. Plans 2-5 also reflect
two other factors: the ratio of water usage to the available water storage capacity of the dam and whether or not a large
dam is involved.
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SOFC Systems (Vol. 8): Evaluations of Energy Conver5|on and
Utilization Technologies for Hydrogen Economy
I‘Summary]

Renewable hydrogen stations have been attracting attention recently. These stations supply CO,-free hydrogen by conducting
water electrolysis in a hydrogen production unit using renewable-derived electric power. In this proposal paper, a hydrogen station
that adopts a hydrogen production system using fuel cells and renewables (SOEC system) was designed, and the costs involved
were evaluated. Specifically, while optimizing the operating conditions of the SOEC system, it was assessed that how the annual
production (the number of units), lifetime, operation rate, and electricity cost of the SOEC module affect the hydrogen production
cost under the SOEC system. Based on such assessments, the construction cost of a renewable hydrogen station for fuel cell
vehicles (FCVs) was assessed, and then, the hydrogen production cost that included this construction cost was assessed. As a
result, the following two facts were found. (1)If the electricity cost remains within the 15-2.5 JPY/kWh range, the hydrogen
production cost will range from 120 to 37 JPY/Nm3-H,, depending on the operation rate. (2)Reducing the hydrogen production
cost to a level equivalent to the gasoline sales price (40 JPY/Nm3-H,) will require downsizing the unit and redesigning the
pressurization and storage processes.

-posals for Policy Developm-

®m Reducing the size and cost of equipment: Size and cost reduction of the hydrogen production module, compressor, and
accumulator is vital to promote the development of hydrogen stations because it greatly affects the station installation cost.

®m Redesigning the pressurization and storage processes: Lowering the pressure for the accumulator (high-pressure tank) will
make it possible to reduce the costs of the accumulator and the compressor. For the longer term, efforts should be made to
reduce the hydrogen production cost to 40 JPY/Nm3-H,, a level comparable to the current gasoline price. Two processes may
be viable to attain this goal. One is to reduce the cost of the compressor by taking advantage of electrochemical pressurization
that is made possible by adopting, for an electrolysis cell, a fuel cell that uses a proton-conductive electrolyte membrane [1].
The other is to chemically convert hydrogen into ammonia or other energy carriers for transport and storage before using it for
power generation[2].

1. Designing a Steam Electrolysis (SOEC) System and
Optimizing Its Operating Conditions
An SOEC system was designed, and its operating
conditions were optimized while taking the thermo-neutral
point into account. As a result, it was found that the
hydrogen production efficiency was 83%, or even
considering the process of increasing pressure to 80 Mpa, it
was 76%. The hydrogen production rate was 300.8 Nm?3/h,
almost equivalent to the standard production level for
commercial hydrogen stations (300 Nm3/h).

2. Assessing the SOEC System Cost and the Hydrogen
Production Cost
The SOEC system cost was assessed based on two Figure 1 How the Hydrogen Production Cost Depends on
assumptions: (i) The lifetime of the SOEC module will be the Operation Rate and the Lifetime of the SOEC Module
extended to three years; and (ii) the lifetime of BOS (Electricity Cost: 5 JPY/kWh)
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to 1,000 units, and, in addition to the SOEC module cost,
costs for compressor and accumulator account for a large Figure 2 Process Flow Chart of Hydrogen
part of the system cost. Supply at an On-site Hydrogen Station
Based on these findings, the assessment showed that in
order to reduce the hydrogen production cost, to a level
equivalent to the gasoline sales price in terms of
combustion heat (40 JPY/Nm3-H,), conditions of the level 600
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30% or more, and at least a 3-year lifetime of the SOEC
module (Figure 1) are required.

3. Evaluating Hydrogen Stations for Fuel Cell Vehicles (FCVs)
It was suggested that the construction cost of an on-site
renewable hydrogen station, based on a SOEC system

(with the hydrogen production unit installed on the site) 300 - AU D [N
(Figure 2), can be reduced to 400 million JPY or less by ‘;%iag::a: o | ]f'"pr*é;"kre" r S,

setting the lifetime of the SOEC module to three years or
more (Figure 3).

If the construction cost of hydrogen stations are included,
the hydrogen production cost on the condition that the
electricity cost is in the 15-2.5 JPY/kWh range will be 120-
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[1] Smart Hydrogen Station (SHS) developed by Honda Motor Co., Ltd. Figure 3 Construction Cost Structure of a Hydrogen Station (300
https://global.honda/innovation/FuelCell/smart-hydrogen-station- Nm3/h) (SMR (present), SOEC (present): A 1-year lifetime of the
engineer-talk.html. module and an annual production of 100 units; SOEC (future): A 1-

[2] Kojima, Yoshitsugu, ed. Hydrogen Energy System Using Ammonia, year lifetime of the module and an annual production of 1,000
CMC Publishing, p239, June 2015. units); and SOEC (advanced): A 3-year lifetime of the module and

an annual production of 1,000 units)
https://www.jst.go.jp/lcs/pdf/fy2020-pp-02.pdf
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Impact of Progress of Information Society on Energy Consumption (Vol. 2):
Current Status and Future Forecast of Data Center Energy Consumption and

Bsummary Technical Issues

It is pointed out that the development of the information society may bring a huge increase in power consumption. This
study focused on data center among the major ICT infrastructures, examined what kind of equipment contributed to the
increase in power consumption, and estimated the total power consumption of data centers on the assumption that
current technology will remain in place. Some of its findings are as follows: (i) servers account for a large portion of the
power consumption; (ii) the power consumption of the AI task such as deep learning will increase more rapidly; and (iii)
total power consumption both in Japan and worldwide is expected to surge toward 2030 and yet further toward 2050.
Finally, the study identifies some of the challenges in reducing power consumption. These challenges are summarized as
targets for power efficiency and power consumption reduction for each component devices.

WProposals for Policy Developmentl

m Although the computational load of data centers is likely to continue to soar, the ongoing global shift in the energy
portfolio toward low-carbon energy means that it is difficult to expect a significant increase in power supply. In order
to provide the services necessary for a low-carbon society, it is necessary to promote energy saving in data centers.

m Power demand for 2030 and 2050 is estimated on the assumption that the latest equipment currently available is
used. CPUs and GPUs have the greatest potential to reduce power consumption. The target should be to increase the
power efficiency of these two kinds of devices by 3-10 times the current level by 2030 in terms of Gflops/W and
some 1,000 times as much by 2050. The target for memory, power supply, and storage systems should be to reduce
their power consumption to 1/10 in 2030 and 1/1000 in 2050.

1. Breakdown of Power Consumption
The main IT equipment of the data center is servers, WRSME@ UTILITY POWER
storages, and network switches, as well as the power
supply systems (transformers, converters, inverters, > b
uninterruptible power supplies (UPSs), etc.) and the air-
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conditioning system (Figure 1). The total power AR HANOUNG c. M I
consumption of data centers was calculated by adding up iaaaan |

the estimated power consumption of each type of P A

equipment. e -

In estimating the power consumption of servers, a
distinction was made between (i) basic tasks — the portion
where power consumption is proportional to conventional
IP traffic, which includes Web services, search services, and
e-mail services; and (ii) Al tasks - the portion that
generates operations on a large scale, which is typified by
deep learning.

The air-conditioning system and the Figure 1: Data Center Layout[1]
power supply system were included in
the process of calculating PUE (power Table 1: Current Power Consumption of Data Center and Future Projections
usage effectiveness: the ratio between e —
the total power consumption of data 2018 | 2030 | 2050 | 2018 | 2030 | 2050
centers and the power consumption of IT |IP traffic zB 0.7 1] 1400 1l 170 {20200
equi ment) power consumptions of data centers TWh 14 90 12.000 190 3.000 | 504.000
quip N . power consumptions of serverjbasic task TWh 6 30 3,500 90 450 53,000
2. Future PrO_]eCtlonS of Data Center Power Al task TWh 0.7 16 3,000 3 1,740 | 331,000
Consumption total TWh 7 46| 6.500 113 | 2,190 | 384.000
. CPUs basic task TWh 4 20 2.200 60 280 [ 33.000
The total power consumption .Of data Al task TWh 0.5 12 2,300 17 1320 | 251000
centers for Japan and worldwide was total TWh 4 32]  4.500 771 1600 | 284,000
estimated for 2018, 2030, and 2050 memor ies basic task TWh 1 7 890 16 110 | 13,000
(Table 1) Al task TWh 0.1 2 340 3 190 | 37.000
' ) . total TWh 1 9 1.230 19 300 | 50.000
¢ TOt_aI power Consumptlon in 2018 was power supply [basic task TWh 1 3 410 14 60 7.000
estimated 14 TWh for Japan and 190 etc |AI task TWh 0.1 2 400 3 230 [ 44.000
i total TWh 1 5 810 17 290 | 51.000
TWh worldwide. ] power_consumtions of storages TWh 2 29 3.700 27 430 51.000
- If _the lat?St equment currer_1t|y power consumptions of switches TWh 0.1 1 70 2 20 3.400
available is used (technological [power supply. cooling. etc | TWh 5 11] 1500 43 400 66.000

advancements are not factored in),
total power consumption is projected
as follows.
Japan: 90 TWh in 2030; 12,000 TWh in 2050
Worldwide: 3,000 TWh in 2030; 500,000 TWh in 2050
3. Challenges in Reducing Power Consumption
The breakdown of data center power consumption is currently 50% for servers, 25 to 30% for power supply and
cooling systems, and 10% for storage. Servers are expected to make up 60-80% in the future, pointing to the
utmost importance of reducing their power consumption. Specific types of equipment for servers that need energy
saving include CPUs, storages, memories, and power supply units (inverters and converters). Power saving is
especially important for CPUs and GPUs, both of which will likely face a remarkable increase in an Al task.
[1] L. A. Barroso, et al., "The Datacenter as a Computer: Designing Warehouse-Scale Machines, 3rd ed.," Morgan & Claypool Publishers (2018).
https://www.jst.go.jp/lcs/pdf/fy2020-pp-03.pdf
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Impact of Progress of Information Society on Energy Consumptlon (Vol. 3):
Current Status and Future Forecast of Network-Related Energy Consumption
and Technical Issues

ISummary]

The power consumption of the network was estimated in relation to the progress of information society on the
assumption such as a core, metro, and access network structure, and the issues were examined. Assuming both an
annual increase of 27% in traffic and a fixed state-of-the-art technology level, the problem to be considered is the
increase of the power consumption of access systems that account for 80% of the total, especially wireless access
systems in them. The paper also compared the future increase in power consumption of telecommunications
networks with that of data centers, which also constitute a key part of ICT infrastructure. The finding is that they are
almost on the same level.

-)posals for Policy Developm.

B As far as the telecommunication network sector is concerned, a sharp rise
in power consumption is expected for access networks, especially
wireless access systems. The equipment in question will be wireless base
stations and routers. Research to reduce such power consumption is
particularly important. The reduction target should be set at a half or one
third of the current levels in 2030 and further one hundredth or less in
2050.

W In telecommunication networks it is important to consider not only
hardware but also communication systems and architectures, in order to
reduce power consumption in facilities with low traffic volume while

Core network

coping with peak traffic ‘ ) &
® The types of hardware such as transmission amplifiers at base stations, .(\ﬂ ml \
routing-related processors, and switches are listed as devices of high- Data center |

power consumption. It is important to save energy in these devices. network P Wireless access  Wired access

network network

Figure 1: Network Structure[2]

1.Network Structure
The telecommunication network is classified into the core, metro, and (wired and wireless) access networks (Figure
1). The main equipment and facilities are routers in the core and metro networks, and base stations in the access
networks.

2. Calculation of Network Power Consumption
The power consumption of the entire network was estimated to be 23 TWh in Japan and 490 TWh worldwide in
2018.
Assuming both an annual increase of 27% in traffic and a fixed state-of-the-art technology level, traffic volume for
2030 and 2050 was estimated. The estimated power consumption of the main equipment of each network was
added up, and current and future total power consumption for Japan (the bottom row of Table 1) and worldwide
(the bottom row of Table 2)was estimated.
Japan: 93 TWh in 2030; 9,000 TWh in 2050
Worldwide: 2,400 TWh in 2030; 260,000 TWh in 2050
Access networks account for 80% of the total and are expected to increase further with the expansion of
applications.

3. Challenges in Reducing Power Consumption
The types of equipment that use the largest amount of energy are wireless base stations, followed by routers. The
challenge for saving energy consumption lies in improving the efficiency of power amplifiers for wireless base
stations and processors for routers.

4. Comparison in Power Consumption between Data Centers and Networks
Comparing the power consumption of the data center [1] and the network, which are the main ICT infrastructures,
it was found that both were almost at the same levels (Tables 1 and 2).

