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1.   Introduction

A major issue in discussions about global warming 
and energy savings has been how to use energy effi-
ciently. The change in Japan’s national greenhouse 
gas emissions over time is shown in Fig. 1 [�]. 
Because global warming countermeasures as well as 
energy saving measures and policies have been 
addressed in various sectors, efforts to reduce the 
environmental load have been achieving positive 
results; for example, the CO2 emissions in 2009 were 
less than or equal to those in �990 for some sectors 
such as industries and transport. However, the envi-
ronmental loads in the residential and commercial 
(commerce, services, offices, etc.) sectors showed an 
increase of nearly 30% compared with �990. This 
might be due to an increase in power consumption in 
each household resulting from the onset of the infor-
mation society and acceleration of the aging society 
[2]. Moreover, highly efficient use of energy has 
become a major issue in terms of saving power since 
the Great East Japan Earthquake of March 20��.

2.   Direct current power feeding technology  
with high efficiency

In ordinary homes, where the environmental load is 
increasing, many recent appliances have built-in con-
trol systems such as microprocessors for control and 
communications. Most control systems operate on 
direct current (DC), whereas the mains electricity 
supplied from power companies is alternating current 
(AC), so each DC-powered device converts AC to DC 
using an internal converter or an AC adapter.

Moreover, electrical equipment used for informa-
tion and communications technology (ICT) services 
in telecommunication buildings and datacenters is, in 
most cases, operated in combination with batteries 
for backup and uninterruptible power supplies to 
ensure a stable power supply. Thus, the power that 
have been converted once from AC to DC in order to 
charge batteries is converted back to AC to feed 
power to electrical appliances where the AC is again 
converted back to DC [3].

Therefore, energy efficiency should be higher for 
electrical equipment whose internal devices operate 
on DC if the supplied power is initially converted 
from AC to DC in the power feeding system and elec-
trical appliances are then fed with DC power. 
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Therefore, interest in DC power feeding systems has 
been growing.

3.   Advantages of DC power  
feeding systems in homes

About 60% of CO2 emissions in the residential sec-
tor comes from power consumption, which is thus a 
major component of the environmental load. Since 
households today tend to have many electrical appli-
ances that convert AC to DC within the appliance, we 
expect DC power feeding to have a significant effect 
on reducing the environmental load and saving ener-
gy. In addition, generators such as solar panels and 
fuel cells, which have become more widely used 
recently in homes, output DC power, so they can be 
easily connected to a DC power feeding system [4]. 
Furthermore, in combination with storage batteries, 
they could act as emergency backup supplies avail-
able after a disaster. The many advantages of feeding 
DC power to homes are summarized in Fig. 2.

4.   Importance of unified standards  
for DC power feeding interfaces

Smart houses compatible with DC power feeding 
have been introduced on the market recently [5]. To 
promote DC power feeding widely in homes, many 
power feeding characteristics (voltage, safety, con-

nectors, electrical noise, etc.) for all or many of the 
electrical appliances need to be compatible with DC 
power feeding systems. At present, however, a lot of 
ICT equipment and many household appliances are 
incompatible with DC power feeding systems. Two 
major reasons are that some technical issues still 
remain in the DC power feeding systems and that the 
price of compatible appliances is still high, but anoth-
er contributing factor is thought to be the lack of 
unification of DC power feeding interfaces. A unified 
standard for DC power feeding is essential to ensure 
user-friendliness. We think that opportunities for dis-
cussion are necessary in order to work on standard-
ization such as the conditions for power feeding 
interfaces.

5.   Activities toward standardization  
and popularization

The Green Grid Platform at Home Alliance (GGP@
H, hereinafter the alliance) [6] is an organization that 
NTT Energy and Environment Systems Laboratories 
has been actively involved in since taking on the role 
of its secretariat. The alliance was established in 
November 2009 and has 48 members (as of October 
20��). The members are listed in Fig. 3.

In the alliance, there are two working groups (WGs) 
for detailed discussions, and many companies joining 
the discussions come from a variety of business 
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Fig. 1.   Change in Japan’s national greenhouse gas emissions.
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categories such as ICT devices, security, household 
equipment, and appliances.

These two WGs discuss technical requirements and 
issues for power feeding in their areas of responsibil-
ity and coordinate with each other. WG� is responsi-
ble for equipment with relatively low power con-
sumption and low voltages such as ICT devices, 
security devices, and lighting equipment and WG2 is 
responsible for appliances with high power consump-
tion and high voltages as well as power generators 
and power storage equipment such as solar panels, 
fuel cells, and power storage devices.

Since low-power telecommunication equipment, 
such as modems and routers, is commonly used in 
NTT’s telecommunication services for homes, we are 

paying more attention to such equipment to make it 
compatible with DC power feeding first; thus, we 
have been focusing on WG�.

6.   Discussions toward standards  
for various appliances

The power consumption of appliances found in 
homes ranges from a few watts to several kilowatts. If 
we were to apply a single power feeding interface to 
appliances with such widely differing power con-
sumptions, the number of convertible appliances 
might end up being small. Thus, appliances need to 
be classified.

The alliance has defined three power feeding 
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interfaces (IFs) according to power consumption and 
device characteristics; namely, IF� (ICT equipment 
and security equipment), IF2 (lighting equipment, 
TVs, etc.), and IF3 (appliances with medium to large 
power consumption, power generators, and power 
storage equipment). WG� is discussing the technical 
requirements for IF� and IF2, while WG2 is discuss-
ing those for IF2 and IF3. The classification of DC 
power feeding interfaces by appliances is shown in 
Fig. 4.

