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ABSTRACT

An investigation has been conducted to analyse the performance of a grid-connected photovoltaic sys-
tem (GCPV) based on the net energy metering (NEM) scheme. Several analyses of a similar system
have been performed in the literature based on assumptions and simulations. However, the concept
based on actual NEM data in Malaysia has not been fully considered. Hence, this study analyses the real
performance of the GCPV system from the field monitoring of PV energy production, as well as import
and export energy, collected at a residential house participating in NEM 2.0. From the collected data,
the economic parameters were calculated and compared with an equivalent system before the NEM
implementation, which is a grid-only system, and the NEM 1.0 and 3.0 schemes. The results show
that for the considered load demand with an average monthly electricity bill of RM 500, the NEM 2.0
provides more benefits to consumers with the lowest payback period, net present cost, net saving and
energy cost. Although NEM 3.0 produced the lowest net saving, which was RM 33,280 for 20 years of
the project’s lifetime, it was still capable of reducing the electricity bill by 66% for the first year and
32% during self-consumption.

Keywords: economic analysis, grid-connected PV system, Kuala Terengganu, net energy metering.

1 INTRODUCTION

The net energy metering (NEM) concept was launched in the 1980s in the United States to
reduce dependency on the conventional grid, to promote green energy technology and to
encourage on-site distributed generation, especially from rooftop solar panels and small-
scale renewable energy (RE) sources [1]. The main benefit of the NEM is to reduce the
monthly electricity bill by consuming the energy produced by the RE system. Any shortage
of electricity is backed up by importing the energy from the grid, and an excess of electricity
is exported back into the grid. The net meter calculates the net energy used by the consumer
at the end of the month. In most cases, residential NEM consumes more power than RE pro-
duction; thus, consumers still have to pay a small amount of electricity bill [1].

Several studies have been conducted in the literature to analyse the performance of PV
systems under the NEM scheme in Malaysia [2-5], especially for residential areas. Authors
in [4] compared Feed-in-Tariff (FiT) and NEM schemes in terms of the payback period for
low- and medium-load consumption. Since the FiT rate was assumed to decrease by 8%
every year until the period ended, there were cases where the payback period of the FiT
scheme was higher than that of the NEM. In reality, the FiT rate is fixed for 21 years once the
commencement date has been achieved [6]. The rate decreases every year due to the decrease
in RE technology market price, but this is only applicable to new Feed-in-Approval Holder
(FiAH). Mansur et al. [5] investigated the technical, economic and environmental aspects.
The considered load profile was low, and the authors varied the size of the capacity from 2 to
12 kWp. It is true that for low-load demand and high PV capacity, there is a possibility that
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customers do not have to pay for their electricity bill as it reaches zero. Nonetheless, the
higher the PV capacity, the higher the installation costs and maintenance costs, which were
not considered in their study. Thus, the longer the payback period, the longer the customers
have to endure due to low savings. Razali ef al. [2] proposed integration of time of use (TOU)
into the NEM scheme to improve the original NEM. However, the highlighted problem of
NEM was not accurate by comparing low- and high-load profiles using the same capacity of
the PV system. In reality, the low-load profile should be installed with a low PV capacity so
it will yield the same benefit as the high-load profile with a high PV capacity. Razali ez al. [7]
compared NEM 1.0 and NEM 2.0 using three different sizes of customers and PV capacity of
1-8 kWp. The period of simulation is 25 years. However, the calculated bill equations for
NEM 2.0 were not correctly written. In their paper, the net power from the net meter was
calculated before being multiplied with the price tariff. The actual calculation should be that
the imported energy is multiplied with the gazette tariff, and the export bill is calculated by
multiplying the exported energy with the gazette tariff in descending order [8]. Thus, this
misconception affected the results obtained. In addition, the authors of [3] calculated the PV
production from PV-rated power. Nevertheless, from the literature [9], the annual capacity
factor, which is the ratio of the actual annual energy output to the amount of energy that the
system would produce at full-rated power, shows that the value is low, around 20%. Hence, it
is not accurate if the full-rated power is used in the calculation to find the payback period, as
it is far from being true.

