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Abstract: In the context of the French tertiary decree, it is crucial to reduce the energy consumption

of buildings by first addressing the design of the electrical architecture. Implementing Direct Current

(DC) nanogrids in buildings could offers a promising advantage for energy efficiency, significantly

impacting overall energy consumption and sustainability goals. For an insulated area with a

subtropical climate, such as La Réunion island, DC nanogrids could also facilitate the insertion

of local renewable energy sources, especially solar energy. This article presents the deployment and

efficiency evaluation of an end-to-end Low Voltage Direct Current (LVDC) nanogrid, from conception

to real-world installation within a company. The nanogrid consists of a photovoltaic power plant,

a Lithium-Iron-Phosphate (LFP) battery, and DC end-use equipment such as LED lighting and

DC fans for two individual offices. An innovation is provided for the power supply and energy

management of terminal equipment using the Power Over Ethernet (PoE) standard IEEE 802.3bt.

The efficiency of the nanogrid is measured to be 40% higher than the efficiency of an installation

powered by PV and distributed at 230 VAC. These results are obtained under certain deployment

conditions, which are discussed in this article, in order to enhance the energy efficiency of buildings

by using 48VDC. The nanogrid hardware and software infrastructure, the methodology employed

for efficiency quantification and the measurement results are described in the paper.

Keywords: LVDC nanogrid; energy efficiency; power over ethernet; solar energy; line losses; building

1. Introduction

In the context of global energy transition, it is essential to reduce the carbon impact of buildings,

from the design phase through to the operational phase. During operation, the building’s carbon

impact will first depend on the primary energy source used to supply electricity and secondly on the

building’s electricity consumption, which in turn will depend on the chosen electrical architecture, the

efficiency of terminal equipment and user behavior.

In response to these challenges, the French government has published the tertiary sector decree

[1] and the Building Automation and Control System (BACS) decree [2]. The aim of the first decree is

to reduce the energy consumption of commercial buildings by 40% in 2030, by 50% in 2040 and 60%

in 2050. The aim of the second decree is to instrument buildings to monitor energy savings achieved

or to be improved. Another government objective is for non-interconnected zones, including La

Réunion island, to achieve energy autonomy by 2030 [3]. Indeed, the island which is a French overseas

department located in the south-western part of the Indian Ocean, is currently 69% dependent on fossil

fuels [4]. Concerning the local energy impact of buildings, they account for 86% of annual electricity

consumption [5]. The local annual solar radiation is between 1100 and 2100 kWh/m², and the territory

can experience cyclonic phases including power cuts. Promoting the development of solar energy

while reducing the energy consumption of buildings appears to be a lever of action to contribute to the

energy autonomy of the department.
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Micro and nanogrids, which are small-cale electrical grid, are currently highlighted due to their

ability to facilitate renewable energies penetration. They include one or more energy sources, often

renewable, a storage system and an intelligent energy management system. They can operate connected

to the grid or in island mode, disconnected from the grid [6]. Microgrids could be particularly well

suited for an island such as La Réunion, which needs to achieve energy autonomy.

End-to-End Direct Current (DC) microgrids use direct current electricity from the production to

the final equipment. They have the distinct advantages of reducing the need for power converters and

shortening energy transmission distances. They are considered to be one of the primary solutions for

energy savings according to several studies [6–15].There are even communities, such as those in the

USA, that live comfortably and daily on 100% DC microgrids [16]. Despite these promising estimates,

a major challenge lies ahead for the industrial sector, as electrical equipment manufacturing norms

and standards need to evolve if DC installations are to be democratized on a large scale [17]. The

costs of DC circuit breakers and appliances are currently still high. Additional studies and feedback

are necessary to guide legislative writings and industrial developments. Otherwise, concerning the

scientific challenges, the number of experimental sites needs to grow, to confirm or not the estimates

predominantly based on simulations. The results require real data to validate or refute hypotheses

regarding the efficiency of micro and nanogrids [17–20].

