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a b s t r a c t

Since 2010 the Dutch photovoltaic (PV) market has been growing fast, with around doubling of installed
capacity in 2011 and 2012. Four quarterly inventories have been made in 2012 for modules, inverters, and
systems that are presently available for purchase in the Netherlands. We have found that the average
selling price of modules, inverters, and systems decreased with 44.3, 14, and 7.3e10.2%, respectively:
average selling prices are 1.26 V/Wp, 0.41 V/Wp, and 1.46 V/Wp for modules, inverters, and systems on
tilted roofs, respectively, at the end of 2012. Average installation costs amount to 0.43 V/Wp. Using an
energy yield of 900 kWh/kWp, 25 years system lifetime, 6% discount rate, and 1% operation and
maintenance (O&M) cost, a levelized cost of electricity (LCOE) is calculated for a 2.5 kWp system to be
0.194 V/kWh for a system price of 1.98 V/Wp (including installation). Grid parity conditions are apparent,
with electricity retail prices of around 0.23 V/kWh.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Deployment of photovoltaic (PV) systems in the Netherlands has
been irregular due to changing subsidy schemes, as is illustrated in
Fig. 1. After a slow but steady capacity growth up to 2002, a very
successful investment subsidy scheme (Energy Premium, EPR) lead
to a near doubling of capacity in 2003. However, due to abolish-
ment of this subsidy scheme, capacity growth was near zero for 4
years. A new scheme, based on a feed-in tariff was devised (Stim-
ulation Renewable Energy production, SDE), which lead to a large
capacity growth in 2009 and 2010. This was followed by a new
scheme (SDEþ), which, however, was much less favorable to PV as
the 2000e2010 schemes. Nevertheless, market growth in 2011 was
57 MWp, again nearly doubling capacity to 145 MWp. In an earlier
study [2], we showed that PV system prices were nearing grid
parity at the end of 2011, which at least partly enabled market
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growth. We therefore extended our market study in the year 2012.
The global development of module prices was expected to also
influence Dutch module prices, which was corroborated by early
2012 market data [2]. In July 2012 a new investment subsidy
became in force for residential PV owners (15% subsidy on material
investment costs up to a maximum of 650 V per system). However,
right after the announcement in May 2012, market turnover
dropped enormously, as consumers waited for final details on the
subsidy scheme before making their purchase: this was referred to
as ‘consumer strike’. The subsidy scheme was questioned by the PV
industry as it created yet another market imbalance. Nevertheless,
capacity growth in 2012 was expected to at least doubling the cu-
mulative installed capacity. Recently updated figures show that
installed capacity has more than doubled to 340 MWp [1] (Fig. 1).

An inventory of the PV market in the Netherlands was made
every quarter in 2012, by collecting price data on PV modules, in-
verters, other system components including installation and con-
sultancy, in order to support private customers in their purchasing
decision. VAT was therefore included in the price data. Moreover,
for four different typically sized PV systems, performance and cost
calculations were performed. This allowed to determine the
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Fig. 1. Development of the cumulative installed PV capacity in the Netherlands (data
source: CBS [1]).

Fig. 2. Development of PV module price (including tax) between October 2011 and
December 2012.
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levelized cost of electricity of PV systems in order to compare with
retail electricity prize of typically 0.23 V/kWh, and assessment of
consumer grid parity.

2. Methodology

The collection of market data was performed using extensive
Internet searches that identified the relevant retailers of PV mod-
ules, inverters, complete systems, and other BOS components. For
most of these retailers price data were available on their web sites.
Those for which this information was not available were contacted
directly (phone, email) and were asked to provide detailed price
information on the products they sell, also including data on
installation prices. Note that all prices in this paper are quoted
including value-added tax (VAT), which was 19% prior to 1 October
2012 and 21% from that date onwards.

The levelized cost of electricity (LCOE) was calculated using

LCOE ¼ aI þ OM
E

(1)

where a is the capital recovery factor, I the initial investment, OM
the operation and maintenance cost, and E the annual electricity
production. The capital recovery factor is defined as

a ¼ r

1� ð1þ rÞ�L (2)

with r the discount rate, and L the lifetime of the system.
In the Netherlands a large number of 4e6 module systems were

installed, and still are offered: system size then is on average about
600 Wp. Nowadays, a typical household roof system measures
about 2.5 kWp. As typical yields range from 800 to 1000 kWh/kWp,
depending on correct and optimal installation, such a systemwould
generate 2000e2500 kWh annually. This constitutes 57e71% to the
annual electricity demand of an average Dutch household, i.e.,
3500 kWh. Present legislation allows for net metering up to
5000 kWh annually, therefore a 5-kWp system is also taken as a
size in our study. Larger systems range from 10 to 50 kWp.We have
chosen four typical sizes for the LCOE calculation: 0.6, 2.5, 5, and
50 kWp. Operation and maintenance cost are taken as 1% of in-
vestment cost and reflect the usual change of the inverter once
during the lifetime of the system of typically 25 years. A typical,
mortgage-related interest rate is 6%, while a lower, soft of green
loan rate may be possible at 3%. Commercial rates are 8% or higher.
Results will be presented using these ranges of values.