From the above-mentioned literature, it is obvious that all these misconceptions were due
to unclear explanations on authorities’ websites, such as the Sustainable Energy Develop-
ment Authority (SEDA) Malaysia [6]. In addition, previous research was based on simulations
and assumptions. The novelty of this research work is the performance of the PV system
assessed based on real data collection from field monitoring of a residential house participat-
ing in NEM 2.0. In addition, the correct way to calculate the actual monthly electricity bill
for NEM 2.0 is shown. From the collected data, the economic parameters of NEM 2.0 are
calculated and compared with the grid-only system. Then, using the same data, the economic
parameters for NEM 1.0 and NEM 3.0 are computed for comparison purposes.

2 NET ENERGY METERING

NEM is one of the renewable energy policies to encourage consumers to produce their own
electricity. It is also known in the literature as net metering, or net FiT [10]. The main differ-
ence between net FiT and gross FiT is the amount of electricity fed into the grid. If all the
electricity generated is fed into the grid and the consumers purchase any electricity to con-
sume from the grid, then it is gross FiT. Meanwhile, in the NEM or the net FiT scheme, only
the excess electricity is exported into the grid. In both schemes, the electricity producers are
paid at a certain rate for any injected electricity into the grid.

The export rate is different for different countries, and it depends on many factors. In cer-
tain countries, the export rate depends on the capacity of the plant, types of RE sources and
different sectors [11]. The authors of [3] and [7] have listed export rates for different coun-
tries, such as Australia, Canada, Cyprus, Greece and the Netherlands. Table 1 shows additional
countries with different import and export rates.

There is also literature research on finding the best export rate to increase electricity pro-
ducers from RE, such as in [15] and [16]. In Malaysia, the export rate is different based on
different schemes. For the gross FiT scheme that was introduced in 2011, the export rate was
so high compared to the import rate that it boosted the RE producers among consumers from
649 MW in 2012 [17] to 2,072 MW in 2017 [18]. Although the FiT rate has decreased every
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Tabe 1: Comparison of import and export rates for different countries.

Country Export rate Electricity tariff

France [12] 0.05 €/kwh = 0.24 RM/kWh 0.08 €/kwh = 0.39 RM/kWh
India [11] Rs. 15/kwh = 1.23 RM/kWh Rs. 4/kWh = 0.33 RM/kWh
Iran [13] 0.08 $/kWh = 0.33 RM/kWh 0.05 $/kWh = 0.21 RM/kWh
Spain [14] 0 0.2477 €/kWh = 1.21 RM/kWh

Table 2: Domestic tariff rate [19].

R, Block tariff Rate (RM/kWh) Service tax RE fund
R, 200 0218
R, 100 0.334 0%
R, 300 0.516 1.6%
R 300 0.546
4
R > 900 0.571 6%

W

year due to the decrease in RE technologies, it has received encouraging responses from
Malaysians, especially in the residential sector, which has seen the highest percentage of FiT
applications at 85.85% in the SEDA Annual Report 2017 [18]. To reduce the burden of the
government paying a high FiT rate, the NEM scheme has been implemented in Malaysia
since 2016.

2.1 NEM 1.0

The NEM concept was introduced in Malaysia not only to reduce dependency on imported
fossil fuels but also to reduce monthly electricity bills if there is any possibility of future
increase in electricity tariffs. The NEM is executed by the Ministry of Energy and Natural
Resources (KeTSA), regulated by the Energy Commission (EC), with the SEDA Malaysia as
the implementing agency.

The government offers a 500 MW quota for the PV system under this scheme. In NEM 1.0,
every exported energy unit into the grid will be credited in the next billing at a displaced cost
of 0.31 RM/kWh unit.

As shown in Table 2, the electricity purchase rate in Malaysia is based on a different block.
The higher the load consumption, the higher the rate. From the table, it can be seen that the
6% service tax is not applied to the first 600 kWh and 1.6% is applied to the total cost of
electricity used as the RE fund collected by the government to promote the growth of elec-
tricity generation from RE.

