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Introduction

Recently, the microgrid is the popular challenging topic of researchers since it can operate in both grid-connected or island mode while, the development of distributed energy resources, operated in DC form like; solar photovoltaic and battery energy storage is increasing [START_REF] Mackay | Steps towards the universal direct current distribution system[END_REF]. Indeed, many of today's consumer loads are DC loads such as computers, TVs, chargers, LED lights. So, there are some factors to motivate the LV power system to become DC. To deal with these technological trends, AC/DC microgrids could be an alternative option for rural electrification planning in developing countries and particularly in rural areas [START_REF] Jaramillo | Enabling private sector investment in microgrid-based rural electrification in developing countries: A review[END_REF]. In terms of planning of low voltage AC network, researchers focus on the location and the sizing of the system to supply the electricity to the end-user through conductors [START_REF] Gouin | Innovative planning method for the construction of electrical distribution network master plans[END_REF]. In [START_REF] Vai | Design of LVAC distribution system with PV and centralized battery energy storage integration -a case study of Cambodia[END_REF], the authors minimize the length of the conductors using the mix-integer quadratically constraints programming (MIQCP), then the balancing of the load has been performed to respect the technical constraints in the new expansion planning case.

Additionally, the authors have proposed a novel algorithm to optimize the AC topology and phase balancing to deal with the load demand uncertainty [START_REF] Vai | Planning of low-voltage distribution systems with uncertainty on load demand in urban areas[END_REF]. Furthermore, the PV and the battery storage system have been sized and located in order to respect the voltage and the current constraints using a genetic algorithm [START_REF] Vai | Integrated PV and Battery Energy Storage in LVAC for a Rural Village: A Case Study of Cambodia[END_REF] and [START_REF] Vai | Optimal Low-voltage Distribution Topology with Integration of PV and Storage for Rural Electrification in Developing Countries: A Case Study of Cambodia[END_REF]. However, most researchers have only focused on the AC distribution system with AC consumers. Therefore, this paper presents a novel algorithm to pack DC loads into clusters in such a way that the AC main feeder could supply DC loads by using the AC/DC converter in each cluster. Next, the shortest path (SP) algorithm also finds the optimal location of converters regarding the power losses in the DC structure. Consequently, the load allocation of each phase was formulated by using the mixed-integer linear programming (MILP) solver of MATLAB. The minimum spanning tree (MST) algorithm also aims at searching for the minimum length to get the optimal topologies of each cluster in order to obtain an optimal topology and cost of the AC/DC microgrid. This topology enables a step by step electrification of countries without requiring heavy investments at the intial year. In that way, the electrification of developing countries could go faster with the development of DC microgrids before being connected to the AC grid when it will be available.

In this paper, we propose a methodology to design the AC/DC microgrid in order to get the optimal cost of the system. In section 2, it describes the proposed method subdivided into four stages: the K-means clustering technique for grouping DC loads (consumers) into a given number of clusters (stage 1), the minimum spanning tree to get the minimum total length of conductor in each cluster (stage 2), the shortest path finding the shortest distance of the connection between poles and clusters (stage 3), and the balance of power consumption between the main feeders (stage 4). Section 3 provides the case study in a rural area including the results and discussions. Finally, the conclusions and future works are presented in Section 4. Finally, the optimal topology and the total discount cost have been calculated.

Methodology

Input data Coordination of MV/LV substation, loads and electrical poles, power

Step 2: Minimum distance between DC loads of each cluster => Minimum Spanning tree (MST)

Step 

K-means clustering technique

K-means technique is the algorithm aiming at grouping objects into a given set of clusters which is classified by a user-defined number of clusters K. This clustering technique minimizes the square error of Euclidean distance to cluster centers in order to minimize the total distances of clusters.

The objective function F is given as follows [START_REF] Rajabi | A comparative study of clustering techniques for electrical load pattern segmentation[END_REF]:

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹 = � ��𝑥𝑥 𝑖𝑖 𝑗𝑗 -𝑐𝑐 𝑗𝑗 � 2 𝑀𝑀 𝑖𝑖=1 𝐾𝐾 𝑗𝑗=1 (1)
where 𝑀𝑀: index of loads 𝑗𝑗: index of clusters 𝑀𝑀: number of data 𝐾𝐾: number of clusters

�𝑥𝑥 𝑖𝑖 𝑗𝑗 -𝑐𝑐 𝑗𝑗 � 2
is a distance measure between a data point 𝑥𝑥 𝑖𝑖 𝑗𝑗 and the cluster center 𝑐𝑐 𝑗𝑗 .

