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Abstract— Small-scale power grids are considered as a ways to
improve energy efficiency and reduce greenhouse gas emissions.
The DC nanogrid is a low-voltage and low-power digital power
grid with a kW-level of a small distributed autonomous grid
module that can bundle power and communication among small-
scale power grids. In this paper, we propose a USB-based DC
nanogrid and implement a hardware testbed using IEC 61850
communication profile, an international standard for power
automation, to verify the validity and grid connection of the DC
nanogrid system.
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I. INTRODUCTION

While the world is facing a climate crisis due to global
warming, efforts are being made to solve environmental
destruction through technological development. As a result, the
first climate agreement, the Paris Climate Agreement, was
signed in 2016 as the need to reduce greenhouse gas emissions
emerged, and carbon neutrality was declared to make
greenhouse gas emissions. Energy generation and consumption,
the main cause of greenhouse gas emissions, accounted for
about 86.9% of greenhouse gas emissions as of 2021, and the
World Green Building Council reported that about 40% of them
are emitted by energy used in buildings. Therefore, when
energy is supplied to buildings by producing eco-friendly
energy, a large amount of greenhouse gas is reduced [1], and
renewable energy facilities are installed to create a Net-Zero
building that replaces the existing energy.

Such efforts are also being made in the power system field.
Currently, centralized power generation on large-scale fossil
fuel power generation facilities is the main focus, and 30.8
billion tons of carbon dioxide are emitted in the air every year
[2]. Centralized power generation mainly uses a one-way AC
power grid that facilitates voltage boosting and lowering.
However, the unidirectional AC power grid has a problem of
surplus power processing, an increase in power conversion
equipment due to an increase in DC load, and an energy loss
due to long-distance transmission, which degrades energy
efficiency, so a new power grid is required to solve this problem.
Therefore, it is necessary to switch to a distributed power
generation system centered on small-scale power generation
facilities that can actively accommodate renewable energy [3].

As the demand for distributed power generation systems and
ESS (Energy Storage Systems) increases in islands and

mountains areas that require such a power system, research on
small-scale power grids has been actively conducted. Typically,
a smart grid and a microgrid that uses multiple renewable
energy as a small-scale independent power grid are used as a
solution. However, because microgrids cannot replace
traditional power grids due to difficulties in maintaining power
quality, DC nanogrids, which can bundle power and
communication among small-scale power grids, have recently
emerged as a solution to increase energy efficiency [4-6].

DC Nano Grid is a low-voltage, low-power digital power
grid with a kW level of a small distributed and autonomous
small-scale grid module. Unlike AC power grids, DC-based
systems such as solar energy and ESS can be connected to the
grid without multiple power conversion devices such as
converters and inverters. In addition, it is superior in terms of
voltage and frequency stability, can be linked to other systems,
and can overcome the shortcomings of existing power grids in
terms of cost and energy efficiency [7-8].

DC nanogrids have the potential to be linked to other grids
in the future. However, the equipment constituting the existing
power grid has a proprietary communication protocol
optimized for the manufacturer. As the use of each proprietary
communication protocol increases, complexity increases and
interoperability is hindered, requiring common data models and
standardized services [9-13]. IEC 61850, an international
standard for power automation, is essential for future
integration with existing power grids, ensuring interoperability
by using standardized data and service model [14].

We propose a building-level DC nanogrid system capable of
providing power and high-speed data based on USB Type-C PD
(Power Delivery) using IEC 61850 data and service model that
can guarantee interoperability and implements a testbed.

Chapter 2 proposes a building-level DC nanogrid, Chapter 3
designs an experimental environment to develop a testbed,
Chapter 4 deals with testbed communication results, and
Chapter 5 draws conclusions.