As points of comparison in the department of La Réunion, microgrids have already been deployed

in isolated sites such as the Cirque of Mafate [21,22]. The houses located on this site have the

particularity of being completely disconnected from the electrical grid. Each maintenance intervention

on the equipment requires helicopter transportation, which has an impact in terms of cost and carbon

impact. Finding sustainable solutions for remote control and strategies aimed at preserving the lifespan

of the installed equipment is therefore essential.These microgrids utilize solar energy as the primary

energy source and lithium-ion batteries for energy storage, or hydrogen storage for hybrid sites [21].

When solar power generation is insufficient, users resort to fuel generators. The electricity is then

distributed to households in alternating current (AC), in order to respect current norms and to be

fitted with final commons equipments like washing machines and televisions. As can be seen in the

electrical architecture of the hybrid site [21], the 48VDC bus is used at the output of the battery and the

hydrogen system, before being converted to 230VAC for the buildings. According to [23] and [24], the

48VDC distribution bus is the most suitable in terms of costs and efficiency for deployments over short

distances in buildings. Given the reduced distances for electricity distribution in microgrids, it therefore

seems pertinent to experimentally study the advantages and limitations of 48VDC distribution. Finally,

regarding the other microgrid example [22], the contribution is focused on energy management,

through a user interface. Energy gains of 22% were measured, in the scenario where the user follows

the recommendations of the user interface as much as possible. It therefore seems relevant to associate

energy management with 48 VDC distribution to maximize the performance of a nanogrid.

In the Indian Ocean sector, other microgrids have been deployed and are operational in

Madagascar [25]. In their case, the distribution buses used are exclusively in direct current; a 60

VDC bus connects several nanogrids, and within the dwellings, 12, 24, or 48 VDC buses are used

depending on the application cases.

These different examples concern the residential sector, but in the case of the deployment

presented in this article, a focus is made on an application case in the tertiary sector. According

to M. Uddin et al [27], microgrids are currently facing several technical challenges such as "operation,

component and compability, integration of distributed energy resources and protection". In this

paper, firstly, a contribution regarding the "component and compatibility" challenge is provided. The

presented hardware and software architecture allows for experimental feedback on the communication

protocols used for the instrumentation and supervision of the DC nanogrid. Secondly, the efficiency of

the DC nanogrid is assessed using a methodology for calculating voltage drops, and the values are

compared with experimental measurements using a test bench. The DC measurements are compared

to a DC/AC/DC distribution, which corresponds to current solar energy installation in buildings.
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The article is organized as follows: Section 2 presents the LVDC Nanogrid deployment and

details the hardware and software choices. Section 3 outlines the methodology used to theoretically

evaluate the efficiency of the nanogrid. Section 4 compares the theoretical results with the experimental

measurements taken on site. Finally, Section 5 summarizes the conclusions and outlooks of this work.

2. LVDC Nanogrid Deployment

The building studied is an engineering firm made up of around fifty employees with working

hours of between 8AM and 6PM on average. The building is west oriented and the surface area of

the premises is 590 m². The energy consumption of the premises is constantly monitored by category

of equipment (air conditioning, lighting, ventilation, computer equipment, electric vehicle charging

stations and other sockets).

The premises consumed 83 kWh/m² in 2022, and the breakdown of energy consumption showed

that direct current appliances, which are led lighting, EV charging and computer equipments accounts

for 42% of the total electricity consumption. This percentage highlights the fact that direct current has

a larger share in the tertiary sector than in the residential sector, given the amount of IT equipment. It

is therefore a lever for optimizing the overall energy reduction of buildings.

Two individual offices have been identified on the company premises to serve as demonstrators.

The nanogrid distribution rack is located in the technical room, approximately 25 meters in cable

distance from the two offices. Figure 1 localizes the implementation of the nanogrid deployment on

the island and in the building.

Figure 1. (a) Localization of the company on the west coast of the island. (b) Photo of the building

where the nanogrid is deployed. (c) Highlighted location of the premises, located on the 3rd floor. (d)

Localization of the two individual offices used for the DC nanogrid deployment, located at 25m from

the power rack.

