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Abstract: For national energy capacity improvement and CO2 emission reductions, Mongolia has
focused its attention on grid-connected residential PV systems. Due to the feed-in tariff (FIT), the
aggregated residential PV systems are expected to increase with the PV penetration level. Currently,
there is no power injection limitation in Mongolia. A new policy for the PV penetration level of
residential PV systems needs to be developed. This study analyzed the techno-economic perfor-
mances of distributed PV-battery systems, considering PV generation, the historical load demand,
and the tariff structure. We studied the performances of 40 combinations of PV sizes (2 kW–9 kW)
and battery capacities (4.4 kWh, 6.6 kWh, 10 kWh, 12 kWh, and 15 kWh) to find feasible system sizes.
The aggregated PV-battery systems in a low-voltage (LV) distribution system located in Ulaanbaatar,
Mongolia, are also discussed. The results show that six combinations satisfied the technical and
economic requirements. The maximum profit was determined to be an NPV of 1650 USD with
a 9-year payback period using combination 3 (6 kW PV and 6.6 kWh battery capacity). Combination
6 (8 kW PV and 15 kWh battery capacity) shows that the energy management strategy for residential
houses with battery storage has the potential to increase the installed capacity of PV systems without
voltage violence in the LV network. For the distributed PV-battery storage system (BSS), the environ-
mental analysis indicates that CO2 and SO2 emissions were reduced by 3929 t/year and 49 t/year,
respectively. The findings obtained from this analysis will be used for power system planning.

Keywords: residential PV system; battery storage system; self-consumption; low-voltage system;
NPV; payback period; emission reductions

1. Introduction

Ulaanbaatar (UB), the capital city of Mongolia, is one of the most air-polluted cities in
the world. CO2 emissions have increased due to fossil-based energy sources and stoves
with the solid fuels used in the “Ger” district. Meanwhile, the national energy consumption
exceeds the national energy generation, mostly in the harsh wintertime; therefore, energy is
imported from neighboring countries. The Government of Mongolia launched a policy that
enables households and industrial and commercial businesses to install grid-connected
renewable energy sources (RESs) to combat these concerns [1]. RESs are crucial alterna-
tives in both the energy and environmental sectors. This is also considered one of the
important decisions under the Paris Agreement, which around 175 countries, including
Mongolia, signed to decrease greenhouse gases (GHG) [2]. In Mongolia, while utility-scale
PV and wind farms make up around 10% of the total national capacity, the distributed
grid-connected RES is still in its initial stages. Thus, the authors investigated the poten-
tial of a grid-connected residential PV system since the residential area, known as a ger
khoroolol, in Ulaanbaatar is the main region that produces CO2 emissions, and it contains
the dominant consumers of the utility grid. According to the national statistical report in
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2020, there were 317,944 houses and 91,249 gers (traditional Mongolian dwellings) utilizing
traditional stoves with solid fuels in UB [3]. It is expected that the level of CO2 emissions
will significantly decrease when at least half of the households replace conventional stoves
with rooftop PV systems.

PV systems can play a significant role in supporting the grid by providing clean
energy, reducing transmission congestion, and contributing to grid stability and reliability.
In addition, the feed-in tariff (FIT) scheme, which offers customers the chance to trade
their surplus PV energy, has a significant advantage in an increase in households that
are interested in PV systems. This scheme might be able to lift a huge financial burden
off the customers. In our previous study [4], an economic analysis in a private ger with
a PV-battery system demonstrated that the deployment of PV systems has the potential to
be profitable.

