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Policy analyses for net metering scenarios in Cyprus based on
current international practices

This task concerns an in-depth analysis of the state-of-the-art in net metering schemes and
configurations in Europe and globally, focusing on USA and European countries like
Germany, Italy, Belgium etc. The study will also consider the particular case of Cyprus in
terms of the current net metering policies and schemes and their potential effect on the
promotion of Renewable Energy Sources (RES). Additionally, topics like the solar potential
of Cyprus, the electricity prices, cost of the existing schemes, consumption and production
profiles will also be assessed.

1 The net metering concept

Net metering is an electricity policy which allows utility customers to offset some or all of
their electricity use with self-produced electricity from RES [1]. Net metering operates by
utilizing a single bi-directional meter, which is able to spin and record energy flow in both

directions. For exampl e, when the cust dner 6s

energy production the meter spins forwards since energy is drawn from the grid. Otherwise,
when the PV system produces more energy than the energy consumption, the excess
energy is sent back to the grid and the meter spins backwards. With modern smart meters
the above actions are registered in two separate registers recording the actual energy
exported and imported. At the end of a given month, the customer is billed only for the net
electricity used plus an ancillary cost that should reflect the cost of the electricity grid to
support uninterruptible supply in cloudy, rainy or night conditions. Net metering can only
operate for grid-connected PV systems which indicates the benefits for the utility, the

customer and the community. Besides offs et ti ng a homeds easingagy

RES, the excess energy sent back to the utility can be sold at retail rate. If more energy is
produced than consumed, producers earn renewable energy credits (RECs) which can be
used on towards bills. If at the end of the year a surplus remains, depending upon the policy
of the utility, the customer may (a) be paid for the total earned RECs at avoidance cost or
retail cost rate, (b) transfer the total collected RECs on the following years to compensate
any possible negative balances, or, (c) grant the total collected RECs back to the utility [2].
Some countries use different variations of net metering, such as the time of use (TOU)
metering and the market rate metering. TOU net metering uses a special reversible smart
meter which is programmed to determine the electricity usage at any time during the day.
Therefore, TOU allows utility rates and charges to change based on when the electricity
was used, i.e., day or night and seasonal rate [1], [3], [4]. Most commonly, the electricity
retail price is higher during the daytime and lower during the night. This motivates the
customers to consume electricity when the retail cost is low and feed the PV energy
production into the grid at high retail cost.

In market rate net metering systems, the energy use is priced dynamically according to
some function of wholesale electricity prices [1]. Net metering applies such variable pricing
to excess power produced by qualifying systems [3].
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In summary, common forms of net metering require only one meter and the prosumers can
use electricity from the grid at any time when the generation from PV is not sufficient.
Depending on the utility policy, the excess energy can roll up towards bills for compensation
of any negative balance. Beyond this, it enables small systems to result in zero annual net
cost to the <c¢onsumeamesidable iokhift dsmand ads to d&lewerqiica s
time, such as chilling water at low cost time for later use in air conditioning, or by charging
the battery of an electric vehicle during off-peak times while electricity generated from RES
at peak demand time can be sent to the grid rather than be self-consumed [5].

1.1 Benefits

Net metering highlights numerous benefits for all parties, the utility, the consumer and the
community. Beginning with the utility, a well-designed net metering policy provides a facile,
low cost and simple way to deal with PV residential systems. Utilities earn electricity and
capacity from small distributed PV installations without any notable expenses. Since they
do not have to generate or purchase this electricity the utilities can sell the excess power
from the prosumers at retail rate cost. For Cyprus, where PV production is relatively easy to
predict, the generation of electricity from PV takes place every day of the year with a very
high correlation with utility peak loads. More precise explanation and description on this will
be given in subsequent sections, focusing on electricity production and demand profiles in
Cyprus. Furthermore, PV residential systems (grid-connected) can also strengthen the
distribution grid, especially in rural areas. Since the voltage tends to drop at the end of long
distribution lines when loads are high, residential PV systems can act as small generators.
Thus, they can prevent temporary blackout which may occur when the voltage drops below
a threshold level.

Customers benefit from net metering of PV residential systems since they obtain a long-
term guarantee of low utility bills. Communities also benefit since local business
opportunities increase.

To sum up, net metering has the potential to result in a WIN WIN scenario for both
consumers and energy utilities since both parties will gain tangible benefits with the correct,
optimized policy and operation of net metering. However, there are some misconceptions
about net metering which are discussed below.

1.2 Misconceptions

One of the well-known misconceptions is that net metering may reduce the utility revenues.
This technology change brings in the electricity market a competitive challenge that utilities
should make an effort to understand and adjust their business portfolio so as to capitalize
on it. On behalf of this, utilities have in this new business the upper hand but they should be
adequately proactive and creative in staying at the forefront. Nevertheless, any net
metering policy should be monitored regularly and re-adjusted with technology progress
and market development in order to be competitive, market based and attractive.
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Another misconception is that net metering represents a subsidy from one group of
customers to another. This argument has to do with the way that utilities charge their
customers. By developing a dynamic tariff model this will represent a more fair way of
charging the customers (high rates during day i low rates during night etc.). Beyond this, it
will not be right T on the side of the utility i to charge all their customers with any fixed
costs for utilizing RES. It will be more reasonable to charge only the customers who
produce energy from RES with any additional fixed costs as they will use the network for
supplying the energy produced and absorb energy to satisfy their needs at times that they
do not generate their own electricity (during cloudy and rainy days and during night time).

Finally, some argue that net metering is a burden for small utilities. This cannot be true
since net metering is very simple and it requires no special equipment or new procedures.
Net metering needs one bi-directional meter and an advanced inverter that is capable of
supporting quality of supply at connection point so the procedure for calculating the billing
account remains as it is. In the case of Feed-in-Tariff (FiT) support scheme which requires
an extra meter the utility must make extra effort to keep track of the second meter.
Furthermore, new accounting procedures may be needed in order to merge production and
consumption into a single bill in the case of the FiT scheme. A survey found that the cost of
reading the extra meters for residential PV systems alone outweighed the cost of net
metering [3].

2 Review of different net metering schemes

As it was mentioned earlier there are numerous net metering schemes which also vary
according to the utility policy. For example, in some countries if more energy is produced
than consumed, prosumers earn renewable energy credits (REC) which can be used on
towards bills, while in other countries the utility may pay the prosumers up to a certain
percentage of the retail price or even more (like Australia), for the injected energy. As
mentioned previously, in different countries using net metering there are different options
regarding a surplus of REC at the end of the year which include payment for the total
earned REC at avoidance cost or retail cost rate, transfer of collected REC to following
years for compensation of negative balance, or granting the REC surplus back to the utility
[2]. Below, the net metering schemes in different countries are reviewed highlighting the
main features of each scheme.

2.1 Australia

The net metering policy in Australia combines some elements from the FiT schemes since,
in most of the states, the utility pays the prosumers on a monthly basis for net generation.
For six states out of the eight, t hiepaymentisi ty ap

SmartPVAction B1Metering studies, policy analyses and dynamic tariff model development




{3SmartPV

made upon the surplus energy* fed into the grid) whereas, for the Northern Territory (NT)

and the Australian Capital Territory (ACT) the payment is made upon each kWh produced

and fed directly into the grid (standard FiT scheme). A detailed description of the net

metering scheme is given for the three biggest states.

According to Victoriabés Government Energy and E
net meter with RES for less than 5 kWp of the installed capacity. Since 1% January 2013 a

new Onet Fi TO6 arrangement was establAdbedemti t ha
0,052) per kWh for excess electricity fed into the grid produced by RES systems. This price

is the wholesale price of electricity thus, some electricity retailers may offer a higher rate but

are not obliged to do so. On the other hand, if the energy consumed is more than the

energy produced, the difference is paid at retail price (appr. 20 i 30 AUD c/kWh {0.132 7

0.197 4/ kwh}). As a result, the difference 1is
either from the side of the utility or from the side of the consumer.

In Queensland, according to the Energy and Water Supply Department, customers who

joined the net metering scheme before 10" of July 2012 and continue to meet eligibility
requirements wil/ be paid érbsurplub@ectdcieyried intGthe 0. 28 9)
grid. On the other hand, customers who joined the scheme after 10™ of July 2012 will be

paid 8 AUD cent (G0 0,052) per kWh folfofduner pl us e
2014. For both cases, the prosumers must own a PV system up to 5 kWp and consume

less than 100 MWh of electricity per year (the average home consumes approximately 7.2

MWh per year). For the |l atter scheme, a 1.5 kw,
229.89) on the annual electricity bill for an average household and receive around AUD $

50 (40 32.84) per year from the net metering sct
tariff a household can benefit a total AUD $ 4
calculated every quarter and if the consumption exceeds the production, the consumer

must pay the utility at retail price (appr. 207 30 AUD c/kWh{0.1327 0. 197 G4/ kWh} ) . Or
other hand, if the exported electricity exceeds the imported, the consumer earns Solar

Bonus payments at the aforementioned rates. If at the end of a 12-month period the Solar

Bonus payments are greater than the total grid-connected electricity consumption charges,

the prosumer is entitled to have this balance refunded or to maintain an ongoing credit.

Finally, in New South Wales (NSW) a new scheme has been established from July 2012

which allows customers for net metering. Until June 2013 over 145,000 PV customers
received a subsidised Fi T of e iftoBedd) pe2 @Who r 60
produced from their PV system. For the customers who net meter, the excess energy

produced is charged at 6.6 to 11.2 AUD c/kWh (0.04371 0. 073 0/ kWh). The el ec
calculated over a quarterly period and in the case where the consumption exceeds the

production, the difference is paid at retail price (appr. 20 i 30 AUD c/kWh {0.132 i 0.197

a/ kwh}). Therefore, the difference is settled o
the side of the utility or from the side of the consumer.

