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FOREW ORD 

The I nternat ional Energy Agency ( I EA) , founded in Novem ber 1974, is an autonom ous body 

within the fram ework of the Organizat ion for Econom ic Cooperat ion and Developm ent  (OECD)  

which carr ies out  a com prehensive program m e of energy co-operat ion am ong its m em ber 

count r ies. The European Com mission also part icipates in the work of the I EA.  

The I EA Photovoltaic Power System s Program m e (PVPS)  is one of the collaborat ive R & D 

Agreements established within the I EA. Since 1993, the PVPS part icipants have been 

conduct ing a variety of joint  projects in the applicat ion of photovoltaic conversion of solar 

energy into elect r icity.  

The m ission of the Photovoltaic Power Systems Program m e is “ to enhance the internat ional 

collaborat ion efforts which accelerate the developm ent  and deploym ent  of photovoltaic solar 

energy as a significant  and sustainable renewable energy opt ion” . The underlying assum pt ion 

is that  the m arket  for PV systems is gradually expanding from  the present  niche markets of 

rem ote applicat ions and consumer products, to the rapidly growing markets for building-

integrated and other diffused and cent ralised PV generat ion systems.  

The overall program m e is headed by an Execut ive Com m it tee com posed of one representat ive 

from  each part icipat ing count ry, while the m anagement  of individual research projects (Tasks)  

is the responsibilit y of Operat ing Agents. By the end of 2007, 12 Tasks were established 

within the PVPS programm e.  

The object ive of Task 10 is to enhance the opportunit ies for wide-scale, solut ion-or iented 

applicat ion of photovoltaics (PV)  in the urban environm ent  as part  of an integrated approach 

that  m axim izes building energy efficiency and solar thermal and photovoltaics usage. The 

Task’s long term  goal is for urban-scale PV to be a desirable and com m onplace feature of the 

urban environm ent  in I EA PVPS m em ber count r ies.  

This report  has been prepared by EEG (Energy Economics Group-  Aust r ia)  for I EA-PVPS Task 

10 under the corresponding supervision within this program m e and the European research 

project  PV UP-SCALE which both com prise closely linked act iv it ies. Both research act iv it ies 

complement  each other by involving partners from  differ ing count r ies with differ ing 

character ist ics of and viewpoints on PV. The list  of count r ies involved is provided in Figure 1 

which depicts all partners by their count ry of or igin for both research act iv it ies. I t  is especially  

the aim  and duty of those few partners who part icipate in both act iv it ies to st rengthen 

cooperat ion in order to m eet  the com m on object ives of both act iv it ies. This report  represents 

a first  result  of this collect ive work on Value Analysis and has been prepared based on 

cont r ibut ion of both I EA-PVPS-Task 10 and PV UP-SCALE partners.  

More inform at ion of the act ivit ies of Task 10 and PV-Up-Scale can be found on:  

• www.iea-pvps- task10.org 

• www.pvupscale.org 

Within this report , a geographical focus was applied using the following count r ies:  

Aust r ia (AT) , Canada (CA)  Denm ark (DK) , France (FR) , Germ any (DE) , Japan (JP) , The 

Nether lands (NL) , Spain (ES) , Sweden (SE) , Switzer land (CH) , The United Kingdom  

(GB) , California /  The United States (US)  
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Figure 1 . Overview  on countr ies part icipat ing in the European research project   

EU- PV Up Scale and the act ivit ies as set  in the fram e of I EA- PVPS Task 1 0 . 
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SUMMARY OF REPORT 

Although PV current ly appears an expensive opt ion for producing elect r icity com pared to other 

energy sources, m any count r ies support  this technology because of it s prom ising future 

potent ial and the addit ional benefits, besides generat ing elect r icit y, associated with PV. These 

benefit s need to be, first ly, ident ified and, secondly, quant ified (especially for the dem and 

side)  in order to affect  decision m aking in urban planning. 

The m ajor  stakeholders for  PV com prise policy m akers and governm ents, ut ilit ies 

and custom ers.  Despite each stakeholder having different  preferences and interests;  each 

added value cont r ibutes to society’s welfare. I n this context  the core object ive of this 

report  is to ident ify, evaluate and quant ify the m ajor values and benefits of Urban 

Scale PV  based on count ry specifics. The evaluated and /  or quant ified values have been 

categorised under the following groups. 

• Avoiding fossil fuels 

• Environm ental benefits 

• Elect r ic ut ilit ies benefits 

• I ndust ry developm ent  and em ploym ent  benefits and  

• Customer’s individual benefits.  