2.1. Hardware Architecture - 48 VDC Distribution

The LVDC nanogrid has a 3 kWp photovoltaic power station, installed on the sloped roof of the

building. In order to correlate the external meteorological condition data with the internal energy

production and consumption data and thermal comfort, a solar and meteorological station has also

been installed on the roof, photographed in Figure 2.

Figure 2. Photo of the 3 kWp PV power plant and weather station on the roof.
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The output voltage is regulated to 48 VDC by an MPPT (Maximum Power Point Tracker) regulator.

The 48 VDC distribution bus can then be powered: either by the PVs, or by a 2.4 kWh capacity

Lithium-Iron-Phosphate battery, or by the grid through an inverter. In the studied case, the grid is

not used as a power source, as the nanogrid is totally disconnected from the grid. The inverter is

installed to conduct efficiency tests, either in DC/AC/DC architecture or in a completely end-to-end

DC architecture. Figures 3 and 4 show respectively the distribution rack of the DC nanogrid and the

block diagram with the components.

Figure 3. Photo of the power rack distribution of the LVDC nanogrid.

Figure 4. Block diagram including the LVDC nanogrid components.

The protective elements are not detailed in the context of this article, but they consist of a DC

circuit breaker adapted to the caliber of the equipment. During the measurement phases, these circuit

breakers allow for switching on or tripping the various components connected to the 48VDC bus.
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The nanogrid is supplemented by 48/24VDC and 48/12VDC to power equipment that requires these

distribution buses, such as the weather station (24VDC).

The Power Over Ethernet (PoE) technology is chosen for the energy distribution and the control

of the terminal equipment. Indeed, it operates natively at 48 VDC. The main advantage is to use

only a single RJ45 cable for electrical power and to provide internet network to the equipment. The

maximum power allowed for the 802.3bt protocol being 100W, the terminal equipment used in this

architecture are LED panels (max 35 W) and DC fans (max 20 W). As a point of comparison with other

LVDC nanogrids, in the "DC nanogrid house" [26] PoE is used to power indoor environmental sensors.

All the other communication protocols used to retrieve all the measurements from the nanogrid are

detailed in the following section.

2.2. Software Architecture

2.2.1. Communication protocol

All components of the nanogrid are interconnected. The communication links are depicted in

Figure 5.

Figure 5. Communication protocols of the DC nanogrid

Pertaining to the energy production and storage segment, the MPPT regulator, inverter, and

battery are linked via a Ve.bus communication to a gateway, which is connected to the local internet

network. The data, such as voltage (V), current (A) and power (W), measured and recovered by the

gateway are subsequently transmitted to a user interface termed "VRM" provided by the manufacturer.

The solar and meteorological station is integrated into the IOS-net network of stations overseen

by the ENERGY-Lab laboratory. As a result, open data are transmitted in near real-time to both a web

and mobile application [29].

Both the VRM application and the SolarIO application have an associated Application

Programming Interface (API). Information is retrieved using the Hypertext Transfer Protocol (HTTP)

communicating with their respective APIs.

For the PoE drivers, each device has an Internet Protocol (IP) address. As a result, it is feasible to

retrieve voltage (V), current (A), and power (W) information by querying the drivers via Secure Socket

Shell (SSH) communication. The PoE drivers have two possible power supply options: either a direct

PoE supply or a 48VDC power input combined with an ethernet input. The driver has three possible

outputs: two for 48 VDC loads, with a maximum of 1A, and one serial output for communication with
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a sensor. In our setup, a luminosity and presence sensor is connected to the driver, allowing for local

lighting regulation based on user presence and ambient light levels.