! Surplus energy: The difference between the energy produced and consumed. If the energy
produced exceeds the energy consumed then there is surplus energy, otherwise, if the energy
produced is less than the energy consumed, there is not any balance of surplus energy.
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2.2 Canada

Ontario, Canada allows net metering for any RES (wind, water, solar or agricultural
biomass) up to 500 kW with the ability to offset the monthly electricity bill. All of the
regulated charges apply only to the net consumption. If that portion is zero or credit, then
the bill will include only the distribution fixed monthly charge. Utilizing the REC system
means that any excess energy produced can be carried forward as credits on bills. The
earned credits can only be carried forward for 12 months while if any balance is left, it will
be granted to the utility [6]. To avoid over-sizing the system most of the households install 1
T 4 kWp system. Beyond this program, Ontario Power Authority (OPA) provides the option
for FIT schemes in which the utility pays at a standard rate for the energy produced by
RES. There are two schemes, the FiT and microFiT. The main difference between those
two is that for a microFiT project the eligible capacity is up to 10 kWp whereas, with FiT
projects the eligible capacity is between 10 kWp and 500 kWp. The table below shows the
FiT/microFiT price schedule published on January 1%, 2014.

Table 1. FiT/microFiT price schedule.

RES Project Size Price
(kW) (CAD/kWh) / EU/KWh
O 10 0.396/0.2639
PV i rooftop > 10 O 0.345/0.2287
> 100 O 0.329/0.2181
PV i non O 10 0.291/0.1929
rooftop > 10 O 0.288/ 0.1909
2.3 USA

According to the Database of the State Incentives for Renewables & Efficiency (DSIRE), 46

states plus Washington DC and 4 territories have adopted a net metering policy, with

California being the leader. It is important to recognise that there are different net metering

policies in many significant ways. Typical variations of net metering policies concern the

customer classes that may enrol in net metering; the capacity of a system which is eligible

to use net metering; the deal with regards to the treatment of the net excess generation etc

[7]. According to [3], 26 states employ aggregate capacity limit for their net metering

mechanism which is expressed as a percentage of the peak demand of the utility of the

state.

I n 34 states any Net Excess Generation (NEG) fr
bill for a 12 month cycle at retail rate whereas, in 5 states any NEG is credited to the
customer s next bil |l for @i lli2t ynmosnt &v aciydcd rec eatc ot
states the NEG is credited at other various rates such as, (a) TOU rate, (b) a predetermined

rate agreed with the utility and (c) a percentage of either retail price or at avoidance cost

rate. Finally, in one state the NEG is credited with a combination of retail and avoidance

cost rate. Due to the diversity of RES utilized in the U.S, the actual type of NEG credit is
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decided upon different criteria, like the type of RES, the capacity limit, the type of customer
and the utility.

Regarding any remaining NEG credits at the end of a 12 month billing cycle, in 17 states
this is granted to the utilities whereas in 9 states this is carried over indefinitely. Also, in 7
states the remaining NEG credits are reconciled annually at avoidance cost and in 5 states
they are reconciled at other rates predetermined by the utility. Furthermore, in 3 states the
utilities offer the option of carrying over indefinitely or receiving payment at a predetermined
rate. In 2 states the customer has the right to decide how to treat any NEG annually.
Finally, in only one state the NEG is granted back to the utility every month.

It is important to mention that in 2 states (North and South Carolina) out of the 17, which
grant the remaining NEG to the utility, the 12 month billing cycle ends at the beginning of
the summer period. As shown in Figure 1 the annual solar irradiation of those two states is
almost identical with that in Cyprus, ranging between 1825 i 2008 kWh/m? The net
metering mechanism in those two states is described in more detail below.

Photovoltaic Solar Resource of the United States

kWh/m?/Day

>6.5
6.0106.5
K 551060
501055
451050

. 401045
35t04.0
301035
<30

Annual sverage solar resource
data are shown for atilt =
latitude collector, The data for
Hawaii and the 48 contiguous
states are a 10km satellite
modeled dataset (SUNY/NREL,
30 2007) rey g data from

1998-2009,

| States under

consideration The data for Alaska are a 40km

dataset produced by the
Climatological Solar Radiation
Model (NREL, 2003)
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Figure 1. U.S solar potential [8].

2.3.1 North Carolina (NC)

Three private utilities in NC provide the ability to the customers to use net metering for
electricity generated from RES. All three companies are obliged to provide eIectriciti
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service under a TOU scheme. Below, the net metering policy of Progress Energy is
described, which is one of the three utilities that provide TOU and a standard (pure net
metering) scheme. For both schemes, the installed capacity is up to 20 kWp for residential
systems and up to 100 kWp for non-residential systems. For these systems, the utilities
may not charge any standby charges or any other additional charges other than those
charged to customers who do not net meter under the applicable rate scheme. For larger
systems, utilities are allowed to impose standby charges.

For both schemes, the TOU and standard, provided by the Progress Energy Carolinas Inc,
the monthly rate is separated into two sub-categories, single-phase and three-phase
service and are split into 2 calendar periods. Table 2 and Table 3 present a detailed
analysis of the monthly charges for the standard and TOU schemes respectively.

Table 2. North Carolina - Monthly rates for standard scheme (Progress Energy Carolinas, Inc).

Service used during calendar
months of July - October

Service used during calendar

S RIS S months of November i June

A Basic CUs'  ,op 5 75 (g 4.9 USD6.75 (a4 4.93

Charge

A  kWh charg 10.536 US cent ( 9.536 US (u 0.0

Three-Phase Service

A Basic Cus . .
usb 15.75 (u 11. Usb 15.75 (u 11

Charge

A kWh charg 10.536 US cent ( 9.536 US cent (

*Billing adjustments: a) Fuel Adjustment rate
b) Fuel Adjustment Experience Modification Factor
c) Demand Side Management (DSM) Rate
d) DSM Experience Modification Factor

Table 3. North Carolina - Monthly rates for TOU (Progress Energy Carolinas, Inc).

Single-Phase Service

A Basic Cus-
Charge

A @eak kW Demand
Charge

A kwWh Energ:

Three-Phase Service
A Basic Cus-
Charge

Service used during calendar Service used during calendar
months of June - September months of October T May
Uusb 9.85 (0 7 Uusb 9.85 (ud
usb 5.02 (u 3.67) USD 3.73 (a 2.7
peak Billing Demand on-peak Billing Demand
6. 760 US cent -pedak 6. 760 US cent <
kWh peak kWh
5. 386 USO0.089 pet off-pedak 5.386 US cent <
kWh peak kWh
Uusb 18.85 (u 1 USD 18.85 (u

SmartPVAction B1Metering studies, policy analyses and dynamic tariff model development




{3SmartPV

according according according
A kWh Energ' 6760US cent (0 @ea®s: 6. 760 US cent
kWh peak kWh
5.386 US cent -pedak « 5.386 US cent <
kWh peak kWh
Determination of on-peak and off-peak hours
On-peak Off-peak**
A Beginning

midnight March 31 and

ending at 12:00
midnight September 30

A Beginning
midnight September 30
and ending at 12:00
midnight March 31

10:00 am i 9:00 pm, Monday through
Friday, excluding holidays

6:00 am -1:00 pm plus 4:00 pm 71 9:00
pm, Monday through Friday, excluding
holidays

Public Holidays and any other
hour not specified as on-peak

Public Holidays and any other
hour not specified as on-peak

*Billing adjustments: a) Fuel Adjustment rate

b) Fuel Adjustment Experience Modification Factor

c) DSM Rate

d) DSM Experience Modification Factor
*When one of the public holidays falls on a Saturday, the Friday before the holiday will be
considered off-peak; when the holiday falls on a Sunday, the following Monday will be considered
off-peak.

For electricity service without a TOU scheme any NEG during a billing period is carried
forward on towards electricity bills for compensation of any negative balance. Any NEG
remained on the 31% of May each year will be granted to the utility.

For electricity service with TOU scheme the treatment of generation and NEG is more
complicated. The on-peak generation and any accumulated on-peak NEG is used to offset
on-peak consumption whereas, the off-peak generation and any accumulated off-peak NEG
is used to offset off-peak consumption. Additionally, any accumulated on-peak NEG not
used to reduce on-peak usage can be used to reduce any off-peak consumption but not
vice-versa. As in the case of the standard scheme, any accumulated NEG not used are
granted to the utility on the 31 of May each year. NEG cannot offset the Basic Customer
charge or the Demand charge.

The utility has the right to install any necessary equipment such as transformer and
protection devices with the customer to pay in addition to the Basic Customer charge.
Moreover, the utility has the right to install, operate and monitor special equipment to
measure the customero6s | oad, gener at-residentiah n d
systems the utility may charge other expenses for power factor correction if correction is
done.

2.3.2 South Carolina (SC)
The generation capacity from RES in SC for a residential system cannot exceed the

maximum estimated household demand or 20 kWp, whichever is less. Similar to NC, three
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private utilities supply electricity in SC and provide net metering. For all three companies,
two types of net metering are provided for the residential customers, the standard and the
TOU scheme. Table 4 and Table 5 show the standard and TOU scheme respectively, for
Progress Energy Carolinas Inc. As it can be seen from Table 5, customers under the TOU
scheme are burdened with high demand charges and pay an additional monthly fee for net
metering. However, customers who do not net meter are not charged with any additional
charges on their electricity bill.

As in the case of NC, customers without the TOU scheme can use their NEG to offset their
electricity bill. On the 31* of May each year, if any NEG remain are set to zero thus, NEG is
granted to the utility.

