
 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 866 

 
 

CIRED 2019  1/5 

ASSESSING TOPOLOGY EFFICIENCY IN RESIDENTIAL MICROGRIDS 
  

Sergio MOTTA,  Antti ALAHÄIVÄLÄ, Anna 

KULMALA, Kari MÄKI 

VTT – Finland 

sergio.motta, antti.alahaivala, anna.kulmala, 

kari.maki@vtt.fi 

YoungPyo CHO, HongJoo KIM, Jintae CHO, 

JuYoung KIM 

KEPCO – Republic of Korea 

yp.zo, hongjoo.kim, jintaecho, juyong@kepco.co.kr 

 
 

ABSTRACT 

While the number of building integrated renewable 

generation and battery systems is increasing, still a 

significant portion of the residential loads are AC. This 

makes for a hybrid system with both AC and DC 

components, which requires the installation of interface 

converters in multiple points of the building’s electricity 

distribution.  

 

The aim of this study is to discuss the implementation of a 

DC Microgrid in a large-scale residential building, with a 

specific focus on the distribution topology and placement 

of the current converters. We offer an overview of different 

distribution topologies for high-rise buildings and discuss 

the development of a generic model to allow the simulation 

of the most effective topology for efficiency and operation. 

The simulations performed with this model found the best 

topology for a DC Microgrid to be an Individual Floor 

Supply with interfaces connected per floor. 

INTRODUCTION 

Direct current (DC) Microgrids are a relevant topic of 

research worldwide. There are many advantages that DC 

systems offer over alternating current (AC), specifically in 

terms of efficiency in integration of renewable energy 

sources (RES) and energy storage systems (ESS). These 

strengthen the basis towards a wider implementation of 

DC solutions in power systems. While research on High 

Voltage DC (HVDC) transmission systems has been 

increasing, mostly due to the reduced amount of losses and 

higher power capacity for longer distances when compared 

to AC, the usage of DC systems for medium and low 

voltages is also feasible for Microgrids with a high 

penetration of generation and storage. 

 

This paper aims to showcase the implementation of a DC 

Microgrid in a high-rise residential building. We start this 

discussion introducing the different topologies that were 

considered in the simulations. The simulation 

methodology and parameters are presented next, along 

with further details of the building used for demonstration. 

Finally, we discuss the results of the study, and present our 

conclusions.  

TOPOLOGIES FOR ELECTRICITY 

DISTRIBUTION IN HIGH RISE BUILDINGS 

Line losses in the building’s distribution system are 

associated with the distribution voltage levels and the size 

of the rising main conductors, therefore varying according 

to the specified voltage level of distribution. The energy 

losses in the transmission are important indicators of the 

chosen Microgrid topology efficiency. In addition to these, 

the loss of energy due to conversion inefficiencies in 

AC/DC converters also poses a significant contribution to 

the overall building distribution grid losses. Therefore, it 

is relevant to assess the influence of the placement and 

conversion efficiency of grid interfaces between AC 

components (distribution cables, loads) and DC 

components (PV system, Battery, EVs, DC loads). 

Grid Topologies for Electricity Distribution in 

High-Rise Buildings 

Topology I: Single Rising Main 

The single rising main is the simplest of the topologies 

studied and considered in the simulations. It is typically 

employed when there is no need for a high security of 

supply, since a fault in the main would yield the whole 

building to lose its electricity supply. All loads are 

connected to the same main, which allows a relatively 

simple load balancing to be performed per floor through 

the horizontal supply in each story. This load balancing 

can be done by balancing the three phase distribution 

systems for AC Microgrids. Only one low voltage board is 

required in the interface between the building and the grid 

side, adding to the simplicity of construction of such 

distribution system.  

 

Topology II: Grouped supply 

High-rise buildings with high load concentration tend to 

have its electricity distribution through a grouped supply 

topology. In this approach, each rising main supplies a 

certain number of floors. This allows different cable sizing 

for floors with different loads, smaller rising mains and 

easier mounting and operation. However, load balancing is 

not easily performed when done per group of floors, and 

the building requires a larger power distribution board 

when compared to the single rising main.  