Minimum Spanning Tree (MST)

The minimum spanning tree (MST) is a set of the edges of a graph G that connects all the vertices together, with the minimum total edge weight and without any loops [START_REF]On the Shortest Spanning Subtree of a Graph and the Traveling Salesman Problem[END_REF]. The sum of the edge weight of the spanning tree is as small as possible. If we consider a graph 𝐺𝐺 = (𝑉𝑉, 𝐸𝐸) that consists of a vertices and edges [START_REF] Pop | The generalized minimum spanning tree problem: An overview of formulations, solution procedures and latest advances[END_REF]:

𝑉𝑉 = {𝑣𝑣 1 , 𝑣𝑣 2 , … , 𝑣𝑣 𝑛𝑛 } (2) 𝐸𝐸 = {𝑀𝑀 1 , 𝑀𝑀 2 , … , 𝑀𝑀 𝑛𝑛 } (3) 
The small possible weigh of ∑ 𝑀𝑀 𝑖𝑖 𝑛𝑛 𝑖𝑖=1

is the minimum spanning tree. Fig. 2 shows the result of the minimum spanning tree from a given graph. 

Shortest Path (SP)

The algorithm aims at finding the shortest distance between the MV/LV substations and each DC load of the cluster through electrical poles [START_REF] Vai | Design of LVAC distribution system with PV and centralized battery energy storage integration -a case study of Cambodia[END_REF]. Fig. 3 shows the pseudocode of the shortest path that finds the index of a load of each cluster and pole. Indeed, it defines the optimal path which connects from a pole to its closest DC load regarding the DC power loss.

Fig. 3 Pseudocode of the shortest path

Phase balancing problem

The load allocation algorithm has been formulated by using the Mixed Integer Linear Programming (MILP) tool of MATLAB (i.e. linprog). The objective is to balance the total power of three-phase to which clusters have been connected. Equation ( 4) is the objective function subjected to constraints (5) to [START_REF]On the Shortest Spanning Subtree of a Graph and the Traveling Salesman Problem[END_REF]. 

• 𝑃𝑃 𝑙𝑙 (𝑀𝑀) is the maximal power of load i • 𝑃𝑃 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑙𝑙 is the total power consumed by the loads • 𝑥𝑥 𝑗𝑗 𝑛𝑛 = 1 if cluster n belongs to phase j and 0 otherwise;

• N is the number of nodes of the power systems • 𝜀𝜀 𝑗𝑗 + is the positive difference power of phase j.

• 𝜀𝜀 𝑗𝑗 -is the negative difference power of phase j.

Actualized cost

The total actualized cost of the network is used to calculate the cost over T planning year. It is divided into capital expenditure (CAPEX) and operational expenditure (OPEX). Equation [START_REF] Pop | The generalized minimum spanning tree problem: An overview of formulations, solution procedures and latest advances[END_REF] gives the actualized cost [START_REF] Alvarez-Hérault | A novel hybrid network architecture to increase DG insertion in electrical distribution systems[END_REF]: 

𝐶𝐶 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑙𝑙 = 𝐶𝐶𝐶𝐶𝑃𝑃𝐸𝐸𝐶𝐶 + 𝑂𝑂𝑃𝑃𝐸𝐸𝐶𝐶 (10) 
𝐶𝐶𝐶𝐶𝑃𝑃𝐸𝐸𝐶𝐶 = 𝐶𝐶 𝑐𝑐𝑡𝑡𝑐𝑐𝑙𝑙𝑐𝑐(𝐴𝐴𝐴𝐴+𝐷𝐷𝐴𝐴) + 𝐶𝐶 𝑐𝑐𝑡𝑡𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐 (11) 
𝑂𝑂𝑃𝑃𝐸𝐸𝐶𝐶 = � 𝐶𝐶 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑡𝑡) (1 + 𝑀𝑀) 𝑡𝑡 𝑇𝑇 𝑡𝑡=0 (12) 

Description of the network

A non-electrified village in a rural area, located in Sandek commune, Batheay district, Kampong Cham, Cambodia from the previous study of the thesis [START_REF] Vai | Planning of low voltage distribution system with integration of PV sources and storage means-Case of power system of Cambodia[END_REF] has been used in this paper. The 107 households are single-phase loads located along the side of the street with a total power of 43kW and 22 electrical poles. Fig. 4 shows the DC households and electrical poles located along the road, which is supplied by an MV/LV distribution transformer (22kV/0.4kV) via AC/DC converters. With the possibility of PV and battery storage integration system in the future, the 50Vdc voltage level was selected regarding the consumers in a rural area with various low power appliances [START_REF] Rodriguez-Diaz | Voltage-Level Selection of Future Two-Level LVdc Distribution Grids: A Compromise between Grid Compatibiliy, Safety, and Efficiency[END_REF]. Moreover, detailed information on DC conductors was provided in [START_REF] Metsec | Cable Products Price List[END_REF].