Table 4. South Carolina - Monthly rates for standard scheme (Progress Energy Carolinas, Inc).

I e Service used during calendar Service used during calendar
months of July - October months of November i June
A Basic CUS' 5p 5 50 (@onth. T USD 6.50 (G 4.75
Charge
A kWh charg 9.868 US cent (1 9.868 US cent (U
800 kwh
8.868 US cent (u
additional kWh
Three-Phase Service
A Basic Cus . .
Uusb 15.50 (u 11 usb 15.50 (u 11.
Charge
A kWh charg 9.868 US cent (1 9.868 US cent (4
800 kWh
8.868 US cent (U0
additional kWh

*Billing adjustments: a) Fuel Adjustment rate
b) DSM Rate

Table 5. South Carolina - Monthly rates for TOU (Progress Energy Carolinas, Inc).

SiialeFhese Sanfec Service used during calendar
months of June - September
A Basic Custo USD 9.60 (U
A @eak kW Demand UsSb 5.20 (u 3.8
Charge on-peak Billing Demand
A kWh Energy 7.053 US cent <
peak kwWh
5. 451 USO0.0d)ger off- (
peak kwWh
Three-Phase Service
A Basic Custo USD 18.60 (13.59)
A @eak kW Demand UsSb 5.20 (u 3.8
Charge on-peak Billing Demand

Service used during calendar
months of October i May

UsSb 9.60 (ua
usb 3.89 (u 3.
on-peak Billing Demand
7.053 US cent
peak kWh
5.451 US cent -
peak kWh
UsSb 18.60 (u
usb 3.89 (u 3.

on-peak Billing Demand
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A kWh Energy .053 US cent -« 7.053 US cent
peak kWh peak kWh
5.451 US cent -( 5.451 US cent -(
peak kWh peak kWh
Determination of on-peak and off-peak hours
On-peak Off-peak**

A Beginning
midnight March 31 and
ending at 12:00 midnight
September 30

A Beginning
midnight September 30 and
ending at 12:00 midnight
March 31

10:00 am i 9:00 pm, Monday
through Friday, excluding
holidays

Public Holidays and any other
hour not specified as on-peak

6:00 am -1:00 pm plus 4:00 pm i
9:00 pm, Monday through Friday,
excluding holidays

Public Holidays and any other
hour not specified as on-peak

*Billing adjustments: a) Fuel Adjustment rate

b) DSM Rate
*When one of the public holidays falls on a Saturday, the Friday before the holiday will be
considered off-peak; when the holiday falls on a Sunday, the following Monday will be considered
off-peak.

Customers under the TOU scheme can offset their electricity bill with on-peak usage by the
sum of any on-peak production during the current month plus any NEG on-peak balance
from prior months. The off-set usage can be reduced by the sum of any off-peak production
during the current month plus any NEG off-peak balance from prior months plus any
accumulated NEG on-peak balance not used to reduce on-peak usage. On the 31 of May
each year, any accumulated NEG are granted to the utility.

The utility has the right to install any necessary equipment such as transformers and
protection devices and the customer has to pay in addition to the Basic Customer charge.
Moreover, the utility has the right to install, operate and monitor special equipment to
measure the customerds | oad, generation and

2.4 Brazil

Due to the high solar irradiation in Brazil [9], residential PV installations are promoted with

net metering to ensure that the excess electricity fed into the grid has the same economic
value as the energy sold by the utility to the consumers. The specific net metering model
consists of monthly balances considering the energy produced and consumed. If the energy
produced is more than the one consumed, the net excess amount will be rolled forward and
credited to the next monthdos bill Thi srlz ol
months consecutively. At the end of the 12 month period, if any excess energy remains it is
granted to the utility [10].
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2.5 India

In India, the most common scheme established by the Ministry of New and Renewable
Energy (MNRE) is the FiT model. However, MNRE recently introduced net metering too, in
an attempt to further promote RES. With net metering, at the end of the billing period if the
energy injected to the grid is more than the energy consumed, the distribution licensee pays
the consumer at a predetermined price. Otherwise, if the energy consumed is more than
the energy produced, the consumer pays the distribution licensee at a retail price.
Therefore, with this policy no REC are used and the difference between production-
consumption is balanced every month [11].

2.6 Europe

Some countries in Europe, particularly the most southern ones, are close to reaching or
have already reached grid parity (e.g. Cyprus). This is evident in Figure 2 which shows the
comparison between the PV Levelised Cost of Electricity (LCOE) and the electricity retalil
price [12]. For these countries, essentially no other governmental subsidies or FiT schemes
are required to promote PV implementation. In this section we discuss the schemes
followed by a few EU countries regarding net metering. Belgium, Denmark, Netherlands,
Cyprus and ltaly are using net-metering for promotion of PV under different schemes. For
this purpose, they all utilize one bi-directional meter [13], [14].
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Figure 2. Price difference between PV LCOE and household retail prices [12].

In Brussels, Belgium, the acceptable residential PV installation is up to 5 kWp and through
certificates and net metering it is anticipated that the initial investment is paid back in about
7 years [15]. The prosumers benefit if the consumption does not exceed the produced
energy for the period between two meter-readings; this is because the electricity price from
self-consumption is at a net cost below the retail electricity price. In Wallonia, Belgium, the
maximum capacity for residential PV installations under the net metering scheme is up to
10 kWp for low voltage connection. As is the case with Brussels, the prosumers benefit
from the compensation mechanism for the period between two meter-readings. The
compensation remains valid only during the technical life span of the installation. Overall,
according to EUROSTAT the average residential electricity price in Belgium for the year
2013 was up to 0.2215 EU/kWh. Consequently, the PV LCOE is lower than the retall
electricity price reaching grid parity. Thus, the widespread development of this energy
source can be viable without subsidies or government support.

In the Netherlands, small systems up to 3 kWp are eligible for residential net metering and
the consumers pay energy taxes only for the net electricity consumption of their systems on
a monthly basis [1], [13]. Until 2013, prosumers were eligible to feed electricity into the grid
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with an upper limit of 5000 kWh annually, while anyone exceeding this limit was not allowed
to apply net metering for the remainder calendar year. However, this limit was removed
therefore prosumers can take advantage of the full potential from the 3 kWp PV system.

In Italy, PV systems up to 200 kWp are eligible for net metering (scambio sul posto). The
balance is calculated once a year and if the energy produced exceeds the energy
consumed, this positive balance can be used to compensate possible negative balances in
subsequent years. The earned credits for the excess energy produced are available for
unlimited period of time. Otherwise, if the energy consumed exceeds the produced energy,
the difference is charged at 0.1498 EU/KkWh according to EUROSTAT [1], [11]. The
prosumers are obliged to pay an annual fee per connection point to the grid operator as an
administrative cost as below [16]:
T ¢ 15 for plants with capacity below 3 kWp

T a4 30 nteowith gapaaty between 3 and 20 kWp
T 0 45 for plants with capacity above 20 kWp

In Denmark, the regulation for net metering authorises the exemption of certain prosumers
from paying Public Service Obligation (PSO) fees or part of it. The prosumers who are
using all or part of the electricity produced for their own needs are completely or partially
exempt from paying PSO on this electricity. PV systems up to 50 kWp may apply for net
metering based on hourly basis with whole exception of PSO whereas, PV systems with
capacity higher than 50 kWp have an exception from the surcharge for RES support [16].
As it is aforementioned, the net metering is based on an hourly calculation which ensures
the full potential of the electricity that is used during the hour it is produced. For PV systems
installed in 2014, any surplus electricity can be sold in DKK 1.16/kwWh (0.16 EU/KWh) for ten
years. The price for surplus electricity will fall each year in line with the expected reduction
in the cost of solar panels.

Germany, UK, and in some areas in lItaly self-consumption mechanisms have been
promoted. Specifically, in Germany, the self-consumption scheme is the key driver for
future market to favour direct consumption and simultaneously it ensures the deployment of
PV by reducing overall supporting costs while it promotes the very nature of decentralized
PV [13]. By definition, PV self-consumption gives the possibility for any kind of electricity
consumer to connect a photovoltaic system for on-site consumption and feeding the non-
consumed electricity to the grid and receiving value for it. In the German model (EEG 2012
T mid 2013) a premium tariff for self-consumed electricity is applied making the prosumers
who self-consume even more profitable than with the awarded FiT scheme (this is
applicable only for rooftop PV systems). This is so because prosumers earn premium tariff
for the energy self-consumed with the remuneration being even higher if the rate of self-
consumption is more than 30%. Additionally, a feed-in tariff is given for the energy fed into
the grid but at a lower rate. For both, premium and feed-in tariff, a degression rate is
applicable starting from the year 2012 which lasts for 20 years. The basic degression rate is

SmartPVAction B1Metering studies, policy analyses and dynamic tariff model development




£3SmartPVv

9% but it may be adjusted based on the aggregate PV installed capacity of the previous
year [14].

In some areas in Italy, a specificself-c onsumpti on scheme named #AVth (
been introduced since 2012 which is similar to the German scheme [14]. It is known as
O6selbhsumpti on premi umé coomlmption algments iinTorder tod s el f
favour direct consumption. This scheme provides FiT to compensate the excess generation

and premium tariff for the self-consumption. Hence, prosumers under this scheme have two

sources of income: one from the excess generation which is compensated at FiT level and

one from the net electricity consumed at premium tariff. A case study for a residential

prosumer in Italy is described below which shows the benefits of this scheme compared to

the standard FiT scheme. In Table 6 the assumptions made for this particular case are

presented and in Figure 3 the cash flow with and without premium self-consumption

scheme is shown.