2.2.2. Human Machine Interface (HMI)

Currently, the existing instrumentation of electrical equipment within the enterprise is segmented

into multiple user interfaces: one for air conditioning, another for general energy consumption, one for

lighting management, one for electric vehicle charging stations, another for environmental indoor IoT

(Internet of Things) sensors, and a final one for the weather station. Specifically for lighting, dimming

is set using the DALI (Digital Addressable Lighting Interface) protocol and controlled via a mobile

application, but the measurements are not usable. In the case of fan units, the user controls them

manually, using remote controls. The entirety of these interfaces or platforms does not allow for data

retrieval for subsequent processing. When it does, it’s typically in the form of .csv files that can be

manually extracted. This procedure requires numerous hours of work for data analysis made by

energy management engineers in the company.

In the case of the LVDC nanogrid deployed for this project, the advantage of using electrical

equipment connected to the network or equipped with a dedicated API greatly simplifies data

processing. Particularly with PoE technology for certain equipment, the main advantage is that it can

supply power and at the same time collect, control and analyze measurement data from equipment

via a single RJ45 cable. Moreover, this facility for measuring energy consumption in tertiary buildings

could be a major advantage, as building owners are required to submit their data to the OPERAT

[30] platform set up by ADEME (French Environment and Energy Management Agency) in order to

comply with the objectives of the tertiary decree. In this LVDC nanogrid, all the gathered data are

ultimately aggregated into an open-source database technology of the influxdb type. A screenshot of

the influxdb-v2 interface implemented is shown in Figure 6.

Figure 6. Influxdb-v2 monitoring interface of the nanogrid.

To streamline the analysis of the nanogrid’s efficiency, calculations pertaining to the quantification

of voltage drops and the overall system efficiency are automated and are displayed on an internally

developed monitoring interface within the laboratory.
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The HMI development, shown in Figure 7 and Figure 8, is carried out using a well-known

React.js framework called Next.js. This technology offers serverless capabilities to deliver fast and

dynamic web pages. Since this HMI interacts with data, it is essential to pay close attention to its data

fetching capabilities. In this regard, Next.js provides built-in functions, making it a wise choice for

the given tasks. A specific API was developed to query data directly from InfluxDB within Next.js,

ensuring rapid data retrieval, which is vital for real-time energy management dashboards.

Figure 7. Human Machine Interface - Irradiance (W/m²), Voltage (V), Current (A) and Power (W)

monitoring.

Figure 8. Human Machine Interface - Battery Monitoring and Radar Chart Model for Efficiency

Evaluation.

The details of the calculations used to determine the system’s efficiency are detailed in the

following section.

3. Efficiency Evaluation Methodology

One of the primary constraints in deploying direct current (DC) within buildings pertains to the

uncertainty regarding the behavior of DC distribution buses in terms of stability. A significant drop

in distribution voltage can lead to degradation of terminal equipment and cause cable overheating,
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due to the increased current consumption. Regarding the overall efficiency of the system, it would be

100% in the case where the power supplied equals the power consumed. However, Joule losses in the

cables and the efficiency of the components inevitably affect the system’s performance. Consequently,

the objective of this LVDC nanogrid is to reduce energy losses during energy distribution, and the

instrumentation carried out in this project aims to quantify its advantages and its limitations. The

efficiency measurement was carried out under two scenarios on the nanogrid; in one case where

DC/AC and AC/DC converters are integrated into the electrical distribution, and in another case,

where the distribution is carried out entirely in 48VDC. The data are extracted from the supervision

interface which allows quantifying these elements.

3.1. Voltage drop

The methodology from [23] is employed to quantify the theoretical voltage drops that could

occur on the DC bus based on the following calculations. First, the resistance r(Ω) of the cable is

calculated, followed by the percentage (%) of voltage drop. This is based on factors such as distance,

cable cross-sectional area, distribution voltage, and the required power :

r =
ρ × 2L

S
(1)

where ρ = 0.01724 Ohm.mm²/m is the copper resistivity, L multiplied per 2 for DC distribution is

the distance cable (m), and S is the cable cross-section (mm²). Then the voltage drop ∆v% :

∆v% =
100 × I × r

V
(2)

with V the DC bus voltage (V) and I the current (A) used, which is calculated from the final

power required. As an example case, the evolution of voltage drop depending on power load demand

is plotted in Figure 9 for two different cable cross-sections: 1.5mm² and 2.5mm².