 

Topology III: Individual Floor Supply 

A specific case of the grouped supply with each main 

supplying just one floor, this topology is ideal for buildings 

which let each story separately, such as large office 

buildings. As each rising main is a direct connection 

between the floor and the low voltage board, load 

balancing cannot happen in this scheme. Therefore, many 

cables are used in this topology. These cables, however, 
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are typically of lower section than the ones used in the on 

previously mentioned topologies, meaning that depending 

on the number of floors in the building, this topology 

demands the lowest investment costs. Thus, the 

installation and maintenance of the system are simpler as 

well. Moreover, only one story is affected by a fault, and, 

therefore, a very high supply security is achieved in this 

setup. 

 

Topology IV: Ring supply 

Ring supply distribution systems are used when a higher 

security is required to the whole building. Two rising 

mains connect each half of the building, with a switch that 

connects both mains, in order to ensure that all apartments 

are supplied, even if there is a fault with one main. Plus, 

this setup with only two mains requires low voltage. Load 

balancing can be performed on floor level, meaning that 

the mains can be of smaller sections as they typically 

supply only half of the load per floor. This must be 

designed accordingly, considering also that each 

individual main should be able to supply power to more 

apartments, or even the whole building, in case of a fault 

on the other rising main. 

 

Grid Interface Positioning 

In the context of a residential Microgrid, be it either in DC 

or AC, a connection between the distribution cables and 

the grid components (loads, generation and storage) is 

necessary, due to the different voltage levels in which 

these components operate.  This study therefore defines 

this connection as an interface, composed mainly by a 

converter. The conversion may be between voltage levels 

in a DC/DC setup, in e.g. a full DC Microgrid, or DC/AC 

in the case of an AC Microgrid with DC components. The 

protection scheme that is naturally also included in such 

interface is not within the scope of this study.  

 
Figure 1: Interface positioning in a residential Microgrid: (a) 

per-Apartment; (b) per-Floor 

Due to the efficiency of conversion, be it AC/DC or 

DC/DC, the point in which it occurs influences highly in 

the level of power losses in a residential Microgrid in a 

high-rise building. This study observes interfaces 

connected per floor, attending multiple apartments at once, 

and per apartment, with an individual interface for each 

residential unit. The first case requires larger components 

and yields less security of supply, while the latter yields 

higher security, at the expense of interfaces more 

susceptible to partial loading. 

GRID SIMULATION METHODOLOGY 

The main inputs used for simulating the operation of a 

Microgrid in a residential high-rise building were: 

- Building’s characteristics (e.g., number of 

floors);  

- Building Integrated Photovoltaic (BIPV) 

systems’ yearly generation curves; 

- Yearly demand patterns for the loads in the 

building, including the EV charging times;  

- Parameters for the building’s Battery Energy 

Storage System (BESS).  

This data was used in an optimization model to reduce the 

operating costs of this DC Microgrid. From this 

optimization, we also obtained the electric vehicles 

Figure 2: Topologies considered for the simulation of a DC Microgrid in a high-rise residential 

building: (a) Single Rising Main; (b) Grouped Supply; (c) Individual Floor Supply; (d) Ring Supply 
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charging patterns and the battery charge/discharge cycles. 

This ensures that all components in the system could be 

represented by a time-series of energy values in a year, and 

the building’s grid status can be represented in a very high 

resolution with hourly values. From the optimization 

model, the total exchange between the building Microgrid 

and the external distribution grid, 𝑷𝒈𝒓𝒊𝒅, is obtained. The 

optimization model does not consider any specific grid 

topology within the building, no losses in the lines, and 

interface converters are not taken into account in this 

energy balance calculations. Therefore, 𝑷𝒈𝒓𝒊𝒅 =  𝑷𝒈𝒓𝒊𝒅𝒐𝒑𝒕
 

is considered as the optimal power exchange, and will be 

used as a benchmark for future simulations. To assess the 

building’s efficiency including the losses, a new model 

must be developed.  

 

In order to analyse the efficiency of different grid 

topologies for the DC Microgrid, we implemented each 

one of the listed schematics in this paper, considering the 

interface efficiencies and line losses. The overall power 

exchange in this simulated grid, 𝑷𝒈𝒓𝒊𝒅𝒔𝒊𝒎
 , is compared 

with 𝑷𝒈𝒓𝒊𝒅𝒐𝒑𝒕
 and the difference between these quantities 

is an indication of the Microgrid’s simulated topology 

efficiency. This method can be used to determine 

quantitatively the efficiency of the grid for a given 

topology. We then compare it with the ideal optimized 

case, finding the topology that yields less losses. This is 

done by comparing the influence of the losses, both on the 

interfaces and on the lines, within each grid configuration. 