Thus, NEM 1.0 is beneficial for low-load consumption, especially if it is lower than 200
units, as the purchase rate is lower than the sellback rate. However, for high-load consump-
tion, a high tariff rate is applied, so it is not financially appealing.

The low performance of NEM 1.0 can be seen from the SEDA annual report 2018 [20],
where only 5.6% of the 500 MW quota has been approved. In the same report, the new con-
cept was introduced in NEM 2.0.
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2.2 NEM 2.0

To overcome the disadvantages of NEM 1.0, the government of Malaysia has improvised the
concept of NEM 2.0, starting on 2nd January 2019. This scheme is only applicable to Penin-
sular Malaysia consumers who registered with Tenaga Nasional Berhad (TNB), where the
export bill is calculated using the same tariff as in Table 2, but in reverse order. Thus, for
higher load consumption, a higher rate will be applied to the export bill. Due to this improve-
ment, the quota of 500 MW was discontinued 1 month before the end date of 31st December
2020. Similar to NEM 1.0, any excess electricity can be rolled over for a maximum period of
24 months. After that period, the excess energy will be forfeited. The offset period of this
scheme is also 20 years, as in the previous scheme.

23 NEM 3.0

Starting on 1st February 2021, the government has offered another 200 MW of capacity from
solar systems under NEM 3.0. This quota is further divided into two, which are 100 MW
under NEM Rakyat (residential building) and another 100 MW under NEM GoMEn (govern-
ment building). Another 300 MW is reserved to be offered on 1st April 2021 for NOVA,
which is for commercial and industrial sectors. This quota is open for 3 years. The biggest
change in this scheme is the offset period, which is only 10 years. It means, for the first 10
years, the concept is similar to NEM 2.0, where the excess electricity is exported into the grid
and will be credited on the next bill at a retail rate in reverse order.

After 10 years, the system uses the self-consumption (SELCO) concept. During SELCO,
the excess electricity can be exported into the grid, but no export bill is considered. Thus, the
consumer is encouraged to fully utilise PV production. The second change is that the rollover
period is reduced to 12 months, and there is no rollover during the SELCO. To enhance the
self-consumption of rooftop solar PV prosumers, there is a necessity to incorporate a battery
energy storage system into the solar system [16].

3 METHODOLOGY
In this study, the performance of the installed grid-connected PV (GCPV) system of a house
with a NEM 2.0 scheme was investigated. The specification of the PV system is summarised
in Table 3.

From 2 meters provided during the installation of the system, three types of data were
collected, namely the PV production (E,,), energy import (Eimport) and export (Eexpm,r). Daily
values of these data are available to the owner of the house. The monthly data for these
parameters for the year 2020 are shown in Fig. 1. From these data, PV energy self-consumed

(Ep ) and total energy used by the load (E, ) can be calculated from eqns (1) and (2),

v,selc.o load
respectively.
‘pv,selco = EPV - Eexpart (1)
Elnad = Eimport - Epv,selco (2)

Total energy consumption by the load and the grid can be written as in eqn (3), and the total
energy production by PV and the conventional grid is given in eqn (4).

Total consumption (kWh) =E, ,+E, Dot 3)
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Table 3: Specification of installed PV system.

Parameters Values
Total PV capacity 6.12 kWp
1 unit PV capacity 340 W
Number of PV module 18 units
PV lifetime 21 years
Roof covered area 36 m?
Inverter capacity 1 unit 6 kW
Inverter lifetime 10-15 years
Project lifetime 20 years
Capital cost RM 26,592.00
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Figure 1: PV production, import and export energy collected for the year 2020.

Total production (kWh) = E,,, + E, 4)

import

From E,  ,, the electricity bill before the PV system was installed (BillbeforeNEM) can be
estimated from a standard calculation using the electricity tariff as in Table 2. The monthly

savings can be obtained from the collected data based on eqn (5).