Figure 9. Comparison of voltage drops evolution for 1.5mm² and 2.5mm² cable cross-section.

These two sections are the most commonly used in buildings. The distribution voltage chosen is

48 VDC and the connection distance is 25m. These parameters correspond to the nanogrid deployment

described previously. If we refer to the requirements of standard NFC-15100 for low-voltage electrical

installations, a voltage drop of less than 3% must be respected for lighting and 5% for other equipment.
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Even though this standard applies to AC, we consider that we need to respect the same values in order

to offer an architecture that complies with current safety standards. From the curves in Figure 9, it can

be seen that theoretically, the 5% value is respected up to 200 W for a 1.5mm² cross-section and around

330 W for 2.5mm² for a wiring distance of 25m at 48 VDC. In order to compare this methodology with

experimental values, a test bench and measurement results are presented in section 4.

In the context of direct current (DC) distribution, as the current consumed by the load increases, the

voltage drop also increases. Consequently, the total power consumed rises, impacting the nanogrid’s

energy efficiency. Regarding an electrical distribution including solar energy in line with today’s

norms, its transitions from direct current to alternating current (AC) by incorporating an inverter and

an AC/DC converter. In this case, it’s assumed that voltage drops are negligible for an identical cable

cross-sectional area because at 230VAC, the current is much less higher. Therefore, the impact on the

nanogrid’s energy efficiency in this case will depend on the efficiency of the DC/AC and AC/DC

converters. In order to establish a comparison between these two kind of deployment, a comparison

model is proposed in next subsection.

3.2. Efficiency model

A theoretical efficiency model is established for this study, based on the following fixed parameters

and for different points of power demand Pn(W).

3.2.1. Efficiency for DC/AC/DC Distribution

For an assessment of the efficiency of DC/AC/DC distribution, the theoretical system includes a

double conversion of current: firstly from DC (produced by the photovoltaic panels or another DC

source) to AC (to comply with the current electrical standard in buildings), and secondly from AC to

DC for all appliances such as batteries, electronic equipment and LEDs. This is a representation of

what currently happens in buildings that receive solar energy and use direct current appliances. This

type of installation comprises an inverter, to transform the direct current from the solar panels into

standard 230 VAC, and an AC/DC converter, to supply one or more devices with direct current. This

study is based on a single distribution line, so it is assumed that there is only one AC/DC converter to

supply an appliance with a power rating of 50 to 400W. Figure 10 is a schematic representation of this

type of installation.

Figure 10. Diagram of a DC/AC/DC distribution corresponding to current installations in buildings.

The system efficiency ηthAC(%) is calculated by dividing the end device power consumption

Pn(W) by the total power consumed by the system PtotalAC(W), taking into account the impact of

the converters energy consumption, given by the datasheet of the components :

ηthAC =
Pn

PtotalAC
× 100 (3)

PtotalAC = Pn + Pc1 + Pc2 (4)
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with Pc1 the inverter power consumption (W) and Pc2 the AC/DC converter power consumption

(W).

3.2.2. Efficiency for DC Distribution

For a DC distribution efficiency evaluation, the theoretical system hypothesis is that 48VDC

voltage is distributed from the source to the final DC appliance, as represented in Figure 11.

Figure 11. Diagram of a DC distribution corresponding to a end-to-end LVDC Nanogrid.

The system efficiency ηthDC(%) is calculated by dividing the power demanded by the end device

Pn(W) by the total power consumed by the system PtotalDC(W), taking into account the impact of

voltage drops with Plosses(W) as follows :

ηthDC =
Pn

PtotalDC
× 100 (5)

Plosses = (
Pn

V
)2

× r (6)

PtotalDC = Pn + Plosses (7)

whith V, the DC bus voltage (V) and r the cable resistance (Ω). The results obtained for ηthAC(%)

and ηthDC(%) are shown in Figure 12.

Figure 12. Efficiency model AC vs DC distribution - Comparison for 1.5 and 2.5mm² cable cross-section.