Table 1: Current Power Consumption of ICT Infrastructure in Table 2: Current Power Consumption of ICT Infrastructure
Japan and Future Projections Worldwide and Future Projections
Domestic 2018 2030 2050 Global 2018 2030 2050
Datacenter TWhY TWh'Y TWhY Datacenter TWh/'Y TWhY TWhY
server 7 62 9,600 server 113 2,190 384,000
storage 2 29 3,700 storage 27 430 51,000
switch 0.1 1 70 switch 2 20 3,400
power supply 5 13 2,000 power supply 43 400 66,000
Total 14 90 12,000 Total 190 3,000 500,000
Network Network
Core 1 2 231 Core 25 42 4,900
Metro 4 13 1,510 Metro 920 260 31,400
Access 18 78 7,000 Access 370 2,100 220,000
Total 23 93 9,000 Total 490 2,400 260,000

[1] LCS, “Impact of Progress of Information Society on Energy Consumption (Vol. 2): Current Status and Future Forecast of Data Center Energy Consumption
and Technical Issues”, Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies, February 2021.
[2] Miyamoto, Yutaka, et al. “Ultrahigh-speed Transmission Technology for Future High-capacity Transport Networks,” NTT Technical Review. Vol. 17, No. 5.

May 2019. https://www.jst.go.jp/lcs/pdf/fy2020-pp-04.pdf
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Methane Production from Biomass Wastes by Anaerobic Fermentatlon (Vol. 5)
Feasibility Study of Biological Hydrogen Methanation Process

ISummary]

A study was made on the issues of biological hydrogen methanation, which is the production of methane, using methane,
carbon dioxide, and hydrogen that are generated in the methane fermentation process of waste biomass, and also
hydrogen generated from electrolysis of water and other processes for making up the deficient of hydrogen. The cost of
producing methane using this process is 6.9 JPY/MJ, which is slightly more expensive than the current gas rate of 3.5
JPY/MJ plus the DAC cost, which is 5.7 JPY/MJ], but given the benefit of treating waste biomass, biological hydrogen
methanation is worthwhile. Studies on fermenter components and system optimization will be needed.

-posals for Policy Developm-

®m Biological hydrogen methanation has not yet been fully developed in Japan. It is necessary to promote the elucidation
of the fermentation mechanism of fermenting bacteria, the development of reaction engineering that accelerates the
dissolution of hydrogen, and the effective utilization of waste biomass.

®m For methane fermentation, analysis using the fermentation model used in this study will be beneficial for studying the
rationalization of the process, leading to the prediction of the fermentation system. It is important to study the
fermentation model and spread this process to be widely used.

1. Methane fermentation model
The fermentation pathways via ethanol [2] and lactic acid [3], which are important in hydrogen fermentation, were
added to the ADM1 model [1] that has been used as a base. As a result of streamlining the process and predicting the
fermentation system, the amount of methane and hydrogen produced were able to be determined when conditions
such as initial NH, concentration and temperature were changed. These results can be used to study the conditions
for methane and hydrogen production by biomass fermentation.

2. Investigation of biological hydrogen methanation ([4], [5])
The cost and amount of methane produced by the fermentation-methanization process using CO,, H,, and CH,
produced by methane fermentation of biomass wastes were investigated. The reaction equation is as follows:

CO, + 4H, — CH, + 2H,0 (g), A Hr (heat of reaction) = - 165 kJ/mol-CH,

Two types of systems were studied: (Case 1) a two-stage system consisting of a hydrogen fermentation tank and a
methane fermentation tank, and (Case 2) a system in which the hydrogen fermentation tank was removed for
simplification and both raw garbage and sewage sludge were fed into the methane fermentation tank.

3. Studied model and cost of methane = -
gas (solid15%) .
A model of methane gas production ... Comp 1
by methane fermentation from waste
biomass (sewage sludge and food ...
waste) and biological hydrogen oumt
methanation was studied for a city
with a population of 100,000.
The process flow for Case 1 is shown . ..
in Fig. 1.
The amount of methane produced is
calculated to be 97 m3/h (95% " L0 Sadge aqstment
methane), which can replace 9% of e som?
the gas energy consumed by a city .. ...
of the same size. Methane gas is
easier to use for consumer purposes
than hydrogen, including safety
aspects.
The methane production cost was calculated from

e 35°C
Foreign matter M pH 7.8
separator T

Pump 1 Methane fermentation tank

Pump 6

COD 21.5kg-COD/m?*

Hydrogen 200m
fermentation tank

Methanation reaction tank
151nm3/h 20m3

Electrolytic H2

41m#/d
COD 58kg-COD/m?

H20 63.2kg/h

Pump 5

Pump 3

Fig. 1. Flow chart of the bio-methanization process

Table 1. Methane production cost

fixed costs such as the construction and operating
costs of the model, and variable costs such as
electricity and supplied hydrogen (Table 1).
However, if fossil fuel-derived methane is used, the

Methane production rate: 91 Nm3/h, 3.26GJ/h(26.1 T1/y)

CH, production cost

Casel Case 2 Remarks
Fixed cost

burden

Fixed cost

Fixed cost
burden

Construction cost 453million JPY 68million JPY 396million JPY| 59million JPYy Annual expense ratio 15%

CO, generated must be captured by DAC in a zero-
carbon society. This will cost 2.2 JPY/MJ], which
together with the current gas price of 3.5 JPY/MJ],

Operating costs

Total

9 people

45million JPY/y

4.3JPY/M]

9 people| 45million JPY/y

4.0JPY/M]

5 million JPY/ person/ year

Specific "energy" or

Variable cost o i i
material" consumption

will result in a cost of 5.7 JPY/MJ]. The costs of

Cost (JPY/MJ)

Specific "energy” or
"material” cons umpto

Cost (JPY/MJ)

Unit price, etc.

methane production for the entire process is 7.0

JPY/M] for Case 1 (with hydrogen fermentation)

and 6.9 JPY/M] for Case 2 (without hydrogen

fermentation), which is a little more expensive than
that of fossil fuel-derived methane. Considering the
benefit of treating the waste, this reaction system is

KCI 0.073g/G]

Electric power]| 40.5 kwh/GJ| 0.481 34.7 k Wh/G]| 0.416 123PY/ k Wh|
Sewage Sludge 0.305t/GJ 0 Same as left 0
Garbage 0.100t/G] 0 Same as left 0

Hydrogen 46.3Nm3/G)| 2.29 50.0Nm3/GJ 2.5 50JPY/Nm 3

Generated 1.17IPY/MI(=1.5]PY/MIx
88.6MJ)/G] AD.104 S left A0.104

heat{607C) / . A=A 333/423)

Produced water: 19.2kg/GJ

AN phesphets Ammonium phos hga/te'

nutrient| 0.129kg/G] 0.021 Same as left 0.021 pRosp ’

1401PY/kg,
KCl: 45JPY/kg

Total variable
cost

worthwhile.

2.7IPY/M]

2.9JPY/M]

[1] D.]. Batstone, et.al, ‘Anaerobic Digestion Model No. 1/,

Scientific and Technical Report No. 13, IWA publishing, 2002. CH4 Production

7.0JPY/M]

6.9]JPY/M]

[2] E.Shi, J.Li, and M.Zhang, Water Res., 161 (2019) 242-250. e
[3] G.Antonopoulou, et. al, Int. J. Hydrogen Energy, 37 (2012)
191-208.
[4] B. Lecker et al. Bioresource Tech., 245 (2017) 1220-1228.
[5] D. Rusmanis et al, Bioengineered, 10 (2019) 604-634.

https://www.jst.go.jp/lcs/pdf/fy2020-pp-05.pdf
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Cost Evaluation of Direct Air Capture (DAC) Process (Vol. 2) :
Adsorption Method

The costs and issues of DAC processes using amine / nanofiber systems and MOFs-74 (Metal-Organic Frameworks)
systems were investigated. The amine/nanofiber system has low adsorptivity and high airflow resistance of the
adsorbent [1]. The energy cost was higher, and the DAC cost for the assumed case was 117 JPY/kg-CO,. The energy
cost of MOFs system which assumes a honeycomb structure is low due to a lower air-flow resistance than the
amine/nanofiber system. However, because the price of MOF as an adsorbent is high, it is necessary to double the life of
the adsorbent (four years) at least. The DAC cost is estimated at 71 JPY/kg-CO, and verification is needed for such
estimation in the future. In the case of the KOH-CaCO; alkali absorption method studied so far, the DAC cost is estimated
at 35 JPY/kg-CO, [2]. This is a promising process at the moment though there is a challenge to prove whether the cost
can be lower.

-3osals for Policy Developn-

m It is necessary to develop technology to reduce the cost of DAC to less than 35 JPY/kg, or preferably less than 20
JPY/kg-CO,.

®m The alkali absorption method, the NFC-amine adsorption method, and the MOFs adsorption method have many issues
to be demonstrated and developed. Thus, all these methods need to be developed with clear goals.

®m In order to develop optimal adsorbents, the results obtained by making full use of computational chemistry and other
methods need to be applied to specific developments for efficient studies.

1. Evaluation and cost of amine/nanofiber system

A fiber filter formed by impregnating nanofibers (NFC) with amine (H,N
(CH,) ,NH (CH,);SiCH5(OCHs),: AEAPDMS) was used as an adsorbent.
(1) Evaluation of CO, adsorptivity of AEAPDMS

In order to evaluate the heat of adsorption by understanding the
mechanism by which AEAPDMS adsorbs CO,, quantum chemical
calculations were performed, and the change in adsorptivity due to the
change in electronic state in the presence or absence of water, the ease
of adsorption, and the heat of adsorption were estimated.
Quantum chemistry provides a powerful tool for improving the _
efficiency of technology development in this field (Fig. 1. Example of ~ Fig. 1. Example of the molecular structure
molecular structure). of AEAPDMS
(2) Study using assumed process
In the assumed process for examining performance and cost, the CO, concentration in the air was set to 400 ppm, the
CO, capture rate to 112 t/h, and the CO, concentration at the outlet of the adsorption bed to 0 ppm. Assuming an
adsorption rate of 0.5 mol/kg/h, the adsorption and desorption cycles were 60 minutes each, resulting in a DAC cost
of 117 JPY/kg-CO, (Table 1).

2. Evaluation of MOFs-74 (Metal-Organic Frameworks) system and DAC cost

MOFs (Metal Organic Frameworks) are hybrid materials synthesized by the self-assembly of metals and organic
ligands. It has also been investigated for the adsorption of CO,, and it has been confirmed that Mg-MOF-74 has a large
adsorption capacity, but the development is currently in the laboratory stage. Assuming a honeycomb structure as the
adsorption layer, the cost was calculated as in 1. (2), and it was 71JPY/ kg-CO, (Table 1).

3. Discussion and issues Table 1. Comparison of CO, capture costs (CO, capture rate 112t/h)
In addition tO the NFC'amine and DAC DAC DAC Coal boiler flue gas Remarks
MOFS methods’ the costs Of the KOH_ Process NFC-amine method MOFs Method Alkali method Amine absorption

CO, 400ppm—110ppm [CO, 14.3%—1.56%

CaCO; alkaline method and the amine
absorption method for coal boiler flue

Fixed cost JPY/kg-CO.) 510 26.7 20.7 3.6 * *Capacity is corrected to 112 t/h

gas were compared (Table 1). The [ 65.0 414 147 59

first three methods are DAC and have Electric Power|4.14 k Wh/kg 49.7|1.6kWh/kg 19.2 0.14kWh/kg 1.7 12JPY/kWh
H H Heat 8.84MJ/ kg U2.5MI/ kg 3.8 1L.5JPY /M)

an inlet CO, concentrat-lon of 400 ppm. = = — - =

The last method, amine absorption, Ster 0

has an inlet CO, concentration of

14 30/0 . Total (JPY/kg-C0O,) 116.9 71.1 354 9.5

The theoretical energy required to separate CO, for DAC was four times higher than for boiler flue gas, resulting in a
higher DAC cost by adsorption methods (NFC-amine and MOFs methods). The features of each process are as follows:
(1) In the case of CO, capture from boiler flue gas, the capture efficiency is 90% and the cost is less than 10 JPY/kg,
but the outlet cannot be zero carbon because of the absorption method. (2) In the case of DAC, the inlet
concentration of CO, is as low as 400 ppm, and the capture cost is about 35 JPY/kg for the alkaline method (outlet
CO, concentration: 110 ppm) [2]. In places like the U.S., where LNG is inexpensive (0.35 JPY/MJ), the price is about
25 JPY/kg-CO,. This method has its challenges, but it is a promising process. (3) The NFC-amine method has high
costs of equipment and power due to a high air-flow resistance of the adsorbent, and the current cost is over 100
JPY/kg. (4) The MOFs method has a lower air-flow resistance and power cost, so it could be less than 100 JPY/kg, but
experimental proof is required. In order to reduce the cost of DAC to less than 35 JPY/kg, or preferably less than half,
there are many issues that need to be resolved, and it is necessary to proceed with demonstration experiments such
as improving the performance of the adsorbent, extending its life, and reducing its ventilation resistance.