Table 6. Assumptions for a residential prosumer in Italy [17].

Residential Prosumer

Yearly consumption 3500 kWh
Yearly production 3300 kWh
30% instantaneous self-consumption 990 kWh
70% of production injected to the grid 2310 kWh
Electricity withdrawn from the grid 2510 kWh
Self-consumption premium 0.16
Feed-in-Tariff 0. 237
Electricity price 0.203
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€ 1'500
O Savings 0.203
€/kWh
€1'000
= \VAT payments
21.0% %
€500
= Electricity bill
€0 71.60 €/kWh
® Feed-in Tariff
0.237 €/kWh
(€ 500) €/kWh
(€ 1'000) = Self-cons.
Premium
0.16 €kWh
(€ 1'500) Total Balance
with self- wiout self-
consumption consumption

Figure 3. Average residential yearly cash flow balance (with the assumptions shown in Table 6) with
and without self-consumption for Italy [17].

It is obvious that with the standard FiT scheme the prosumer benefits from the difference
between the grid-injected energy and the electricity consumed. This can be seen from
Figure 3 where the red colour represents the incomes from the FiTs and the blue colour
shows the electricity payments. On the other hand, prosumers who self-consume benefit
from self-consumption premium tariffs (orange colour), FiTs (red colour) and savings from
their electricity bill (white box with red border). Consequently, in the case of self-
consumption the total earned balance is by about 0 1 Zigher than in the case with the
standard FiT scheme.

2.7 Current policy in Cyprus

According to the information provided by the Cyprus Energy Regulatory Authority (CERA)

the total installed capacity of photovoltaics until November 2013 was 31.5 MWp, including

residential, commercial and industrial installations. During 2013, CERA and Electricity

Authority of Cyprus (EAC) allowed net metering for residential systems up to 3 kWp for

5000 households. 2000 of them were for vulnerable groups of the population and a subsidy

of U0 900/ kWp was given. The remaining 3000 I i ce
and no subsidy was given.

The electricity bill of a household is calculated every two months and is based on the net
consumption 7 which is the difference between the energy consumed and energy produced
of the household. The policy of net metering in Cyprus is based on the REC scheme, where
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the prosumers earn credits when the energy fed into the grid is more than the energy drawn
from the grid for every bimonthly period.

I e s VO D mmdifn = VO Dmm

foo Mo d §oc @)

Based on equation 1, if the energy consumed is more than the energy produced for a

specific bimonthly period, the Net Consumption will be positive and the customer has to pay

the difference to the utility at retail price. On the other hand, if the energy produced is more

than the energy consumed during the billing cycle, the Net Consumption will be negative

thus the customer earns RECs which are credited
towards electricity bills to balance any future positive Net Consumptions. In the meantime,

the customer is obliged to pay the fixed taxes to the utility for each bimonthly period. These

taxes are fully explained below and presented in Table 7. If any collected RECs remain at

the end of each calendar year, these are granted to the utility.

According to CERAOGs decision 909/2013, prosumer
$37.03 per install ed kWpin(Tabietr)a.i | Addiatniad ryaliIsy ,i s
installed kWp is charged annually for General Interest Functions (GIF) with a rate fee of
0.00136 0/ kWh basedenmyyeldd 8610kWte dhis ahargeuray vary

based on the rate level of GIF. A fixed fee for RES is also imposed annually based on the
predicted annual energy yield of 1610 kwWh wi t
represents 08. 05 piespecial RESt chdrge bad beknVipposedTbly Law

N.33(1)/2003 for the creation of a Special Fund for subsidising or financing RES (wind or

solar energy, biomass, etc.) to promote and encourage their use. This rate could vary if the

RES rate fee changes.

By summing up all the aforementioned charges the total annual charge per installed kWp
(without VAT) is up to 0w47.27. This amount i S
included in the bimonthly electricit ynsthled I t hus
kWp without VAT charges. This amount is only charged to customers who net meter in

addition to the other fixed charges for customers without net metering as described in

section 7.1, Table 14.

Table 7. Detailed analysis for net metering fixed fees per installed capacity.

Seserfeio Debit Credit
a/ kvual kW
Operating expenses of Transmission System Operator (TSO-Cyprus) 1.48
Ancillary Services 3.50
Time lag between PV production and house demand 13.82
Charge for tertiary reserve 1.53
Transmission Network fee 3.98
Distribution Network fee i Medium Voltage 12.31
Distribution Network fee i Low Voltage 20.41
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Reduction of thermal losses on T&D network 20.00
Tot al amount for CERAOGs deci si on 37.03
General Interest Functions (GIF) 2.19

RES fee 8.05

Total amount per year 47.27

The current net metering scheme needs optimization to overcome its limitations. The
optimization will be based on the parameters which directly affect the net metering schemes
and on dynamic tariff models.
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2.8 Summary

To sum up, net metering schemes depend on a variety of variables listed in Table 8.

Table 8. Net metering parameter dependence.

Name

Description

RES capacity limit i Power limit

This parameter determines the eligible installed
capacity for RES per application.

Aggregate capacity limit

This parameter i usually expressed in percentage 1
determines the aggregate capacity limit from RES
relatively with peak demand of the utility.

Net metering period i Billing period
1 Type of compensation

The positive difference between the energy
produced and energy consumed is the excess
energy produced. In some countries this amount is
calculated every month, or on a bimonthly basis, or
every six months etc. This amount may either be
settled with a payment, with RECs, granted to the
utility etc.

Tariff rates I price scenarios

Tariff rates may vary during the day based on the
electricity demand and RES resource. Dynamic
tariff models such as TOU, Real-Time Pricing
(RTP), Critical Peak Pricing (CPP) and Peak-Time
Rebate (PTR) can be utilized for Demand Side
Management (DSM).

Arrangement i compensation of collected
RECs

Countries who utilize REC scheme manage the
collected RECs with different policies. For example,
in some schemes the collected RECs are granted
to the utility every 12 months (reset the balance);
some are settled with a payment or are credited on
towards future years.

As it is seen, different schemes are used all over the world, some of them to promote RES
while some others are formed to create a WIN WIN situation between utilities and
prosumers. For example, from the aforementioned schemes, in Australia and India the
distribution licensee pays the consumer at a predetermined price at the end of the billing
period if the energy injected to the grid is more than the energy consumed, in order to make
RES more attractive. On the other hand, in North and South Carolina where both TOU and
standard tariff rates are utilized, the 12 month billing cycle ends at the beginning of the
summer period with any remained NEG to be granted to the utility. However, any policy
applied for PV net metering in any country, is directly affected by the solar irradiance since
the power production can notably vary based on the irradiation level. Additionally, the
electricity demand may determine the maximum RES penetration due to limitations of the
T&D system.
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Finally, consumers may pursue or avoid net metering depending upon the policy of the
scheme, including tariffs, management of energy produced etc. Therefore, to optimize the
net metering scheme in Cyprus different scenarios must be examined and analysed based
on the parameters of Table 8 to find the optimized solution. In the following section an
introduction to the self-consumption scheme is presented since the most developed
countries in the EU have progressively used this mechanism as it appears to be the most
predominant scheme in the future market.

3 Self-consumption schemes

According to EPIA [14] and SunEdison6 £ompany [18] the definition given for PV self-
consumption i s : AThe possibility f oumerdongpnnektianRY
system, with a capacity corresponding to his/her consumption, to his/her own system or to
the grid, for his/her own or for on-site consumption, while receiving value for the non-
consumed electricity whichis f ed i nt Howevér,eincg mosdcountries defined a
specific national incentive system, this aforementioned definition may not be consensual
and precise for all the cases but it gives the main idea.

3.1 Benefits

The self-consumption scheme turns the consumer from a passive to a proactive one which
brings forward multiple benefits, both from a technical and a financial point of view. To start
with, self-consumption ensures the deployment of PVs without any supporting costs like the
FiT scheme. By self-consuming, prosumers may significantly increase their revenue stream
by savings made on their electricity bill, if this is compared against the retail electricity price
on a specific market. Moreover, through direct consumption the decentralized PV power
network is promoted since prosumers will try to match their energy production with their
energy consumption.

Additionally, self-consumption is the key to drive energy conservation at consumer level.
The energy efficiency gap is one of the most important challenges of EU energy policy
making. The EU is not on track to achieve its energy efficiency target even though efforts
have been underway for some years now. Self-consumption can make a significant
contribution to close the gap as with this scheme consumers are directly rewarded by
optimizing their energy consumption. The more they conserve energy, the greater share
they can displace by their own generation and potentially earn from excess generation.
Thus, it accelerates the market uptake of energy optimization applications like real-time
monitoring and In-House-Displays (IHD).

An important subject discussed currently worldwide is the efficient reduction of grid costs
through power demand peak shaving while keeping grid stability. Self-consumption can
strongly enhance the capacity of existing grids and thus serve to mitigate challenges like
T&D and power station upgrades. This is so because self-consumption not only reduces the
amount of electricity injected into the grid at midday but also it can shave consumption
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peaks in the evening by other decentralized solutions such as heat pumps, batteries, air-
conditioning etc. A further benefit of wide use of self-consumption systems is the avoidance
of grid losses and the reduction of the cost of operation and maintenance of transmission
equipment.

PV self-consumption creates opportunities for companies active in the EU to develop a
leading edge understanding of the needs of the end-use consumer. The transition to self-
consumption and the competitive market creates some market experience in self-
consumption oriented end-user applications like smart washing machines 7 dish washers
etc. This will push market players to develop new solutions in order to smarten the interface
between the prosumer and the rest of the electricity system.