Avoiding fossil fuels and corresponding environm ental benefits 

The great  im portance of renewable energies in general and PV in part icular is due to the 

expected environm ental benefits, nam ely:   

 avoided r isks of disrupt ion in fossil fuel supply and associated price instabilit y;   

 a significant  cont r ibut ion towards sustainabilit y;  

 reduct ion of greenhouse gas em issions;  

 the potent ial to great ly reduce, and perhaps eventually elim inate pollut ion associated 

with elect r icity services;  

 avoided external costs. 

As a first  step in this respect , the cont r ibut ion of PV to avoiding pr im ary energy has been 

quant ified taking into account  the count ry specifics. For this report  there is a geographical 

focus on the following count r ies:  

Aust r ia (AT) , Canada (CA) , Denmark (DK) , France (FR) , Germ any (DE) , Japan (JP) , The 

Nether lands (NL) , Spain (ES) , Sweden (SE) , Switzer land (CH) , The United Kingdom  

(GB) , California /  The United States (US)  

Using the “part ial subst itut ion methods”  the pr im ary energy equivalent  of each generated 

kWh of PV elect r icity has been calculated. I nvest igat ion of the count ry–specific elect r icity 

supply port folio has allowed us to determ ine which fuel would be replaced and was also of 

core im portance for the follow-up analysis on reduct ion of greenhouse gas (GHG) em issions 

(CO2-e)  and air  pollutants (NOX and SO2) .  

The fossil fuels ident ified as likely to be avoided differ from  count ry to count ry. I n the case of 

Japan, PV would replace oil because the peak dem and is typically m et  by oil-based power 

plants. I n European count r ies, the avoided fuel is most ly natural gas or coal depending on the 

count r ies peak dem and profiles, em ission factors or fuel expenses. By replacing convent ional 
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fossil-based power supply, PV cont r ibutes also to the avoidance of corresponding greenhouse 

gas em issions (CO2-e)  and air  pollutants such as sulphur (SO2)  and nit rogen oxides (NOX) . For  

the quant ificat ion of reduced em issions, a net  balance was derived by taking into account  

count ry-specific ( life-cycle)  em issions factors by fossil fuel as well as ( life-cycle)  em issions 

factors of PV relat ing to the m anufacture of PV cells. As a result ,  for each generated kWh of 

PV elect r icity, reduced em issions factors could be calculated on a count ry level.  

The results indicate that  the highest  GHG em ission reduct ion factors occur for United Kingdom  

(GB)  where 1 kWh PV elect r icity cont r ibutes to the avoidance of 1 048 g CO2-e from  hard 

coal- fired power plants, while in the case of Spain the highest  reduct ion with respect  to the air 

pollutant  NOX is feasible (1 kWh PV cont r ibutes to the avoidance of 6,89 g NOX) .   

The analysis shows that  in European count r ies where PV possibly replaces natural gas higher 

SO2 em issions occur – due to comparat ively high em issions that  refer to the m anufactur ing of 

solar cells but  this m ay change in the future when PV or other renewable elect r icit y can also 

be used for power supply in PV m anufactur ing. I n cont rast , in California where again natural 

gas represents the m arginal opt ion, this negat ive effect  of an enhanced PV deploym ent  cannot  

be observed since the upst ream  air  pollutant  em issions in the life-cycle of natural gas power 

plants are com parat ively high. 

PV can also cont r ibute to reducing water consum pt ion for cooling in therm al power plants. As 

data was not  available for all count r ies, this value has been exemplar ily quant ified for  

California where each MWh of PV elect r icity cont r ibutes to save about  0,19 m ³  water.  

The external cost  of energy supply is another intensively discussed topic. Based on the 

outcom es of a recent ly conducted evaluat ion report  of several external cost  studies indicators 

can be derived for the avoided external cost  due to PV elect r icity. The total potent ial with 

regard to reducing external costs of fossil power generat ion – referr ing to CO2,  NOX and SO2 

em issions -  by PV elect r icit y was calculated. For instance in the case of Spain, where coal 

represents the avoided m arginal convent ional supply opt ion, a high value of 9,95 EUR-  

Cent / kWh occurs, whilst  in the Netherlands with it s gas-based peak supply, only 2,86 EUR-

Cent / kWh occurs. Consequent ly, we can assum e that  where PV replaces coal the external cost  

reduct ion is higher than in the case of avoiding natural gas. 

Utilit ies benefits 

Values for ut ilit ies depend largely on count ry-specific supply and clim at ic condit ions. The 

influencing factors can be classified as follows.  

• The relevance of PV to m eet  peak dem and 

• Market  values more precisely earning revenues on the spot  m arket  

• The relevance of PV for reducing the environm ental cost  burden – CO2 cert ificate 

pr ices applied within the European Union’s Em ission t rading scheme. 