[1] Jan Wurzbacher, “Capturing CO, from Air,” Herbstworkshop Energiespeichersysteme, TU Dresden, 9 November 2017.
[2] LCS, Proposal Papers for Innovation Policy Development, “Cost Evaluation of the Process of Direct Air Capture (DAC) Process of Carbon Dioxide,” February
2020.

https://www.jst.go.jp/lcs/pdf/fy2020-pp-06.pdf



=
=

=
e il
il

Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies

Technical Challenges and Forecasts on Safety Assessment of
Large-Scale Energy Storage Systems for Its Social Implementation

[Summary]

The aim of this paper is to review previous studies of the safety and risk of large-scale energy storage systems and
present critical concepts and approaches required in the future for the systems. Firstly, technological trends in the
safety assessment of systems were surveyed, and then as a framework for the sake of organizing the results of the
survey, methods of identification of risk scenarios, risk analysis, and risk assessment are presented. For instance,
critical risk items related to the safety of large-scale storage battery systems were identified by way of risk analysis,
and a trial risk modeling for risk quantification was carried out. Necessary elements for the safety assessment of
large-scale energy storage systems are presented as proposals.

-)posals for Policy Developm-

-
O

® In implementing large-scale energy storage systems in society, it is necessary to identify relevant risks to be
addressed by taking into account altogether the economy and safety, and then to share the risks among parties
concerned. In addition, it is important for persons in charge of policy planning to coordinate and encourage
discussion on the risks, which parties concerned with the system consider important.

m It is important to establish safety standards of large-scale energy storage systems. If taking the initiative in the
establishment of safety standards for quantitative assessment of safety as well as safety technology related to the
systems is successful, attaining an internationally advantageous position may become possible.

®m Various kinds of operation statistical data are needed in the risk assessment, but they are currently confidential
information. It is necessary to build a data-sharing environment available for risk assessment personnel by creating
a relevant database.

)

1. Trends in safety technology | Mechanical {
The trends in research concerning the safety of \foctors spreading
lithium-ion batteries (hereafter referred to as @ | r\ p g N =
LiB) used for large-scale energy storage systems £ 1§ s | 3 o] %l
were explored through a literature database S | | B |memees g e 2t gg|| &
survey, and LiB accident factors and classification 5 | |5 | rmm 22 Y 52 285
of safety measures were summarized. The 25 | Dl |3 = sB[] 2
survey revealed that the research on LiB safety = B |~ e -
to date was mainly targeted on the danger of iy .
Storage batteries and Safety measures against | Scenario giving rise to thermal runaway H Impact scenario from thermal runaway to societyl

the danger. In 2020, a technical document
concerning whole system consideration of large-
scale storage battery systems was published [2]
overseas, and the relevant research will probably Table 1. Examples of Risk Scenarios Identified by Means of HAZOP
be progressively promoted.

2. Identification of risk scenarios
A “Bow-Tie” analysis model which summarizes

Fig. 1. A Bow-Tie Analysis Model Suggested for Thermal
Runaway Accident of Large-Scale Storage Battery System

Effects within Effects on adjacent Effects on the Effects on the

Causes N
single cell cells module whole system

ESS
model
Parameter
Guide word
Meaning

(1) Cell thermal

event progression after an accident of large-scale (@) Elevatea cen | [0S0 ) rermal runaway
storage battery system and safety measures ;ei;ﬁ};gr;;m L O Bevatea cell | feading o the
preventing the event progression on either side clctode, | Cna i | temperature or k1) Fire i the
of LiB thermal runaway accident (Fig. 1), was e SR | Getrede, | Whole moddie | spreading to

electrolyte, and (2) Disintegration of | the battery
separator electrode, board

(3) Separator electrolyte, and (2) Fire
damaged, leading to| separator within the| spreading to

temperature| damaged, leading
- External to inner short-
Fire circuit state and
- Poor cooling| heat generation
- Electrolyte |[(3) Cell
reaction temperature
further elevated,
leading to
disintegration of

used to ascertain the vulnerability of the accident
scenario or the system. It is important to identify
the risk scenarios, presented on the left side,
caused by accident factors, and the scenarios,

inner short-circuit cells of the module | the whole
state and heat (3) Inner short- system,
generation circuit state and resulting in

(4) Cell temperature | heat generation large-scale
further elevated, within the cells of fire

Battery board
Temperature
MORE

Cell temperature elevated

presented on the right side, affecting the whole clecirode and | SIS ration of | resuling in aniton

1 H electrode and and fire of the
system or society after the occurrence of LiB (4) Cell thermal (g.)eéirﬁ.ty;e [ moaute
thermal runaway. Then, overall risks were runaway

identified by applying HAZOP, which is an analysis

method for identifying an accident scenario by Heat transfer Qo /

way of a combination of parameters, such as temperature, and guide Thermal radiation Q4
words. For instance, a scenario of “propagation of thermal runaway of

a single cell caused by inner short-circuit to adjacent cells in a chain t
reaction fashion,” etc. were identified (Table 1).

3. Risk analysis and assessment
An initial investigation for the preparation of quantitative risk analysis

was carried out by building a model of physical phenomena of the risk
scenario identified above. The risk scenario was analyzed by means of
the model of physical phenomena and Monte Carlo simulation on the

condition that when the cell temperature exceeds the threshold, Cell | 2 3 4 5 ¢ '(I;her(‘jmatl_
thermal runaway will be triggered. In this way, calculation of the Triggering short. RULELISE L
thermal runaway probability of each cell of a storage battery module circuit state in cell 1 Qcond

became possible, but refinement of the simulation result needs Fig. 1. Conceptual Experiment Apparatus
measurement values of input parameters. More accurate estimations  pjagram of Previous Research [1]
may become possible by building a database of parameters.

[1] Feng X, Lu L, Ouyang M, Li J, He X, “A 3D thermal runaway propagation model for a large format lithium-ion battery module,” Energy 2016;115:194-
208.
[2] International Electrotechnical Commission (IEC), IEC 62933-5-2, “Electrical energy storage (EES) systems — Part 5-2: Safety requirements for grid-

integrated EES systems - Electrochemical-based systems,” 2020.
https://www.jst.go.jp/lcs/pdf/fy2020-pp-07.pdf
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Secondary Battery System (Vol. 9) :
Cost Evaluation of a Lithium-ion Battery Using Next-Generation

ISummary]

Electrode Active Material

::g'"??
- |
LU

An attempt was made to predict future changes to higher specific energy and lower costs of lithium-ion batteries (LIBs) by
calculating the manufacturing costs of LIBs while taking into account recent technological levels. Incorporation of next-generation
electrode active material into LIBs was designed, and the manufacturing cost of a LIB was estimated. While the manufacturing cost
of the current model (year 2020) is from 11.9 to 23.2 JPY/Wh, it was found in the estimation that the manufacturing cost of the
future model may be reduced to 5.1 JPY/Wh at the lowest. On the other hand, to accomplish the short-term targets of energy
density (500 Wh/kg or more) and manufacturing cost (10,000 JPY/kWh per battery pack) for EV applications, etc. by 2030, about
ten years of development period remain, and therefore research for that end should be encouraged and promoted.

-)posals for Policy Developm.

B As specific measures for attaining high-performance low-cost
secondary batteries, a proposal was made to replace the current
positive and negative electrodes with a next-generation positive-
electrode active material and a Si negative electrode, respectively, or
alternatively with S positive-electrode active material and a metal Li
negative electrode, respectively. It was shown in a quantitative
manner that the replacement of these electrodes is technically
feasible.

m With the technology development and implementation under current
development investment, it is predicted to be able to accomplish the
targets after 2040. To accomplish new targets in the future, it is
essential to make urgent, concentrated investment in terms of
equipment, budget, and human resources through close cooperation
between industry, academia, and government.

1. Secondary battery design specifications for evaluation
The structure of the secondary battery for evaluation was such that a
stacked cell, in which several single cells were stacked, was sealed by
the enclosure of a pouch material (Fig. 1). Dimensions were selected
by referring to LiBs on the market. Table 1 shows the configuration of
electrode active material and the battery voltage. In the case of
References 1 through 4, electrode active materials (conventional
materials) used in LiBs on the market were employed. In the case of
Examinations 1 through 9, materials other than conventional
materials were employed for one or both of positive and negative
electrode active material ([1] - [5]).

2. Estimated manufacturing cost
Fig. 2 shows the estimated manufacturing cost and energy density of
secondary batteries for evaluation batteries (References 1 through 4
and Examinations 1 through 9 in Table 1) for several groups classified
by combination of different electrodes.

3. Future prospects
To reduce the manufacturing cost and to improve the
energy density, it will be necessary to replace positive
and negative electrodes with next-generation
electrode active materials.

For the estimation of the energy density and the
manufacturing cost, the following settings were
assumed: For the short-term targets (from year 2030
to year 2040), replace either or both positive or
negative electrode with next-generation positive-
electrode active material and a Si negative electrode,
respectively. For the medium-term targets (year

1200
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Fig. 1. Conceptual Configuration Diagram of Secondary
Battery for Evaluation
(Left: Exploded Perspective View, Right: Cross Section)

Table 1. Configuration of Electrode Active Material and
Battery Voltage of Secondary Batteries for Evaluation

2050), replace positive and negative electrodes with 9
next-generation positive-electrode active material and

) ; . ) Manufacturing Cost [JPY/Wh]
a Si negative electrode respectively, or alternatively Fig. 2. Manufacturing Cost and Energy Density of Secondary Batteries

Positive Electrode Negative electrode
. . . . . Battery
. X Capacity | Capacity Active Capacity Capacity
Active material L . L voltage
[mAh/g] | utilization material [mAh/g] | utilization V]
Reference 1 | LiNiogCoo.15Al0s02 196 0.72 Cs 353 0.95 3.6
LiNioas
Reference 2 169 0.61 Cs 353 0.95 3.6
Mno33G003302
Reference 3 LiFePO, 165 097 Cs 353 0.95 33
Reference 4 LiMn,04 110 0.74 Lis/3Tis/304 165 0.94 224
Examination1 Li12Tio4Mno4O> 300 0.76 Cs 353 0.95 33
Examination2 | Li;Mny/Tii20,F 320 0.70 Cs 353 0.95 33
Examination3 LiNigsMn; 504 135 0.92 Cs 353 0.85 455
Bxamination ||\ ConisAlOz | 196 072 Si 1007/ 0.24/ 33
4(a)/4(b) 4,197 1
Examination LiNio3 . 1,007/ 0.24/
169 0.61 Si 33
5(a)/5(b) Mno33C00330; 4197 1
Examination - . 1,007/ 0.24/
6(a)/6(b) Li12TioaMno4O2 300 0.76 Si 4197 1 3.0
Examination LM aTiv 2OoF 320 070 s 1,007/ 0.24/ 30
7(a)/7(b) 4,197 1
Examination LiNipsMn1:0s 135 092 si 1,007/ 0.24/ 495
8(a)/8(b) 4,197 1
Examination9 S 1,508 09 Metal Li 2,895 0.75 215
eStandard 1
gStandard 2
i o 4Standard 3
aStandard 4
Examination 1
gExamination 2
@Examination 3
- G6 mExamination 4(a)
’ o4 ©Examination 4(b)
0 G5 MExamination 5(a)
@ . T . G3 ©Examination 5(b)
gé“‘f‘_) Bi Examination 6(a)
i G2 Examination 6(b)
EExamination 7(a)
Examination 7(b)
BExamination 8(a)
0 2 4 6 8 10 12 14 16 18 20 22 24

©Examination 8(b)
“Examination 9

with S positive-electrode active material and metal Li for Evaluation (References 1 through 9 and Examinations 1 through

negative electrode, respectively. Specific energy and 9) by Group Classification

manufacturing cost were estimated by referring Fig 2 * Group classification into G1 through G7 (Table 1 classification in ‘)arentheses)
T G1: Conventional positive-electrode active material/ conventional graphite

Current group (G1): 277 Wh/kg, 11.9 JPY/Wh
Short-term targets group (G2, G3, and G5):

300 Wh/kg or more, 11.6 JPY/Wh or less
Medium-term targets group (G4, G6, and G7):

300 Wh/kg or more, 10.0 JPY/Wh or less
Note, however, that it is estimated that more time will
be needed for practical realization because both positive
and negative electrodes should be changed to

accomplish the medium-term targets (year 2050). (Examination 9)

negative electrode (References 1 through 4)
G2: Next-generation positive-electrode active material/ conventional graphite
negative electrode (Examinations 1 through 3)
G3 ?future 2L): Conventional positive-electrode active material/ Si negative
electrode (Examinations 4a and 5a)
G4 (future 2H): Conventional positive-electrode active material/ Si negative
electrode (Examinations 4b and 5b)
G5 (future 3L): Next-generation positive-electrode active material/ Si negative
electrode (Examinations 6a, 7a, and 8a)
G6 (future 3H): Next-generation positive-electrode active material/ Si negative
electrode (Examinations 6b, 7b, and 8b)
G7 (future 4): S positive-electrode active material/ metal Li negative electrode

[1] Naoaki Yabuuchi et al, “Origin of stabilization and destabilization in solid-state redox reaction of oxide ions for lithium-ion batteries,” Nature

Communications, vol. 7, no. 13814, 2016.