Despite that, as PV generation sources become more prevalent in the electricity grid,
the ability to control when electricity is generated is reduced. Unlike the current system,
where power is produced to meet consumer demand, PV sources only generate electricity
when there is sunlight. This creates a challenge for the traditional electricity network, which
relies on a predictable load and one-way power flow from generators to consumers [5].
Traditional power distribution networks can only accommodate a certain amount of pho-
tovoltaic (PV) generation, and when there is a substantial surplus of PV generation and
low demand for electricity, the voltage in the network may exceed its limits, potentially
causing problems [6–9]. Several approaches to mitigate the technical problems caused by
high PV penetration have been reviewed in [10,11]. Demand-side management (DSM) and
BSSs are taken into account as the most promising solutions. Electricity utilities adopt
DSM as a technique to regulate demand by motivating consumers to adjust their electricity
consumption level and pattern. Gobind Pillai et al. [12] showed that even though DSM
could be a preferred method due to its potential for deployment through comprehensive
demand response initiatives in countries, technically it is not effective in avoiding PV
energy curtailment because of a weaker low-voltage network with higher solar resources.
Distribution system operation (DSO) ensures the stability of the grid and power quality
at a low voltage level. The injection of power into the grid or the installed power of PV
generators is restricted to mitigate the impact of abrupt power fluctuation. Owners are
not authorized to inject power into the grid beyond a specific percentage of the installed
power [13]. This might result in decreases in owners’ benefits and advantages. To cope
with this problem, some researchers proposed a centralized storage system to increase PV
penetration in low-voltage networks [14]. The total net present value (NPV) has increased
with increases in the PV penetration level [15]. A shared energy storage system (ESS) with
an operation strategy has been proposed to reduce curtailment and maximize profit [16].
The result indicated that the algorithm utilizes the power-sensitivity-based allocation ratio
to calculate the profit sharing among PV power producers. Shared energy storage systems
(ESSs) can be implemented by sharing infrastructure costs, which can enhance regional
profits by maximizing arbitrage profit through charging and discharging operations.

However, in accordance with the policy from the Mongolian Government, households
who install a PV system must install a battery system. This is not only to increase the
self-consumption of the household PV system but also to decrease the reverse power flow
fed into the LV network. The operation strategies for household PV-battery systems have
been discussed based on the electricity tariffs [17–19] to increase self-consumption. These
operational strategies can be chosen and applied in accordance with the economic and
technical conditions. Some researchers have revealed their extensive studies on increasing
self-consumption rates utilizing battery energy storage systems [20,21]. The deployment of
electric vehicles has been introduced to extend the self-usage in residential PV systems [22].
The EV storage of household PV generation shows the potential to improve both self-
consumption and self-sufficiency.

This research work builds upon a previous study that suggested a simple operation
strategy for a grid-connected PV-battery system to be utilized in Mongolian gers and
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houses. This paper presents a technical and economic effectiveness investigation of PV
and battery systems for Mongolian households, with a focus on self-consumption and
self-sufficiency based on the payback period and NPV. The paper also analyzes the impact
of distributed PV-BSSs on a low-voltage network consisting of 40 houses located in UB,
Mongolia. Mongolia currently has no limitations on power injection from residential PV
systems, but there may be a need for limitations in weak low-voltage networks to ensure
grid stability and reliability. The findings will contribute to improving power system
planning and mitigating the Mongolian ger khoroolol’s dependency on solid fuels, thereby
reducing air pollution. The following sections provide a detailed account of the research
work. Section 2 presents the method for investigating the performances of PV systems with
BSSs in Mongolian households, which includes historical electrical data and low-voltage
network parameters. Section 3 outlines the simulation results and subsequent discussions.
Finally, Section 4 presents the conclusions of the study.

2. Materials and Methods
2.1. Data Collection

Mongolia is one of the coldest countries in the world. The ambient temperature in UB
is shown in Figure 1a. In the winter, the temperature reaches as low as −30 degrees
Celsius [23]. Despite cold winters, UB has abundant sun irradiation, which reaches
1 kW/m2 during the warm season. The measured solar radiation is illustrated in Figure 1b.
A PV system generates electricity during the middle of the day (7 a.m.–7 p.m.) each month.
The peak monthly consumption of a house occurs in winter since electrical consumers tend
to deploy electric heaters or other appliances, whereas the lowest consumption occurs in
summer. Considering the daily curve for a private house in Figure 1c, the peak electricity
loads occur from 7 to 12 a.m. and from 5 to 9 p.m. This is a common profile in Mongolian
households.
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Figure 1. Simulated historical data. (a) Ambient temperature in Ulaanbaatar. (b) The daily solar
irradiance during the four seasons. (c) A household’s seasonal daily electricity profile.

PV power generation depends on solar radiation and the temperature, and the power
output from a PV system (Pout) is calculated using Equation (1):

Pout = Pm·
Gm

Gi
·ηt (1)

where Pm is the maximum power in kWp, Gi is the nominal solar irradiance (W/m2), Gm is
the measured solar irradiance (W/m2), and ηt is the temperature coefficient.