3. Results

3.1. PV modules

In the quarterly inventories of PVmodules the number of unique
modules rose from 480 in April to 669 in December 2012, and these
were predominantly crystalline silicon modules (49% mono, 49%
poly, 2% thin film). The average selling price decreased from V442
(range V147e V921) to V287 (range V82eV840); this translates
into values of the price per rated power of 2.10 V/Wp (range
0.95e6.69V/Wp) and 1.26V/Wp (range 0.64e2.63V/Wp) for April
and December 2012, respectively. This development in price is
shown in Fig. 2, where the error bars are the standard deviations in
the mean values. Data from October 2011 are also shown for
comparison. Clearly, a very large price decrease of 44.3% occurred
between October 2011 and December 2012. Similar decreases have
been reported globally. The number of modules with lower price
than 1.1 V/Wp increased from 10 in April 2012 to 84 (17.5%) in
December 2012. Thus, in the Netherlands, PV module price is
observed to decrease between October 2011 and December 2012
with 7.5 centV every month. Note that the consumer strike of mid
2012 is reflected in the price trend as a relatively low price change
in the fall of 2012.

Fig. 3 shows the changes in price distribution over the same
period. The decrease in price can be cleary observed, as well as the
narrowing of the distribution, which may be due to the fact that
more expensive modules have been taken off the market. In fact,
some 15% of the modules each quarter are new on the market.

3.2. Inverters

The number of inverters in the inventory rose from 188 in April
to 342 in December 2012. The average selling price decreased from
V2013 (range V120eV7921) to V1823 (range V155eV7399). Note
that the range in rated capacity varies from 215 W to 60 kW; this
translates into values for the price per rated power of 0.48 V/Wp
(range 0.18 - 1.09 V/Wp) and 0.41 V/Wp (range 0.17e0.92 V/Wp)
for April and December 2012, respectively. The average EU effi-
ciency is 95.2%. Small size inverters are more expensive than large
size ones: for size <1 kW the average price is 0.6 V/Wp; for



Fig. 3. Development of the distribution of PV module price (including tax) between
October 2011 and December 2012.

Fig. 5. Development of inverter price (including tax) between October 2011 and
December 2012.
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inverters >10 kW the price is <0.3 V/Wp, as is illustrated in
Fig. 4.The development in price is shown in Fig. 5, where the error
bars are the standard deviations in the mean values. A modest
decrease in price is observed of 14% occurred between April and
December 2012, or 0.8 centV in this period.
Fig. 4. Inverter price (including tax) as a function of DC input power for December
2012.
3.3. Systems

The number of systems for tilted (flat) roofs in the inventory
rose from 1557 (1477) in April to 2352 (2270) in December 2012.
The average selling price for tilted systems decreased from 1.63
V/Wp (range 1.28e4.44 V/Wp) to 1.46 V/Wp (range 1.05e2.73
V/Wp) in April and December 2012, respectively. Similar numbers,
albeit slightly higher are found for flat roof systems. The price
development is depicted in Fig. 6 for both tilted and flat roof sys-
tems. A decrease in price is observed of 10.2% for tilted systems
(7.3% for flat roof systems) between April and December 2012, or 2
(1.5) centV in this period. Note that the average selling price de-
pends on system size: large systems have lower prices than small
systems, as illustrated in Fig. 7. The average prices for three system
size ranges have been determined, i.e., for 0e1 kWp, 1e5 kWp, and
5e25 kWp, all excluding installation. Fig. 8 shows the price
development for these ranges. For the smaller systems, the price
decrease is clear; the price of the largest systems seems to stabilize.

Average installation costs have been determined to be 0.40
V/Wp in July to 0.44 V/Wp in December, as shown in Fig. 9. This
Fig. 6. Development of system price (including tax) for tilted and flat roof systems.