[2] Jinhyuk Lee et al., “Reversible Mn2+/Mn4+ double redox in lithium-excess cathode materials,” Nature, vol. 556, pp. 185-190, 2018.
[3] “Development of Lithium-Ion Battery Active Material and Electrode Material Technology,” Science & Technology Co., Ltd., pp. 42-52, 2014

[4] “Battery Handbook,” Edited by the Committee of Battery Technology, the Electrochemical Society of Japan, Ohmsha, Ltd., p. 410-413, 201

[5] LCS, Proposals for Planning of Innovation Policy, “Secondary Battery System (Vol. 6),” February 2019

https://www.jst.go.jp/lcs/pdf/fy2020-pp-08.pdf
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A Study on the Tele-communication Traffic Trends and the Impacts of

ISummary]

Teleworking under Covid-19 State of Emergency

The role of ICT towards the building of a zero-carbon emission society is becoming important, but its progress will lead to a rapid
increase in power consumption. However, data analysis from the standpoint of consumption regarding what kind of demand has
brought about today’s increase in the information traffic volume is limited. Therefore, in this proposal, existing statistical data
regarding the increase in the tele-communication traffic demand were analyzed and examined. As a result, it was found that (1) the
increase in the video streaming demand and the decrease in communications cost are significant factors for the increase in the tele-
communication traffic volume; (2) productivity improvement due to the introduction of ICT is conspicuous in large enterprises; (3)
although the tele-communication traffic volume has increased owing to teleworking more widely spreading under the declaration of
a COVID-19 state of emergency, CO, emissions have fallen owing to a decrease in commuting by car.

-posals for Policy Developm-

important government policy issue.

the development are required.

mUnder the declaration of a COVID-19 state of emergency, differences have widened between job fields (enterprises, schools,
etc.) where productivity has improved owing to the expanded introduction of ICT and job fields where productivity is not yet
improved. To offer an incentive for introducing ICT to the job fields where ICT has not spread and to create a system
consistent from resource procurement and the production site through sales management, as shown in Industry4.0, is an

mThe information traffic volume was largely increased following the introduction of teleworking through the utilization of ICT
encouraged by the declaration of a COVID-19 state of emergency in 2020. It is expected that the change in ways of working
involving a decrease in commuting hours may contribute to reductions in CO, emissions, helping the building of a “bright and
affluent low-carbon society”. Such social change due to the introduction of ICT may likely continue to the future, and
development of information network infrastructure and measures responding to the increase in power demand associated with

1. Information traffic analysis and prediction

The published data [1] was employed to estimate the growth

Traffic volume for the movie picture quality change from X1, to X2, to X4

rate of the information traffic volume; it was found that the 400000
yearly growth rate during 2004 through 2018 was 30.1%, and it 50000
increased rapidly especially during 2013 through 2018. Specific Z 20000
major factors were the increase in video streaming services and 8 0000
the decrease in communications cost. The information traffic o

demand was analyzed to estimate the traffic demand in the § w0
future. (Fig. 1). It was estimated that the demand may increase S 50000
sharply toward 2030, but then saturate because of population £ 10000
decline toward 2050. E 00

1400

000 \ / \

800 /X/\X\/(A\
600

400 w

N
o
o

200
0
2008 2009 20102011 201220132014 20152016 2017 2018 2019
—A— —X—.

Less than 50 mllllon yen; |ntroduced No less than 50 million yen; introduced

No less than 50 million yen; not yet
introduced

Less than 50 m|II|on yen; not yet
introduced

Labor productivity (10 kilo yen per capita)

Fig. 2 Change over time in productivity owing to introduction of IoT
by capital scale

()

_§ 160% 120%

S 150% e o .
g 0,

5 140y - 2
;é Y .' [ J ﬁ_:
8 130% ° o 110% £ 8
£ & 2
g 120% » o @ G ®
< 105% S &
S 110% )
5 . e s
@ 100% 100% & 3
I 0% 10% 20% 30% 40% =

Teleworking percentage
Q| Peak (12:00) traffic volume

Fig. 3 Relationship between teleworking percentage and rate of increase
in traffic volume

24-hour average traffic volume

A1T+M: Fixed-line traffic of 5 ISP companies plus mobile communications traffic
A2: Traffic by subscribers of other dedicated lines

B1: Traffic exchanged at major IX in Japan

B2: Traffic exchanged in Japan

B3: Traffic exchanged overseas

Fig. 1 Estimation of tele-communication traffic volume in the future for
the movie picture quality change from x1, to x2, to x4
2. Impact of ICT on productivity
A questionnaire survey conducted by the Ministry of Internal
Affairs and Communications [2] was used to summarize the
adoption of the use of ICT and the impact on productivity. Fig.
2, “Change over time in productivity owing to introduction of
IoT by capital scale,” shows that productivity was improved
owing to the introduction of IoT over the entire period. The
estimated results can be interpreted to show that
improvement of productivity by 20% to 30% may be possible
for large enterprises with capital of no less than 50 million yen.
3. The impact of teleworking under a COVID-19 state of
emergency
Under the COVID-19 crisis, teleworking has been attracting
rapidly high attention, and many enterprises in urban areas
adopted it. Analyzing one of the fact-finding surveys [3] and
NTT's data of the change in traffic [4] found that a 10%
increase in teleworking resulted in a 2.8% increase of the 24-
hour average traffic volume and an 8.2% increase in the peak
traffic volume (Fig. 3). On the other hand, it was also
confirmed that teleworking reduced commuting by car, in turn
reduced gasoline consumption and CO, emissions.

[1] Ministry of Internal Affairs and Communications, “Estimates for Internet Traffic in Japan”,
https://www.soumu.go.jp/joho_tsusin/eidsystem/market01_05_03.html (Day of access: Nov. 26, 2020)

[2] Ministry of Internal Affairs and Communications, “Communications Usage Trend Survey (Companies)”,
https://www.soumu.go.jp/johotsusintokei/statistics/statistics05a.html (Day of access: Jul. 27, 2020)

[3] Persol Research and Consulting Co., Ltd., “Emergency survey regarding the impact of measures against novel coronavirus infection on teleworking”,
Two times, https://rc.persol-group.co.jp/news/202004170001.html (Day of access: Jun. 19, 2020)

[4] NTT East, “Concerning network traffic (back number)” https://www.ntt-east.co.jp/aboutus/traffic/20200414/#area_traffic

(Day of access: Jul. 8, 2020)

https://www.jst.go.jp/lcs/pdf/fy2020-pp-09.pdf
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Factors Affecting CO, Emissions from Passenger Cars |

ISummary]

In this proposal, the yearly changes in CO, emissions from passenger cars driving were analyzed in terms of three factors: fuel
efficiency performance, number of owned vehicles, and travelled distance. As a result, the trend of decrease in CO, emissions
during 2002 through 2016 could be explained as a whole in terms of a certain amount of effect of the improved fuel efficiency
performance on reducing CO, emissions, after taking into account the variation in travelled distance, while the effect of increases
in the number of owned vehicles has been canceled out. On the other hand, in the analysis of the vehicle lifetime, it was found
that the duration for buying a replacement became longer. It can be said that this is rational from the viewpoint of reducing CO,
emissions because a reduction in CO, emissions at the time of vehicle manufacture can contribute to a reduction of CO, emissions
throughout the lifecycle. Moreover, in the analysis of a model of user’s vehicle selection, it was shown that users’ satisfaction of
fuel efficiency performance was probably close to saturation.

-posals for Policy Developm-

®m In addition to conventional measures to promote eco-cars that target the reduction of CO, emissions during driving, policies
that motivate the reduction of CO, emissions during manufacturing are desirable. For users whose annual travelled distance is
short, buying a low fuel consumption vehicle for replacement does not necessarily contribute to a reduction in CO, emissions
throughout the lifecycle, and so there is room for consideration of an amendment to the automobile taxation system,
amounting to heavy taxation over the years.

®m In order to reduce CO, emissions arising from a rebound in travelled distance owing to the spread of low fuel consumption
vehicles, it is necessary not only to upgrade vehicles to fuel-efficient ones, but also to introduce a policy applicable for vehicle
driving, such as fuel taxation.

m Recently, a trend of decline in users’ preference to fuel efficiency performance over the years is recognized. To predict policy
effects, it is effective to design policies by taking into consideration changes in users’ preferences.

1. Breakdown of factors affecting CO, emissions from
passenger car driving
The yearly changes in CO, emissions from 2002 through
2016 are shown in the amount of itemized contribution
of fuel efficiency, traveled distance, and number of
owned vehicles (Fig. 1). CO, emissions were almost on a
declining trend, especially in the 2000s. Improved fuel
efficiency contributed to the yearly reduction of the
emissions by 0.5 to 1 million tons, but on the other hand,
increases in the number of owned vehicles increased
emissions.

2. Analysis of service life for vehicles
According to recent data, the service life for vehicles is

300

200

Year over year change (10 kiloton)

increasing for the engine displacement range of no more 400
than 2,000 cc, which offsets the CO, emission reduction 500
benefits of improved fuel economy from vehicle upgrades.

On the other hand, longer service life will contribute to 600

reductions in CO, emissions throughout the lifecycle if FY
CO, emissions during vehicle manufacturing are reduced.
Vehicle updates to a small vehicle with excellent fuel

efficiency and its use for a long time is needed.

Residual
A Number of owned vehicles x (1/Average fuel consumption)

Meanwhile, it was suggested that purchases of low fuel
consumption vehicles might result in an increase in
traveled distance, giving rise to a rebound in CO,
emissions.

x Traveled distance per vehicle
A Traveled distance per vehicle x (1/Average fuel
" consumption) x Number of owned vehicles
A (1/Average fuel consumption) x Traveled distance per
vehicle x Number of owned vehicles

3. Model of user’s vehicle selection =@ \CO2

User’s vehicle selection was analyzed in the use of a
model developed based on utility theory. While the
preference for fuel efficiency gradually decreased, users
who think positively about fuel efficiency were still
predominant.

4. Trend of CO, emissions from passenger cars

The CO, emissions of the entire vehicle fleet were

calculated by adding the CO, emissions during driving to
the CO, emissions at the time of vehicle manufacturing.
In addition to the results through 2016, CO, emissions
from 2017 through 2030 were estimated by way of
linear extrapolation (Fig. 2). From the extrapolated CO,
emissions in 2030, for which the specific reduction of
emissions is targeted under the Paris Agreement, it was
estimated that the CO, emissions from passenger cars 20
may fall by about 38% compared to 2013. The 2030 _
emissions reduction target for transportation as a whole o ) )
under the Paris Agreement is 28% compared to 2013; PSS ES PP ST S PSP P E S
this means that the contribution of passenger cars for

the achievement of the target is significant.

Fig. 1 Breakdown of factors affecting CO, emissions from passenger cars

Linear extrapolated for 2017
and thereafter

CO, emissions (million ton)

Vehicle Vehicle

¥ manufacture “driving

Fig. 2 Changes over the years in CO, emissions at the time of vehicle manufacture
and during vehicle driving

https://www.jst.go.jp/lcs/pdf/fy2020-pp-10.pdf
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Survey of Technological Issues in Device Fabrications Processes for Galllum OX|de

as a Next-Generation Widegap Semiconductor (Vol. 2):
Clarification of Energy Band Diagram of Single-Crystalline Gallium Oxides

[Summary]

High quality crystals has recently become available for gallium oxide (Ga,05), which is attracting attention as one of
the next generation wide gap semiconductor device materials. In this proposal, the energy band diagram of Ga,O;
MOS capacitor was clarified by investigating the surface of 3-Ga,0O5 single crystal by means of ultraviolet photoelectron
spectroscopy. The interface fixed charge density (N,,) of the fabricated capacitors was also estimated experimentally,
and it was found that the N,,, was suppressed to ~1x10!1 cm2 with an annealing time of more than 1 hr at 1000°C. It
was shown from these findings that the precise understanding of the energy band diagram is important for evaluation
of device characteristics.

.)posals for Policy Developme-

® This time, the energy band diagram of gallium oxide (Ga,05) was investigated, and the device characteristics were
evaluated. The obtained interface fixed charge density (N,,.) and other parameters are not only necessary for
improving the device processes, but also indispensable for the exact prediction of device operation and the device
design.

m To establish the next-generation widegap semiconductor device technology, it is important not only to accelerate
the demonstration of device operation, but also to proceed basic researches for understanding the fundamental
properties such as band structure, and the chemical properties such as reactivity, in order to develop a knowledge
base available for engineers and researchers working on the properties of those semiconductor materials.