Saving = Bill, BillaﬂerNEM. ®))

eforeNEM ~—

Then, a simple payback period (PB) that shows the shortest period for the cumulative eco-
nomic savings to become equal to the total initial investment can be computed [9] using the
following equation:

_ Capital cost

PB 6)

saving

The saving in eqn (5) is not a net savings, but based on monthly savings obtained from
electricity bill reduction. The more accurate way to calculate the savings is by considering all
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costs during the project’s lifetime as a net present cost (NPC). The NPC value considers all
costs during the project’s lifetime, including the capital cost, maintenance and operation costs
(O & M), replacement costs, salvage and grid sales revenue. Neglecting the annual real dis-
count rate, the NPC can be calculated using the following equation.

NPC (RM) = Total expenditure (RM) — Total revenue (RM). (7

Another important parameter is the cost of energy (COE), which shows how much the
consumer has to spend per kWh.

COE[ RM ) _ ( Annualized total cost (RM)) ®)

kWh B Total consumption (kWh)

where the total consumption is given in eqn (3) and annualised total cost can be obtained
from the NPC value. The annual net savings can then be obtained from the following equation:

NP qu/breNEM - NP CafterNEM

Saving,  (RM) =
gnet( ) Project l{f‘enme (9)

4 RESULTS AND DISCUSSION
This section is divided into four parts. First, the economic analysis before installing the PV
system is presented. Next, based on the actual NEM 2.0 electricity bill, the correct way to
calculate the export bill is presented. Then, the performance of NEM 2.0 is discussed based
on data collection. The comparison between all three NEMs is elaborated in the last subsec-
tion. All results were obtained by calculation based on a year’s data collection. The assumption
was made that all collected data would remain for 20 years.

4.1 Grid-only system

Before analysing the impact of the NEM system, first, the economic parameters using a grid-
only system were analysed. For the annual energy consumption, E, , was calculated from
eqn (2), which was 13,654 kWh. Then, the annual electricity bill before NEM had been
implemented was calculated using Table 2, showing a value of RM 6,701/year. The NPC of
this system for 20 years was obtained by multiplying the annual bill before NEM by 20 years,
neglecting the initial cost incurred by the consumer during the installation of the grid connec-
tion. Assuming the bill remains for 20 years, the NPCbemeEM would be RM 134,020. From
the annual bill and energy consumption, the COE beforeNEM WAS obtained, showing a value of
0.4908 RM/kWh.

4.2 Export bill calculation

This section shows how the NEM 2.0 electricity bill was calculated. It depends on E. and

import
Eexpo ¢ First, the import bill was calculated similar to a standard electricity bill using Table 2.
To encourage RE producers to use the NEM scheme, the government calculates the export
bill in reverse order starting with the higher block tariff, subjected to the maximum block

tariff used in the import bill.
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Two examples are given here based on the actual bill. From Fig. 1, the electricity bills in
April and December were taken as examples, where in April, E,, port WS the highest at 1,196
kWhbutE,  waslow, while in December, E impore WS 548 kWh and E export WS 398 kWh.
The electricity bill before tax in April 2020 is presented in Table 4. Since the highest rate for
the import bill was R, the export bill was calculated starting from that rate. The total exported
energy in April was only 295 kWh, which was less than the amount of imported energy at R..
Hence, the total export energy was multiplied by that rate.

In December 2020, the import bill was calculated, as shown in Table 5. Since the imported
energy was low, the maximum rate was R, Thus, R, was the highest rate used in the calcula-
tion of the export bill in December. Since the E; for the R, was only 248 kWh and the

import
total E was higher than that, the balance of usage was multiplied with the lower rate of

R,. Sineg{éoﬁle maximum usage block of R, was 100 kWh, the remaining 50 kWh was multi-
plied with the lowest rate of R .

In general, the relationship between import and export bills is represented in Table 6. Fif-
teen different cases may occur. For example, in reference to case 1, if the import bill is high
and extends up to R, the export bill will start at R; with the same number of electricity units
or less, depending on the value of exported energy. If the exported energy is high, it extends
the rate up to R .

