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Abstract.  Centralized generation centralized storage architecture (CGCSA) and distributed generation distributed storage architecture (DGDSA) are 
two operation of the proposed scheme, both architectures are evaluated at different distribution voltage levels. Power flow of both architectures was 
analyzed using the Newton Raphson Method. DGDSA has advantages over CGCSA because the voltage drop on the bus is lower, the system 
efficiency is higher, and the power loss on the line is lower. 
  
Streszczenie. Architektura scentralizowanej generacji scentralizowanej pamięci masowej (CGCSA) i architektura rozproszonej generacji 
rozproszonej generacji rozproszonej (DGDSA) to dwie operacje proponowanego schematu. Obie architektury są oceniane przy różnych poziomach 
napięcia dystrybucyjnego. Przepływ mocy w obu architekturach analizowano metodą Newtona Raphsona. DGDSA ma przewagę nad CGCSA, 
ponieważ spadek napięcia na magistrali jest niższy, wydajność systemu jest wyższa, a straty mocy na linii są mniejsze. (Analiza przepływu mocy 
generacji rozproszonej i rozproszonej pamięci masowej (DGDC) w mikrosieci prądu stałego przy użyciu metody Newtona Raphsona) 
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Introduction 

Utilization of direct current (DC) has been widely 
explored.  It aims to serve most modern loads more 
efficiently that require DC power. Thus, it is necessary to 
have an alternating current (AC) to DC conversion stage 
when powered from a distribution network conventional 
power [1,2]. In addition, the source of electrical energy from 
renewable energy continues to increase to replace fossil 
energy which causes pollution and pollutes the 
environment. Thus, distributed generation as an 
independent renewable power plant connected to the 
distribution network is also increasing [3].  

Distributed generators form a microgrid electrical system 
that has various types of networks including radial, ring, and 
others that have different functions in power flow analysis 
[4]. The microgrid system consists of a DC microgrid and an 
AC microgrid. DC microgrids have several advantages, 
including higher efficiency, simpler control models, less cost 
and the absence of reactive power, frequency and phase 
[5,6]. Furthermore, the design of the power distribution 
system requires a power flow analysis to determine the 
quality of the electricity. Likewise, the DC microgrid system 
requires power flow analysis for system optimization during 
the planning and operational stages of the electrical 
architecture [7,8]. 

The electrification architecture for isolated DC 
microgrids consists of central generation-central storage 
(CGCS) and distributed generation-distributed storage 
(DGDS). Centralized resources are generally very beneficial 
when viewed from the control system because all 
generating and storage performance can be monitored from 
one location, so that the reliability of the monitoring system 
can be increased. However, the emergence of higher 
distribution losses and the difficulty of future expansion are 
CGCSA's weaknesses [9,10]. This architecture is still less 
than optimal in two respects: (a) centralized PV generation 
requires higher initial costs due to the large power capacity 
for solar panels, and b) significant system losses due to 
distribution of electricity to distant houses. [11,12]  

Given the limitations of the previous dc microgird 
architecture such as (a) distribution efficiency, (b) 
expansion that is not easy in the future, and (c) 
requirements extensive control in the region. Next, we 
propose a distributed generation and distributed storage 
architecture (DGDSA) with ring interconnection. To prove 

the performance of this architecture, power flow will be 
analyzed using the newton raphson method. 

 
DC Microgrid Model 

The proposed DC Microgrid system is an independent 
electrical interconnection system, where this system is 
capable of generating, storing and distributing electricity to 
loads. Solar PV is the main energy source, other generation 
sources can be integrated with DC microgrids because the 
topology presented is universal. For example, a generator 
from wind power can be combined with a microgrid via a 
rectifier circuit. However, for the scope of the study, only PV 
sources were considered.  

 
Distributed Generation Distributed Storage Architecture 

The proposed electrical architecture is a distributed 
generation and distributed storage  (Fig. 1).  Households 
are the basic building that represents a nanogrid.  Each 
house is capable of generation, storage and bi-directional 
power flow. A combination of several nanogrids that can 
share resources can be defined as a DGDSA in a DC 
Microgrid network so that the balance of load power is 
fulfilled and even communal loads can also be supplied 
together. 