3.2 Barriers & challenges

The main barrier for widespread use of self-consumption is the under-development
technology of storage systems which is prerequisite for the implementation of self-
consumption. In order to full benefit and enjoy the optimal use of self-consumption at a
household, distribution and system level, storage devices must be further developed. Since
the PV production profile does not match the typical household consumption profile, as
discussed above, new technologies must be engaged, like storage, which in return raises
the question of the overall competitiveness of combined solutions. Even if the interactions
between consumer and system level must be explored, this cannot stand as a barrier for
developing self-consumption.

Another challenge that has to be considered is how governments will set up policies and
regulations on how self-consumption should be treated in order to avoid any legal
uncertainties to future development of business models, e.g. whether the consumption of
neighbours or tenants could be considered self-consumption etc. Besides this, with high
penetration of self-consumed PV electricity the load profile may be modified thus changing
the spot market. At the same time, there is a need to ensure the benefits of the prosumers
who consume electricity from RES on the wholesale market.

In the long term, economic barriers will diminish as PV LCOE decreases and retail
electricity prices most likely increase. Even so, at present the retail electricity price, fees
and taxes have an important role to play in making self-consumption more competitive or
less attractive. Additionally, the question remains on how to valorise the excess electricity
that needs to be injected into the grid.

Finally, the | ack of Cc 0 n's u meof thesconbineal use onf RESS and
and storage technologies for meeting their electricity needs may delay the development of
self-consumption. In addition to this, the absence of real competitive and liberalized retail
electricity prices does not allow cost-reflective prices which consequently place barriers to a
competitive PV self-consumption scheme being developed.
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3.3 Current Practices

Self-consumption mechanisms have recently been promoted in several European countries
and in the USA. Different schemes exist in different forms, depending on the national
incentive systems. The most well-known countries/regions which utilize self-consumption
schemes are California, Italy, Spain, Germany and to a lesser extent the UK.

In California, a Self-Generation Incentive Program (SGIP) was launched in January 1, 2014
to provide financial incentives for the installation of new qualifying technologies to meet all
or part of the electricity needs of a facility. The purpose of the SGIP is to contribute to the
reduction of Greenhouse Gas (GHG) emissions, electricity peak demands and to reduce
customer electricity bills. On the utility side, the power network reliability increases with the
improved T&D system utilization as well as promoting the distributed energy resource
technologies. For the project purposes we will focus on the PV technologies eligible for the
SGIP. For an Advanced Energy Storage (AES) system with PVs or other eligible RES
technology a base incentive rate of 1.62 $/W is given for five years. An additional incentive
of 20% is given if the AES technologies are made from a Californian manufacturer. SGIP
incentives are paid for up to 3 MW of capacity with tiered incentive rates as shown in Table
9.

Table 9. Tiered incentive rates [19].

Capacity Incentive Rate for storage in
California (% of base rate)

01 1MW 100 %

17 2MW 50 %

27 3MW 25 %

Additionally, the SGIP incentive levels decline annually and for the case of the AES
systems the decline rate is 10%. The total incentive amount is calculated based on the
rated capacity of the system multiplied by the incentive rate of the appropriate technology

type:

L

<t M Ay )

Systems less than 30 kW in size receive an upfront incentive upon the system completion
and verification. For systems larger than 30 kW, 50% of the incentive value is paid upon
system completion and verification and the remaining 50% is paid on a performance based
incentive (PBI) calculation within a five year period. To calculate the PBI payment the
following procedure is followed:

Total anticipated kWh production = rated capacity * capacity factor * hours per
year * five years
$/kWh = remaining 50% of incentive / total anticipated kwWh production
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PBI payment = $/kWh * actual annual kWh

For 5 years the PBI payment is paid annually based on the recorded kWh of electricity
produced over the previous year. The capacity factor for AES systems is 10% and due to
the fact that the discharging period of the storage system is mainly occurring during the
peak periods, 5200 hours per year will be used for the calculation purposes of the PBI
payment. An example will be provided below. SGIP projects are eligible to export power to
the grid thus, once the on-site electricity load is met, the excess generation of electricity is
exported to the grid. The amount exported to the grid may not exceed 25% of the on-site
consumption on an annual basis. In this case, the PBI payment is calculated on the on-site
electricity consumption and not on the total generated electricity. The FiT for the electricity
imported to the grid is an arrangement made between the utility and the prosumer (different
utilities may offer different rates).

An example of the incentive calculation for a system with rated capacity of 2.2 MW is
presented below:

Rated capacity: 2200 kW

Incentive rate: 1.62 $/W

Tiered incentive rate | 0T 1 MW 1P 2MW |21 3MW | Total
Percentage 100 % 50 % 25%

Incentive rate ($/W) | 1.62 0.81 0.41

Rated capacity (kW) | 1000 1000 200 2200

Total incentive $ 1,620,000 | $810,000 | $82,000 $ 2,512,000

In the case where the AES systems are manufactured by a Californian Supplier an
additional 20 % incentive is given thus:

Total incentive: $ 2,512,000

Total incentive with 20 % added: $ 3,014,400

PBI payment for a 5 year period:

Upfront incentive = Total incentive/2 = $ 1,507,200

PBIl incentive = Total incentive/2 = $ 1,507,200

PBI rate = $ 0.263496 /kWh (PBI incentive / total expected kWh over 5 years)

Year Capacity (kW) | Capacity factor | Hrs/Yr | KWh/Yr PBI$/Yr
1 2200 10 % 5200 1144000 | 301,440
2 2200 10 % 5200 1144000 | 301,440
3 2200 10 % 5200 1144000 | 301,440
4 2200 10 % 5200 1144000 | 301,440
5 2200 10 % 5200 1144000 | 301,440
Total - - - 5720000 | $ 1,507,200
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In the case of Italy, PV self-consumption was enabled through financial support according
totheiVt h Co nt schdte. dhisgprogramme was described in detail in section 2.6.
However, by the end of 2013 it was announced by the Italian government that this
programme will cease because it reached the cumulative budget o f  Gbillién. As a result,
the remained incentive program for PV installation is the amended net metering scheme,
fscambio sul postog which is up to the prosumer to self-consume.

According to EPIA, Spain has enabled self-consumption without any premium tariff since
November 2011 under certain conditions for systems up to 100 kWp. At present, Spain is
assessing the introduction of a net metering scheme to the country through the project PV-
NET, a project co-financed by the European Regional Development Fund.

As it was mentioned in section 2.6, the German Federal Ministry of Economy and Energy
promotes the self-consumption scheme by giving incentives to prosumers for increasing
direct consumption. By mid-July 2014, a reformed EEG was announced aiming to ensure
that the EEG financing burden is shared more fairly. The previous EEGs dallowed
consumers who consume electricity from self-owned power plants not to pay any EEG
surcharge fee (the EEG surcharge fee is charged to support the EEG system). As a result,
self-owned power plants became more attractive than other energy-intensive schemes.
Therefore, as to provide a financial balance to the contribution of EEG surcharge, with the
reformed EEG new self-owned power plants are obliged to pay EEG surcharge at 30
percent of their electricity consumption before 1% January 2016, at 35 percent of their
electricity consumption from 1% January 2016 till 31%' December 2016 and at 40 percent of
their electricity consumption after 1% January 2017. However, the EEG surcharge is not
applied for:

1 Internal consumption of plants

1 For stand-alone systems (not i directly or indirectly T connected to the grid)

1 Self-consumption systems which do not feed any surplus electricity to the grid and

claim any other energy-intensive scheme under EEG
9 Small plants of up to 10 kW with less than 10 MW own consumption per year

In the UK, the main support scheme for promoting RES systems is the FiT scheme. The FiT
payments have a duration of 20 years and the payment is split into two tariffs, one for
green generation and one for excess energy. The green generation tariff is given for
each unit of electricity generated from RES and the excess energy tariff is given for each
unit of electricity exported to the grid. PV systems up to 5 MWp are eligible to apply for FiT.
For PV systems less than 50 kWp it is up to the consumers to decide if they want to install
some form of storage system to self-consume the excess electricity produced. In the case
of a typical household with a rooftop PV system, the excess energy produced during the
day is injected to the grid while during the evenings, when the household tends to have
higher electricity consumption, energy is drawn from the grid. In this case, the FiT for the
excess energy fed into the grid is at 0.0477 GBP/kWh (valid until 30 September 2014).
Also, an additional payment for each unit of electricity generated i the green generation
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tariff 1 is given within the range of 0.0638 to 0.1438 GBP/kWh (valid until 30 September
2014) up to capacities of 4 kWp with a degression rate every quarter. On the other hand,
the retail electricity price is at an average of 0.1352 GBP/kWh which is higher than the FiT
price for excess energy fed into the grid (all the prices correspond to the year 2014 as
published by Ofgem). The tariff payment for green generation is given even if the
customer does not export any excess energy to the grid. Therefore, it is more profitable for
the consumers to install batteries or other forms of storage to store the excess energy
produced from their PV system thus, to avoid buying electricity back at higher rate in the
evenings when it is needed the most. For example, if you sell 1 kWh to the supplier for
0.0477 GBP and buy 1 kWh at 0.1352 GBP the total cost becomes -0.0875 GBP. On the
other hand, if 1 kWh is stored and assuming that the overall efficiency is 80% you get 0.8
kWh out to offset buying from the supplier thus, 0.1082 GBP is saved (see Table 10).
Overall, by storing energy in batteries for later use and feeding the surplus energy into the
grid in order to still benefit from the FiT from UK power companies, consumers will further
reduce their electricity bills and be less dependent on rising electricity prices.

Table 10: FiT for excess energy versus Self-consumption in UK for 2014.

