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Abstract
The installation of photovoltaic (PV) system is increasing worldwide mainly because of
the environmental reasons. Decreased PV panel prices and increased subsidies has
increased remarkable the installations. For example in Germany some weekend days the
production were about 40% of the total energy demand. Large amount of variable
production can produce serious problems on grid if it is not taken care in grid
construction. Also smaller systems have impact on power grid performance. The goal of
this study is evaluate power system impacts of PV systems as well as to make an
overview of PV and hybrid system techno-economics.
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2 Introduction and goal
The installation of photovoltaic (PV) system is increasing worldwide mainly
because of the environmental reasons. Decreased PV panel prices and increased
subsidies has increased remarkable the installations. For example in Germany
some weekend days the production were about 40% of the total energy demand.
Large amount of variable production can produce serious problems on grid if it is
not taken care in grid construction. Also smaller systems have impact on power
grid performance for example one-phase PV system can introduce phase
unbalance into the grid. The goal of this study is evaluate power system impacts
of PV systems as well as to make an overview of PV and hybrid system technoeconomics.
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3 Power system impacts
PV system impacts on grid are similar or even more remarkable that wind power
systems (Figure 3-1). Large-scale gigawatts-level production can fall down in few
seconds.

Figure 3-1. Wind and PV production in Germany in March
http://www.greentechmedia.com/ Paul-Frederik Bach: May 30, 2012.

2012.

Source:

PV production does reduce peak power need in the middle of day but not reduce
peak power need of evenings. Energy storages could solve this problem or the use
of other type of renewable power production e.g. biomass based production by
evenings of cloudy days.
In addition to power production breaks variable production can course other
issues that increase when variable renewable power production amount increases.
What is the critical level of renewable power production amount depends on the
total system performance. According to some studies the combined maximum
capacity of all PV installations connected without a dedicated transformer must
remain <30% of the rated capacity of the distribution transformer [7].
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Large-scale PV installations introduce technical challenges because of the
intermitted nature of PV and characteristics of grid connection inverter. Possible
problems in large-scale PV installations include: overvoltage/undervoltage,
instantaneous voltage changes, voltage imbalance, harmonics, unintended
islanding, short circuits and high frequency fluctuation. These problems exist
without PV production as well and there exist countermeasures to solve the
problems (Table 3-1). Smart grid with extended ICT and energy storages can
prevent these problems that can be barriers to larger deployment of PV power
production.
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Table 3-1. Summary of the power system issues and countermeasures. [4]

9 (34)

D 5.1.37: Report of power system impacts and techno economic evaluation of
photovoltaic systems

4 Impacts of small-scale PV generation on
distribution network planning
PV located in distribution network has certain impacts on network operation that
need to be taken into account already in planning stage. These impacts include for
instance:
- Network protection
- Voltage level control
- Network dimensioning
- Power quality issues
In many cases the current planning procedures need to be modified for studying
the PV impacts. The modifications may relate to planning principles, as in the
case of voltage levels in which the voltage rise needs to be added to normal
voltage drop studies. On the other hand, they may require changes in the current
calculation methods, for instance in the case of protection impacts.
The basic planning challenges caused by PV in distribution network are described
in following chapters.

4.1

Network protection impacts

The PV units operate naturally as DC sources and they are thus connected to
public AC network via inverters. Regarding network faults, inverter has an
important role on PV unit behaviour. Inverters are typically not able to feed
prolonged fault currents since the dimensioning of power electronic components.
Thereby upstream fault currents or component thermal limits are not normally as
significant problem as they are in the case of conventional generators.
Since PV is mainly connected to LV networks, they are not very likely to
contribute to MV-level earth faults and autoreclosing sequences. However, where
the share of LV-connected PV becomes very high, the aggregate impact of PV
units may disturb the reclosing sequences. This is caused by the possibility of PV
units remaining connected to the network during the reclosing dead time. In this
case they can also maintain a voltage in the network – which can further maintain
the arc at the fault point. Thereby the fault seems permanent and a longer
interruption will result. In order to avoid such problems, PV units should be
disconnected during the reclosing dead time, which is typically rather short, in the
scale of 0.3…0.5 seconds. This is challenging for most small-scale applications at
the moment. However, as mentioned above, failing reclosing is not the major
concern of PV since it requires high shares of PV.
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Impact on feeder fault currents and LV fuse protection may be much more
significant. As a PV unit is connected to existing LV feeder, it will actively
participate in faults occurring on this feeder. Since it is feeding a fault in parallel
with the feeding distribution transformer, it will increase the fault currents at the
fault point. However, at the same the fault current from the distribution
transformer will decrease a bit according to current division law. As the feeder is
protected with traditional fuse, this fuse will blow a bit slower due to the PV unit
installed along feeder. Impact of one PV unit is small, but the aggregate impact
may become significant when the amount of units increases. Figure 4-1 presents
an example of such aggregate impact. From network operator’s point of view this
topic is complex since it may be difficult to follow and predict the amounts of PV
along network.