1. Clarification of B -Ga,O5; energy band

diagram by means of UPS spectrum : B = : '\

UV photoelectron spectroscopy (UPS) z z =

analysis was performed on B-Ga,03(001) ) W g 5 o
wafers obtained by recent growth chaoecan Keie Snergy 6~ B T
technology for large-area wafer (Fig. 1). - T /"Valencebandmaximum
The low kinetic energy end (cut-off) and o e anon

i 5 10 15 20
Photoelectron Kinetic Energy (eV)

the high kinetic-energy end (valence band
maximum) of the UPS spectrum were
found to be 3.5 eV and 16.5 eV by linear  fg 1 UPS spectrum on the surface of B-Ga,0, (001) wafer and enlarged views
extrapolation respectively, and the valence of the spectrum near the minimum detection energy region (left) and near
band maximum energy level, E,, was the valence band maximum energy region (right)

estimated is 8.15 £ 0.02 eV below the

vacuum level. Since the band gap of B-Ga,05 is 4.7 - 4.8 eV [1], it was estimated that the conduction band minimum
energy level, E¢, is 3.4 - 3.5 eV deep below the vacuum level.

Vacuum Ievel e e e e e e E————
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x m ‘
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E; maos==o=tm]- e Z——1—0 @muﬂ C—
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8.2 ey Sil, = ' ; =1.3~14V
2 |
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Fig. 2 Energy band diagram of the B-Ga,05 (001) Fig. 3 Relationship between Vg, and oxygen
wafer and the fabricated MOS capacitor, referred annealing duration for Au/SiO, (film thickness
to the vacuum level. of about 30 nm)/B-Ga,0; MOS capacitors

2. Re-verification of device characteristics by estimating Fermi level

Since the difference between the Fermi level Eg g,,03 and Ec was calculated to be 0.1 eV, the Fermi level of B-Ga,0;
(001) epitaxial film Eg 5,03 Was estimated to be 3.5 - 3.6 eV deep below the vacuum level. These data are shown in
the energy band diagram in Fig. 2.

Finally, the interface fixed charge density (N,.) was estimated from CV characteristics of the fabricated MOS
capacitors. The fabricated MOS capacitors, Au/SiO, (film thickness of about 30 nm)/B-Ga,05, were used to measure
the flat band voltage (Vg,) by varying the oxygen annealing duration from 5 minutes to one hour under 1,000°C (Fig.
3). The N, estimated on the basis of the Vg, shift from the ideal value (Vg igeay) determined using Eg gap03 Was
minimized to up to 1 x 10! cm-2 under the condition of annealing duration of one hour. It was clarified from the
fabricated MOS capacitor, that the annealing at 1,000°C is effective in reducing the interface fixed charges.

[1] S. J. Pearton, J. Yang, P. H. Cary, F. Ren, J. Kim, M. J. Tadjer, and M. A. Mastro, Appl. Phys. Rev. 5,011301, 2018.
https://www.jst.go.jp/lcs/pdf/fy2020-pp-11.pdf
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Evaluation on Regional Consumption Structure and Direct and Indirect
Carbon Dioxide Emission of Household Sector
[Summary]

To build a zero carbon emission society, it is necessary to focus on not only direct carbon dioxide (CO,) emissions by energy
consumption in the household sector, but also indirect CO, emissions at the stage of manufacturing of consumable goods, such as
foods and housing. For the household sector, direct CO, emissions were ascertained by region, and indirect CO, emissions were
ascertained by end-use item, and then a future prediction of them was extended to 2030. Compared to 2015, while direct
emissions decreased, the emissions after adding indirect emissions increased. Regionally, the emissions in the urban areas and
surroundings increased, but in other regions, particularly in the Tohoku district, emissions were on a declining trend. It is
necessary to take global warming countermeasures, getting the whole industry involved, to help to promote reductions of both
direct and indirect emissions by taking into account regional characteristics of consumption.

-)posals for Policy Developm.

mTo promote decarbonization while maintaining the economic level, it is desirable to establish a system in which a generous
subsidy is allocated to low-income families to make it easy for them to shift to consumption leading to low carbon emissions
even if rather expensive.

mThe consumption expenditure and CO, emissions of the household sector are affected by not only annual income but also
regional characteristics, and so it is necessary to establish a system by taking into account regional characteristics, instead of a
nationwide uniform system. In addition, the reduction of CO, emissions by consumption activities of the household sector may
greatly affect not only the electricity generation sector and household sector but also the industrial sector, and therefore it is
necessary to promote effective reductions in CO, emissions.

mTherefore, for effective policy planning, it is proposed to promote investigation and estimation, in particular by taking into
account spatial distribution on the demand side.

1. Estimation of carbon dioxide emissions Table 1 Sum of direct and indirect CO, emissions for top items
Itemized data tabulated in the National Survey of Family 15T CO, emissions CO, emissions
Income and Expenditure [1] was used to estimate family op ftems (miion ton'C0;) (2030 Top ftems (mfion ton C0,)
expenditure in 2030 by means of multiple regression Electricity 201.22|Electricity 193.21
analysis. Then, based on the estimated family expenditure, Gasoline 73.07| Gasoline 60.00
CO, emissions of the household sector were derived. It City gas 37.54|City gas 38.99
was shown that, while direct CO, emissions decreased by Liquefied propane 25.61Liquefied propane 20.33
about 10.2% compared to 2015, the sums of direct and Food 11.34|Food 1356
indirect CO, emissions increased by 1.3%. Moreover, the Kerosene 9.99| Purchase of automobiles 9.65
sum of direct and indirect COZ emissions are summarized Water and sewerage charges 7.23| Expenses of repair and maintenance 9.62
for top items in Table 1 [2], and the rate of change work
relative to 2015 of the sum of direct and indirect C02 Household head pocket money 6.39|Household head pocket money 7.79
emissions are plotted by prefecture for four energy-related Money gifts 6.10| Money gifts 6.34
items in F|g 1. Purchase of automobiles 5.71|Water and sewerage charges 6.25
When viewing the increase or -

decrease of CO, emissions of the fuel

type items, it is shown that the CO, G

emissions per household by v

“petroleum products” and “city gas” & ,

increased in the urban areas and g

surroundings, but in the Tohoku g " . mn il 11 Tl

fljistrict, the COzﬂemisiio_ns bx § l--l-lil-ifli._..-lni._.__il--_;---_. ERRRRRRR -_-,-_-_-;_-_l-__l;_;.
petroleum products” and “city gas 2

decreased, clearly revealing regional & =

variations. g o

2.Analysis of estimated future scenarios = .

Three future scenarios were analyzed _

from the viewpoint of CO, emissions VS rwsfrErESsrifcfiiiogsirelaciiiifEEiTiaiosil

from  electricity  generation  or S SR B RRR PRI E T ET TN ACES SR LEE RS IS EE 8 8

electrification of energy equipment. e ™ petroleum praducts Mol products  electricy * W ctygas g  £°

The total sum of C02 emissions of the Fig. 1 Rate of change relative to 2015 of the 2030 sum of direct and indirect

47 prefectures was compared among CO, emissions per household

these three scenarios (Table 2). In Scenario 2 of electrification of energy equipment

Table 2 Total sum of CO, emissions of the 47 prefectures for three scenarios alone, the direct emissions were about 23% reduced

sum of €O, emissions (million ton CO,) compared to 2015, but the sum after adding the

Direct emissions Sum of direct and indirect indirect emissions remained at about a 0.2% reduction.

ermissions In Scenario 3, where CO, emissions from electricity

Year 2015 208.97 %6391 generation were reduced by 70%, the direct emissions
Year 2030 187.71 361.11

fell by 71.7%, and the sum of direct and indirect
emissions fell by 47.3%. At LCS, structural changes
throughout the whole industry are examined, including
I ESTS——. STT——— . - further electrification, such as vehicle electrification,
reduced by 70% the emission factor of electicity generation CO, emissions s reduced by 70%,  2nd increase of the proportion of renewable energy in
Scenario 2: 100% Electrification of “Gasoline” by assuming the shift from gasoline vehicle to electric the eleCtrICIty gengra_tlon miX. meg to such structurgl
vehicle (EV), as well as 100% electrification of “City gas” and “Kerosene” changes, C02 emissions of the household sector will
Scenario 3: Scenario 1 + Scenario 2 likely change more significantly.

[1] Ministry of Internal Affairs and Communications, “National Survey of Family Income and Expenditure” https://www.e-stat.go.jp/stat-
search/files?page=1&toukei=00200564 (Day of access: Sept. 12, 2020)

[2] Ministry of Internal Affairs and Communications, “2015 Input-Output Tables for Japan” https://www.e-stat.go.jp/stat-search/
files?page=1&layout=datalist&toukei=00200603&tstat=000001130583&cycle=0&year=20150&month=0 (Day of access: Aug. 24, 2020)

https://www.jst.go.jp/lcs/pdf/fy2020-pp-12.pdf

Scenario 1 (70% reduction of CO, emissions from electricity generation) 119.22 230.71

Scenario 2 (Electrification of energy equipment) 161.78 355,57

Scenario 3 (70% reduction of CO, emissions from electricity generation and
Electrification of energy equipment)

59.08 187.81
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Study on the Effects of Measures to Reduce Timber Productin and
Distribution Costs Based on a Timber Production and Distribution Flow Model

ISummary]

In order to establish a sustainable woody biomass system, it is important to expand the use of forest resources within the region,
and conceivable measures for this end include ICT-supported operations, mechanization of operations, and smarter distribution.
The effects of implementing the measures were analyzed using a flow model developed by means of system dynamics. As a result,
the following were found: ICT technology may reduce forest survey costs in the surveys of no less than 40 hectares; introduction
of mechanization in production may improve labor productivity by nearly 1.4 times ; introduction of smarter distribution may have
an economic effect 0.5 to 1 times greater than the introduction of mechanization. It is probable that these measures may make
foresters become economically independent, and eventually encourage the expansion of the use and stable supply of forest

biomass resources.

-posals for Policy Developm-

mThe forest administration in Japan has adopted a system in which the right to own mountain forests is protected, but it is
necessary to establish a system, like that in Europe, in which people are accountable for their rights[1]. It is still important to
clarify the structure of forest ownership and to take measures to promote the consolidation of operations.
mConsolidation of operations (and the introduction of large machinery to improve production efficiency) and smarter distribution
based on matching supply and demand are both equally important as measures to reduce timber production and distribution
costs for foresters. In particular, it is necessary to develop and spread a supply-demand matching system which is inexpensive
and easy to use even for elderly people, in order to promote smarter distribution.

1.
model

Timber production and distribution flow

The system dynamics software Vensim was

used to graphically
processes of survey,
timber distribution,

represent

etc.

(Fig. 1).

equations and parameters encompassed in
this flow diagram can be set according to local
conditions, and effects of individual factors on
the foresters’ annual profits can be analyzed.

2. Creation of individual process models

forestry
production (logging),
The

per ha

Number of

for survey

The following flow model was established to

quantitatively  evaluate the  production,
distribution, and other processes discussed in |hemee
this proposal report among the wood
production and distribution processes

Lifetime of forest survey

described in Section 1. (1) Timber production

process: Model
production;

adopting mechanization needed for

(2) Timber distribution process: Model

adopting “Smarter distribution” to match timber supply

and demand, and to allow direct delivery to sawmill by

bypassing timber market for
and other costs can be suppressed.

3. Case study

Using the models created above in

paragraph 2, a case study was conducted
to verify the effects of individual models
by applying the models to the Chusei
Forestry Cooperative (an example case of
Excellent Tackling Efforts selected by the
Forestry Agency), which controls the
whole area of Tsu City, Mie Prefecture.
Devices for mechanization are given in
Table 1 [2], and three scenarios were
selected for the “Smarter distribution”:
current distribution (no direct delivery to
sawmill), 60 percent direct delivery, and
full direct delivery. Results of the annual
income and expenditure simulation per
logging volume of 1 m3 are shown in Fig.
2. It was shown that the introduction of
mechanization resulted in a nearly 1.4
times improvement of labor productivity
(from 5 to 7.06 m3/ man-day), and the
introduction of smarter distribution
resulted in half to the same comparable
effects of cost reduction compared to the
introduction of mechanization.
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Fig. 2 Results of simulation per logging volume of 1 m3
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Fig. 1 Overview of timber production and distribution flow model
Table 1 Devices used in the forestry mechanization scenarios
Felling process Yarding process Bucking process Carrying out process
g pi g pi g pi rying p
Before . . Chainsaw No mechanization
mechanization
Mechanization 1 . No mechanization
— Chainsaw - Forestry processor Forestry forwarder
Mechanization 2 Grapple skidder
Mechanization 2 Mechanization 1 Before
scenario scenario mechanization
er Tree by tree ICT Tree by tree ICcT
investigation investigation investigation investigation investigation
4
|
|
|
W Revenue
i

Annual profit

[1] Hiroshi ISHII, “Development and features of forest policy in France, Germany, and Japan,” Forestry Economic Research Vol. 39, No. 1, pp. 3-12, 2003.
[2] Forestry Agency web site, “FY2018 Introduction of Forestry Mechanization Promotion Projects”

https://www.rinya.maff.go.jp/j/kaihatu/kikai/attach/pdf/30jirei-1.pdf (Day of access: Mar. 30, 2021)
https://www.jst.go.jp/lcs/pdf/fy2020-pp-13.pdf
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Proposal of Control Method for Compensating Communication
Delay in Load Frequency Control Using Electric Vehicles

[Summary]

Since the output of renewable power sources fluctuates depending on weather conditions, mass interconnection to the
grid raises serious concerns about frequency stability in the grid power. This proposal® puts forth a control method
that directly controls electric vehicles (EVs) using real-time frequency deviation for the EV aggregator (EVA) to
compensate for communication delays with the aim of improving the load adjustment capability of EVs, which is
considered to be a promising solution in the area of frequency control [1]. As a result of evaluation by dynamic
simulation, it was found that the proposed control method can improve the performance score of EVA and reduce the
frequency fluctuation at the same time. It was suggested that load frequency control by EVA may be adopted after
2024, when the frequency regulation market is scheduled to be set up in Japan.