: Retail electricity Savings from self- Total
FIT (GBP/kWh) price (GBP/kWh) consumption (GBP)
Sell 0.0477 0.1352 0 -0.0875
0.8 kWh * 0.1352 GBP/kWh =
Store 0 0 0.1082 GBP 0.1082

4 Solar Potential in Cyprus

Cyprus is located at the Eastern Basin of the Mediterranean Sea with a subtropical climate.
The solar irradiation in Cyprus is one of the highest in Europe with more than 320 days of
the year considered as having sunny weather. Meteorological measurements showed that
the annual solar irradiation is approximately 2002 kWh/m? with standard deviation 32
kWh/m?. Measurements taken from crystalline PV systems with inverter efficiency 96 %,
showed an average annual yield of 1672 kWh/kWp with standard deviation of 68 kWh/kWp
[20]. This can be confirmed from solar potential maps which can be found in the
Photovoltaic Geographical Information System (PVGIS) [21].
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Figure 4. Solar Potential in Cyprus i Optimally-inclined plane [21].
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Figure 5. Solar Potential in Cyprus i Horizontal plane [21].

Figure 4 shows the solar potential at optimal incline with the irradiation to vary from 1900 to
2100 kWh/m?/yr. This significant amount of energy diffuses over the summer period with an
average of 11.5 hours per day whilst, in winter period this is reduced to 5.5 hours, mainly
during December and January. Under these conditions the solar irradiation can be easily
predicted with high accuracy even for several days ahead giving the capability to the DSO
and TSO to manage and adjust the electricity production ensuring the stability of the
system. Consequently, the conventional electricity production during the daytime will be

SmartPVAction B1Metering studies, policy analyses and dynamic tariff model development




3SmartPVv

reduced giving the benefit to the utility for lower operating expenses plus the reductions in
pollution.

5 Potential of net metering in Cyprus

Under the EU directive 2009/28/EC, Cyprus submitted to the European Commission an

outline regarding the renewable energy targets until 2020 1 t he A Nati onal Rene
Energy Action Plano (NREAP). The overall target
to 16% of the electricity demand. According to the EAC the total installed capacity of

conventional power stations for the year 2013 was 1598 MW. The corresponding installed

capacity from RES was around 187.7 MW and 31.5 MWp was from PV systems.

The total electricity production for the year 2013 was 4095 GWh with only 7.5% from RES.

According to the long term forecast of the TSO (Figure 6) in 2020 the total electricity

demand will be within the range of 4750 1 4980 GWh. Therefore, a gap of 450 1 487 GWh

must be filled from RES in order to meet our obligations to the NREAP in 2020. Considering

that solar irradiation in Cyprus is one of the highest in Europe with the sun to be 75% of the

time above the horizon for the whole year, the high potential of PV through net metering is

obvious.
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Figure 6. Long Term Forecast of Annual Total Generated Energy (GWh) for the years 2013 i 2022.
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Table 11 presents a rule of thumb calculation for the PV net metering potential in Cyprus for
the domestic sector [22]. It compares the number of houses with a 3 kWp system under the
net metering scheme with the corresponding percentage of the total electricity demand in
2020. From Figure 6 the total electricity demand for 2020 is estimated to be at 4750 GWh.
Assuming that a 3 kWp system produces only 4830 kWh per year, a 16.7% of the total
electricity demand can be produced from only 100,000 net metering rooftop mounted
systems. If we double the number of households, this percentage rises to 27% thus 966
GWh. This demonstrates the great potential for PV net metering in Cyprus. Considering that
5000 systems have been installed over a four month period, in terms of installation and
practicability, a 3 kWp system on 100,000 households could be achieved in a period of 5 1
6 years. However, limitations of the current power system prevent the very high penetration
at the residential sector but in the near future with the development and utilization of
storage systems and DSM this could be feasible.

SmartPVAction B1Metering studies, policy analyses and dynamic tariff model development




£3SmartPVv

Table 11. PV net metering potential in Cyprus (based on 2020 energy forecasting).

ngses PV Electricity Elect.r|C|ty Total Electricity % of
with PV . production from . .
{6oftaD production eXisting RES (G Production from | Electricity
mountings (GWh) (for the year 2013) RES (GWh) demand
50,000 241.5 551.5 11.6
BFWP 100,000 483.0 7930 | 16.7
SYSIeM O 7 56 600 7245 10345 | 218
households
: 200,000 966.0 310 1276.0 26.9
(producing
250,000 1207.5 1517.5 31.9
around 300,000 1449.0 1759.0 37.0
4832 kWh) i : : i
350,000 1690.5 2000.5 42.1

Nevertheless, it is very important to avoid a rapid growth in RES installations as this may
lead to severe system problems such as power overloading, overvoltages, system
instability etc. or even worse to lead to unnecessary curtailment in order to protect the
system from instability that can lead to black out. This will give time for the evolution of the
grid, utilizing the required smart solutions and distributed storage that will enhance system
operation, develop effective demand side management and create the right optimal
operational environment that will facilitate RES penetration that can meet the system
energy needs.

Next, the electricity demand and PV production profiles in Cyprus will be presented and,
analysed. It is essential to know the exact profiles in order to better derive the prosumers
behaviour. This will help to identify any problems and limitations giving us the tool for the
successful development of the optimized net metering scheme and the dynamic tariff
model.

6 Electricity Demand and PV production profiles in Cyprus

PV systems produce energy during the day converting sunlight into electricity. In countries
with high penetration of RES it is very important to match the energy produced with the
electricity demand. In Cyprus, the energy produced from PV systems matches with the total
electricity demand (including industry, commercial and residential sector) during the
summer period because of the extensive use of air-conditioning for cooling (Figure 7 (a)).
This fact indicates that energy storage systems can be avoided or used to a lesser extent
during the day compared to other Northern European countries. On the other hand, in the
winter most of the households use their electric heaters during the night thus shifting the
peak period at night and so the electricity demand does not match the PV energy
production (Figure 7 (b)). In that case, net metering is using the grid as a backup storage
system, injecting the energy into the grid network instead of using batteries. Wide
deployment of PV without careful planning might cause network operational problems
including voltage and frequency control, energy and generator imbalances.
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The correlation coefficient between the PV energy produced and the electricity demand
confirms the aforementioned. For the case of Cyprus it shows a strong relationship for the
summer period while in the winter this relationship is weak (Table 12). This confirms that
the energy produced from PV systems matches with the electricity demand in Cyprus
during the summer.

Table 12. Correlation coefficients for PV energy production and total Electricity Demand.

Season Eeiflen Corre.la.t|on
coefficient
Before 2010 0.651
summer After 2010 0.664
Winter Before 2010 0.182
After 2010 0.195

6.1 Domestic consumption Vs PV production for a 3 kWp
system

The following figures represent the average domestic consumption and the PV production
split in three categories: winter, autumn/spring and summer per weekdays and weekends.
These periods are defined from the EAC as follows:

U  Winter: December to March

U  Autumn/spring: April, May, October, November
0 Summer: June to September.

More precisely, Figure 8 and Figure 9 show the consumption profile for the winter and
autumn/spring periods respectively. It is clear that the produced energy peak is at around
12:00 whereas, the consumed energy peak is after 19:00 when the PV produced energy is
zero. During the summer period (Figure 10) similar pattern exists but with two peaks, one in
the late afternoon and another one at around 21:30. Also, the duration of the maximum
demand lasts longer compared with the other two periods. This occurs due to the fact that
the customers switch on their air-conditioning systems during the night. Consequently, the
energy demand is at high levels for longer period.
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Figure 9. Domestic electricity demand Vs 3 kWp PV energy production during autumn/spring 2010.
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Figure 10. Domestic electricity demand Vs 3 kWp PV energy production during summer 2010.

The correlation between the PV energy produced and the energy consumed is weak
according to the correlation coefficient shown in Table 13. The correlation coefficients are
calculated using the Pearson product-moment correlation coefficient which is defined as the
covariance of the two variables divided by the product of their standard deviations. The
magnitude of the coefficient can vary between +1 and -1 inclusive, where +1 is total positive
correlation, 0 is no correlation and -1 is total negative correlation. The sign of the correlation
coefficient defines the response between the two profiles. Positive correlation coefficient
signifies that the two profiles have a similar pattern and are in phase while negative
coefficient shows that the two profiles are not in phase. Specifically, during winter and
autumn/spring periods the correlation coefficient could be considered as weak for both
weekdays and weekends. However, it is interesting to note that during the weekends the
sign of this coefficient changes to positive which means that the consumption follows in
trend the PV production but to a lesser extent. This means that in the weekends most of the
consumers are using their residential appliances during daytime. On the other hand, during
the summer period stronger correlation is observed compared to the other seasons but it is
still far below the anticipated result.
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Table 13. Correlation coefficients for PV energy production and Average domestic consumption

Period Days Corre-la.tlon
coefficient
Summer Weekdays -0.544
Weekends -0.337
i Weekdays -0.324
inter Weekends 0.005
: Weekdays -0.178
Autumn/Spring Weekends 0100

From the figures it can be seen that during daytime, the difference between the produced
and consumed energy is within the range of 1.257 1.8 kWh. This energy is produced when
it is not actually needed and as a result, it is exported to the grid, while during the night
customers import energy from the grid to cover their electricity needs. This situation
decreases the electricity bill of the customer under the current net metering tariff but, the
system (supplier, operators and network owners) must keep the power generation at the
required levels during the night as it was in the case with low PV penetration. Moreover, the
operators must continuously monitor the power flow during the day in order to keep the
guality of supply within the limits set by the T&D rules.

To avoid these issues and to end up with a WIN WIN scenario for all involved stakeholders,
various ways for matching the electricity demand with the production must be investigated
and analysed. It is within the scope of SmartPV project to investigate further this issue and
propose solutions that will help all the involved stakeholders.