Fig. 4 Case study: electrical poles and loads

Results and discussion

Loads are packed into an optimal number of clusters K=16 by using the K-means clustering technique as shown in Fig. 5.

By selecting the number of clusters, thank to the Elbow method that looks at the percentage of variance as a function of the number of clusters.

Fig. 5 Loads classified by K-means clustering technique

As a result of K=16 clusters, to supply DC loads, we also need 16 AC/DC converters. The MST finds the minimum DC length of the conductors for each cluster and the SP finds the closest poles to clusters where we sit the AC/DC converters. Fig. 6 shows AC/DC converters that have been mounted on the poles to supply DC loads in each cluster and the structure of each cluster. The total length of clusters is 4345m added by 1243m of the total DC connection's length from clusters to poles. To avoid confusion with the numbering on the graph, we start clusters numbering from 23 rd (after 22 poles) so we have a cluster 23 rd to 38 th (16 clusters). The summary result of the simulation is shown in Table 1.

Thanks to the MILP algorithm, the power consumption of each phase is almost balanced. The total power losses were 4.25kW (about 9.88% of the total power consumption) which includes the AC and DC power losses. Furthermore, the total discount cost is 152.58 kUSD that consisting of the CAPEX and OPEX. The CAPEX includes the AC and DC conductor cost, as well as AC/DC converter cost while the OPEX is an operational cost over 20 years of planning with an interest rate of 6 % which includes only losses of the conductor.

Moreover, in Fig. 8, with the cross-section of 70mm 2 of AC main feeders, the AC voltage profile of poles was respecting the voltage constraint of the LV system in Cambodia [0.90pu, 1.06pu]. On pole 18 th which is connects to cluster 35 th , the lowest voltage was 0.9335pu. For the example of cluster 26 th , the median was 0.9814pu, and the bottom and top edge are 0.98pu and 0.9826pu respectively while the lowest and highest voltage are 0.977pu and 0.988pu. It is noticed that the voltage 0.988pu is also considered as outlier '+'. For cluster 38 th , we noticed that its voltage is the lowest among clusters however, the lowest value of it is 0.93pu which does not violate the voltage constraint (0.90pu).

Fig. 10 shows the different cross-sections of DC conductors of clusters in a 3D plot. It is noticed that cluster 32 nd has the biggest DC conductor of 50mm 2 to satisfy the voltage and current constraints because it has the biggest power and the longest length of conductor in this cluster. 

Conclusion and future work

This paper addresses a novel algorithm tackling the traditional AC distribution network by proposing a novel architecture of AC/DC microgrid. The DC loads were packed into the optimal number of the cluster by K-means. The MST ensured the minimum length of all clusters. Indeed, the allocated power of each phase was balanced by using the MILP solver. Lastly, the algorithm has found the topology and total actualized cost of the AC/DC microgrid. In future work, the sitting and sizing of PV and storage in the cluster of the AC/DC microgrids will be investigated. 
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 1134 Fig. 1 shows the proposed method to design the AC/DC distribution microgrid. It consists of the following steps:  Step 1: DC loads have been packed into a given number of the cluster by K-means clustering.  Step 2: Searching the minimum connection of DC conductors in the cluster by using the minimum spanning tree (MST) algorithm.
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 13 Fig. 1 Flowchart of the proposed method
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 2 Fig. 2 Example of the MST of a given graph
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Fig. 6

 6 Fig. 6 Application MST to clusters creating DC structure Fig.7shows the topology of the AC/DC distribution network. Each cluster was supplied and allocated by a phase of the three-phase 4 wires system in order to ensure a balance of the loads for the AC distribution system.

Fig. 8 Fig. 9

 89 Fig. 8 AC voltage profile of poles and clustersAlso, Fig.9shows the percentage voltage deviation of each cluster. All DC loads' voltages were classified by clusters. In each cluster, the bottom and the top edge of the box indicate the 25 th and 75 th percentiles of the cluster while the central red mark indicates the median. The lowest and highest voltage observed, are also indicated. Indeed, the '+' symbol is the voltage value greater than the interquartile value (75 th -25 th ) and it is called an outlier.
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 10 Fig. 10 Cross-section of DC conductor of clusters
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