->posals for Policy Developm- ]

m Regarding the institutional design of the W““ '
frequency regulation market, it is necessary to = A )
consider the balance for maintaining the stability = P [ > inerta ot = o,
of frequency control as well as to analyze the _f Area B Model |-
advantages and disadvantages of the systems - '
such as PJM and CAISO in the preceding Western ]
countries and to lower the entry barriers for EVA. Fig. 1 Grid model diagram

® The minimum bid for the Japanese frequency Known Dispatched LFC Signal Data N
regulation market currently envisioned is 5 MW, = - LTI H
which is larger than the 0.1 MW of the US PIM. i .'-":'5?3‘?"1 AL ;L::-fi

LFC Transmission
L ey [

Delay

Tie-line Flow Model LFC Model

LFCB

I

Until the market matures, reducing the minimum v 4 g
b|d tO the Ievel Of PJM iS ConSidered tO be an ' W Frequency Ueviation Data R 'E Hoal»rg:"nj_rzlwr-c',
important measure for future EV’'s participation in e e T 5

the regulation market. < P —

y
Yy

1. Simulation model ot o syt
The simulation model of the load frequency control system by farortoneney oo I S s
EVA was examined based on the AGC30 model [2]. As the ' [ e
setting, it was applied that the system load is relatively light Lrw the estimated ransfer
and that renewable power sources such as solar power
generation and wind power generation are connected to the N
grid (Fig. 1). i [ Dsate ] [ Usetho ] |
2. Design of load frequency control method by EVA ! ! Fosuofaty| fesut ot ats| ;
In the present proposed control method, the parameters are \oply the receivec ] E

regulated based on the historical data of the received load

. [is the estimated transfer function stable?

+ kesult of At,| | function close to those in
— a?

(]

Yes No Ye 5i

Apply the received
LFC signal to EV

frequency control (LFC) command and the historical data of [ Estimated Real-ime LFC Signal |
the frequency deviation, and the EV frequency is controlled !

based on the real-time frequency deviation measured from the [ Aol the estimated real-time LFC signal to EV

grid. The logic of the entire control method (Fig. 2) is simple, Fig. 2 Control structure in the proposed system

and it is considered possible to be incorporated into the
charge/discharge control system of each EV. N s R
3. Simulation results | —
The room for improvement in performance of the proposed X — - ’ —
control method described in Section 2 was examined by
simulation in a grid where the flat frequency control (FFC)
method is used. In PIM, the performance score is calculated
by evaluating the past result of how quickly each frequency
regulation resource in the market can follow the LFC
command [4], and the present proposal also calculated the T e——
performance score by a similar method as the PJM method | e RE——
(Fig. 3). It was found that in each delay time (horizontal axis), = = = Theoretically Best Scor
the performance was improved as compared with the case
where no compensation was performed, regardless of the
value of the calculation period t,,.

*) The present proposal is based on the content of the authors' paper in English [1] and is linked to policy implications and policy proposals
that will lead to the realization of a low-carbon society.

Fig. 3 Performance score (Numbers from 1 minute to 5 minutes
are calculation period (t,))

[1] Sinan Cai and Ryuji Matsuhashi, “A Control Method for Compensating Communication Delays in Load Frequency Control with Electric
Vehicle Aggregators”, Journal of Society for Energy and Resources, Vol.41, No. 1, pp. 1-10, 2020, https://doi.org/10.24778/jjser.41.1_1.

[2] Investigating R&D Committee on recommended practice for simulation models for automatic generation control; Institute of Electrical
Engineers of Japan Technical Report No. 1386, 2016

[3] Investigating R&D Committee on load frequency control in a normal time and an emergency in the power grid, "Load frequency control in a
normal time and an emergency in the power grid", IEEJ Technical Report, No. 869 (2012), pp.1-147.

[4] PJM manual 12, “Balancing operations”, Revisions:39, 2019.

https://www.jst.go.jp/lcs/pdf/fy2020-pp-14.pdf
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Economy and CO, Emission on Hydrogen Production via Both'

Gasification and Steam Methane Reforming:
Importance of Securing CO, Storage Space Domestically

[Summary]

37

Coal

In hydrogen production processes by coal gasification and steam reforming (SMR) of natural gas, costs and CO, load
emissions were studied when an amine absorption process was installed, and the CO, capture rate was varied in the
range of 90 to 99.5%. Additionally, when ZC is achieved with DAC (Direct Air Capture) technologies combined, ZC
hydrogen costs and required amounts of CO, storage have been calculated separately for an overseas plant location
and a domestic plant location. When the overseas storage conditions can be applied to those of the domestic case
without any changes, it has been found that ZC hydrogen costs for the domestic case become smaller than those for
the overseas case. It is, therefore, important to establish technology and secure locations for domestic storage.

-)posals for Policy Developm.

m In order to realize a ZC society, the development of the DAC process is ultimately essential, but at the same time, if
the site is domestic, it is necessary to implement CO, capture and storage in domestic location, and it is necessary
to promote research and development to search for and secure storage sites as well as storage technology.

. Processes of ZC hydrogen production

Energy consumption, equipment specifications, production costs, CO,
loads and others were examined for each case of hydrogen

Table 1 Descriptions of considered cases

production (Table 1). The block diagrams of the hydrogen production Raw material | Locaion condition of production
process by coal gasification and steam methane reforming (SMR) are . o Svercons
. . . oa
shown in Fig. 1 and Fig. 2 [1-3]. Storage areas for captured CO, are
assumed to be in the vicinity of production plants. In order to achieve Case B Natural gas Overseas
ZC, the unabsorbed CO, in the amine unit as well as the CO, deriving cose C cont Comeeti
. .y . m 1
from the production facility must be collected by applying the DAC omeste
process. Case D Natural gas . Domestic
The hydrogen production was designed for 25.7 t/h (annual
production scale of 200,000 tons). &>
© @
Gas : Shift selexol co storage Boiler Amine co, storage
purification & reaction © conz1pression I ° absorption compression [
o Flue gas
% &> _I Natural e D> < Hydrogen
I () gas Desulfuri- @ 30 @ @
. Steam Syngas [ ghift MDA PSA
. . Hvdrogen zation = — it » »
Coal |Coal handling & | | Gasifier PSA | 1YCrogs @ unit reformer cooler reaction %
slurrying H Lo
3 : E
: E Air 257
: Oxygen . Amine
Air . Boiler 1 absorption
fltre‘[i)taratlon Al blower Natural @ Temperature < ©
Tempera- @ gas o Pressure @
ture:
Pressure: @
Flow Rate: Flow Rate

Fig. 1 Block diagram of hydrogen production
process via coal gasification

Fig. 2 Block diagram of hydrogen production
process via steam methane reforming (SMR)

Table 2 Summary of results

CCS capture ) ZC hydrogen DACS
Case Raw Location efficiency at ro%ﬁi?ogne::]ost tTart?Qr? i?);t DAC cost |cost at domestic Cgfnf)tl?r:?sg ) storage
Material the production P PY/M (JPY/M3) (JPY/MJ) | power station (Mt/y) amounts
plant (%) (IPY/MJ) (JPY/M)) y (kt/y)
A |Coal Overseas 2.2~2.4 3.7 1.0~0.4 6.9~6.4 3.6~4.0 | 587~218
B  |Natural gas|Overseas 90~99.5 1.2~1.3 3.7 0.7~0.4 5.6~5.3 1.8~2.0 | 399~214
C |Coal Domestic ' 2.1~2.2 — 0.6~0.1 2.7~2.3 Same as A| 407~38
D |Natural gas|Domestic 2.8~2.9 — 0.3~0.03 3.1~2.9 Same as B| 210~23

2. Hydrogen production costs and CO, storage amounts for each case
Results of costs and CO, storage amounts for each case are shown in Table 2. The ZC hydrogen costs in domestic
power stations of Cases C and D, where production plants and storage areas for captured CO, are domestically
located with importing coal and natural gas as raw materials, are lower than those of Cases A and B with overseas
plants and storage areas. However, the CCS storage amounts to be secured domestically for Cases A and B are equal
to the “DACS storage amounts” in Table 2, and those for Cases C and D are equal to the sum of “CCS storage
amounts” and "DACS storage amounts.”

[1] LCS, Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies, “Economy of Hydrogen and Ammonia by
Coal Gasification and CO2 Emissions—A Comparative Consideration on “Economy of Production and Logistics Systems of Hydrogen and

Ammonia via Coal Gasification (CCS included)—

February 2019.
[2] LCS, Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies, "Overview and Outlook of CCS (Carbon
Capture and Storage)—Assessment and Challenges on CO:z Separation and Capture Technologies—", March 2016.
[3] Assessment of Hydrogen Production with CO2 Capture Volume 1: Baseline State-of-the-Art Plants”, August 30, 2010, DOE/NETL-

2010/1434.

", the Japan Science and Technology Agency, the Center for Low Carbon Society Strategy,

https://www.jst.go.jp/lcs/pdf/fy2020-pp-15.pdf
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Strategy for Hole-Transport-Material-Free Perovskite Solar Cells

Using Carbon-Based Electrodes (Vol. 3)

While perovskite solar cells using carbon-based electrodes have been progressively studied, many challenges remain.
In this proposal paper a survey result of some research projects has been completed. One study uses only carbon-
based electrodes made of electron conductive materials (carbon nanotubes) with low cost and high stability instead of
hole transport material (HTM)/Au electrodes. Another research project provides a functional group-introduced material
which improved repeatability and stability of cells. It revealed that the method that adds additives to perovskite films
and the method that controls perovskite compositions are both effective. An efficiency of 17% or more has already
been reported [1]. Additionally, it has also been shown that the key to high efficiency, high durability and low cost of
the perovskite solar cells is to form a strong bonding interface between a perovskite film and an electrode.

-posals for Policy Developm-

It is required that research be promoted to solve the following issues regarding the perovskite solar cell using carbon-

based electrodes.

®m Controlling a defect on a perovskite film
Controlling defects that trap carriers is imperative to obtain more optical current from a photo-excited carrier.
Inactivating defects with additives or optimizing perovskite film structures will be more effective measures.

®m Optimizing the bonding between perovskite materials and carbon materials
From the perspective of the hole collection rate, materials and structures of HTM-free carbon-based electrodes need
to be considered to shut off the electron transfer to carbon-based electrodes instead of the HTM.

m Investigation of high durability mechanisms
HTM/Au electrodes deteriorate due to the diffusion of HTM's dopants or gold atoms, while carbon-based electrodes
do so due to carbon exfoliation. It is important that those problematic phenomena be quantitatively studied. It is
also necessary to consider cell compositions in line with perpetual changeable features of the perovskite instead of
usual stability.

1. Improvement of the perovskite layer
Many studies that use commercially available carbon pastes for solar cells have been reported recently. Some of those
report that improved perovskite films or others provide materials with higher efficiencies of 14 to 17% ([2], etc.).
Since the perovskite layer has many possible defect structures, passivating a defect with an additive is often used to
prevent defect formation. These additives are thought to extend the lifetime of photoexcited carriers as a result of
halogen bonding and other interactions that deactivate traps derived from defective structures. Without those
additives, inserting a perovskite material MAPbI Br;_ . between MAPbI; and carbon also improved the efficiency [1].

2. Junction of perovskite/carbon electrodes
In the case of carbon electrodes, an efficiency of 17.58% was obtained in a study where an inorganic HTM (CuSCN)
was tried instead of an unstable organic HTM[4]. The energy levels of perovskite solar cells that use
carbon-based electrodes with or without HTM are
shown in Fig. 1. Introduction of the HTMs not only
blocks the flow of excited electrons to carbon-based
electrodes but possibly allows the hole transfer to occur
smoothly, because the HOMO level of the HTM is close
to that of the perovskite.

3. Structural control of carbon
With carbon modification focused, it has been
demonstrated that the usage of carbon nanotube
electrodes with oxygen-containing functional groups (- - o “
COOH, etc.) can provide strong interaction with PbI, Fig. 1 Energy level of cell constituents
thin films. The reconstituted perovskite crystals, in AN ' .
which ions easily diffuse, allow the quality of films and
bonding interfaces of solar cells with at most 3% of the
initial efficiency to be naturally improved after being
left for a long period (Fig. 2), converging to efficiency
of 11% or more. Other than the bonding improvement
of  perovskite layers mentioned above or
perovskite/carbon-based electrodes, structure control
of carbon-based electrodes is indispensable for
enhancing the efficiency and durability.