Figure 4-1. Simulated example of slow fuse operation caused by multiple small PV
units distributed along LV feeder. In this case, PV units were six 2 kW units located
along feeder. The impact on fuse operation time can be clearly seen.

Another major safety problem can be caused by islanding, during which the PV
unit remains feeding a part of the network without connection to the public grid.
Islanding can result in safety problems especially for network crew and also
power quality problems since the system is not planned for stand-alone use.
Again, individual PV unit is not very likely to maintain islands, but a larger mass
of units can maintain an island on certain area. The island can be formed in
different sizes ranging from whole MV feeder to customer’s own network, as
illustrated in Figure 4-2.
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The possibility of islanding depends strongly on power balance
(generated/consumed) at the time of transition to island. Normally there is a clear
mismatch in power balance, which is easily detected by PV unit protection. On
the other hand, the case of perfect power balance can practically not be detected
by current techniques. From network operator’s point of view, the islanding
problem is difficult to assess in planning. Based on load data and PV unit nominal
powers it could be possible to search for possible problematic areas. Further, the
network operator must mainly rely on setting requirements for PV protection
devices.

Figure 4-2. Examples of island formation.

4.2

Voltage level control

Normally voltage levels at distribution networks are managed with on-load tap
changers located at substations’ HV/MV transformers. Distribution transformers
at MV/LV substations are equipped with fixed ratio changers that can be adjusted
only manually. Since PV units are located mainly on LV networks, they may lead
to local problems with voltage levels.
Whereas the current planning criterion is to avoid excess voltage drop and to
maintain adequate voltage level in the furthest parts of the network, PV
integration introduces another planning criterion. Now it will also become
necessary to study high voltages to avoid voltage raise problems near PV units.
Again, impact of one unit is minor but voltage rise can become a real problem on
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area where several units are integrated to the network. PV units are not likely to
affect voltage profiles much on MV network, but they can still have some impact
although connected to LV side. Impact on one feeder is shown in Figure 4-3.

Figure 4-3. Example of feeder voltage profile and the impact of local generation

The complexity of managing voltage levels with PV installed comes from two
factors; intermittency of PV generation and PV distribution among load-only
feeders. Quick changes in the output power of PV are difficult to manage,
especially as distribution transformers are equipped with fixed ratios. Further,
adjusting voltages affects the whole network below the distribution transformer or
substation. The feeders without any PV still suffer voltage drop issue whereas PV
feeders can have problems with voltage rise. Thus managing only busbar voltage
is complicated.
For planning purposes, it has been adequate so far to study the maximum loadsituation to assess the voltage drop in the network. Now, another study needed
would be minimum load-maximum generation, which will reveal possible voltage
rise problems.

4.3

Network dimensioning

Integrating PV to the network can increase power flows and hence affect network
dimensioning. Suitability of components should be checked always when adding
a PV unit to the network. This is made automatically by the planning system in
use when PV unit is correctly modelled and included in network power flow
calculation. Local generation can also increase fault levels and affect thus thermal
limits of components such as breakers and switches. However, this is normally
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not a concern in case of inverter-connected PV units since they are not able to
feed large fault currents.
Principles for network dimensioning remain practically same as the ones used at
the moment. After including PV, it is important to find the worst-case situation
(largest current flow), which may be different to the situation without PV. At the
same, dimensioning without PV must be assured.

4.4

Power quality issues

PV units can have local impacts on network power quality. In order to avoid
negative impacts, certain quality requirements are set to PV units by network
operator. However, network operator has practically no tools for calculating or
estimating the quality impacts; it must rely mainly on requiring good enough
quality level from customer devices. In unclear cases, the quality levels need to be
measured.
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5 PV Economics
5.1

Current PV technology

PV module technology is one of the most fast developing technologies in the
world. Basic photovoltaic technology includes two main areas: flat plate and
concentrator technology (Figure 5-1).