The following section describes aspects regarding the financial side of PV net metering in
Cyprus. An in-depth economic analysis and comparison between conventional and PV
electricity production is presented for the current conditions in Cyprus to show how net
metering can influence the electricity bill of the consumer.

7 PV net metering in Cyprus i Financial benefits and limitations

In countries like Cyprus where PV generation has reached market parity it is vital that the
authorities should modify the national policies to give the required market floor for PV to
complete in a level playing field with the other generation technologies. A well-functioning
net metering tariff can create this market environment and it has the potential to enable
wide PV penetration. The adapted tariff however, should aim to:

1 Avoid creating cross subsidization among the various clusters of consumers and
hence avoid indirect support or penalization and achieve the level playing field that
is required by the electricity market in order to flourish and deliver,

1 Create the dynamism of an effective TOU tariff that will push for effective DSM to
develop and create the right incentives to the affected prosumers to respond and re-
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adjust their energy behaviour and help to achieve a WIN WIN situation for
stakeholders involved.
SmartPV aims to address the above issues and provide the required evidence for optimal
policies to be adopted.

7.1 Conventional cost of electricity Vs PV Levelised Cost of
Electricity (LCOE)

Electricity power production in Cyprus is strongly dependent on imported fuels mainly on
fuel oil. Also, due to the catastrophic explosion on the 11" July 2011 which caused the
suspension of the entire Vassiliko power station, the electricity price increased dramatically.
According to the European Central Bank (ECB) during the years 2011 i 2013 the retail
electricity price (including all taxes and levies) ranged from 0.220 7 0.25 cents/kWh with a
peak at 0.30 cents/kWh. The retail electricity price for the period January i February of
2014 was calculated using all the necessary parameters such as, fuel adjustment, levies,
units and VAT. From the data a detailed analysis of the retail electricity price for an average
residential household was derived (Table 14). Concisely, the electricity price for the
residential sector depends upon the units consumed with the corresponding price to vary
within the range of 0.2267 I 0.2490 cents/kWh for the specific period January i February of
2014. This cost changes from period to period based on the fuel cost adjustment, levies
and any possible changes on VAT. In the following analysis and comparisons it is assumed
that the retail electricity price remains constant through the time.

To calculate the PV electricity cost basic variables are needed as shown in equation 2 [12],
[23].

L B.< — <

ol o ek (2)

LCOE Levelised cost of electricity in Euro/kWh

lo Investment expenditures in Euro

A Annual total costs in Euro in year t

Mier  Produced quantity of electricity in the respective year in kWh

[ Real interest rate (discount rate) in %

n Economic operational lifetime in years

t Year of lifetime (1, 2, 3, é, n)

The PV LCOE is calculated based on an annual average electricity production (Table 15).
Particularly, the total investment expenditure for a 3 kWp PV system is assumed to be
around U 4100 without VAT and the annual operating and maintenance costs for a
household installation is set to 1% of the total investment expenditure. The discount rate
represents the present value of future cash flows and it is set at 6% as obtained from the
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ECB [24]. The lifetime of the PV system is assumed to be 20 years since this is the
minimum performance warranty period given from most PV manufactures. A 1% annual
degradation over the lifetime of the PV system is assumed with the resultant average
annual energy yield of 4651.74 kWh. Based on the aforementioned values and assuming
no financial costs (e.g. no loan interests), the LCOE for a 3 kWp PV system in Cyprus is
found to be at 0.0857 cents/kWh.

Table 16 shows a comparison between the retail electricity price and the PV LCOE. When
comparing PV LCOE with retail price the fixed costs are not included in the calculation
since the consumer will pay them anyway. On the contrary, any variable taxes such as VAT
and special taxes are included in the analysis since prosumers will save that amount.
Therefore, only the variable electricity price and variable taxes can be considered in the
analysis [25]. Additional charges prosumers incur for services provided by the involved
stakeholders are calculated based on the annual fixed cost of 37.03 0 / k Wins VAT.
Moreover, annual levies and other taxes up to 2.19 0 / k Wlps VAT are charged which
correspond to GIF. RES fees of 8.05 U / k \atp also charged and included on the annual
levies and other taxes but are not VAT charged. Overall, the total LCOE for a 3 kWp PV
grid-connected system including VAT is up to 0.1372 ( / k Mtls important to note that from
this amount 0.0515 U / k Whchaiged for services, levies and taxes. Finally, from the
comparison it can be seen that the LCOE of a 3 kWp PV grid-connected system is below
retail electricity price by 0.1030 u/kWh on average for domestic consumers, demonstrating
clearly that market parity has been reached. This indicates that PV systems are competitive
and profitable even without any governmental subsidies.

Next, a comparison between the average domestic household electricity consumption and
the corresponding PV production has been carried out. It is important to note that the total
consumption of an average domestic household is based on the data collected during the
year 2010. This is because in 2011 the catastrophic explosion of the entire Vasiliko power
station took place and in the following years the economiccrisi s af fected
behaviour and as a result it was deemed necessary or more appropriate to use the 2010
data. This can be clearly seen in Figure 6 where a steep reduction in the electricity demand
occurred after the year 2010 with a slight increase in the upcoming years. Consequently, it
would be wiser to use the data of the year 2010 for analysis as the subsequent years
represent a transitional period following the explosion and the economic crisis.

Table 17 indicates the average consumption per domestic customers averaged over
400,000 domestic customers (including cottages) and the PV production. The results show
that the annual energy production of a 3 kWp system exceeds the annual consumption of a
domestic user by 1,000 kwWh. This indicates that a 3 kWp system on average is more than
adequate to cover the annual electricity demands of domestic consumers in Cyprus.

If we look at the bimonthly consumption of a typical average domestic consumer (averaged
over 400,000 domestic consumers including cottages) together with the corresponding PV
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production from a 3 kWp system, some interesting points arise (see Table 17). Even though
the total annual PV production is by almost 20% higher than the average annual energy
consumption we still have electricity deficit for some bimonthly periods. Starting with the
bimonthly period January i February we see that the consumption is higher than the
production (Figure 11) and as a result the prosumer has to pay the net amount given that
there are no RECs to be carried forward (starting period for net metering is January every
year). For example, during the bimonthly period September i October the energy
consumed is also slightly more than the energy produced but since RECs are collected,
they can be used to balance the difference and avoid any additional electricity payments. It
is interesting to observe the bimonthly period May 1 June where the energy produced is
almost double than the energy consumed so it can be used for the optimization of the net
metering scheme. For example, this bimonthly period can be used to start the RECs cycle
to avoid prosumers paying the electricity bill at the start of the year.
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Table 14. Electricity cost for a domestic consumer (as it was calculated on January i February 2014).

Fixed charge

Total Unit Fu,el cost P.S.O. Totgl cost Ren. Total Cost based on total
Units (kWh) Units Charge u/ kWh Charge (without VAT (19%) Energy (with VAT) electricity

kwh a/ kwp (an-Feb a/ kwh | VAD Charge SRR consumption

2014) { o/ k wl U/ k Wh , .
U / -monthly
The first 120 units 0-120 0.1371 0.0484 0.00136 0.1868 0.0355 0.0044 0.2267 2.28
The next 200 units 121-320 0.1453 0.0484 0.00136 0.1950 0.0371 0.0044 0.2365 2.35
The next 180 units 321-500 0.1498 0.0484 0.00136 0.1995 0.0379 0.0044 0.2419 3.86
The next 500 untis 501-1000 0.1541 0.0484 0.00136 0.2038 0.0387 0.0044 0.2470 5.87
Any additional units 1000+ 0.1558 0.0484 0.00136 0.2055 0.0391 0.0044 0.2490 7.39

Table 15. Variables for PV Levelised Cost of Electricity (LCOE) calculation for the case of Cyprus.
Sy [T7EE Discount Lifetime Of&M cost AverageOAnnuaI Engrgy Yield over 20 Total Cost
{0y (| — {years} {04 per years - 1 % degradation per year {kWh} [0/ KW
(n) (A) (Mt 1)
3 kWp system 4100 0.06 20 41 4651.74 0.0857

SmartPVAction B1Metering studies, policy analyses and dynamic tariff model development




3SmartPV

Table 16. Electricity cost for a domestic consumer from conventional generation Vs LCOE from a 3 kWp PV system.

3 kWp PV net metering cost

. Retgi I. Services provided Levies Total cost Total cost Ij;l/:eersf:(:: _Total I_'COE Difference
Units (kWh) glectrl?lty PV !_COE by involved and other without VAT with 19 % i no VAT including all (Gl kW
price( u/ k' (a/ kVv stake,holders f(,aes (G/ BW VAT ( G/ charged ch?rges
(u/ BWh (ul BV (Gl Bw (al B Wtk
units <120 0.2267 0.0895
120 < units < 320 0.2365 0.0993
320 < units <500 0.2419 0.0857 0.0238 0.0014 0.1110 0.1320 0.0052 0.1372 0.1046
500 < units <1000 0.2470 0.1097
Units > 1000 0.2490 0.1118
Average 0.1030
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Table 17. Average consumption per domestic consumer (including cottages) Vs PV production of 3
kWp.