It should be noted that not only power consumption 
but also other requirements need to be considered for 
the power feeding interfaces. It is necessary to take 
account of the fact that some appliances with the 
same power consumption still differ in the electrical 
characteristics of their internal components. The 
requirements for power supply equipment (AC adapt-
er and power supply unit etc.) may differ to match the 
characteristics of each appliance; for example, many 
personal computers are switched on only when they 
need to be used, whereas ICT equipment such as 
modems and routers usually operates in an always-on 
manner.

Furthermore, there are many cases of AC power 
being converted to DC at about 300 V for use inside 
electrical equipment such as air conditioners. When 
voltage exceeding 300 V is supplied, stricter restric-
tions are imposed on electrical facilities by law. The 
alliance has purposely discussed IF3 as the standard 
corresponding to equipment with voltage exceeding 
300 V in order to clarify the problems, and it is aim-
ing to consider any required legal amendments in the 
future.

Moreover, DC power feeding will not be widely 
used until both efficiency and safety have been 
ensured. Thus, we are currently discussing a mecha-
nism for protection coordination that is considered to 
be necessary to minimize the impact of trouble and to 
prevent interference with other equipment and the 
distribution system in the event of failures.

7.   Study on power feeding interfaces  
for ICT equipment

WG� is working on IF� and developing the require-
ments for the power feeding interfaces, in particular, 
for household ICT equipment such as home gateways 
(HGWs) and optical network units (ONUs). The 
maximum power consumption of household ICT 
equipment is roughly 30 W, and equipment of such a 
class operates in conjunction with AC adapters that 
output DC at a voltage ranging from �2 V to 24 V. 
Considering other factors such as efficiency, many 
WG� members are currently discussing whether 
power at a DC voltage of 24 V or less is adequate, and 
WG� is close to reaching agreement to include this as 
a requirement for the IF� power feeding interfaces. 
There are some other suggestions for additional 
power feeding interface requirements besides volt-
ages: some people think that it is necessary to study 
technical items such as electromagnetic compatibility 
(EMC) corresponding to the characteristics of each 
appliance as well as the required conditions for the 
protection coordination of appliances and AC 
adapters.

Furthermore, it is considered to be unrealistic to 
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Fig. 3.   Organizations participating in the Green Grid Platform at Home Alliance.
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change the power feeding system from AC to DC 
while most households use AC power supplies at 
present. Thus, as an intermediate phase between AC 
and DC power feeding, we have been investigating 
power feeding interfaces (AC adapters) that convert 
currents from AC to DC, and we have been studying 
their requirements.

When the requirements of AC-to-DC conversion 
power feeding interfaces are determined in the future, 
the DC power feeding interfaces for appliances will 
be determined. Therefore, we expect that it will be 
possible to implement DC power feeding directly in 
appliances by just removing the AC adapters once the 
power feeding system to homes is changed from AC 
to DC.

WG� is currently working on the power feeding 

interfaces for adapters that can be used in common 
among the home ICT equipment that has relatively 
low power consumption.

8.   Widely promoting the advantages  
of household DC power feeding  

as a disaster countermeasure

People’s interest in a stable supply of electricity as 
well as energy conservation and power saving has 
increased greatly since the Great East Japan Earth-
quake. The alliance has been vividly aware of disaster 
countermeasure aspects since its establishment. As 
mentioned above, if DC power feeding to homes is 
put into practice, it will enable power to be fed from 
solar panel systems and electric vehicles to household 
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appliances if the commercial power supply is cut off 
by events such as disasters. IF2 and IF3 are being 
discussed in WG2 to achieve this function.

Moreover, the alliance has always clearly recog-
nized since its establishment that fiber to the home 
(FTTH), which has become widely used in recent 
years, cannot supply electric power through its com-
munication wires, so optical-based telecommunica- 
tion equipment will fail to operate when the commer-
cial power supply is lost. For this reason, the initial 
aims of the alliance included the idea of the DC 
power feeding system for houses providing an emer-
gency power supply function for telecommunication 
equipment.

Having seen a rise in social awareness of disaster 
countermeasures, the alliance intends to disseminate 
information more actively in order to gain a wider 
understanding of these advantages. The GGP@H 
website [6] explains these ideas in an easy-to-follow 
manner for the public.

9.   Future prospects for the alliance

The standardization being undertaken by the alli-
ance is also progressing globally. We have proposed 
the requirements for IF� to ITU-T (International 
Telecommunication Union, Telecommunication 
Standardization Sector) and have been advancing our 
activities toward standardization with the goal of con-
tributing to energy savings in supplying power to 
household communication equipment and to resource 

savings by reducing the use of AC adapters. The 
international community has already standardized 
battery chargers for mobile phones from a waste 
reduction viewpoint and the alliance’s efforts have 
been attracting more attention. Our proposal includes 
ideas related to waste reduction, so it has been favor-
ably received and discussed.

IF2 and IF3, by contrast, still face many difficulties 
such as legal restrictions and protection coordination 
since their standardization must deal with voltages 
over 300 V, so they are both still being discussed. We 
intend to prepare power feeding requirements that are 
applicable in practice and aim at eventually propos-
ing them as international standards in the same way 
as for IF�.
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