According to the results obtained by the model, a meeting point is obtained between the efficiency

of a DC/AC/DC system and a DC system for two different cable cross-sections. For 1.5mm², the

maximum power limit is 300 W, because beyond that, 48VDC efficiency becomes lower than AC,

and for 2.5mm², the limit is 400 W. However, it doesn’t seem wise to consider DC deployments that

would aim to get closer to these limits, because if we refer to the results obtained in Figure 9, it can be
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seen Figure 12 that although the efficiency is proven to be higher in DC under these conditions, the

theoretical voltage drops would be out of the norm if we’re close to maximum power limit : higher

than 7% for 1.5mm² and higher than 6% for 2.5mm².

As the aim of this model is to be generic, input parameters such as DC bus voltage or wiring

distance can be modified to give a different meeting point between the efficiency of the two systems.

To illustrate these theoretical values, the following section presents the test bench set up to provide

experimental values for the established hypotheses.

4. Results and Discussion

4.1. Experimental testbench

To quantify the reliability of the theoretical model, an experimental test bench is set up on the

nanogrid whose diagram is represented in Figure 13.

Figure 13. Testbench setup for DC/AC/DC distribution (a) and for DC distribution (b).

The blue dots on the diagram represent the following measurement points : current (A), voltage

(V) and power (W). These measurements are carried out by the DC electronic load and the battery.

Both of them has its own internal components for taking these measurements. The battery transmits

its data using the Victron API and the programmable load can communicate via a serial link or IP

network. As all the equipment is connected as described in Figure 5, the measurement data is entered

directly into the database. Measurements were carried out with 3G1.5mm² and 3G2.5mm² cable, each

25m long, to represent actual nanogrid deployment on the company’s premises. The LFP battery is

used as an energy source, as solar energy is intermittent, and it would have been inappropriate to

compare two measurements taken at different times, as sunshine levels would not have been exactly

the same. The DC electronic load is used to simulate a load from 50 to 400W. All the equipment

references and their parameters are listed in Table 1, according to manufacturer data. Next sections

present the experimental measurement obtained on the testbench.

Table 1. List of references and parameters of the components used for the experimental test bench.

Equipment Reference Power consumption (W)

Battery PYLONTECH US2000C -
Inverter MULTIPLUS-II VICTRON 18 W

AC/DC converter NDR-240-48 MEANWELL 5 W
DC Electronic load CHROMA 63800 1.8 kW max
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4.2. Comparison between DC/AC/DC and 48 VDC distribution for a cable cross-section of 1.5mm²

Figure 14a compares the experimental efficiency curves of the DC/AC/DC and DC distributions

for a 1.5mm² cross-section and a distance of 25m. From the experimental measurements, it can be

seen that efficiency is 40.8% higher with 48VDC for a power demand of 50W than with a DC/AC/DC

system. For a load of 100W, the efficiency is 23% higher than in DC/AC/DC. The experimental

power limit identified under these conditions is around 270W, because beyond this point, DC/AC/DC

efficiency is higher. It should be noted that the voltage drops measured experimentally ranged from

2.59% for 50W to 12.8% for 250W, as shown in Figure 14b. In order to comply with NFC15-100

standards, for example, the final power should not exceed 100W for these conditions (25m at 48VDC),

in order to respect 5% voltage drop. This result is consistent with a similar study of K. Hafsi et al [31]

that measured the 802.3bt standard: for a distance of 100m, line losses were 20%. This confirms that

DC deployments need to be studied on a case-by-case basis, as many parameters will influence the

efficiency of the installation, such as: cabling distance, final power and equipment quality.

(a)

(b)

Figure 14. For a 1.5mm² cable cross-section, comparison of efficiency η (%) measured for DC and

DC/AC/DC distribution (a), and evolution of experimental voltage drop (%) measured for DC

distribution (b).

