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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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7t ¥, B EE (touch Voltage) & 1X, IEC 60050-826 ( International
Electrotechnical Vocabulary (IEV) - Part 826: Electrical installations) (Z&WC, A
NIEFEENFREIC L & &, SEERSSMOELE] LELRShTEY, BE
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Duration of current flow ¢

ms

10 000
a b ¢ ¢ c;;?t\\\‘
-~
5000
L — AC—|4.1
2000 = AC-i4.¢
: AC-4.3
1 000 \ 1
500
AC-1 AC-2 AC-3 ) AC-4
200 \
100 \
50 \
20 \
10
01 02 g5 1 2 5 10 20 50 100 200 500 1000 2000 5000 10000 mA
Body current /g ——=
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,
c, and burns or other cellular damage. Probability of ventricular fibrillation
increasing with current magnitude and time
ity AC-4.1 Probability of ventricular fibrillation increasing up to about 5 %
CyCy AC-4.2 Probability of ventricular fibrillation up to about 50 %
Beyond curve |AC-4.3 Probability of ventricular fibrillation above 50 %
C3
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.

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

Part 1: General aspects
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ms

10 000 ;
a b cq cp e W 3
g
5000 = \ R
L DC-4.1
. N L DC-4.2 N
\ N | cas
1000 \\\\\Q :
\ N

o
(=]
o
=

DC-1 DC-3 DC-4

pc-2 \

. \

N
(=]
(=}

(=]
(=]

Duration of current flow ¢ ——=

o
o

10
01 02 05 1 2 5 10 20 50 100 200 500 1000 2000 5000 10000 mA
Body current g ——=
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
cyty DC-4.1 Probability of ventricular fibrillation increasing up to about 5 %
ComCy DC-4.2 Probability of ventricular fibrillation up to about 50 %
Beyond curve ¢y 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
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