Figure 5-1. Photovoltaic technologies. Source: Spectrolab

.

5.1.1

Flat plates

Flat plates cover around 94% of current panel market. Flat plate technology
includes three basic principles of solar cells:
1)
Silicon based single crystal or polycrystalline,
2)
Thin film based where active materials (cadmium telluride CdTe,
copper indium gallium diselenide CIGS) are integrated in thin layers on
solid surface (Glass, metal) or
3)
New technologies such as organic (oligomers, polymers or hybrid)
or composite materials.
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Crystalline silicon (wafer-based) technology dominates current market but thinfilm based technologies are expected to grow in coming years.
Silicon based crystal or polycrystalline cells
Solar cells with silicon semiconductors account nearly 90% of sales of PV
products. There are three main types of crystalline cells:
- Monocrystalline C-Si
- Polycrystalline and
- Ribbon sheets.
Thin film based cells
Thin film cells consist of thin (few microns) semiconductor layer. Four types of
thin film modules are available at the moment:
- Amorphous silicon (a-Si)
- Cadmium telluride (CdTe)
- Copper Indium/gallium Diselenide/disulphide (CIS, CIGS)
- Multi junction cells (a-Si/m-Si)
Thin film cells can be flexible when deposited in a thin plastic or flexible metal
e.g. aluminium. CIGS-based thin-film solar cell modules currently represent the
highest-efficiency alternative for large-scale, commercial thin-film solar cells. [2]
Organic and composite material cells, Dye cells
Organic solar cells have the potential to become a lighter, flexible and costefficient alternative to silicon solar cells. Dye solar cell converts light energy to
electricity on a molecular level, similar to natural photosynthesis and can be
produced in printing process. For example a monomolecular layer of a sensitizing
dye on the nc-TiO2 surface absorbs the incoming light. An efficiency of 10 % is
obtained. Organic photovoltaic technology (OPV) has currently typically low
efficiency and low life-time but with improvements they would have future
potential in building integrated transparent materials.
Other innovations
The newest innovation is also hybrid construction e.g. made by single crystalline
silicon that is surrounded by ultra-thin amorphous silicon layers. Latest
innovations to increase efficiency are covering the light spectrum from infrared to
ultraviolet (e.g. Sunlight).
Efficiency increase is also achieved with special flat panel constructions e.g.
Bifacial PV cells are one of the latest innovations where panel backside gets also
reflected sunlight producing 5-30% more energy per square foot.
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5.1.2

Concentrators

Concentrator type photovoltaic (CPV) construction solutions are based on silicon
or multijunction technologies provided with different kind of concentrator
technologies.
Silicon cells
Silicon based technology includes the industry-dominant single-crystalline (c-Si)
and multicrystalline wafers sawn from ingots; melt-grown ribbons; thin
hydrogenated amorphous silicon (a-Si:H); and microcrystalline Si layers grown
from gaseous precursors.
Multijunction cells
Multijunction cells have been developed to work wider wavelength area to
increase efficiency. The latest multijunction innovations are based on compound
material techniques (Figure 5-2). Materials have different light reflecting features
forming the compound that works in wide wavelength area.

Figure 5-2. Multijunction cells a) monolithic triple junction n-on-p solar cell b) wavelengths.
[5]

5.1.3

Efficiency

Latest years research results of PV cells (Figure 5-3) show efficiency increase.
Multijunction solutions offer highest efficiencies (>40% from Boeing subsidiary
Spectrolab) currently. Latest innovation (e.g. NREL) shows promising results that
50% efficiency can be exceeded. Typical efficiency levels of thin-film cells vary
from 9% to 12% (c-Si), 6-9% (a-Si) and 8-14% (CIGC) cells. Efficiency of
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standard c-Si cells is 14-16% and multicrystalline cell 17-21%. Laboratory scale
efficiency of crystalline silicon cells (c-Si) is up to 20% (polycrystalline) -25%
(monocrystalline).
Organic photovoltaic technology (OPV) has currently typically low efficiency
(~8% highest achieved 10.7% (Source: Heliatek))

Figure 5-3 Photo voltaic cell efficiencies. (Source: NREL 12-2012,
http://www.nrel.gov/ncpv/)

5.2

Economic evaluation methodology

Economic evaluation of PV system necessitates knowing the price of crucial
components of system, installation cost and cost of use: variable and fixed grid
connection cost, transmission cost and amount of taxes. Benefits evaluation
includes forecast of production and forecast of selling prices. Other benefits such
as environmental benefits and increased power production reliability should be
evaluated. Forecast methods and available design tools were presented in the
earlier project report D5.1.2.
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5.2.1