2.2. The Grid-Connected Residential PV-Battery System

The configuration of a grid-connected residential PV-battery system includes a direct
current (DC)-coupled PV and battery system, as shown in Figure 2. The DC-coupled PV
and battery system uses a single inverter to convert the direct DC electricity generated by
the PV arrays and the electricity stored in the BSS into alternating current (AC) electricity
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that can be used by the household and fed back into the grid. In this system, the DC
electricity from the PV arrays and the BSS are combined and fed into the inverter, which
converts the DC electricity into AC electricity. The AC electricity is then used to power the
home’s appliances or fed back into the grid. This configuration allows for more efficient
use of the energy stored in the BSS, as the BSS is directly connected to the inverter and does
not need to go through a separate DC/AC conversion process. Additionally, it allows for
greater control over the charging and discharging of the BSS, which can help the system’s
performance and increase its lifespan.

Energies 2023, 16, x FOR PEER REVIEW 4 of 14 
 

 

2.2. The Grid-Connected Residential PV-Battery System 

The configuration of a grid-connected residential PV-battery system includes a direct 

current (DC)-coupled PV and battery system, as shown in Figure 2. The DC-coupled PV 

and battery system uses a single inverter to convert the direct DC electricity generated by 

the PV arrays and the electricity stored in the BSS into alternating current (AC) electricity 

that can be used by the household and fed back into the grid. In this system, the DC elec-

tricity from the PV arrays and the BSS are combined and fed into the inverter, which con-

verts the DC electricity into AC electricity. The AC electricity is then used to power the 

home’s appliances or fed back into the grid. This configuration allows for more efficient 

use of the energy stored in the BSS, as the BSS is directly connected to the inverter and 

does not need to go through a separate DC/AC conversion process. Additionally, it allows 

for greater control over the charging and discharging of the BSS, which can help the sys-

tem’s performance and increase its lifespan. 

 

Figure 2. A general layout of a rooftop PV battery system for a private house. 

The energy management strategy is shown in Figure 3. 

 

Figure 3. Home energy management strategy [4]. 

The basic working principle is that when PV power output exceeds demand, the bat-

tery storage is charged by the PV energy. Then, excess energy is sold to the grid. When 

the correlation between PV generation and demand is too low, the battery storage dis-

charges to cover the load demand. If neither the PV nor the battery storage can fulfill the 

Figure 2. A general layout of a rooftop PV battery system for a private house.

The energy management strategy is shown in Figure 3.

Energies 2023, 16, x FOR PEER REVIEW 4 of 14 
 

 

2.2. The Grid-Connected Residential PV-Battery System 

The configuration of a grid-connected residential PV-battery system includes a direct 

current (DC)-coupled PV and battery system, as shown in Figure 2. The DC-coupled PV 

and battery system uses a single inverter to convert the direct DC electricity generated by 

the PV arrays and the electricity stored in the BSS into alternating current (AC) electricity 

that can be used by the household and fed back into the grid. In this system, the DC elec-

tricity from the PV arrays and the BSS are combined and fed into the inverter, which con-

verts the DC electricity into AC electricity. The AC electricity is then used to power the 

home’s appliances or fed back into the grid. This configuration allows for more efficient 

use of the energy stored in the BSS, as the BSS is directly connected to the inverter and 

does not need to go through a separate DC/AC conversion process. Additionally, it allows 

for greater control over the charging and discharging of the BSS, which can help the sys-

tem’s performance and increase its lifespan. 

 

Figure 2. A general layout of a rooftop PV battery system for a private house. 

The energy management strategy is shown in Figure 3. 

 

Figure 3. Home energy management strategy [4]. 

The basic working principle is that when PV power output exceeds demand, the bat-

tery storage is charged by the PV energy. Then, excess energy is sold to the grid. When 

the correlation between PV generation and demand is too low, the battery storage dis-

charges to cover the load demand. If neither the PV nor the battery storage can fulfill the 

Figure 3. Home energy management strategy [4].

The basic working principle is that when PV power output exceeds demand, the
battery storage is charged by the PV energy. Then, excess energy is sold to the grid.
When the correlation between PV generation and demand is too low, the battery storage
discharges to cover the load demand. If neither the PV nor the battery storage can fulfill
the load, power is purchased from the utility grid to cover the demand.
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Power balance, defined as Equation (2), forms the electricity demand of the consumer
at each time step.

Pgrid(t) = Pload(t)− PPV(t)− Pb(t) (2)

where Pgrid is the grid power. It corresponds to the import power (Pimp) when the power
value is positive and the export power (Pexp) when the power value is negative at time t.
Pload is the load power, PPV is the PV output power, and Pb is the battery charging (Pbch)
and discharging (Pbdch) power.