The discrepancy with the theoretical voltage drops calculated in Figure 9 can be explained by

several factors : the internal resistances of the battery and programmable load, cable quality, connector

resistances and protection elements. This also means that special care must be taken during installation,
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and measurements must be carried out in addition to theoretical calculations. This additional check

would verify that voltage drops are respected and that the installation complies with current standards,

in order to avoid any safety risks for users and damage to terminal equipment. In the case of the

nanogrid deployment described in this paper, where the terminal loads are LEDs and DC fans with

a maximum power demand of 40W, the experimental efficiency has been measured to be 41% more

efficient than a conventional DC/AC/DC system.

4.3. Comparison between DC/AC/DC and 48 VDC distribution for a cable cross-section of 2.5mm²

A second comparison of the nanogrid efficiency for DC/AC/DC or DC distribution is made with

a 2.5mm² cross-section, and the results are shown in Figure 15a. As expected, DC efficiency is higher

up than DC/AC/DC to around 400W. At low power levels (below 50W), the efficiency gain is not

much higher than with 1.5mm², so it may be more cost-effective to use 1.5mm² for DC appliances which

do not require supply power superior to 50W. This power value concerns appliances like lighting,

televisions, rechargeable electronics, security systems and some computers [32]. Furthermore, this

result confirms that the cable cross-section necessary to use the IEEE 802.3bt standard remains effective

and there is no need to modify the installation parameters to gain efficiency, such as using a section of

cable higher.

(a)

(b)

Figure 15. For a 2.5mm² cable cross-section, comparison of efficiency η (%) measured for DC and

DC/AC/DC distribution (a), and evolution of experimental voltage drop (%) measured for DC

distribution (b).
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Concerning voltage drops shown in Figure 15b, the same phenomenon is observed than with

1.5mm² section : measured voltage drops were higher than expected. A voltage drop of 1.62% for 50W

up to 13% for 400W is measured, instead of the theoretical 0.75% and 6% expected in (Figure 9). These

results mean that although DC efficiency is higher up than DC/AC/DC to the value of 400W, the

power limit for 25m distance respecting voltage drops at 5% would therefore be 150W, for this cable

cross-section.

As a perspective, these results indicate that it would be wise to combine higher voltage levels in

DC buildings, such as 400 VDC for example, in order to minimize the distances for 48 VDC distribution.

Thus, this combination of high and low voltage would make it possible to use a voltage lower than 120

VDC as close as possible to users. This electrical distribution would therefore be included in the secure

“very low voltage” voltage range.

5. Conclusions

In this study, the deployment of an end-to-end 48VDC nanogrid in a real-world enterprise is

demonstrated and investigated. The nanogrid includes solar PV, LFP battery storage and end devices

powered via PoE 802.3bt for a distance of 25m. To quantify the efficiency and limits of the LVDC

nanogrid compared to a conventional photovoltaic installation using 230VAC, an experimental test

bench is set up, measurements are taken and compared to the theoretical results calculated before

the experiment. The efficiency of the DC nanogrid is measured to be 40% higher than a conventional

DC/AC/DC installation for a final load of 50W and 23% higher for a final load of 100W. This result

is significant for potential energy gains in buildings. Indeed, over distances less than 100m and low

powers, it is confirmed that direct current makes it possible to optimize electrical architectures. In the

case of this work, the 48VDC voltage was studied for its compatibility with numerous electrical devices

and particularly the IEEE 802.3bt standard. It has been demonstrated that the 802.3bt standard can be

used in innovative ways on devices other than IT equipment, such as lighting or DC fans. A challenge

lies in the fact that a standard DC distribution voltage could be defined so that DC terminal equipment

is standardized to this voltage and facilitate their installation. To know the limitations of DC compared

to a DC/AC/DC installation in other deployment conditions, the novel methodology presented in

this article can be reproducible by changing input parameters such as voltage, cable distance, cable

cross-sections and converter efficiency. This methodology can thus be used as a design tool when

deploying nanogrids. As a perspective, the notions of costs could be integrated in order to obtain a

technico-economic assessment in the building design phase. Finally, similar tests could be carried out

with different cable qualities in order to check whether there would be quantitative improvements

regarding voltage drops.
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