-T3 eV -T3eV -T3 eV

using electrodes with oxygen-containing functional groups [3]
(a) Immediately after preparation (b) After leaving

[1] Liu, J. et al. (2019). In situ growth of perovskite stacking layers for high-efficiency carbon-based hole conductor free
perovskite solar cells. Journal of Materials Chemistry A, 7(22), 13777-13786.

[2] Liu, C. et al. (2021). Improving the Performance of Perovskite Solar Cells via a Novel Additive of N, 1-Fluoroformamidinium
Iodide with Electron withdrawing Fluorine Group. Advanced Functional Materials, 2010603.

[3] Chen, J. et al. (2019). MAPbI; Self-Recrystallization Induced Performance Improvement for Oxygen-Containing Functional
Groups Decorated Carbon Nanotube-Based Perovskite Solar Cells. Solar RRL, 3(12), 1900302.

[4] Wu, X. et al. (2019), Efficient and stable carbon-based perovskite solar cells enabled by the inorganic interface of CuSCN and
carbon nanotubes. Journal of Materials Chemistry A, 7(19), 12236-12243.

https://www.jst.go.jp/lcs/pdf/fy2020-pp-16.pdf
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Economic and Technological Evaluation for Zero Carbon Electric Power System

Considering System Stability (Vol. 2):
Scenario Analysis for the Development of Zero Carbon Electric Power System in 2050

ISummary]

Low carbon and zero carbon electric power (ZC electricity) supply configurations were examined by way of simulating a power
supply configuration model, aiming for the economical supply of electricity in 2030 and in 2050. The simulation result showed
that it may be possible to supply electricity, at a level below current electricity costs, to meet demand of about 1,700 TWh/y
when CO, emissions derived from electricity generation fuel in 2030 are reduced by 50% compared to 2013, and of about
1,400 TWh/y when the CO, emissions are reduced by 70%. Furthermore, even if for an electricity demand of 1,600 TWh/y in
2050, it may be feasible to construct economical ZC electricity generation configurations. Moreover, an analysis of capital
investments showed that, by increasing the reduction of fossil-fuel CO, emissions in 2030, the total amount of new capital
investments from 2021 through 2029 may be increased by about 20,000 to 40,000 billion JPY.

_ Table 1 Parameters used for the electricity generation
->posals for P0|ICY Developm. configuration model in this proposal

i . ] Case A | e[ c | o E
®m Towards the achievement of ZC electricity in the future, o 2030 -
photovoltaic (PV) and wind power will become the mainstay, Costlovel [yoar] 2025 2030
and thelr market SIZGS WI” Increase. It IS Important tO deve|0p Reduction of fossil-fuel CO, emissions [%] compared to 2013 36 50 | 70 100
PV and wind power industries strategically considering the Lower limit of inertialforce ratio [%] 5 | 50 25 25
expansion of domestic markets in the future. Upper limitof electricity demand [TWhiy]* 2125 | 2,055 | 1,705 | 1385 | 2,770
® While a high demand for storage batteries is expected, the LNG electricity generation Yes No
cost of lithium-ion battery is estimated to rise due to depletion Nuclear power generation Yes™ No No
of lithium resource. Therefore, an inexpensive and efficient Coal fired power generation Yes Ne Ne
technology that can recycle lithium and promote new power PV potental ISW] o 1%

. - Onsh ind i ial [GW 262 262
storage technology, and the policy to realize large-scale power e - —
storage systems are required. [CW]

Floating offshore wind power generation potential [GW] o] 538
1 . Power Su pp |y Conﬁg u ration a nd pOWer COSt Biomass power generation endowment [TWh/y] 34 40
ca |Cu |ati0n New pumped storage power generation potential [GW] 0 282
L|near programm|ng methOd was used tO determlne Hot dry rock geothermal power generation potential [GW] 0 217
a power supply configuration that minimizes the e - =
generation cost by using input data of electricity — b _ _ , — ,
. - *Upper limit of electricity demand that can be achieved with CO, reduction and inertia constraints
demand per hour in a typical day for every season at in each case (confirmed in increments of 5 TWh/h)
every region in Japan. Table 1 shows the parameters Some were calculated with *No”.
; i Table 2 Electricity generation capacity and electricity cost for typical electricity
for the power supply conﬂgur_at|on _model. Table 2 generntion configurations
shows the power supply configuration breakdowns p— : | S | > -
and costs for typical cases of power demand. For the — o018 p— p—
2030 cases of A, C, and D, the electricity cost was Rate of redustion of CO, emissions
lower than the electricity cost in 2018 (13.9 from pover generation fuel compared 3% s0% To% 100%
JPY/kWh [1]) For the 2050 case of E, the electricity Electricity demand [TWh/y] 1,107|1,000[1,200[1,600| 1,9001.900°[1 000[1.200}1 600 1,000(1,200]1,3851,000]1 600 2,000
cost was 15 JPY/kWh including the transmission cost Nuclear Power 620 jofo | | - |- || - ||| -|-|-
for the electricity demand of 1,000 TWh/y, about the z Coal SN KIS R N IS BT N A el A Ml Al Ml Ml
same as |n 2018 E Existing LNG 110 | 277 | 376 | 355 | 356 | 285 | 292 |251 | 238 | 230 | 199 = = -
. . ) . . . . . ’E Newly-established LNG — | 273 | 337 | 559 | 580 | 580 | 443 | 440 (480 | 204 | 210 | 240 - - -
Table 3 Six scenarios of electricity generation configuration until 2050 ;f Hydropower 78 o2 192 192 | 52 192 | o2 1 92 |o2 1 92 192 | o2 | 92 |92 | o2
- Reduction of fossil- 5 PV Power 65 | 299 | 373 | 536 | 636 | 656 | 214 | 393 |648 | 401 [ 579 | 671 | 491 [1,14201,363
Electricity demand . = ’ ’
Scenario Case [TWh/y] fuel ﬁgffg'gi"ons g Wind power (onshore) | 11 [ 29 | 35 [119] 186 |296| 0 | 36 |221 | 119 | 165 | 284 | 443 | 558 | 558
[1]
2030 2050 2030 2050 2030 2050 ; Wind power (offshore) - - - | - - - - - | - - - - | 66 |214( 569
1 A 36 E Geothermal power 2 11 11 11 11 11 11 11 11 11 11 M1 [ 111 111 ] 111
2 C 1,000 1,000 50 2 Woody biomasspower | 20 | 0 | 0 [ o | o [21| o | o [o | o | o | 28| 53 |50/ 35
3_ 2 E Zg 100 Total 1,162|1,050(1,262(1,693(2,008[2,010{1,044|1,263[1,702 1,064 |1,287|1,525|1,2562,1662,727
5 C 1,200 1,600 50 o Storage battery — | 72| 90 | 132 177 |209| 10 | 83 [240| 140 | 249 | 297 | 176 | 385 423
6 D 70 S Pumpinguppower | 10 | 0 | o | o[ o 2o o |1] o 1] 8] es|esr]30
3
-2
Table 4 Amounts of new capital investments from 2021 _ NHaTurbine i I It i A M R M M M e A BN s
through 2049 [1,000 billion JPY] Storage battery facility capacity[GWh]| — | 265 | 316 | 463 | 618 | 822 | 141 | 313 865 | 500 | 889 [1,145( 521 [1,2111,357
- Electric generation cost [JPY/kWh] | 13.910.0(10.3|10.9( 11.4 |11.6|10.7 | 10.7 |[11.6| 11.4 |12.0| 13.0| 13.0 |15.0| 16.6
Scenarlo 1 2 3 4 5 6 Electricity transmission cost[JPY/kWh]| 1.0 | 06 [ 0.7 (06| 06 |07 | 05| 06 |07 | 0.7 |08 | 08| 16 (20| 1.9
LNG 12 14 9 15 15 12 *Including petroleum, etc.
** Calculated assuming no nuclear power operation
VE\:d 20 |14 | 28 | 26 | 27 | 4 2. Changes in capital investments and CO, emissions
2021 -| power | 2 0 12 3 3 18 Based on the electricity power supply configuration given in Table 2, the
2029 |Storage| g 3 11 5 5 19 amounts of new capital investments and CO, emissions until 2050 were
Battery calculated for each scenario assuming a combination of electricity demand
Others| 0 0 0 0 0 0 and fuel CO, emission reduction rate (Table 3). Comparing the total
Subtotal| 41 | 31 | 60 | 51 | 53 | 91 amounts of capital investments until 2049 (Table 4), the total amounts of
ING | 0 0 0 0 0 0 capital investments for scenarios 3 and 6 in which the fossil-fuel CO,
Y >4 | 224 | 224 | 56 | 56 | 36 emissions are reduced by 70% in 2030, were about 1.1 to 1.2 times those
Wi for the scenarios of 1 and 4, in which the fossil-fuel CO, emissions are
2030 -| power | 40 | 40 | 40 | 64 | 64 | 64 reduced by 36%, respectively. This means that related markets may be
2049 [Storage| {4 9 11 | 22 | 22 | 25 highly activated by increasing the reduction of CO, emissions. Although the
Battery fossil-fuel CO, emissions are assumed to be zero in 2050 in these scenarios,
Others| 31 | 31 | 31 | 53 | 53 | 53 CO, emissions associated with facility construction remain, suggesting that
Subtotal| 104 | 104 | 105 | 194 | 194 | 197 it becomes more important to develop technologies to suppress facility
Total 145 | 135 | 166 | 245 | 247 | 288 construction CO, emissions in the industrial fields towards the realization of

ZC electricity.
[1] LCS, Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies, “Economic and Technological Evaluation for Zero Carbon Electric Power System
Considering System Stability (Vol. 1),” Center for Low Carbon Society Strategy, Japan Science and Technology Agency, March 2020.

https://www.jst.go.jp/lcs/pdf/fy2020-pp-17.pdf
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Direct Synthesis of Organic Substances by Hydrothermal Treatment of
CO,-Rich Absorbent from CO, Capture Process
[Summary]

In order to establish an energy-saving and low-cost carbon dioxide capture and utilization (CCU) technology for CO, emission
reduction, direct synthesis of organic substances by way of hydrothermal treatment was proposed, and the effectiveness was
experimentally verified. In this process, the reaction called direct hydrothermal treatment between carbon dioxide and water
which is accelerated in the presence of a reductant and a catalyst under high temperature and high pressure, is combined with
CO, absorption by means of an alkali carbonate absorbent, to simultaneously synthesize organic compounds such as formic
acid and to regenerate the absorbent. In preliminary experiments of synthesis by hydrothermal treatment of potassium
bicarbonate (KHCO;) solution along with a reductant and a catalyst, a formic acid yield of 32.7% and an absorbent
regeneration rate of 77.8% were obtained, although 100% recycling of alkali carbonate absorbent was difficult to attain.

.)posals for Policy Developme-

For further examination in the future, the following research should be advanced:

®m Because the absorbent solution is not 100% recyclable, a synthetic process in combination with CO, absorption should be
designed.

B Recovery of the produced formic acid and regeneration of the oxidized reductant will also be investigated. In addition, the
energy input and CO: emissions are evaluated to assess the feasibility of the CCU process.

B Fe powder was used as the reductant in this process, but the cost should be compared with that when hydrogen derived
from renewable energy is used as a reductant. Moreover, added value by generating formic acid and hydrogen, instead of
consuming Fe will be considered, and also from an economic point of view, the advantages of the proposed process over
other CCU processes will be discussed and proposed.