The accumulated energy of the battery is defined as the state of charge (SOC), and the
SOC is calculated using Equation (3):

SOCb,t =
Cb,t

CbN,t
·100% (3)

where CbN is the nominal battery capacity and the SOC is represented as a percentage.
The battery storage system is charged between 9 a.m. and 5 p.m. based on the state

of charging and discharging constraint, as described in Equation (4), to avoid the deep
charging of the battery. The minimum state of charge (SOCmin) is equal to 20%, and the
maximum state of charge (SOCmax) is set to 90% of the battery’s nominal capacity.

SOCmin ≤ SOCb ≤ SOCmax (4)

2.3. Simulation Method in the Low-Voltage (LV) Network

In this research work, the households were assumed to use a similar home energy
management strategy for their PV-battery systems. One of the advantages of a battery
system is the smoothing of PV power output by storing excess energy, which can be directed
to the grid, thereby releasing the LV grid stress. Figure 4 shows the power system line
that represents the community including 40 houses. The network was assumed to be
a balanced three-phase network, and the PV-battery systems were also assumed to be
evenly installed in four feeders. The 10 initial houses were positioned at a distance of 50 m
from the 10/0.4 kV transformer, and subsequent allocations were made for each of the
buses downstream, which also had a separation of 50 m. The household demand load data
and the network parameters were obtained from the domestic distribution company. The
LV network normally operates at 400 V (1.0 p.u). The statutory voltage limits are 360 V
(0.9 p.u) and 410 V (1.1 p.u).
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The voltage at the point of common coupling (PCC) in active and reactive power flow
through the line is generally calculated using Equation (5):

Vpcc = V0 −
[
(PL − Ppv)R0 +

(
QL − Qpv

)
X0

V∗
PCC

]
(5)

A three-phase DC-sourced inverter (PVB1-PVB-4) was used to analyze the impact of
excess energy (PV penetration) on the power system. Figure 5 shows a diagram of a DC-
sourced three-phase inverter connected to the grid and its control system. The PQ control
method utilizes the inverter to provide the necessary real and reactive power according to
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predetermined set-points. This control system includes loops for current and power, with
the current loop providing a quick response to any disruptions in input voltage, inductance
parameters, and converter dead time, among other things. A phase-locked loop (PLL) is
employed to synchronize the inverter with the grid.
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Figure 5. Block diagram of DC-sourced three-phase grid-connected inverter [24,25].

The PV source constantly supplies real and reactive power to the grid using PQ
control, which is based on the dq reference frame. This reference frame is used to define
the components of the d-axis and q-axis AC currents. The primary aim of PQ control in
an inverter connected to the grid is to guarantee that the inverter generates the reference
real and reactive power in accordance with its designated references. The active (P) and
reactive powers (Q) can be expressed as follows:

P =
3
2
·
(
vd·id + vq·iq

)
(6)

Q =
3
2
·
(
vq·id − vd·iq

)
(7)

where vd and vq are the d-axis and q-axis of the grid-side voltage, respectively, and id and iq
are the d-axis and q-axis of the grid-side current, respectively.

A low-voltage grid transformer with the realistic parameters of a suburban area in UB
was selected. The parameters of the LV model are given in Table 1.

Table 1. Parameters of the LV model.

Parameters Value Unit

Transformer capacity 100 kVA
Length 50 Meter

Resistance (r0) 0.603 Ω/km
Reactance (x0) 0.319 Ω/km

Peak load 80 kW

To investigate the voltage fluctuation of the LV system, 40 aggregated residential load
profiles were simulated with 8 installed PV sizes and 5 installed battery capacities, as given
in Table 2. A three-phase power flow simulation was performed using PSCAD. Typically,
the electrical voltage of an LV network system depends on the load characteristics, the
location, and the installed PV capacity.
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Table 2. The household PV capacity and the installed PV capacity in the public grid.

Household PV capacity (kW) 2 3 4 5 6 7 8 9

The installed PV capacity (kWp) in the public grid 80 120 160 200 240 280 320 360

The limitation of this paper is that the PV penetration level and the PV location were
not investigated. In [26], voltage rise could be controlled by the line impedance between
the PV location and the transformer, and the mitigation approach was studied by moving
the transformer’s location.

3. Results and Discussion
3.1. Technical Analysis

Self-consumption and self-sufficiency are the main energy indicators that define the
correlation between PV generation and load demand.