Figure 1 explains that a nanogrid can be modeled by 
combining PV, household loads, local battery storage, boost 
converters, and bidirectional buck-boost converters.  Boost 
converters are required in solar panels due to the non-linear 
voltage-current output characteristics, so maximum power 
point tracking (MPPT) is considered.  Literature [13, 14] 
describes several MPPT methods to maximize PV output 
power. In this study, the DGDSA topology uses MPPT 
Perturb and Observe (P&O) because the system design is 
simpler and the convergence point is reached more quickly 
[15]. Batteries are employed as a storage system to give 
the required autonomy.  

When the load varies, the bidirectional buck-boost 
converter is responsible for converting the bus internal 
voltage to grid level voltage or vice versa. Thus, 
bidirectional flow of power can contribute to providing 
flexible electricity to DGDSA. Through this bidirectional 
system, the household load can be supplied, the battery 
can be charged, and the remaining power in the house can 
be injected directly into the electricity grid. 
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Fig. 1. Nanogrid model of DGDSA  

DC Microgrid Scheme of Interconnection 
The microgrid DC network system has several clusters, 

where each cluster has several nanogrids, as shown in Fig. 
2. The interconnection resistance between two nanogrids 
models the feeder resistance. The ring interconnections 
between nanogrids are illustrated in Fig. 2. Interconnection 
ring that uses an additional conductor layer (dashed line) is 
also shown in figure 2, so that this interconnection can 
connect feeders at the edge of the interconnection network 
in a circular manner. Thus, higher efficiency and increased 
reliability can be achieved by adding additional conductors, 
even in low-voltage distribution networks. The conductance 
matrix G can be constructed using feeder resistance values 
depending on the connectivity scheme and topological 
topology of a cluster. G is of the order 2n x 2n for a cluster 
with  n nanogrids since there are two buses per nanogrid: 
internal bus and eksternal bus. Thus, members of the 
conductance matrices Gij and G can be represented in 
terms of individual conductance gij between any two  buses 
i and j, where i might range between 1 and 2n: 
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Fig. 2. Ring interconnection on DGDSA.   
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Newton Raphson Method for Power Flow Analysis 
The desired voltage level and power efficiency in the 

operation of the DC Microgrid electricity network are 
determined using power flow analysis. Power flow analysis 
in conventional AC power systems often employs a variety 
of techniques, including Gauss-Seidel (GS), Newton-
Raphson (NR), and Fast decoupling [16,17]. For the 
analysis of DC power flow, a Newton-Raphson approach is 
described in this paper [8].  The proposed power flow 
method is used to analyze several important parameters 
such as line loss, efficiency and voltage drop 

Depending on the load requirements, the power 
required for each load on each bus is scheduled by this 
equation: 

(3)           𝑃  = 𝑃   𝑃     

(4)   𝑃 = 𝑃 , 𝑃 , 𝑃 , … … 𝑃 ,  
 

After determining the power required for each subsequent 
load, the instantaneous power can be calculated using the 
bus voltage and the total current flowing to each bus with 
the following mathematical formula. 
 

(5)         𝑃  = 𝑉 , ∗  𝐼 ,      

(6)         𝐼 ,  =∑ 𝐺 ∗  𝑉 ,     

(7)         𝑃  = ∑ 𝑉 , ∗  𝑉 , ∗  𝐺    
  

Next, equation (8) shows the Pcal load matrix: 

(8)         𝑃 𝑃  𝑃  𝑃 … . . 𝑃   
  

Furthermore, equation (4) is subtracted from (8) by 
expanding the remaining terms using the Taylor series 
ignoring high-level terms, and equation (10) is obtained [8]: 
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𝑃 represents the difference between the scheduled 

powers 𝑃 and 𝑃 on bus i at the kth iteration. The term 

∆𝑉 ,  in the matrix explains that there is a change in the 
voltage of the bus in each iteration. Then, the voltage on 
each bus is updated by adding 𝑉 ,  and the voltage ∆𝑉 ,  
from the previous iteration until convergence is obtained. 
This convergence is the voltage value used to find the 
power losses LLg (t) and the percentage of power losses 
%𝐿𝐿 𝑡 . Power losses and their percentages can be 
calculated mathematically as in the formula below.  
 