II. DC NANOGRID SYSTEM

The DC nanogrid is a small kW-level distributed and
autonomous small-scale grid that modulates connections rather
than nodes, and is a low-voltage, low-power digital power grid
that exchanges tens of V and hundreds of W of DC power in a
similar way to packet switching. It also refers to a microgrid in
a customer that connects a low-voltage distribution network
and various digital devices in the customer in series through a



gateway based on a building or DC-based local distribution
technology. DC Nanogrid is a powerful and smart connection
module that connects low-voltage distribution networks to
buildings or distributed power generation and various digital
devices in a Plug & Play way, converting voltage and current
between many nodes, and relaying power transactions [15-19].
DC nanogrid is a smart link, and there is a difference in
approach from existing smart grids or microgrids that deal with
nodes. The following Table 1 shows the differences between
the existing smart grids, microgrids, and nanogrids. In addition,
the DC nanogrid, which is the core of simple modularity, is a
power grid that can be modularized so that it can be developed
at a lower cost than microgrids, and because of its simple
modularity, it can reduce the burden of installation and
maintenance costs.

TABLE 1. DIFFERENCES BETWEEN GRIDS
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Smartgrid (Digital Power
Grid)
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(Smart electrical
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& (Electrical devices) communication
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to MW and GW to tens of kW
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Type current type DC type DC
. L . Power and
Communica | Communication using -
tion Type power line communication
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Connection itself has
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fixed function the function also
changes when the
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Cqmmerc1a1 POWET | piwer  for  smart
L grid, Standalone e
Application . . office, distribution
power grid  with
network for home)
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In the case of small-scale power grids such as buildings and
houses, there is a high possibility of switching to DC power
grids [20]. DC nanogrid can reduce power conversion devices,
such as converters and inverters, due to a surge in DC-based
digital devices, and to this end, research on converters for DC
nanogrid is being conducted in various ways [21-24]. In
addition, AC frequency stabilization and reactive power
problem can be solved. Due to AC characteristics, all voltage
and frequency must be controlled, but DC controls only voltage
and system control is convenient.

DC Nanogrid is a smart link or smart connectome for
electrical services that connects various electrical devices
within small buildings, offices, and housing generations. A
smart link does not have a function by itself, but the function of

a DC nanogrid is given by the function required by the
connected node. Therefore, it must be very simple and not
complicated, and it has a single domain grid configuration with
the same quality and control. DC nanogrid can be connected to
LVDC (Low Voltage Direct Current) distribution network
through DC/DC converter, and digital load can be connected
from various customers using USB standard interface for DC
power use.

The PD of the USB Type-C can provide 100W and ultra-fast
data on a single line according to the standards defined in the
USB-IF (Implementers Forum). The latest revision of the USB
Type-C standard, recently announced by USB-IF, said 240W
of power can be supplied [25], which will enable future
charging of electric vehicles, large screen monitors, TVs, and
high-performance computer power supply without loss. In
addition, the EU has agreed to unify the charging terminals of
all new portable devices in Europe into USB Type-C by the fall
of 2025. Thus, DC nanogrid using USB Type-C PD, which is
expected to increase demand in the future, can provide
integrated power network and data communication services
into a single channel through a PD gateway, and can control
load data in more detail than existing power grids [26].
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Figure 1. DC nanogrid configuration

As shown in Figure 1, the DC nanogrid converts AC power
that enters MVAC (Middle Voltage Alternating Current) into
LVDC using Solid State Transformer (SST) to supply power to
each layer, and each layer uses USB Type-C PD to
simultaneously communicate power consumption and data. It
also increases energy efficiency by adding solar energy. It also
increases energy efficiency by adding solar energy. When the
amount of PV generation, which is the main energy source, is
insufficient, a relay is added on each floor to facilitate AC-DC
conversion and AC power can be used. By accurately and
quickly providing power supply information in the building to
each node, it is possible to replace the existing AC
infrastructure with DC technology and convert it into a Plug &
Play form that can provide power and communication together
using USB Type-C PD. Using data models and services
standardized in IEC 61850, nanogrids are collected to form
microgrids in the future, and microgrids are collected to enable



commercial power distribution network configuration, enabling
more efficient energy management systems. Universal power
services that significantly reduce costs and maximize utilization
can be realized with technologies applicable regardless of
geographical environment, building type, and income level.

III.TESTBED ENVIRONMENT

A. Hardware configuration

The following Figure 2 and Figure 3 show the DC nanogrid
testbed hardware configuration and the DC nanogrid control
module configuration.