To prevent the rollover of excess energy to the next billing statement, the exported energy

must always be less than or equal to the imported energy. Consequently, NEM customers

Table 4: Calculation of import and export bill in April 2020.

Import bill Export bill
Rate (RM/ Usage Amount Rate (RM/ Usage Amount
R, kWh) (kWh) (RM) R, kWh) (kWh) (RM)
R, 0.218 200 43.60 R, 0.571 295 168.45
R, 0.334 100 33.40 R, 0.546 0 0.00
R, 0.516 300 154.80 R, 0516 0 0.00
R, 0.546 300 163.80 R, 0.334 0 0.00
R, 0.571 296 169.02 R, 0218 0 0.00
Total 1,196 564.62 Total 295 168.45
Table 5: Calculation of import and export bill in December 2020.
Import bill Export bill

Rate (RM/  Usage Amount Rate (RM/ Usage Amount
R, kWh) (kWh) (RM) R, kWh) (kWh) (RM)
R, 0218 200 43.60 R, 0.516 248 127.97
R, 0.334 100 33.40 R, 0.334 100 33.40
R, 0516 248 127.97 R, 0.218 50 10.90
Total 548 204.97 Total 398 172.27
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Table 6: Fifteen different cases in import and export bills of NEM.

Import bill Export bill
Case R, R, R, R, R, |R;, R4 R, R, R,
1 V V V V V V V V v V
2 \ \ \ v \ V \ \ \
3 V V V V J V V V
4 \ \ \ V \ V \
5 \/ V l \ l V
6 V \/ V V \ V V v
7 \ \ Yl \ \/ l \/
8 V V \/ V V V
9 \ \ \ \ \
10 V V V «/ V V
11 v V V V v
12 \ \ \ l
13 v v v v
14 \ \ \
15 v v

have to ensure that the installed capacity of the PV system is not too high to prevent exporting
the excess limit. However, if that happens, the bill will be zero and the excess energy will be
credited to the next billing statement and can be kept for up to 24 months for NEM 2.0. Using
this concept, the average export rate is always higher than or equal to the import rate.

4.3 NEM 2.0 scheme

From the collected data that is under the NEM 2.0 scheme, the important economic parame-
ters were analysed using this scheme before comparing it with NEM 1.0 and 3.0. From eqns
(1) and (2), the load energy consumption, E,, , from different components, £ . and El.mpm
can be seen in Fig. 2. From the figure, the PV fraction contributes to 23-34% of the total load
depending on the availability of solar irradiance and electricity usage.

The electricity utility provides the import and export bills and also Bill ,,,rp- Since
BillheforeNEM has been calculated in the previous section, then, all the bills are depicted in
Fig. 3. Referring to Figs. 2 and 3, it can be seen that the Bill,, r, and the import bill are
highly dependent on the load consumption. However, the export bill depends on the availa-
bility of PV production and the load demand.

The annual data collection and computed parameters can be summarised in Table 7. From
the table, the annual BillbemeEM was reduced to RM 2,270 for BillaﬂerNEM, approximately a
66% reduction. This reduction can be considered as an annual savings benefit from NEM 2.0,
which was calculated from eqn (5). From this savings, the PV producer normally calculates
the simple payback period in eqn (6), and in this case, the value is 6 years.

However, the annual saving in Table 7 is not considered as net savings because it does not
include all the costs that must be spent during the project’s lifetime, especially the
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Figure 2: Fraction of energy used by the load.
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Figure 3: Electricity bill before and after NEM, import and export bills.

replacement cost of the inverter, which has a shorter lifespan. Thus, NPC was calculated as
shown in Table 8. Assuming that the inverter is replaced after 10 years, and all the data col-
lection is maintained every year, then the NPCaﬁerNEM for 20 years can be calculated and the
value would be RM 79,392. Note that the O & M cost refers to the BillaﬁerNEM for 20 years
that must be spent on imported energy from the grid.

