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Abstract

Purpose

After grasping the trends of direct current (DC) technology in Japan and overseas, we organized
the issues to address, mainly technological ones, in pursuit of wider adoption of DC technology.
Aiming to formulate a DC technology roadmap up to 2050, we conducted research and studies.
Literature survey

For a technological trend survey, we looked into research literature, composed of approximately
1073 documents collected, related to DC in as many fields as possible in Japan and overseas. In
addition, as for a survey of overseas trends, visiting Europe and Korea, we learned about research
studies taking place there, and obtained their roadmap towards further adoption of DC technology.
Our survey has found that research and studies to promote DC system utilization is a lot more
advanced in overseas countries than in Japan.

Technology map creation

Regarding the technology map creation, we extracted keywords related to DC technology, and
divided them into two groups: technological keywords and non-technological keywords. In addition,
we classified the “technological keywords” into two, behind the meter side and front of the meter
side. Following the classification of those keywords, we analyzed how much influence each
keyword would have on DC systems, and added comments in terms of the “necessity” and the
“importance”.

Technology roadmap creation

Based on the findings obtained in the above survey, we created a technology roadmap. Based on
the assumption that the fields to be developed through application of DC technology would be
diverse, and consequently the technology roadmap for each of the fields would also be greatly
different, we selected six fields where the technology would be adopted (1:Vacant lot, 2: Personal
use, 3:Electrified mobility, 4:Industrial buildings and Factories, 5:Distribution system,
6:Transmission system) and forecast the technological advancement to design the roadmap for the
next 30 years, up to 2050. To create the roadmap, we first classified the development scenarios for
each field and then grouped them by Use Case. At the same time, we listed up technological themes
that must be addressed in each scenario for the roadmap and specified the course of addressing the
challenges in pursuit of social implementation of DC technology.

Conclusion

Through this survey, we have learned that technologies for DC application are being studied by
utilities, universities and manufacturers in Japan and overseas, and confirmed various
demonstration projects taking place in this field. Based on those findings, we have sorted out
advantages and issues of DC application, and developed a technology roadmap, paying special
attention to the issues that would need to be addressed. Specifying the course toward social
implementation of DC technology in the roadmap, we have come to the conclusion that in addition

to above-mentioned players the entire industry need to continue its research and studies.
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AFXY) ZADEBR[RFEH(H TH HSP Energy» FHITHEDO 7w =2 F (OFGEMOR&D
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Angle-DC7’'m Y =7 MX, A XU A —F 1 7 K% &SPEnergyll X HBEfFDONU = L
Eifrz28H Lo EEER (MVDC) ICX2#HAMEMEET 20 THY, MVDCEE
REDO2m (T oV —BEEERL ) — AT = —)LX) I HIE w58 722 A7 6 8 i
(DC) Vv 7%, BEfFD33kVARIE (AC) BHA 7 7 A BERICEMT 22 LT, %%
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BT DR AIRER = XL — 27 AOHZEMKEI] & L TEnergy VilleZ g% . L T
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(1) FER, EHEHEFR
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2/7  BELSTH BARE

Q) REZEDOHE
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BY, ERSTSE (WEFEE) OLELHBFEOE RITEWVWTHLI DD, =X —
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ek, BARENTEEOER (HVDC, MVDC, LVDC) OB AIZHOWNT, MiESh
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T&E. BEORMY AT LADRIZZEDLLDOTEHRL, B xRoflox, Fxx,
BZXDOMEYF - B x RiEx, o amafild, HH, E7oiEEoRis 5o T
BEHY « (RRAICEID FHA TV D . R4, F/EE, RORFEEBEE L TRENEG->TEH
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2. 4. 3 XERE
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WERTYS (h~A27n 7Y v R) ORRBIHFEFCES. Wi FIAE) o4 R
ZI2FETRELS LD, BEENEZ, BERTHOREEN DRIV 22o8H 5. BRH
2, DF~@)DEE0 TH .
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ATWND.