Self-consumption (SC) refers to a rate that defines the energy that is locally consumed
from the PV generation with respect to the total PV generation. The ratio can be calculated
using Equation (8):

SCt =
Epvl,t

Epv,t
(8)

where t is the time duration in which the self-consumption rate is calculated hourly, daily,
monthly, or yearly. Epvl is the amount of electricity consumed locally. Epv is the total PV
generation.

Self-sufficiency (SS), given in Equation (9), refers to the ratio of the amount of locally
consumed electricity (Epvl) to the total consumption (El).

SSt =
Epvl,t

El,t
(9)

In other ways, self-consumption means that the total PV generation is equal to the sum
of the energy consumed locally and the excess power exported into the grid, whereas self-
sufficiency means that the total load demand is equal to the sum of the power consumed
locally from the PV generation and power purchased from the grid.

Figure 6 illustrates the self-consumption and self-sufficiency ratios as a function of PV
size (1 kW–9 kW) without battery storage using the annual household demand and the
PV generation profile. The self-consumption ratio decreased, whereas the self-sufficiency
rate increased and then remained stable. It was observed that the correlation between the
PV generation and load demand kept declining as the PV size increased, thereby sending
a significant amount of the excess energy to the grid. From the perspective of the consumers,
the installation of a PV system alone became more profitable due to the revenue from selling
excess energy, thereby lowering the payback period.

However, a large amount of excess energy flowing from the distributed PV systems
had negative impacts on the LV network. This reverse power flow led to a voltage rise
in the public grid. Figure 7 shows the voltage fluctuation of the LV network during the
connection of distributed PV systems with an installed capacity of 240 kW.

According to Equation (5), the voltage profile depends on the difference between
PV generation and load demand as well as the line impedance. As reverse power flow
increases, the voltage at the load end is likely to increase as well. As a result, this can
lead to network voltage control equipment cycling, which can have an impact on asset life
and maintenance.
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tributed PV systems.

By considering the self-consumption ratio of distributed PV systems with battery
storage, they are believed to keep the voltage at a normal level. A battery storage sys-
tem is a tool that balances the PV generation and load demand, thereby increasing the
SC ratio. For this purpose, the SC and SS ratios were investigated in 40 combinations
(2 kWp–9 kWp PV systems with five battery storage capacities: 4.4 kWh, 6.6 kWh, 10 kWh,
12 kWh, and 15 kWh) over one year in the distribution system. As illustrated in Figure 8, it
was observed that the self-consumed energy rose significantly for the PV sizes with the rela-
tive battery capacities because the surplus power was stored in battery storage for later use.
For the high PV capacity with lower battery capacities, the self-consumed energy decreased
because the battery could not store the surplus power from the PV generation, whereas the
lower PV capacity with small battery capacities had a better self-consumption ratio.
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The self-sufficiency ratio shown in Figure 9 clearly increased as the battery system
increased due to the load being constant. With a high PV size and high battery capacities,
the self-sufficiency ratio had stable growth because the consumers purchased less electricity
from the grid.
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The highest self-consumption and self-sufficiency ratios showed opposite directions.
The optimal size of the battery storage system is a crucial element, and it strongly depends
on the household load demand and market conditions.
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3.2. Economic Analysis

Daily electricity prices were taken into consideration to calculate the economic prof-
its. The electricity tariff is divided into three types of tariff structures in the current
electricity market of Mongolia. In this study, the cost of the electricity from the grid was
0.045 USD/kWh, and the feed-in tariff was assumed to be constant, around 0.043 USD/kWh,
corresponding to the agreement between the consumers and the grid. Equation (10) refers
to the NPV of the project, which determines the project profit that has zero difference
between total investment and cash flow.

NPV =
T

∑
t=1

Ci·(1 + i)−t − CO (10)

where Ci is the cash inflow over time, CO is the investment cost, i is the discount rate, and t
is the time duration.

The cash inflow included the electricity bill savings and the revenue from selling
electricity. The investment cost included the PV system, battery, and converter expenditure.
The battery system’s lifetime was 10 years, and the project time was assumed to be 10
years without operation and maintenance costs. A discount rate (i) in the range of 4–6% is
commonly assumed. Thus, the discount rate (i) was assumed to be 6% in this study. The PV
system assessment was based on the payback period and the profit. The cost assumptions
of the model are given in Table 3.

Table 3. Input data for the economic model.