This methodology is summarized in Figure 3. 

 

 
Figure 3: Method summary indicating the simulation 

methodology 

Overall Grid Efficiency Definition 

In this paper, we use two different measurements to assess 

the building’s Microgrid efficiency. While the focus of this 

study lies in DC Microgrids, we also analyse the building 

with an AC distribution for benchmarking purposes.  

 

Considering the power exchange between the building’s 

Microgrid and the external network as 𝑷𝒈𝒓𝒊𝒅, a Microgrid 

with lower difference between the optimal exchange (the 

no losses case) 𝑷𝒈𝒓𝒊𝒅𝒐𝒑𝒕
 and 𝑷𝒈𝒓𝒊𝒅𝒔𝒊𝒎

 will operate closer to 

the optimal case, thus with lower losses. Therefore, we can 

define a Microgrid performance index as the amount of 

losses in its power exchange with the distribution grid: 

 
Δ𝑃 = 𝑃𝑔𝑟𝑖𝑑𝑜𝑝𝑡

− 𝑃𝑔𝑟𝑖𝑑𝑠𝑖𝑚
 1 

 

Or, as a relative value of the optimal operation: 

Δ𝑃𝑔𝑟𝑖𝑑%
=

Δ𝑃

𝑃𝑔𝑟𝑖𝑑𝑜𝑝𝑡

× 100 2 

Another interesting approach to the Microgrid’s efficiency 

lies in terms of a more classical definition of efficiency as 

a relation between an output and an input. In this case, we 

can visualize the Microgrid’s output as the energy 

transferred to its loads (𝑷𝒍𝒐𝒂𝒅𝒔) BESS (𝑷𝒃𝒆𝒔𝒔) and EVs 

(𝑷𝑬𝑽), while the power balance with the distribution grid 

and the BIPV system’s generated power, 𝑷𝒈𝒆𝒏𝑷𝑽
 

represents its input. Therefore, we have for a balanced 

system: 
𝑃𝑖𝑛𝑀𝐺

= 𝑃𝑜𝑢𝑡𝑀𝐺
+ 𝑙𝑜𝑠𝑠𝑒𝑠 3 

with 
𝑃𝑖𝑛𝑀𝐺

= 𝑃𝑔𝑟𝑖𝑑𝑠𝑖𝑚 + 𝑃𝑔𝑒𝑛𝑃𝑉
 4

𝑃𝑜𝑢𝑡𝑀𝐺
= 𝑃𝑙𝑜𝑎𝑑𝑠 + 𝑃𝑏𝑒𝑠𝑠 + 𝑃𝐸𝑉

 

 

The variables listed in Eq. 4 are all calculated for a year’s 

worth of data. These values are constant for a given 

building, with exception of 𝑃𝑔𝑟𝑖𝑑𝑠𝑖𝑚
, which in turn is 

dependent on the building’s used topology. The Microgrid 

efficiency 𝜼𝑴𝑮 and its efficiency in percent 𝜼𝑴𝑮%
 in terms 

of the topology can be defined as: 

𝜂𝑀𝐺 =
𝑃𝑙𝑜𝑎𝑑𝑠 + 𝑃𝑏𝑒𝑠𝑠 + 𝑃𝐸𝑉

𝑃𝑔𝑟𝑖𝑑𝑠𝑖𝑚 + 𝑃𝑔𝑒𝑛 𝑃𝑉

  5 

 

𝜂𝑀𝐺%
=

𝑃𝑜𝑢𝑡𝑀𝐺

𝑃𝑖𝑛𝑀𝐺

× 100 6 

Two main aspects contribute to the loss of efficiency in 

this study’s Microgrid model: (i) the line losses introduced 

by different topologies, and (ii) the conversion losses 

between grid components. The effects of these factors are 

detailed as follows. 

Line losses calculation 

The line losses in the system were calculated as means to 

compare different topologies in terms of their efficiencies, 

taking into account the rate of power injected at the grid 

connection to the power delivered to the system loads.  

 

Considering the small scale of this distribution system, 

with line lengths of less than one kilometre for a typical 

high-rise building, we can assume the line impedances to 

be fully resistive. That is, no inductance or capacitance are 

considered in the following calculations. This assumption 

is valid for both DC and AC Microgrids. 