Bt OHFEHE bR DT —2 o X =BV NELE O X 9 72“Behind the meter”7> &, B
"L D DI D “Front of the meter”ICZ DR ENIER L oob 5. DA, FEHEMENE
LD, TUX R CRERE NEREERE) RERERDLA 7 TI2BW T
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KEIZBWT, —HoBXFEFICEL X, ERMHICELCHEETHD. 7201
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REFEZHELT LN, EIRAEH - S HECTOICEETH D Z LA, HHOMFRE
MHIEFRERE LTRSS N. IR LER A~ ORI ESHBRZ TIIRETHY, &
SHDHZENEETHD. EHRAEHICBE L TH, REFHER TOENMEMERSCIN « BT
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KT a—r—R, THROLEENRMLETHDLEEZD.
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RO EREERM O TS (FIZLVDC) X, 4% AFHIIKET 222 TPHILTEHY,
B A BN — AT, 20184E DK 14GWH H20274E 21X 120GWICAKE TS & PHL TV 5.
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F7o, MROHVDCEE Y AT ATHHIX, &KX — A T202054D90fF KL 52025412
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BICIRESINZZVWEKHME LTE, OFR, OBHRE K OMEMITE I —T L
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D IEC 60092V — X |ZHEFR1500VLL FOHRE BN S iz,
@ 20174E1EC PAS S 63018 ([EGECEIZ K A O EX M) Nl E I iz,

2) IEC TC64

@ IEC 603643 J — X
i) RCERGE DRI

(2B T D IRRAE IR E D AR

Py D el B E A2 50V LLTFICHIRT 5.

48




70k, #EfhE = (touch Voltage) & 1%, IEC 60050-826 ( International
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Duration of current flow  —»

ms
10 000 w
a b 1 co cﬁ\i\“ AN
=

5000

| - AC-|4.1
2000 [—AC42
\ ' AC-4.3

1 000 \

500

AC-1 AC-2 AC-3 AC-4

200 \
100 \

50 \
20 \

10
01 02 05 1 2 5 10 20 50 100 200 500 1000 2000 5000 10000 mA
Body current Iy ——»
Zones Boundaries Physiological effects
AC-1 Up to 0,5 mA | Perception possible but usually no ‘startled’ reaction
curve a
AC-2 0,5 mA up to | Perception and involuntary muscular contractions likely but usually no harmful
curve b electrical physiological effects
AC-3 Curve b and Strong inveluntary muscular contractions. Difficulty in breathing. Reversible
above disturbances of heart function. Immobilization may occur. Effects increasing
with current magnitude. Usually no organic damage to be expected
AC-4 1) Above curve | Patho-physiological effects may occur such as cardiac arrest, breathing arrest,
¢y and burns or other cellular damage. Probability of ventricular fibrillation
increasing with current magnitude and time
c4-Cy AC-4.1 Probability of ventricular fibrillation increasing up to about 5 %
CymCy AC-4.2 Probability of ventricular fibrillation up to about 50 %
Beyond curve | AC-4.3 Probability of ventricular fibrillation above 50 %
€3
1) For durations of current flow below 200 ms, ventricular fibrillation is only initiated within the vulnerable period
if the relevant thresholds are surpassed. As regards ventricular fibrillation, this figure relates to the effects of
current which flows in the path left hand to feet. For other current paths, the heart current factor has to be
considered.

HidL  TEC TS 60479-1:2016 Ed.4.1 Effects of current on human beings and livestock -

Part 1: General aspects

B2 5 28 AGKBBEER /MEEMAFEEHER (XR)

50



ms

10 000 — TS R
a b % P\ AN \
7
5000 z:: | ™
N DC-4.1
[ \ |
o —— L. %
2000 f‘gf\ e 3
V=N | Dc43
=\
T 1 000 '¢:=
00 \ =\
- 5 S — N
. y/f _\ R
8 DC-1 DC-2 DC-3 /{;— DC-4
i {,,,_\.\
& 200 '5/;-:3‘ X
5 NER
\ | O
g 50 7 AN }
" AN
===
10 //=\\§\ R
0,1 0,2 0,5 1 2 5 10 20 50 100 200 500 1000 2000 5000 10000 mA
Body current [ ———
Zones Boundaries Physiological effects
DC-1 Up to 2 mA Slight pricking sensation possible when making, breaking or rapidly altering
curve a current flow
DC-2 2 mA up to Involuntary muscular contractions likely especially when making, breaking or
curve b rapidly altering current flow but usually no harmful electrical physiological
effects
DC-3 Curve b and Strong involuntary muscular reactions and reversible disturbances of
above formation and conduction of impulses in the heart may occur, increasing with
current magnitude and time. Usually no organic damage to be expected
DC-4 1) Above curve ¢, Patho-physiological effects may occur such as cardiac arrest, breathing
arrest, and burns or other cellular damage. Probability of ventricular
fibrillation increasing with current magnitude and time
c4-cy DC-4.1 Probability of ventricular fibrillation increasing up to about 5 %
CymCy DC-4.2 Probability of ventricular fibrillation up to about 50 %
Beyond curve e, | DC-4.3 Probability of ventricular fibrillation above 50 %