1. The proposed process

Proposal Paper for Policy Making and Governmental Action toward Low Carbon Societies

Figure 1 shows a general CCU process. Problems to be tackled ; K,CO; I

include consumption of energy when the absorbent is co, Regeneration Transport and CH,,

regenerated, and the large transportation energy and cost to absorption of absorbent " . - conversion CH.OH
2 3

the CO, separation and recovery site and to the site where CO, KHCO
is converted to organic matter. The organic compound CO, J ldJ

synthesis technology process by way of hydrothermal Fig. 1 Conventional CCU process using chemical absorbent
treatment (Fig. 2) remains advantageous in terms of energy

and cost needed for the process and transport of CO,. ; K,CO, I r Me

2. Discussion on the hydrothermal treatment of CO, chemical .
absorbent Co, Regeneration of absorbent

] . . . absorption Synthesis of organic compound
Equation (1) shows the reaction of CO, when K,CO;5 solution is KHCO
used as the chemical absorbent. By heating to high co, J l# I.> HCOOH, MeO

temperature or reducing the pressure to release CO,, highly Fig. 2 CCU process using chemical absorbent, proposed in this study

pure CO, is captured, and the absorbent is regenerated (Me: metal)
(Equation (2)). Furthermore, by reducing CO, with a metal, organic

compounds such as formic acid can be synthesized (Equation (3)). In this study, 00

a process (Equation (4)) was proposed, in which reactions (2) and (3) are o) b

carried out as a one-stage process, whereby K,CO5 is regenerated from the
absorbent by hydrothermal treatment of KHCO; solution, generated in the
reaction (1), under high temperature of more than 250°C and high pressure,
and organic compounds are synthesized.
CO, absorption: K,CO5; + CO, + H,0 — 2KHCO, (1)
Regeneration of absorbent: 2KHCO; — K,CO;5 + CO, + H,0 (2)
Synthesis of organic compound: yCO, + yH,0 +xMe — yHCOOH + Me,O, (3) -
Proposed reaction: 2yKHCO; + xMe — yK,CO3 + yHCOOH + Me,O, (4) 10 | *
((2)xy + (3)) 0
3. Experiment details, results and discussion 0.0 Cn jﬂumﬂ; “l_w ['ﬂi”_] 2.0
In the.experlment, KHCO; was used as the CO, source, Fe powder as t_he reductant, Fig. 3 Relationship between KHCO
and Ni powder as the catalyst. The CO, source concentration was varied from 0.5 concentration and formic acid y|e|3
to 2.0 M, the range used in the chemical absorption process, and the reaction tube (Error bar indicates standard deviation)
was inserted into the electric tube furnace, and the reaction was continued for 120 100
minutes under the temperature of 300°C. The experiment was conducted twice for 9y b
each reaction condition, and the average values of the formic acid yield and the rate  _s } t
of regeneration of absorbent were calculated (Figs. 3 and 4). =7
It is recognized in Fig. 3 that the formic acid yield showed a trend of increase as
the KHCO; concentration was increased, and the value of 32.7% was attained for
the concentration of 1.0 M. Concerning the rate of regeneration of absorbent shown
in Fig. 4, the rate of regeneration of absorbent increased as the KHCO;
concentration was increased from 0.5 to 1.0 M, the maximal value of 78% was
attained for the concentration of 1.0 M, and the rate of regeneration decreased as 10
the KHCO5; concentration was increased from 1.0 to 2.0 M. This finding suggests 0
that, in the region up to 1.0 M, the consumption of CO, is faster than the il
consumption of the raw material of bicarbonate ion, thereby reaction (2) is
accelerated giving rise to an increase of rate of regeneration. In the region over 1.0 Fig. 4 Relationship between KHCO,
M on the other hand, the consumption of HCO; is faster than the consumption of concentration and rate of
CO,, thereby the quantity of carbonate ion is reduced in the equilibrium of reaction regeneration of absorbent
(2) giving rise to a decrease of rate of regeneration. (Error bar indicates standard deviation)

« The present proposal is compiled for policy making, using the data of the authors’ conference presentation [1].
[1] Akutsu, Shimada, Nagata, Fukunaga, and Takahashi, Effects of concentration of alkali carbonate absorbent in hydrothermal synthesis of formic acid
from CO,, 52nd Autumn Meeting (Okayama), Society for Chemical Engineers, Japan, 2021.
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An Expansion of Input-Output Model Focusing
on the Demand-side Structural Changes (Vol. 1):
Changes of Input-Output Coefficients
and Capital Formation Coefficients and Model Development

ISummary]

It is widely recognized that effecting a shift from a “low-carbon society” to a “zero-emission society” requires not only replacing
the existing equipment with more energy-saving and emission-reduction equipment, but societal changes, which involve the
participation of consumers enhancing the use of information and communication technologies (ICTs). A wider application of ICTs
in industrial and household sectors, the deployment of electric vehicles (EVs) and other new types of automobiles as well as the
development of associated infrastructure, are examples that are expected to contribute to low carbonization. In this proposal, we
constructed an extended input-output analysis model imposing information technology and energy demand changes in the
household sector. Capital formation structure changes are also included. We then calculated the preliminary overall assessment of
the industry in 2030. Whereas the results show the zero-emission scenarios for individual industries, it was suggested the
necessity of in-depth investigation of zero-emission in the process systems of petroleum products, chemical industry, and others,
and then incorporation into the context of the input-output table for the establishing of a socio-economic scenario.

WProposals for Policy Developmenth|

B The necessity of various options of new technologies spread in society is recognized, but two further problems are raised.

®m The first is the change in the stock of existing equipment and the speed of introducing new equipment. When the
introduction of new equipment is hastened, incentives for this need to be provided in the system.

B The second involves spillover effects due to the introduction of new products. This time, the input of petroleum products as
raw material was on an increasing trend. Although the introduction of petroleum products does not directly contribute to CO,
emissions, some sort of measures will be needed before the stage of final disposal.

Table 1 Information used for linking technological options to the

1. Incorporation of new technology options into the input-output analysis model

input-output analysis

X i i Input-output Capital formation Final Stock for Others

The information necessary for the evaluation of _ _ coefficient coefficient consumption future
incorporation of each technological issue given in [ Information service for o
Table 1 was assigned to the process, wh!ch_ is [@ znnftoerggggnsewicefor =
currently underway at LCS, creating a quantitative .

. . . h . ® Transport service (MaaS) O O O
socio-economic scenario for achieving a zero-

.. . . . . @ New types of automobiles like
emission society. Focusing on an intermediary stage EV and PHEV S © ° o
In 2030, data requlred Were estlmated, and ® Zero energy housing (ZEH) A @) @) @)
incorporated into the input-output analysis model. P— S S N S

2. Construction and estimation of input-output Models : : :

. . @ Final consumption of fossil fuel o

An input-output analysis model was created for in the industrial sector

quantitative evaluation of a total industrial picture,

which was composed from the information of input-output coefficients, capital stock prediction, capital coefficients, final
consumption of each technological elements. According to the simulation results for the growth of Scn-1 through Scn-5
shown in the Fig. 1, scenarios of Scn-1 and Scn-2, in which productivity improvement is absent until 2030 and industrial
growth is made only through capital accumulation, stayed in an annual rate of from 0.4% to 0.5%. For the scenarios of Scn-3,
Scn-4, and Scn-5, which include labor productivity improvement due to ICTs such as SaaS, based on a survey conducted by
the Ministry of Internal Affairs and Communications, the increase of about 28% over 15 years was observed. In addition to
the rise in the output value of the passenger car sector due to the introduction of new automobiles with high unit prices,
general-purpose machinery, production machinery, and industrial electric equipment, in which Japan has a competitive edge,
are growing. In terms of electricity consumption, there was an overall increase due to electrification, but there was significant
growth in the chemical industry and rather a decline in the electronics industry. In the above preliminary study, it can be said
that the characteristics of the input-output analysis were utilized as the zero-emission scenario for each industry was
presented, although there are still issues to be addressed in the process industries.

3

2.5

Change of added value (reference in 2015)
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Fig. 1 Ratio of relative change in production of added value from the reference in 2015 by sector for five scenarios
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Estimation of the Installation Potential of Solar Cells Reflecting Shadow Effect
Geographic Information, and Latest/Future Technology Trends:
Analysis in Tokyo Area

ISummary]

In order to maximize the introduction of photovoltaics (PVs) power in urban areas with high electricity demand and a large grid
capacity such as Tokyo, it is important to estimate the potential to install PVs in the buildings. As a result of quantifying the effect
of shadows between buildings in order to consider the installation to the wall surface and estimating by assuming the average
efficiency of solar cells by 2030 as 25.5% and the installation cost as 128,000 yen/kW, the potential of installing PVs in Tokyo was
91.1 GW and the annual power generation was 79.5 TWh. This amount of power generation almost covers the power demand
(83.6 TWh) [1] of Tokyo in 2019. In addition, as a result of estimating the changes in the potential of installing PVs and the

cumulative installation amount corresponding to the
improvement of the PV power generation efficiency and
the change in the installation expansion rate, it was
estimated that the potential of installing PVs will decrease
if the installation expansion precedes and the power
generation efficiency improvement is delayed. It was
suggested that it is important to develop technology to
improve the maximum power generation efficiency in
addition to the installation expansion.

-Jposals for Policy Developm.

m Assuming that the efficiency of solar cells newly
installed in 2030 will be improved by about 25%, it
was found that there is a potential to secure 100% or
more of the power demand by combining wall
installations in residential areas in Tokyo. Therefore, it
is appropriate to set challenging goals for the
installation of PVs toward 2030 and 2050.

® Since securing a balance between supply and demand
of renewables between the seasons is also an urgent
issue, it will be necessary to promote the installation
expansion of PVs on the building-wall surface.

®m In PV, it was found that the improvement rate of the
conversion efficiency and installation speed of solar
cells affect the final installation potential, so it is

Calculates the annual amount of solar radiation on
each rooftop and wall surface while reflecting the
effects of shadows by using GIS.

v v
Rooftop installation factor Wall surface installation factor
Correct the installable amount and power Installed on a wall surface with a height of 3 m
generation amount for each rooftop shape. or more and a width of 1 m or more, and in
Ministry of the Environment's values are 80% of residences and 70% of public facilities,
applied to rooftop shape statistics considering the aria of windows.

v

v

Setting of the potential power generation surface based on the amount of solar radiation

At the system introduction price

600 kWh/m2 can be obtained, in

surface is referred to as "installable”, where annual solar radiation of 220, 330, 500, and

to or less than 25 yen, 17 yen, 11.

(171,000 yen / kW, lifespan 30 years) as of 2019, the

which the average unit cost of power generation is equal
5 yen, and 8.5 yen, respectively.

v

Setting of the power generation coefficient

Based on the efficiency of 19.2% as of 2020, the
power generation efficiency is set considering the
scenario of future technological innovation and
installation expansion.

v

Aggregation of total installa

tion capacity (kW) and annual power generation

(kWh / year) for

each building rooftop and wall surface

Installation capacity = = (in
Annual power generation =
radiation x general desi

stallable area x efficiency)
> (installable area x efficiency x annual solar
gn coefficient)

Fig. 1 Outline of

installation potential estimation

Table 1 Installable area, total solar radiation and installation potential, and annual

power generation in Tokyo (

efficiency is set as 25.5% (existing facility:16.6%))

required to promptly proceed with research and installation area Armoal

development to improve the conversion efficiency of - otal area [km?] [Ste/lable area  frotal solar Installation  [power

solar cells while maintaining costs. fkm?] radiation potential [GW] lgeneration
[TWh/year] [TWh/year]

1. Calculation of PV power generation installation o [esdentalrooitop {1730 98.5 118.4 8.3 9.6
potential considering the effects of shadows & & [Residential wall surface |- - - - -
In estimating the installation potential (Fig. 1), £ S |public facility rooftop  |46.6 36.0 32.2 2.6 2.36
. . . . = =

gach city, ward,_ and village in Tokyo was included < & [Public faciity wal - . 049 54

in the calculation range, and the wall surface surface : : : :

(height above 3 m above the ground) and roof Residential rooftop *  [176.4+32.0 158.0 180.2 34.5 40.9

(directly above the roof) were included in the g Residential wall b57 7 122.7 6.1 o7 5 148

calculation. The amount of solar radiation every 15 2

minutes was calculated every 15 days for a year, 2 [publicfacility rooftop™ |24.4+58.5  [20.0+46.9 22.7+54.6 424101 @o+Tt7

14 [ - —
and the total solar radiation on the installation puplofaciiywall 133412 [3.3+120 62+29.1  [5+122 14465
surface and the total power generation when the *Ministry of the Environment excludes houses with a rooftop area of less than 50 m?
i Tell 0 **Public facilities (schools, factories, etc.) and Large-scale buildings

power generation efficiency was set to 25.5% ( ) g g

were estimated (Table 1). The total solar radiation Installation potential »

on an installable wall surface was 0.35 times that 150 Development Average efficiency

of a rooftop for residential systems, 0.53 times for
public facility systems (high-rise buildings, etc.),
and 0.27 times for public facility systems (schools,
factories, etc.). The annual power generation in
Tokyo was 79.5 TWh, compared to the Ministry of
the Environment's estimation of 11.7 TWh [2].

2. Change of installation potential due to
improvement of power generation efficiency and
installation expansion scenario
Multiple scenarios for technological development
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for installation expansion were created, and how Fig. 2 (Left) Power generation efficiency improvement scenario, installation potential for

the installation potential changes under each
scenario was examined (Fig. 2).

each installation speed scenario;
(Right) Average efficiency of installed solar cells for each scenario

In cases where the installation expansion is accelerated, if technological innovation is slow, the proportion of panels installed
with low efficiency will increase, and the installation potential will eventually decrease. In cases where the installation expansion
is slow, the influence of slow technology innovation will be reduced, but the installation will be significantly delayed as a whole.

Furthermore, it was found that when technological innovation becomes sluggish, the average efficiency further decreases.
[1] Agency for Natural Resources and Energy, Electricity Survey Statistics Table (2019),
https://www.enecho.meti.go.jp/statistics/electric_power/ep002/results.html
[2] Entrusted Work Concerning the Development and Disclosure of Basic Zoning Information Concerning Renewable Energies, Ministry of the Environment

(2019, etc.)

https://www.jst.go.jp/lcs/pdf/fy2020-pp-20.pdf