Economics of the PV system

PV system initial cost include e.g. PV array cost, mechanical and electrical
accessories cost e.g. cost of cables, fittings, trackers, possible energy storage
systems, in grid-connected system inverter cost and in large system also a
transformer cost and installation cost. Income depends on the energy delivered
from the plant. In the case of grid-connected PV plant the energy delivered to the
grid is[8]
E ACtotal
S array H tilted PV inv N days m
(5.1)
i

mi

where Sarray is the total PV array area (m2), Htilted is the monthly average daily
radiation in the PV module plane (kWh/m2/day), nPV is the overall PV array
efficiency (%), ninv is inverter efficiency (%) and Ndays is the number of days of
each month mi. Taxes, loan interest, cost of use (e.g. maintenance cost,
replacement cost) decrease the income. Annual saving of off-grid system can be
calculated e.g. based on the replacement of other type of energy (fuel) or gird
delivered electricity. Also environmental effects are important like decreased CO2
emissions from other energy sources.

5.2.2

Basic economics indicators

The comparison of investment can be performed using Net Present Value method,
where profits and cost are transferred to present. Present value (PV) can be
calculated:
T

PV

t

St
1
(1 p ) t

JAT
(1 p ) T

HH

(5.2)

where St is the value of the individual payment in year t, p is the interest rate, JAT
residual value in the end of time T and HH is a purchase price.
Net present Value (NPV) is the difference between the present value of cash
inflows and the present value of cash outflows. NPV is used to analyze the
profitability of an investment or project.
T

Ct
C0
(5.3)
r)t
t 1 (1
where Ct is cash inflow and C0 is cash outflow and r is discount rate.
Profitability index (PI) is used to identify the relationship of the costs and benefits
of project through the use of a ratio. It is calculated
NPV
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PI

PV of future cashflows
Initial investment

(5.4)

For a profitable investment the PI should be >1.
Internal Rate of Return (IRR) is
T

C0
t 1

Ct
(1 IRR ) t

(5.5)

Discounted Payback Period (DPBP) formula is used to calculate the length of
time to recoup an investment based on the investment's discounted cash flows.

DBPB

5.3

ln

1
C0 r
1
Ct

ln(1 r )

(5.6)

Current information of the cost of PV systems

Installations of solar energy systems e.g. in the U.S. more than doubled in 2011.
The U.S. added a record 1,855 megawatts of photovoltaic capacity in 2011, a
109% increase versus the year prior. New installations will reach 36 GW in 2013
(Bernreuter Research).
Module prices has been continued to fall down during 2012 (Figure 5-4).
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Figure 5-4 Price Trend Crystalline Photovoltaic Panels, Main Port Europe (net price w/o
value tax). (Source: http://www.europe-solar.de/catalog/index.php?main_page=page_3)

Latest decrease of the module prices cannot be seen in Finland yet. When
compared of the multi-cell solar panel prices from 8 sellers the average price was
2.68 €/W and average mono-cell panel price was 4.37 €/W.
Installed PV system prices varied from $3.8 to $571 in 2010 in USA (Figure 5-5).
Module prices are typically 38-51% of total cost depending e.g. installation sector
(Figure 5-7 - Figure 5-10)
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Figure 5-5 Benchmark 2010 PV system prices according to the different sectors. [1]

Average price for turnkey rooftop system in Germany varies from 1.4 €/W p to 1.9
€/Wp according to http://www.europe-solar.de/.
Table 5-1. Average price for turnkey rooftop systems in Germany (Date: August 2012).
(Source: http://www.europe-solar.de/)

Prices in other European countries are typically higher that in Germany (Figure
5-6) being 1.05 €/W for residential rooftop systems, 0.43 €/W for commercial
rooftop systems and 2.3€/W for large ground-based systems. Module prices are
expected to continue their decline through improved manufacturing processes and
low-cost manufacturing and are expected to drop 20-30 percent through 2011.
(Joseph Berg, Associate for IHS EER’s Europe Solar Power Advisory service)
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Figure 5-6 Average PV system cost in European countries. (Based on HIS Emergency Energy
Research report)

Figure 5-7 2010 residential PV system price. [1]
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Figure 5-8 2010 commercial rooftop PV system price. [1]