The advantage of NEM can be seen clearly from the annual net saving using eqn (9), with
a value of RM 2,731. The COE after NEM is also reduced to RM 0.22 per kWh, which shows

that the cost of electricity is cheaper by integrating the PV system and the grid.
4.4 Comparison between NEM 1.0, NEM 2.0 and 3.0

Using the same collected £, Eexpm and El.mport, this section compares the performance of the
three NEM schemes to see the effect of the parameters when changes are applied to policies,

assuming that all parameters remain the same for different schemes. The first parameter is the
simple payback period. It can be seen clearly in Fig. 4 that NEM 1.0 has a higher simple
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Table 7: Annual data collection from NEM 2.0 users in the year 2020.

Parameters Values
Annual E,, 7,913 kWh
Annual Eimpm 10,132 kWh
Annual Eexport 4,391 kWh
Annual Epmdw 3,522 kWh
Annual £, 13,654 kWh
Annual BillbemeEM RM 6,701.00
Annual import bill RM 4,405
Annual export bill RM 2,305
Annual BillaﬁerNEM RM 2,270
Annual saving bill RM 4,431

Table 8: The NPC ., npy cOmMponents.

Component PV Inverter Grid System
Capital (RM) 19,192 7,400 0 26,592
Replacement (RM) 0 7,400 0 7,400
O &M (RM) 0 0 45,400 45,400
Salvage (RM) 0 0 0.00 0.00
Total (RM) 19,192 14,800 45,400 79,392

8.00

6.00
4.00
2.00
0.00

NEM 1.0 NEM 2.0 NEM 3.0

Payback Period
(Year)

Figure 4: Simple payback period for different NEM schemes.

payback due to the lower export rate, which is fixed at RM 0.31. Hence, using the same
amount of annual export energy as in Table 7, the annual export bill is RM 1,361. Therefore,
the reduced annual bill for NEM 1.0 is RM 3,214. The increase in the BillaﬁerNEM reduced the
annual savings from RM 3,487, thus increasing the payback period to 7.63 years. Meanwhile,
for the first 10 years of NEM 3.0, everything would be the same as in NEM 2.0. Accordingly,
the simple payback period is similar to that of NEM 2.0.

The NPC value, which was calculated over the project’s lifetime of 20 years, was plotted
in Fig. 5. For NEM 1.0, the capital and replacement costs are the same as in NEM 2.0. How-
ever, the O & M cost, which refers to the electricity bill paid by the consumers, was higher at
RM 64,280 for NEM 1.0 compared to that of NEM 2.0, thus the NPC is higher. For NEM 3.0,
for the first 10 years, every cost is similar to NEM 2.0. Nonetheless, for the next 10 years, the
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Figure 5: NPC and annual net saving for different NEM schemes.
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Figure 6: COE parameters for different NEM schemes.

system cannot export excess electricity into the grid. Thus, the consumer will have to pay the
import bill. Using the import bill in Table 7, the O & M cost can be calculated for NEM 3.0
by adding the reduced bill for 10 years at about RM 22,700 and the import bill for another 10
years at RM 44,050, which produces the highest NPC of RM 100,742. From the NPC, the
annual net savings can be obtained, and it is expected to have the highest savings from the
lowest NPC. The annual net savings from NEM 1.0 and 3.0 are RM 1,787 and RM 1,664,
respectively.

Since the COE value is also closely related to the NPC, the higher COE values in NEM 1.0
and 3.0 are expected, as shown in Fig. 6, with values of 0.2723 RM/kWh and 0.2792 RM/
kWh, respectively. From the COE values, the NEM 3.0 still produces cheaper energy com-
pared to the grid-only system.

5 CONCLUSION

This paper investigated the economic parameters of three different schemes of NEM imple-
mented in Malaysia. The results showed that NEM 2.0 provides more benefits to the consumer
compared to NEM 1.0 and 3.0 in terms of payback period, NPC, net savings and cost of
energy. However, comparing the NEM schemes to the grid-only system, all schemes are
capable of reducing electricity bills and generating acceptable annual net savings. This sav-
ing is greater if the lifetime of the inverter is longer. In addition, the actual bill calculation has
also been explained to clarify misunderstandings with regard to NEM bills.
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