. PV production in Average PV production
Months for year  Average consumption per P 9 P

kWh in kWh
201 i kWh

010 domestic consumer ( ) N[ ep— s SyEET)
Jan - Feb 722.69 200.77 602.30
Mar - Apr 620.51 298.77 896.32
May - Jun 492.22 319.95 959.84
Jul - Aug 685.22 328.90 986.70
Sep - Oct 862.32 284.59 853.76
Nov - Dec 511.48 200.33 600.99
Total Energy 3,894.44 1,633.31 4,899.92
Excess Energy 1,005.49
Ratio (Consumption/PV production) 0.795
Optimal residential PV capacity 2.4 kWp

1.200,00

1.000,00

Energy in kWh

800,00
600,00
400,00
200,00

0,00

Jan - Feb Mar - Apr May - Jun Jul - Aug Sep - Oct Nov - Dec
Year 2010

m Average consumption per customer (kWh) m 3 kWp PV production (kWh)

Figure 11. Average Consumption per domestic consumer Vs PV production during the year 2010.

In Table 18 a comparison is made on the electricity consumed in an average household
with a 3 kWp system on an annual basis based on the data shown in Table 17. Particularly,
it shows how much money the consumer will pay to the utility with and without a 3 kWp
system. Also, the collected RECs are shown per bimonthly period and annually. The aim of
this comparison is to show the payments and savings per year of an average domestic
consumer with the existing net metering scheme. The table also indicates approximately in
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how many years the investment of a 3 kWp system will be paid back. In this rough
estimation of an average consumer in Cyprus for the year 2010, it is assumed that: the
retail electricity price, levies and other fees are constant through the time and that the O&M
cost of the PV system was not taken into account. Additionally, the calculation of the years
to payback the investment assumes that a 3 kWp PV system costs 0 0Q plus 19% VAT
but it does not include any annual O&M costs or other financing costs. Furthermore, the
annual PV production and consumption of the household is assumed to be constant for all
the following years. The retail electricity price and any additional charges including VAT are

J
= ?\ ;s’l

based on the bimonthly period January 1 February 2014 (see Table 14).

Table 18. Comparison between annual residential customer consumption bill and PV production
(Energy consumption as it was in year 2010).

Average Consumption per residential customer

Total Cost Jan'i Mar i May i Jul'v Sepi Novi  TOTAL
Units (kWh) (with VAT) Feb Apr Jun Aug Oct Dec Yearly
a/ k Wh a a a a a a a
The first 120 units ~ 0.2267396 27.21 27.21 27.21 27.21 2721 27.21
The next 200 units  0.2364976 47.30 47.30 47.30 47.30 47.30 47.30
The next 180 units  0.2418526 43.53 43.53 41.65 43.53 43,53 43.53
The next 500 units  0.2469696 55.00 29.64 0.00 45.74  89.48 2.83
Any additional
units 0.2489926 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL AMOUNT 173.04 147.80 116.16 163.79 207.52 120.88 929.16
PV Production i Income

The first 120 units ~ 0.2267396 27.21 27.21 27.21 27.21 2721 27.21
The next 200 units  0.2364976 47.30 47.30 47.30 47.30 47.30 47.30
The next 180 units  0.2418526 43.53 43.53 43.53 43.53  43.53 43.53
The next 500 units  0.2469696 25.26 97.88 11357 120.20 87.37 24.94
Any additional 0.00 0.00 0.00 0.00 0.00 0.00
units 0.2489926
TOTAL AMOUNT 143.31 21592 231.61 238.24 205.41 142.98
Difference between PV
production & consumption in (29.73) 68.12 115.45 74.45 (2.11) 2211
euros 1 positive/(negative)
RECs monetize in euros 0.00 68.12 183.57 258.02 255.91 278.02 278.02
Ao e Alrine e s Electricity costs  29.73

Fix costs (Net metering + EAC fixed charge) 93.83
Total Amount paid during the year 123.56 123.56
Total savings for the year 805.63
Years to payback 61 7
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From Table 18 it can be concluded that the total payment for the year 1 including all taxes
(e.g. VAT T wi | | bE3matl lye ri969 (blectnicityt- EAC fixed charge) without net
metering. The total amount is split into two costs: the electricity payment which is the net
consumption for the bimonthly period January i February, and the payment for the total
fixed cost which includes the fixed charge for domestic consumers and the fixed charge as
regards net metering utilization. The total savings for the year are upto i 08B.

Similar comparison is made but with the electricity consumption increased by 25% than in
the previous case. This is so because by comparing the average electricity consumption
with the PV production it showed that the 3 kWp PV system was oversized (see Table 17).
Therefore, for the optimization of the 3 kWp PV system the annual electricity consumption
should be above 4800 kWh. Table 19 shows the comparison made for a household with the
electricity consumption to be 25% over the average consumption of the year 2010 with a 3
kWp PV system. All the assumptions made in the previous case (Table 18) are also valid in
this comparison.

From Table 19 it can be observed that the total remained RECs are decreased dramatically
as it was expected. In comparison with the previous case, in this case the collected RECs
are used primarily during the bimonthly period September i October and during November
i December. However, the main issue regarding the starting period for collecting the RECs
remains. During the bimonthly period January i February the customer pays the significant
amountof BB . The tot al annual payment in t
electricity payment of the aforementioned bimonthly periodi n contr ast wi
the previous case. Even so, the total savings of the year increased by almost 20% since the
annual electricity consumption better matches with the PV production. Finally, this reduces
the payback period to below 5 years rather than 6 i 7 years. This demonstrates the need
for careful sizing of the PV system based on the actual consumption of the customer.
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Table 19: Comparison between annual residential customer consumption bill and PV production

(25% increase in energy consumption compared with that of year 2010).

Electricity Consumption for residential customer with 25 % over the average consumption

Total Cost Jani Mar i May 1 Jul i Sepi  Novi  TOTAL
Units (kWh) (with VAT) Feb Apr Jun Aug Oct Dec Yearly
a/ k Wr a a a a a a a
The first 120 units ~ 0.2267396 27.21 27.21 27.21 27.21  27.21 27.21
The next 200 units  0.2364976 47.30 47.30 47.30 47.30 47.30 47.30
The next 180 units  0.2418526 43.53 43.53 43.53 43.53  43.53 43.53
The next 500 units  0.2469696 99.62 68.07 28.47 88.05 123.48 34.41
Any additional
units 0.2489926 0.00 0.00 0.00 0.00 19.40 0.00
TOTAL AMOUNT 217.66 186.12 146.51 206.09 260.92 152.46 1169.76
PV Production i Income

The first 120 units ~ 0.2267396 27.21 27.21 27.21 27.21 2721 27.21
The next 200 units  0.2364976 47.30 47.30 47.30 47.30 47.30 47.30
The next 180 units  0.2418526 43.53 43.53 43.53 43.53 43,53 43.53
The next 500 units  0.2469696 25.26 97.88 11357 120.20 87.37 24.94
Any additional
units 0.2489926 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL AMOUNT 143.31 21592 231.61 238.24 205.41 142.98
Difference between PV
production & consumption in (74.35) 29.81 85.10 32.15 (55.51) (9.47)
euros 1 positive/(negative)
RECs monetize in euros 0.00 29.81 11490 147.05 91.54 82.07 82.07
Amount paid during the year Electricity costs  74.35

Fix costs (Net metering + EAC fixed charge) 98.03
Total Amount paid during the year 172.38 172.38
Total savings for the year 997.38
Years to payback 457 55

By defining the parameters and examining the current situation in Cyprus, a new policy can
be introduced in order to give incentives for more customers to install PV systems and join
the net metering scheme. The worldwide review on net metering policies showed multiple
attractive schemes in which some of them can be adjusted accordingly for Cyprus in an
attempt to establish a more attractive and beneficial scheme for all the involved

stakeholders.
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7.2 Demand Side Management (DSM) through net metering

One issue that will be pursued further in the SmartPV project is the DSM and the education
of prosumers in order to use efficiently the systems that they will be introduced to. DSM
comprises of two principal activities, demand response programmes or load shifting and on
the other hand energy efficiency and conservation programmes. Demand response (DR)
programmes rely on automation technology to shift loads over time in order to match as
much as possible the demand with the output of generation capacities. Energy conservation
programs encourage customers to give up some energy use in return for saving money.
Energy efficiency programs give the ability to customers to use less energy while receiving
the same level of end service, for example, by replacing an old refrigerator with a more
energy efficient model [26]. The scope of this project is to develop a price-based DSM
therefore it will be more concentrated on DR programs.

Among other benefits, DSM can improve the utilization of the T&D grid assets. Furthermore
the use of TOU tariff, provides certainty to all stakeholders concerning the price of energy
consumption at different periods of the day. Therefore, the users get the advantage of risk-
averse attitude to price uncertainties due to fuel price adjustments etc. TOU rates can be
designed to represent the production and investment cost structure with high rates during
peak periods and low rates during off-peak periods. This must be carefully designed to give
the appropriate duration of the individual periods and the associated price levels in order to
encourage prosumers to utilize the DSM benefits with a price premium like saving money
from their electricity bills [27]. TOU tariffs and DSM will be further investigated within the
SmartPV project aiming to deliver an optimal approach that will support PV penetration in
the electricity market of Cyprus by utilizing competitive net metering tariffs.

8 Conclusions

In summary, worldwide net metering schemes were reviewed which highlighted the state-
of-the-art in net metering, self-consumption, and price-based DSM. The parameters which
influence net metering have been identified in order for different scenarios to be examined
and analyzed towards finding the optimum solution.

The correlation coefficients for the total electricity demand versus the PV production profile
as well as the average domestic consumption versus a 3 kWp PV production profile,
highlighted some interesting results. As it was shown, a strong relationship exists between
the PV production and the total electricity demand while for the domestic sector this
relationship is weaker. Through the SmartPV project a DSM program will be developed
offering the capability to shift loads over time in order to satisfy the needs of the involved
stakeholders. Furthermore, this optimal system may be the WIN WIN case that moves
away from financial support schemes by adapting the very promising market based policy
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of net metering, for enhancing the further penetration of PV systems in the energy mix of
Cyprus.
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