Fig. 7. System price in December 2012 for tilted systems, excluding installation.
Fig. 9. Development of system installation cost between July 2012 and December
2012.
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may be caused by lowered system price margins being compen-
sated somewhat by higher installation cost margins. Note that for
small systems installation costs are >0.50 V/Wp, while for large
systems (>5 kWp) installation costs are <0.30 V/Wp. Based on the
December 2012 data, and the size dependent prices from Fig. 7, the
system size dependent prices are set as shown in Table 1.
Table 1
Prices of four typically sized PV systems.

System size (kWp) Price (V/Wp) Installation (V/Wp) Total (V/Wp)

0.6 1.83 0.60 2.43
2.5 1.58 0.40 1.98
5 1.39 0.30 1.69
50 1.39 0.20 1.59
3.4. LCOE for typical systems

For the four system sizes, with associated prices, the LCOE is
calculated for three different values of the interest rate. Results are
shown in Table 2; the yellow marked values are similar or lower
than the current (early 2013) price of electricity (0.23 V/kWh) that
utilities charge to customers. Clearly, as was found in the previous
study as well [2], grid parity has been reached for systems between
2.5 and 5 kWp for high energy rating values. For small systems and
low energy ratings only soft and mortgage type loans lead to grid
parity. Due to net metering legislation, systems larger than 5.5 kWp
(at 900 kWh/kWp) are not considered to be operable below con-
sumer grid parity. Also, consumers/owners installing systems of
50 kWp, most probably pay a much lower fee of about 0.10 V/kWh
Fig. 8. Development of system price for three different size ranges.
to utilities, as they are so-called large consumers (and in fact will be
owners/tenants of office buildings). In their case, grid parity is not
reached, and PV system price should be close to 1 V/Wp. Note, that
new legislation in mid 2013 will probably remove the 5000 kWh
barrier, which would make larger residential installations more
attractive in economical terms.

4. Discussion

The present study in fact is to been as a start of a long-term
effort to follow market developments, which would allow identi-
fying price trends much better. Nevertheless, the quarterly price
Table 2
LCOE (V/kWh) for various combinations of energy yield, system size and price, and
interest rate. Other assumption is 1% O&M.

Energy yield
(kWh/kWp)

Size (kWp) Price (V/Wp) 3% 6% 8%

800 0.6 2.43 0.205 0.268 0.315
2.5 1.98 0.167 0.218 0.257
5 1.69 0.142 0.186 0.219

50 1.59 0.134 0.175 0.206

850 0.6 2.43 0.193 0.252 0.296
2.5 1.98 0.157 0.206 0.242
5 1.69 0.134 0.175 0.206

50 1.59 0.126 0.165 0.194

900 0.6 2.43 0.182 0.238 0.280
2.5 1.98 0.148 0.194 0.228
5 1.69 0.127 0.166 0.195

50 1.59 0.119 0.156 0.183

950 0.6 2.43 0.162 0.212 0.250
2.5 1.98 0.132 0.173 0.203
5 1.69 0.113 0.148 0.174

50 1.59 0.106 0.139 0.163
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updates have shown rapid decreases in the Netherlands for mod-
ules and inverters, but less so for complete systems and installation
cost. This is also seen on the global market. Module prices have
been about halved globally over 2012 [3].

The average system price cannot be compared directly with
summing up average module price, average inverter price and
average installation price. Suppose a house owner would like to
purchase a 4 kWp system, which comprises of 16 250Wp modules
of 1.26 V/Wp, an inverter of 0.35 V/Wp. and installation of 0.35
V/Wp. Total system price would be 1.96 V/Wp, which is 10e15%
larger than the system price used in Table 1. Obviously, system
installers are able to close better deals on the market than con-
sumers buying individual components.

5. Conclusion

In order to follow price developments in the fast growing and
dynamic Dutch PV market, four 2012 quarterly inventories of PV
modules, inverters, and other BOS components, as well as on
complete PV systems have been composed. It has been found that
prices of modules, inverters, and systems all have decreased by
44.3, 14, and 7.3e10.2%, respectively. This has lead to a large market
growth in 2012, which more than doubled with respect to the
installed capacity in 2011. Assessment of grid parity shows that
LCOE can be 10e15 centV lower than current consumer retail price,
for systems of typical household size with high-energy yield, i.e.,
that are properly installed on good locations. Continuation of this
market study in 2013 will reveal if a further price reduction can be
realized, which will be a challenge in view of the recent EU decision
to impose provisional anti-dumping tariffs on Chinese PV panels
[4]. Therefore, in our 2013 study we will also distinguish between
the countries of origin of the modules [5].
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