 

In order to assess the line currents, and thus the losses in 

the system, we performed a load flow analysis. Being a DC 

Microgrid, the reactive power transfer was non-existent, 

and all voltage angles at each bus were the same. 

Following the Gauss-Seidel iterative method for a simple 

DC grid with a number of buses nbus, described in [1], [2], 
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the general equation for the voltage at a non-slack bus n is  

𝑉𝑛 =
1

𝐺𝑛𝑛

(𝐼𝑛 − ∑ 𝐺𝑛𝑖𝑉𝑖) 7 

 

where 𝑖 ∈ {1, 𝑛𝑏𝑢𝑠}, 𝑖 ≠ 𝑛. 

 

However, the injected currents 𝑰𝒏 are defined as the bus’s 

load divided its voltage level. That is, we can reformulate 

Eq.7 to 

𝑉𝑛 =
1

𝐺𝑛𝑛

  (
−𝑃𝑛

𝑉𝑛

− ∑ 𝐺𝑛𝑖𝑉𝑖)  8 

 

All voltage levels found in each bus were all within 1% of 

their expected values, meaning that the voltage drops in 

the distribution line were negligible. This result matches 

what was found in [2], and hence we can calculate the line 

losses as 

𝑃𝑙𝑜𝑠𝑠𝑒𝑠,𝐷𝐶 = 2 × (
𝑃𝑑𝑒𝑚𝑎𝑛𝑑

𝑉𝑑𝑖𝑠𝑡

)
2

× 𝑅𝑙𝑖𝑛𝑒 9 

and, for AC 

𝑃𝑙𝑜𝑠𝑠𝑒𝑠,𝐴𝐶 = (
𝑃𝑑𝑒𝑚𝑎𝑛𝑑

𝑉𝑑𝑖𝑠𝑡

)
2

× 𝑅𝑙𝑖𝑛𝑒 × (
1

cos(ϕ)
)

2

 10 

 

Where 𝑹𝒍𝒊𝒏𝒆 is the resistance of the portion of a line and 

𝑷𝒅𝒆𝒎𝒂𝒏𝒅 is the power that is transferred through this line, 

and cos(𝜙) as the power factor for AC loads in the system. 

Equations 9 and 10, found similarly in [3], [4], [5] were 

used as the basis for the method to calculate the line losses 

in the Microgrid. 

Interface efficiency influence 

Along with line losses in the rising mains, the second 

aspect that directly interferes with the efficiency of a 

Microgrid in a residential high-rise building is the number 

and placement of interface converters. Their efficiencies 

are of high importance when considering the losses in the 

system for different topologies. Thus, we can say that the 

Microgrid overall efficiency is somewhat proportional to 

the interfaces’ efficiencies. 

 

The interfaces’ efficiency curve, shown in Figure 4, is 

added as a parameter of the interface objects in our model. 

It is also dependent on the model of converter that is 

installed in the building. Each interface in our modelled 

grid has either the load to which it is connected, or the load 

at the downstream side of the interface as an attribute. In 

the case of interfaces per apartments, this means only each 

apartment’s loads; for interfaces connected to each floor, 

their connected loads are the combination of all 

apartments’ loads in that floor.  

 

The interface rated power 𝑷𝒓𝒂𝒕𝒆𝒅 is defined as the 

maximum point in the connected loads’ time series. That 

is, the peak power consumption during the whole year. The 

interface efficiency curve is then compared to the 

connected loads, and we can gather the total required 

power at the interface’s upstream connection point. Hence, 

we obtain the required power to be injected in the interface 

converter, in order to supply the required power by the 

loads. When combining all interfaces, we have the total 

power required in the grid. This, compared to the 

optimized ideal case 𝑷𝒈𝒓𝒊𝒅𝒐𝒑𝒕
, gives an idea on the overall 

topology efficiency. 

 

 
Figure 4: Interface Converter efficiency curve 

 

The interface between the Microgrid and the external 

distribution network is considered to have the same 

efficiency as the consumer interfaces. We include as 

simulations the cases in which the building is supplied by 

a DC low voltage grid at 750Vdc, and in AC medium 

voltage. The voltage transformation in AC at the 

building’s connection point is not considered in this study 

as it is outside its scope. Thus, for an AC-AC connection, 

no interface is considered. 