Figure 5-9 2010 fixed-axis utility-scale PV system price. [1]
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Figure 5-10 2010 one-axis-tracking utility-scale PV system price. [1]

5.4

PV cost examples in high latitude area

When 2-axis tracking system is used the irradiance level depends highly on
weather making PV systems more feasible in high latitudes also. Nordic Energy
Research has simulated case study in Piteå Sweden with 2-axis tracking system.
Cost of the 2-axis tracking system was 0.09 €/kWh including panels, inverters,
trackers, substructures, wiring and installation cost. Output estimated for 25 years
incl. degradation in power.
In the following table it is presented economic calculations of two different sizes
rooftop type PV system located in Espoo and Oulu. System is installed on the
roof southward with fixed angle of 25º. System includes panel, inverter, gateway
for production following and all electrical and mechanical accessories needed for
installation. VAT 24% is included to the prices. Estimated yearly saving are based
on electricity price of 0.13 €/kWh including sales, transmission cost and taxes. No
production is sold. Production, savings and cost are calculated by Fortum
photovoltaic system calculation tool.
(https://www.fortum.fi/countries/fi/yksityisasiakkaat/energiansaasto/aurinkopanee
li/tilaaminen/pages/default.aspx). (Nb. that Oulu is not actually included to the
possible installation areas of Fortum that is Uusimaa)
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Economic indicator numbers are calculated for 25 year period use using 3 %
discount rate and 0€ remaining value. No power degradation estimation is
included. Possible tax return for domestic work is not included. Indicators
(Internal Rate of Return (IRR); Discounted Payback Period (DPBP); Profitability
Index (PI) and Net Present Value (NPV)) were calculated.
All indicators show unprofitable investment (e.g. NPD<0) in all cases in both
Helsinki and Oulu. There is not remarkable difference of the estimated production
and savings between Helsinki and Oulu.
But if it is calculated cost of produced electricity in 25 years period (3% discount
rate) the electricity cost in Oulu is 0.3 €/kWh with 6 panel system and 0.23 /kWh
with 12 panels and in Helsinki 0.23 €/kWh with 6 panels and 0.21 €/kWh with 12
panels. Roughly estimated decrease of panels system cost should be around 70%
and if the installation cost remain at current level panels could cost only 5% of the
estimated price in the following table to make the system profitable. With 2-axis
tracker system the PV-production is about 40% bigger than fixed system but the
investment is still unprofitable.
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Table 5-2. Estimated PV panel cost and electricity savings in one family house roof top PV
panel system (roof angle 25º, direction to south). Calculated by Fortum tool.
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6 Hybrid systems
6.1

PV – Solar thermal (PVT or PV/T)

Bakker et al. (2003) has studied performance and costs of a roof-sized PV/thermal
(PVT) arrays combined with a ground coupled heat pump. A photovoltaic/thermal
(PVT) panel is a combination of photovoltaic cells with a solar thermal collector,
generating solar electricity and solar heat simultaneously. [3]

Figure 6-1. Schematic overview of the system. [3]

When compared to PV panels, PVT modules offer the added benefit of ‘hidden’
heat generation, PV-panel cooling effect, a much higher specific solar energy
yield and it also offers an esthetic advantage. The system studies have shown that
a system consisting of a ground coupled heat pump and 25 m2 of uncovered PVT
panels is able to cover 100% of the total heat demand for a typical newly-built
Dutch one-family dwelling, while covering nearly all of its own electricity use
and keeping the long-term average ground temperature constant. The total
investment required for the PVT system is equal to that required for the reference
system with separate PV and thermal panels.[3]
Also the IEA (International Energy Association) has studied PV/T in the Task 35.
“PV/Thermal solar Systems) as part of the International Energy Agency (IEA)
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Solar Heating and Cooling (SHC) Programme (http://www.pv-t.org/). The results
show that PV/T modules can generate more energy per unit surface area than
side-by-side photovoltaic panels and solar thermal collectors, at a potentially
lower production and installation cost. (e.g. PVTWINS liquid collectors
approximate price was found to be ~980 euro/m2). There are many ways to
combine the different PV and Solar Thermal technologies to a PV/T collector so
far; most development has been done on silicon technologies with liquid and air,
flat-plate type collectors. Furthermore, work has been done on concentrating and
combined liquid/air PV/T collectors and on building integrated systems for
preheating of e.g. ventilation air.