Figure 2. DC Nanogrid hardware configuration
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Figure 3. DC Nanogrid control module

Figure 3 shows DC nanogrid control module consisting of
PV panel, battery (purple circle), control module, DC load, AC
barrel jack (green circle), voltage sensor (blue square), current
sensor (yellow square), MCP 3008, i.e., analog-digital
converter (ADC) (white circle), and relay (red square).

Power generated in a PV panel is stored in a battery, and a
voltage sensor and a current sensor are installed between the
PV panel or battery and the MPPT solar charging system to
measure the power generation and charging amount,
respectively. Three voltage sensors and three current sensors
are installed to measure the load amount of each load. The value
measured through the voltage and current sensors is input to
each channel of the MCP 3008, and is transmitted through SPI
communication. The PV power generation measures the current
voltage between the PV panel and the MPPT controller and
transmits it in the same manner. The relay connected to the
board switches DC power and AC power. If the battery charge
falls below a certain range, Relay disconnects from the DC and
switches the relay to use AC power. DC power produced by PV
panel is the initial default power source.

B. Testbed Communication

The data model are mapped to Logical Node defined in I[EC
61850-7-4, the international standard for power automation
[27]. Raspberry Pi is used to build a server using the MMSlite
API and maps values measured through SPI communication to
the corresponding logical node. The client requests the
measured value to the server, and the server that receives the
request sends the mapped measured value using mms. The
RESTful API Server was implemented using the Spring boot
framework in the EMS located in the external server room, and
Mysql was installed as a database. The client sends a request
message to the EMS for storing measured values from the
server, and the EMS stores the received measured values in the
Mysql DB. In EMS, the measured values are displayed on the
web to control the power and buttons for AC and DC power
control are configured. Figure 4 shows the communication
structure. The hardware specifications used in the testbed are
summarized in Table 3.
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TABLE 2. TESTBED HARDWARE SPECIFICATION

Application Specification

IEC 61850 Server Raspberry Pi 3B+

CPU : 3.4 GHz Intel Quad Core i7-

IEC 61850 Client 2600
RAM : DDR3 SDRAM 4GB
EMS CPU : Intel Xeon E5-2640 2.6GHz
(HTTP Server & RAM : DDR4 SDRAN 32GB
Mysql)

IV.TESTBED COMMUNICATION RESULTS

Figure 5 shows the WWW based EMS screenshot of the test
bed using IEC 61850 standard. Figure 5 shows the current and
voltage measurement values of three DC loads from No. 1 to
No. 3. AC-DC Relay indicates what kind of power is currently
being used, and AC-DC can be switched by controlling the
relay through a button. In addition, the amount of power
generation can be checked through the voltage and current
measurement values of the power generated by the PV panel,
and the battery condition can be viewed. The EMS system can
centrally control the power of the entire building in the future,
and it is expected that the power quality problem of the existing
microgrid can be solved by grid-connecting with automatic
AC-DC conversion, enabling efficient energy management.

NGN Power Load

No.1 DC Load Ampere : 0.185
No.1 DC Load Voltage : 12.085
No.2 DC Load Ampere : 0.119
No.2 DC Load Voltage : 12,109
No.3 DC Load Ampere : 0.009
No.3 DC Load Voltage : 12.061

AC-DC Relay Switch

Relay Status : 1

1:DC 2:AC

NGN PV Generation Status

NGN PV Ampere : 0.046
NGN PV Voltage : 125

NGN Battery Condition

NGN Battery Condition : 125

Figure 5. EMS WWW screenshot

V. CONCLUSIONS

This paper demonstrates a DC nanogrid testbed by
configuring hardware and implementing communication to
show that DC nanogrid, a small-scale power grid that can
improve energy efficiency, can be implemented in units of
generations. The IEC 61850 data model used in the test bed
showed the possibility of integration with the existing power
system, and it seems that it is possible to research to increase
energy efficiency by scheduling the EMS system based on the
power generation and load prediction model using artificial
intelligence technology.
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