1) For durations of current flow below 200 ms, ventricular fibrillation is only initiated within the vulnerable period if
the relevant thresholds are surpassed. As regards ventricular fibrillation this figure relates to the effects of current

which flows in the path left hand to feet and for upward current. For other current paths the heart current factor has
to be considered.

Hi#  IEC TS 60479-1:2016 Ed.4.1 Effects of current on human beings and livestock -

Part 1: General aspects

B2 5 30 AFEBERHERHEEEHRE (ER)
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Hi# IEC 60364-7-720 ED1  Part 7-720: Requirements for special installations or locations

-DC power supply system in the data centre KN Z 7 b
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i 1IEC 60364-8-2:2018 Ed.1.0 Low-voltage electrical installations -

Part 8-2: Prosumer's low-voltage electrical installations
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Hi#L  TEC 60364-8-2 ED2 Low-voltage electrical installations -

Part 8-2: Prosumer's low-voltage electrical installations K< 7 b
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Optimisaiton

*Optimisation Services e—
D «Analytics &Artificial intelligence ] |<b Cplanization

Monitoring
*Data Management o
*Remote and local Interfaces g Monitoring
*Energy Management
*Power Management

Powea supplies

:Gn‘d supply ) G . .
. Loclrton v ] __________ ) © | @ @

Communication
g
e

H

a
Protection & Metering

=) Coseds
*Metering o ower :ads b:g:a e

Hi#t  IEC TS 60364-8-3 ED1 Low-voltage electrical installations -

Part 8-3 : Operation of prosumer’s electrical installations K Z 7 h

¥£2. 5. S® PEIZ—XTVF v : BB

— Optimisation
o 2 PV
EES CHP
G
AC .
Monitoring
P.OC. At
| \i‘ Control

)L_j Communication

Hi#  TEC TS 60364-8-3 ED1 Low-voltage electrical installations -
Part 8-3 : Operation of prosumer’s electrical installations K Z 7 b

$2. 5. 98 PEIZ7—FTI9F v :PELAT7YOLOH

@IECTS 61200 U — XD H 5, 20184EIZIEC TS 61200-101 (A ILEEHE IR 2 5
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for moblle equipment
Hi#L  TEC TS 61200-101:2018 Ed.1.0 Electrical installation guide - Part 101: Application guidelines on extra-
low-voltage direct current electrical installations not intended to be connected to a public distribution

network
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TGecontroléerde componenten
en toestellen

eperkte kortsluitstroom Grote kortsluitstroom
bijvoorbeeld PV-panelen en bijvoorbeeld batterijvoeding

elektronica

Autonome, ongecontroleerde : @
componenten en toestellen

Hi#  NPR 9090 DC-installaties voor laagspanning
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Bronnen met hoge stroom,
onbegrensd
(bijvoorbeeld batterijen)
- — _— — — — — — — — — — — —
§ Elektronische bronnen zonder stroombegrenzing | |Hernieuwbare bronnen
N (bijvoorbeeld 5 MW-generator met niet zijnde ELV
‘5’ condensatorbatterij)
a
""" TII” ™ “Bescherming door smeltveiligheid ||| “of passieve ||| “overstroombeveiiiging
}XB ﬁ] @- ELV-bronnen
v v U =120V DC (droog)
= 2 U= 60V DC (vochtig)
-l Hoge overstroom U=30VDC (nat)
)
(i [~ <=
Q v v v l
DC/DC-omvormer met Hernieuwbare bronnen, DC-bronnen
stroombegrenzing hoge kortsluitstroom met stroombegrenzing
r 3
@ \[B E]7 ELV-bronnen
v v | U=120V DC (droog)
2 7y A U = 60V DC (vochtig)
: _/7) (o) U307 D 1)
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