(10)          𝐿𝐿 𝑡  =  ∑ ∑ 𝐺 ∗ (𝑉 , 𝑉 , 𝑉 ,

                     𝑉 , 𝑉 , 𝑉 , )   

(11)         %𝐿𝐿 𝑡  = ;       

(12)          𝑃 𝑡  = ∑ 𝑃 , 0     

(13)        %𝜂 𝑡  = 100 - 𝐿𝐿 𝑡     

(14)        𝑉𝐷  = 𝑉 𝑉    

(15)       %𝑉𝐷  .100   

Vmax and Vmin represent the maximum and minimum 
values of voltage at any bus after kth  iteration.    
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Result and Discussion  
A remote area with 20 houses was utilized to test the 

proposed methodology. Each house has a maximum PV 
generation capacity of 250 WP at 1000 W/m2 radiation, 
battery with an energy capacity of 100 Ah. DC loads that 
can be operated include lighting, fans and charging. The 
village is divided into four clusters with five houses per 
cluster.  
The proposed architecture applies Newton Raphson 
Analysis to evaluate its power efficiency, voltage level on a 
particular conductor. System performance is analyzed on 
120V, 300V and 400V voltage distribution networks. The 
length of the conductor between neighboring houses is 
assumed to be 20m, while the length of the conductor 
between clusters is 200m. The cross-sectional area for the 
conductor i.e. 5.26mm2 is evaluated. For the DGDSA 
scenario, %LLg, %ɳg and %VD are calculated using (12) 
(14) (15).  

In this scenario, some homes produce electricity in 
excess of load requirements, so the remaining electricity is 
injected into the power grid, while other homes will 
consume more electricity than the rated power, thereby 
absorbing electricity from the power grid. Microgrids act as 
a bridge between homes that overproduce electricity and 
homes that absorb electricity.  

Table 1 shows the results of calculating the percentage 
of line loss, percentage of voltage drop and efficiency of 
DGDSA at peak load. Table 1 illustrates that the higher the 
bus voltage, the greater the distribution voltage efficiency. 
Safety and protection requirements up to 120V are not 
excessive [19,20]. In addition, bus voltages less than 120 V 
do not require additional grounding and protective 
conductors, and these voltages are safe for indirect contact, 
[19]. From the results of table 1, it can be concluded that 
DGDSA has higher efficiency than CGCSA because the 
electricity sources are spread out and the ability to share 
resources.  
 

Table 1. Peak load comparison between CGCSA and DGDSA 

 
Voltage 

level  
(V) 

 
Cond 
Area 

(mm2) 

 
 

CGCSA 

 
 

DGDSA 
 

LLg  
(%) 

VDg 
(%) 

  
 (%) 

LLg  
(%) 

VDg 
(%) 

  
 (%) 

120 5.26 8.71 8.90 95.1 4.32 4.51 97.1 
300 5.26 1.43 1.46 98.5 0.53 0.56 99.3 
400 5.26 0.96 0.97 99.0 0.39 0.35 99.7 

 
Conclusions 
This research presents an analysis of distributed and 
centralized systems for DC microgrids. DC power flow 
analysis (CGCSA and DGDSA) is calculated using the 
Newton Raphson method, so that the percentage of voltage 
drop, percentage of line loss, and power efficiency can be 
known. The analysis results show that the proposed 
distributed generation and storage architecture can improve 
distribution efficiency by close to 4% compared with 
centralized architecture. Furthermore, DGDSA has smaller 
line losses and less voltage drop than CGCSA. 
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