6.2

Fuel cell – electrolyser with solar and wind

Fuel cell with combination of electrolyser gives one solution to control
intermittent wind and solar fluctuation when hydrogen storage tanks have been
considered for energy storage.
Nelson et al. (2005) has studied performance of wind/PV/fuel cell. The proposed
system is presented in the Figure 6-2 and the control algorithm in the Figure 6-3.
[2]

Figure 6-2. Proposed wind/PV system with FC/electrolyser storage. [2]
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Figure 6-3. Flowchart of the control algorithm for wind/PV/FC/electrolyser system. [2]

Mathematical model for system is developed and annualized cost of
FC/electrolyser and battery system is calculated and compared. The results of the
study show battery system less costly compared to FC/electrolyser (Figure 6-4).
The main disadvantage was the low efficiency of FC/electrolyser solution but on
the other hand hydrogen can be shipped to the site if storage is low and there is no
wind or solar production. [2]

Figure 6-4. Comparison of PV/wind system storage cost with FC/electrolyser and battery
systems.[2]
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7 Summary and conclusions
In this study it is made a review of power impacts of photovoltaic system and
economics of photovoltaic installations.
Finland has relatively low solar insolation but still comparable to solar insolation
in the middle-Europe. And the interest for solar energy as clean renewable energy
to decrease greenhouse gas emissions is increasing also in Finland. But solar
systems are not financially attractive investments to homeowners in Finland today
if the interest is based on cash flow alone. The economic value of the benefits of
the produced solar electricity varies according to the power delivery area, solar
radiation area and according to the selected electricity trading company prices. If
the produced electricity is sold to the grid the cash flow depends on the negotiated
price because all the electricity delivered to the grid must have a buyer
beforehand. The PV panel production overcapacity has decreased panel prices
remarkable but that cannot be seen yet in the PV panel prices in Finland.
However, inverter prices, and all installation cost are so remarkable that the
decrease of the panel prices does not make an investment profitable. There are no
subsidies for PV systems in Finland. For the installation work cost you could use
a tax return for domestic work possibility but for that it is maximum yearly
limitation and you will get the return back as late as on next year tax decrease.
Solar thermal power and combined systems with PV power are attractive
solutions that might have future feasibilities in Finland. The economic studies in
other countries do not yet show these systems financially attractive either.
PV units can have local impacts on network power quality. In order to avoid
negative impacts, certain quality requirements are set to PV units by network
operator. However, network operator has practically no tools for calculating or
estimating the quality impacts; it must rely mainly on requiring good enough
quality level from customer devices. In unclear cases, the quality levels need to be
measured.
High penetration of intermittent solar power can have various negative impacts to
the grid performance if not taken care beforehand. Some problems in Germany
have existed and as one solution the German government will apparently start
subsiding small-scale solar power storage. However, too high penetration of solar
power is not an actual problem in Finland today or not in near future because of
minor current PV installation amount. If the PV subsidies are increased these
issues should be considered but on the other hand Smart Grid functions and
energy storages would solve this problem.
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8 Abbreviations
AC
Alternate Current
Albedo
Fraction of Sun's radiation reflected from a surface.
ANN Artificial Neural Network
ARIMA Autoregressive Integrated Moving Average
AS
Ancillary services
Asi
Amorphous Silicon
CdTe Cadmium Telluride
CEC California Energy Commission
CiSc Copper-indium Selenide
CLEEN
Cluster of Energy and Environment
CPV Concentrated photovoltaic
CSP Concentrated Solar Power
DC
Direct Current
DG
Distributed Generation
DLL Dynamic Link Library
DNI Beam (direct) Normal radiation/Irradiation
DSM Demand Side Management
DSP Digital Signal Processor
ECMWF
European Centre for Medium-range Weather Forecasts
ESRA European Solar Radiation Atlas
GHI Global horizontal irradiation
IEA International Energy Agency
IGBT Insulated Gate Bypolar Transistor
IncCond Incremental Conduction
LCA Life-cycle Assessment
MARS Multivariate Adaptive Regression Splines
MPP Maximum Power Point
MW Megawatt
NARX
Nonlinear AutoRegressive model with Exogenous input
NREL National Renewable Energy Laboratory
NWP Numerical Weather Prediction
P&O Perturbation and observation
PAR Photosynthetic Active Irradiance
PV
PhotoVoltaics
PV
Photovoltaic
PVT Combined photovoltaic solar thermal
R&D Research and Development
Rmse Root mean square error
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SGEM Smart Grid and Energy Market programme
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