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Abstract: Meeting the ever-increasing level of energy demands 

from residential, commercial and industrial consumers is not a 

trivial task. To satisfy these requirements, it is imperative to plan 

and design the future energy generation and distribution networks 

to be extremely efficient so that generated energy is utilized to its 

fullest extent. In this regard, direct current(DC) based nano-grids 

which are powered by Photovoltaic (PV) cells are proposed along 

with more bias towards DC mode consumption.  In addition to 

that, paradigm-shifting changes in manufacturing industry can 

be initiated using this proposed model. This article covers the 

models, advantages and challenges of such approach.  

 

Keywords –DC Nano-grid, Photovoltaic Cell, Energy 

Efficiency, Efficient Manufacturing.  

I. INTRODUCTION 

With the growth of economic activity all over the world in 

recent decades, we are experiencing increased level of 

agricultural production, manufacturing activities, commercial 

activities. In addition to these, an average household now 

possesses more electronic and electric appliances than a 

decade ago. All these surges in activities are enacting a 

tremendous pressure on the energy sector. To cope up with 

the increased demand, energy industry is deploying more 

energy resources and capital investments. In literature, it is 

discussed how the operating of power plant can be optimized 

to obtain maximum output and monetary return [1]-[3]. In 

spite of all these, the generated energy is a finite resource. 

Therefore, whatever energy is generated, it has to be utilized 

in best possible way. A significant percentage of people still 

lack the access to reliable sources of modern electricity [4]. At 

the same time we want to reduce the adverse [5] impact on the 

environment while producing more electricity.  

This manuscript describes the model and details about how 

the use of direct current (DC) based nano-grid system can 

provide alternative mode of energy consumption for the users 

and simultaneously increase efficiency. The photovoltaic 

cells generate DC electricity and batteries store DC 

electricity. Therefore, staying in DC mode for consumption 

may streamline the flow of energy and reduce wastage during 

conversions between DC-AC and AC-DC. The demand from 

the industrial consumers can be examined carefully and some 

machineries, illumination and arc-furnaces, some heating, etc. 

can be operated with DC.  
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II. DC NANO-GRID POWERED WITH 

PHOTOVOLTAICS 

Distributed power generation [6], instead of conventional 

centralized one, has been an interesting approach in past 

decades. In recent years, the interest towards this has gained 

momentum in both application and research activities [7]-[9]. 

Distributed power generation or distributed energy resources 

(DER) are gaining much attention from the scientific 

community for their advantages over traditional centralized 

power plants and centralized distribution. Installations of 

photovoltaics (PV) or solar cells are growing very rapidly 

worldwide. The PV cells are comprised of p-type and n-type 

materials of semiconductors and when photons with sufficient 

energy hit these devices, electrons are released and eventually 

current flows. This process has one directional flow and this 

makes PV one of the few sources where the generation takes 

place in DC mode.  

When consuming this energy, traditionally, we are used to 

alternating current (AC) wall outlets in households, and 

high-voltage AC feeds in industrial application. 

If we consider the loads of a household, especially, 

electronics, we will find plenty of example where we are 

utilizing charger or internal rectifiers (inside computers, TV, 

etc.) to rectify the electricity back to DC. When the energy is 

generated locally, it may be feasible to consider widespread 

use of DC mode of electricity. 

Below model can be applied for new standalone installations 

where the supply from outside grid is negligible or totally 

absent. 
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Fig. 1. For new local DC nano-grid implementation, a shift from AC based consumption model to DC based 

infrastructure.

It is worthwhile to note that in the early era of electricity 

distribution networks, the mode of transmission was chosen to 

be AC because of step up/down transformer. Moreover, the 

local generation was not very convenient at that time. The key 

changes in this modern age are: (a) reduced price of solar 

panels and cheaper generation [10] [11], (b) lower cost of 

storage battery, [12]-[14] (c) improvement in power 

electronics [15] [16] to fabricate high power devices, (d) 

improvement in communication networks and processing 

powers of devices, etc. 

If for a standalone household, the model in Fig.1 is deployed, 

the removal of inverter (the conversion from DC to AC) will 

be eliminated and a significant amount of energy can be 

saved. Moreover, for the end use, the rectifier (or ‘chargers’) 

will no longer be needed. There are appliances available that 

can operate on DC. Investigations found that the DC operated 

refrigerator could run on less energy than its AC mode 

operation [17]. The rectification and no-load current of 

rectifier contributes to the loss. Those can be installed to 

connect directly to the DC grid of a household. If there is any 

essential AC load, a smaller inverter can be deployed for that 

particular equipment.  

III. DC IN INDUSTRY AND MANUFACTURING 

In industrial applications, furnaces and motors are key users 

of electrical power. In the furnace applications, the energy 

demand and available sources for supplying the load can vary 

widely. However, more and more industries are opting to have 

some part of their energy sourced from renewable source, 

which is often PV. The challenges in DC-focused approach 

are described in the next section. 

DC nano-grid can be a suitable source for smaller to mid-size 

industries that are located where it may need new grid 

expansion. If the land is available, then a DC-based structure 

for the industry can be developed. Many of the machineries 

can be procured to operate in DC, or can be converted with 

collaboration of equipment vendor. 

One example of possible industrial energy saving can be 

observed in aluminium industry. International Aluminium 

Institute, a consortium of aluminium manufacturers of the 

world, publishes the total energy that is consumed (in AC) and 

the amount of energy that was used in the process (in DC) of 

smelting, and both numbers are presented in per tonne for 

different regions of the world [18]. As a representative 

example from the provided dataset, for each ton of aluminium 

in 2018, North America used 14,791 kWh of AC energy while 

the final smelting process consumed 13,875 kWh of DC 

energy. About 6.2% energy is lost in conversion from AC to 

DC. For the worldwide average, the total AC per ton is 14,210 

kWh and process DC per ton is 13,351 kWh. AC to DC the 

conversion loss is about 859 kWh for smelting each ton of 

aluminium.  

IV. CHALLENGES 

Operating in DC is also has its challenges. Existing 

infrastructures are hard to change. The focus should be shifted 

on the new installations and careful planning can identify 

locations where DC grid can be beneficial. Other limitation 

comes from the relatively fewer options of the DC equipment 

and appliances. For example, for household air-conditioning, 

cooking and refrigeration –there are not many manufacturers 

in the market. Major appliance makers are not very eager to 

provide DC options for their products right now. In some 

cases, the maintenance of DC-operated motor can be a 

challenge.  

Despite all these, with growth of a niche market, more options 

become available. For example, we are observing more LED 

lighting in households and in industry. Gradually, these lights 

can be a part of DC bus without any rectifiers. 

V. CONCLUSION 

Wide adoption of DC can save us energy, and provide much 

needed boost to meet the energy demand in coming days. The 

omission of rectifier to convert to AC will also reduce 

possible chances of equipment failure, and improve 

efficiency. PV powered DC based nano-grid can be suitable 

option for remote households or communities. However, the 

adoption in industry may take a while. Eventually, it is 

expected that this would become a popular form to generate 

and consume energy. 
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