Variables Assumption

PV cost 1200 USD/kW
PV lifetime 25 years
Battery cost 1260 USD/kWh

Battery lifetime 10 years
Converter cost 300 USD/kW
Discount rate 6%

Elec. price 0.045 USD/kWh
FIT 0.043 USD/kWh

Project time 10 years

A battery system can improve self-consumption and self-sufficiency, but the invest-
ment cost of the battery storage system increases the payback period because the selling
revenue is lower than the battery storage expenditure. On the other hand, increasing
self-consumption and self-sufficiency make the electricity bill for the power purchased
from the grid decrease. This is the merit of this dispatch operation.

The payback periods of the 40 simulated combinations are illustrated in Figure 10.
High PV sizes with lower battery capacities had lower payback periods of 6–10 years,
whereas the middle PV size with a relative battery capacity corresponding to a better SC
ratio had a medium payback period of around 9–19 years. In addition, the longest payback
periods of around 23–40 years showed the result of the battery not being fully charged by
the PV system because the PV generation was lower than the battery consumption, so these
combinations did not provide good economic or technical results.

As a result of the simulation, some constraints were given to select the feasible size
region. From the perspective of the grid, the SC ratio was assumed to be higher than
0.38, and the SS ratio was higher than 0.60. In contrast, the payback period was assumed
to be lower than 10 years from the viewpoint of the customer. The feasible sizes of the
PV systems with battery storage systems are the six combinations presented in Table 4.
Comparing these combinations, it was observed that combination 3 had the maximum
profit (1631 USD) and a lower payback period (9 years), whereas combination 6 had the
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lowest profit (188 USD), but it had the maximum installed capacity of the PV systems of
320 kW.
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Table 4. The optimal size combinations in the LV grid.

Comb. 1 Comb. 2 Comb. 3 Comb. 4 Comb. 5 Comb. 6

The installed
PV (kW) in the
LV grid

200 200 240 280 280 320

BSS (kWh) 176 264 264 400 480 600
SC ratio 0.41 0.47 0.4 0.39 0.4 0.38
SS ratio 0.61 0.69 0.72 0.81 0.84 0.89
Payback period 9 years 10 years 9 years 9 years 10 years 10 years
NPV (USD) 680 819 1631 809 739 188

After the combination selections, the effect of the aggregated PV and battery systems
with the power flow management strategy on the distribution grid was considered through
the feeder. Figure 11 shows the LV network voltage with an installed PV capacity of 240 kW
and a battery capacity of 6.6 kWh. The battery storage was charged when the PV generation
was high, and the result shows that the battery storage system with the energy management
operation strategy for the household PV system mitigated the voltage magnitude compared
to the PV system without battery storage.
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3.3. Environmental Analysis

The combustion of fossil fuels such as coal, oil, and natural gas produces harmful
carbon dioxide (CO2) and sulfur dioxide (SO2) emissions. Mitigating the emission level in
Mongolia is becoming urgent. A PV system is considered a zero-emission electricity gener-
ator. A significant number of PV installations may noticeably reduce harmful emissions.
Obtaining emission parameters for the production of electricity is crucial for evaluating
GHG reductions, as shown in Table 5.

Table 5. Emission factors for electricity generation [27].

Emission Factors Electricity (g/kWh)

CO2 971.51
SO2 12

Annual PV electricity generation was considered to evaluate the CO2 and SO2 reduc-
tions. Figure 12 shows that the trend of emission reductions is likely to increase as PV
installation increases. For the distributed PV systems, the annual maximum CO2 and SO2
emission reductions were 3929 t/year and 49 t/year, respectively.
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4. Conclusions

Mongolia is focused on implementing grid-connected residential PV systems to im-
prove the national energy capacity and reduce CO2 emissions. The FIT has incentivized
the deployment of PV systems, and there is currently no power limit. A new policy is
needed to regulate the PV penetration level. This study investigated the techno-economic
performances of residential PV-battery systems and the impact of PV penetration on the
LV network in Ulaanbaatar, Mongolia. Based on 40 PV and battery size combinations, six
combinations were obtained that met the technical and economic performance require-
ments. From the perspective of the customer, the results show that combination 3 provided
the maximum profit. From the grid side, it was observed that combination 6 confirmed
the increase in PV penetration in the LV network without voltage violence. Moreover,
the residential PV-battery systems reduced CO2 and SO2 emissions by 3929 t/year and
49 t/year, respectively. A future work will design a new policy for the Mongolian power
system for the PV penetration level of residential PV systems.
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