 

The power exchange with the grid 𝑷𝒈𝒓𝒊𝒅 is influenced by 

the grid interface, since a lower interface efficiency 

requires more power from the grid to supply the same load. 

If the supply is in DC for a building Microgrid also in DC, 

the conversion efficiency is higher than the case in which 

either is AC. Simulations displaying each situation are 

discussed in the following section. 

 

A similar situation also happens for AC or DC loads. We 

consider both kinds of loads in our system and present 

results for each. Looking at the interface efficiency curves, 

we notice that the overall Microgrid efficiency will be 

higher if we supply DC loads through a DC distribution, 

with AC loads being favoured in an AC Microgrid (no 

conversion).  

 

The Microgrid has some fixed elements that operate 

constantly in DC. That is, the PV generation system, the 

Battery Energy Storage and the Electric Vehicle charging 

stations all require an interface in their connection to the 

grid, no matter the grid type. This implies that a DC 

Microgrid will have a more efficient output from these 

components when compared with an AC Microgrid, given 

that the interfaces’ efficiency for DC/DC conversion are 

higher than in AC/DC. These results are confirmed in the 

next section. 
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SIMULATION RESULTS 

Table 1: Building efficiency for multiple topologies 

 

We studied what is the influence of the load and grid 

supply types on the line losses and overall efficiency of a 

residential building, as well as to what extent the interface 

positioning dictates how efficient this building will be. It 

becomes clear that each building has its own set of 

characteristics that must be respected when designing its 

energy supply, and that the best overall topology for such 

supply is dependent on many factors. However, the 

apartment loads, building’s generation, and storage were 

all constants across all simulations. This implies that the 

results are independent of the building itself, and the 

differences in the efficiency are resulting from the 

different topologies being tested. 

  

With these considerations in mind, we found that, for the 

case of a DC Microgrid, the optimal topology in terms of 

overall building efficiency is an Individual Floor Supply 

with consumer interfaces connected at each floor. This 

configuration yields the highest interface efficiency, while 

also mitigating the line losses to a very negligible factor. 

The voltage level at the rising mains is set to be at 750 

Vdc/400Vac, which also contributes to higher efficiencies 

through lower line losses. 

 

A connection scheme based on Individual Floor Supply 

also provides a very high security of supply, at the expense 

of higher costs for the installation, maintenance and 

cabling. Protection systems are also more robust, with 

more protective devices installed in the building when 

compared to any other topology. Although this 

configuration is typically used for office buildings that are 

leased per floor, it can also be used in residential buildings 

offering the equivalent mentioned benefits. 

 

The interfaces being positioned per floor also contributes 

to them having a higher efficiency, as seen in Table 1. This 

is due to its periods of partial loading being smaller, as the 

interface supplies a higher demand of multiple apartments.  

 

Additionally, DC loads are best supplied through a DC 

Microgrid, one that also allows for lower losses in the 

BIPV, BESS and EV systems. The external grid 

distribution is also important to be considered when 

designing the building’s Microgrid, and one that follows 

the same current scheme should be adopted to minimize 

losses on the grid interfaces. 

 

If the building is composed of AC loads, an AC Microgrid 

still yields a slightly higher efficiency, at the expense of 

higher losses for the Battery Energy Storage System, 

Electric Vehicle charging stations and Building Integrated 

Photovoltaic System; this can prove to be a breaking point 

for buildings with higher generation capacities. The higher 

the magnitude of the energy exchange between the 

Microgrid and these systems, higher losses ensue, making 

AC Microgrids less interesting – regardless of the type of 

loads present in the building. 
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Interface 

Position 
Topology 

ΔPgrid 

(%) 

Avg. 

Interface 

η (%) 

Building 

η (%) 

Floor 

(DC750V) 

Single Rising 
Main 

13.273 94.280 90.727 Grouped Supply 

Individual Floor 
Supply 

Ring Supply 13.595 94.008 90.523 

Apartment 
(DC750V) 

Single Rising 

Main 

14.368 93.361 90.038 
Grouped Supply 

Individual Floor 

Supply 

Ring Supply 

BIPV, 
BESS, 

EVCS 

only 
(AC400V) 

Single Rising 

Main 

13.211 88.972 90.766 
Grouped Supply 

Individual Floor 
Supply 

Ring Supply 


