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Photovoltaics

Technologies
PV modules can be produced from many different materials:

1. First generation cells are based on mono- or poly-crystalline silicon. More than 80 % of PV systems in the world are made from these types of silicon.

2. Second generation cells are thin film made of e.g. amorphous silicon, cadmium-telluride or copper-indium-selenide (CdTe, CIS or CIGS).

3. Third generation cells can for example be several cells stacked on top of each other, photo-electro-chemical (PEC) cells, organic cells or plastic cells.

This technology sheet deals with complete grid-connected systems. The major components of such a system are PV modules, inverter, and mechanical and electrical assembly equipment.

Technical data

Technical lifetime:

30 years (ref. 1).

40 years (ref. 17).

25 years (ref. 27).

RECaBS default value: 30 years.

Load duration:

USA and Canada:
1260-1750 hours/year (ref. 27).

Italy, Spain and Portugal: 
1400 hours/year (ref. 11).
Germany: 
1000 hours/year (ref. 11).
Denmark: 
  800 hours/year (ref. 11).
RECaBS default value: 1400 hours/year.

Investment costs

Total system costs, 2.1 kW, 2002 prices (ref. 1):

2004: 
         4.9 EUR/W

2010-2015: 
2.5 – 3.0 EUR/W

2020-2030: 
1.3 – 2.1 EUR/W

Converted to 2006 prices:

2010: 
2.8 – 3.4 EUR/W; medium 3.1 €/W
2025: 
1.5 – 2.4 EUR/W; medium 1.9 €/W
Installed system cost, 250 kWp (ref. 27, price level 2003):

2003
6.5 USD/W

2013
4.0 USD/W

Converted to EUR 2006 prices and interpolated:

2010: 
4.7 EUR/W
Ref. 10, 2003 prices:
Building-integrated grid-connected systems: 5000 – 9000 USD/kW (p. 224).

Capital cost, modules: 2000 – 3000 USD/kWp (p. 130). 

Capital cost, balance of plant, grid-connected systems: The same (p. 130).

In a standard building-integrated system, about two-thirds of the installation cost is for the module (p. 223).

Figure on projected generation costs, 1990 – 2040 page 224.

Power generation cost, Mediterranean area: 0.35 – 0.45 USD/kWh (p. 130).

The 5 – 9 USD/W in 2003 prices converts to 4.35 – 7.83 €/W (2006); medium 6.09 €/W.
The projected reduction in generation costs is approximately (graph reading):

2005 –> 2010: 15%.
2005 –> 2025: 47 %.
Thus, the projected installation costs are approximately:
2010: 5.2 €/W

2025: 3.2 €/W

The source has a table (table 4.13, page 232) with much lower cost data than the above cited. It is difficult to read how this table is related to the other data, and the table has therefore been ignored.

Total system cost is projected to decrease from 6.7 USD/W in 2005 to 5 USD/W in 2010 and 2.5 USD/W in 2020, 2004 prices (ref. 11). 

Overnight construction costs, 2010, 2003 prices (ref. 17):

3500 – 5500 USD/kW.

Converted to EUR, 2006 price level: 3400 – 5400 EUR/kW.

These prices convert to (in 2006 prices): 6.43 €/W (2005), 4.80 €/W (2010), and 2.4 €/W (2020). 
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Figure on retail prices, excluded sales tax (price level not stated). Source: Solarbuzz, March 2007.
World’s largest PV plant, 40 MW, to be finished by end of 2009. 

550,000 thin-film cells delivered by First Solar.

Total plant cost: 130 M€ or 3.25 €/W.

Source: Press release 9 Feb 2007 from juwi international on Waldpolenz solar plant near Leipzig, Germany.
Conclusion:

	EUR/W (2006)
	2010
	2025

	Ref. 1
	2.8 – 3.4
	1.5 – 2.4

	Ref. 10
	5.2
	3.2

	Ref. 11
	4.8
	2.4

	Ref. 17
	3.4 – 5.4
	

	Ref. 27
	4.7
	


Ref. 11 is chosen as most appropriate source (= RECaBS default), as it is very recent. Also, the current slow-down in cost reduction (cf. SolarBuzz above) may support the notion that the more optimistic cost reductions of ref. 1 may not materialse. Finally, there is some ambiguity in ref. 10.
Price (in USD 2001) versus cumulative shipment (MWp) of power modules (ref. 11):
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The same curve, with more details, is presented in the Vision for the European Photovoltaic Technology Platform
:
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From curve reading, the price decreased from 60 USD/watt in 1976 to 3.4 USD/watt in 2001, while the cumulative shipment increased from 0.3 to 1800 MWp.

With these numbers, the experience index, b, is: (log(3.4)-log(60))/log(1800) = -0.383,

and thus the progress ratio, PR (PR = 2b), is 0.77 or 77%. 

So the unit cost has decreased 23% for every doubling of the cumulative shipment.
A technology learning analysis from 2003 (ref. 6) forecasted the capital costs for solar PV technology in 2020 to 924 – 1561 USD/kW, cf. the below figure:
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Operation and maintenance costs

O&M: Approx. 1 % of investment costs (ref. 1).
O&M: 1-3 % of investment costs (ref. 10, p. 224).
Annual O&M, 2010, 2003 prices: 11 – 40 EUR/kW (ref. 17).

Corresponds roughly to 0.5 – 1.0 % of initial investment per year.

O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed:
2003
13,000 USD/MW/year (= 0.2% of initial investment)

2013
  9,000 USD/MW/year (= 0.23% of initial investment)

On this background, the default value of O&M is taken as 1 % of the investment costs (€/MW/year), whereas the default variable O&M is zero. 
Costs of system integration

	
	EUR/MWh

	Additional infrastructure
	-18.4

	Balancing
	4.0

	Capacity credit
	-10.0

	Total
	-24.4
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� “A Vision for Photovoltaic Technology”, European Commission, 2005. This is the vision document of the European Photovoltaic Technology Platform (� HYPERLINK "http://www.eupvplatform.org" ��www.eupvplatform.org�).


� For a detailed description, please refer to the document ‘Externality – System integration’ which may be downloaded from the RECaBS website.
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