The relevance of PV for m eet ing peak dem and depends on the daily and seasonal load 

character ist ics, e.g. the t im e of daily peaks and the correlat ion with solar generat ion. I n this 

context , the following quest ion appeared:  To what  extent  can PV cont r ibute to peak supply? 

Based on count ry-specific load profiles we classify European count r ies as typical “winter peak”  

count r ies, but  the recent  hot  and dry sum m er condit ions have clearly shown that  there is a  

need to reduce peak elect r icity dem and or  supply shortage ,  even during sum m er. I n 

this season m any therm al power plants undergo m aintenance or have to reduce their 

generat ion due to a lack of cooling water.  



I EA-PVPS-TASK 10               ANALYSI S of PV SYSTEM’S VALUES BEYOND ENERGY 
-by Count ry and Stakeholder   

- 3 - 

As studies on “capacity credit  of PV”  indicate, PV as an opt ion to reduce supply shortage in 

peak load periods has m ainly been considered a topic for “sum m er peaking”  count r ies like 

Japan and, in the USA, California -  where the main literature is com ing from . However, recent  

sum m ers in Europe have shown that  this value m ay becom e more important  for European 

count r ies as elect r icity from  Photovoltaic systems is generally produced dur ing t im es of peak 

dem and when elect r icity is m ost  expensive in sum m er m onths.  

The hourly average correlat ion between PV output  and spot  pr ices for sum m er and winter 

m onths confirm s that  PV generat ion m atches best  to peak pr ices during sum m er in cent ral 

European count r ies. I n Spain, represent ing southern Europe, the peak pr ices during sum mer 

m onths cont inue from  m idday on unt il night  hours. The analysis for Sweden has shown that  

the spot  pr ices do not  correlate to PV output  as there is a constant  pr ice level over the whole 

day. The value of PV from  ut ilit ies point  of v iew in Sweden therefore has to be evaluated from  

the revenue earned in the spot  m arket  and reduced CO2 cert ificate pr ices.  

Calculat ions of earned revenues have been undertaken for differ ing European count r ies and 

power m arkets for several years – depending also on the availabilit y of data on PV output . A 

reference system  (as installed in Germ any)  with specific PV output  982 kWh/ kWp would offer 

an earning revenue of 56 EUR/ kWp on the EEX within July 2005 to June 2006 while a 

reference system  from  Sweden during 2004 would offer a value of 21 Euro/ kWp on the Nord 

Pool. 

Within the European Union an em ission t rading scheme has been im plem ented since the end 

of 2004. The ut ilit ies had to pay 18 Euro on average (EEX)  ( from 2005 to October 2006)  for 

each tonne of em it ted CO2. Taking into account  this value the m onetary benefits for ut ilit ies 

using PV instead of fossil power generat ion could be calculated for reported European 

count r ies. I n the Netherlands a ut ility can reduce its cost  burden by about  0,62 EUR-Cent  for  

each kWh generated PV elect r icit y, whilst  the highest  value in size of 1,86 EUR-Cent  / kWh 

occurs for United Kingdom  where avoidance of hard coal was assum ed. 

I ndustry developm ent  and em ploym ent  benefits 

New job opportunit ies are another benefit  for decision m akers which are most ly considered for 

new energy policies (Wat t , 2001) . I n com parison with convent ional energy technologies 

renewable energy technologies create m ore jobs. The PV m arket  is growing rapidly and offers 

jobs from  m anufactur ing to installat ion. The num bers from  Germ any underpin this argum ent .  

Germ any was the largest  single PV market  in 2005 and had a turnover of three billion Euros. 

I t  is est im ated that  by 2020 m arket  turnover will reach 15,2 billion Euros. At  present , j obs in 

the PV sector are est im ated to be around 30 000. The second largest  PV m arket  within Europe 

– Spain – also offers good condit ions for PV indust ry with about  6 300 direct  and indirect  

created jobs.  

Despite other European count r ies not  having significant  PV m arkets they also have successful 

companies like Photowat t  in France or Fronius in Aust r ia which concent rate on export ing their  

products.  

Custom er’s individual benefits 

Beside the environmental benefits, green im age and the cont r ibut ion to an individual’s supply 

securit y, building integrated PV system s offer other decisive individual values. I n this report  

the m ajor customers groups are classified into three groups:  resident ial, com m ercial 

customers and architects & building developers as a special group which influence the 

decisions of other. I n this context , the m ult i funct ional building const ruct ion features of 
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building integrated PV, as well as the cont r ibut ion of PV system s to im proving the therm al 

perform ance of buildings, are discussed from  the architects and building developers’ point  of 

v iew.  

Building integrated PV systems can avoid som e costs of building m ater ials which would be 

used instead.  The cost  savings are especially high when com paring PV investment  cost  with 

other decorat ive m ater ials for facades. I n this case, m ater ial savings are illust rated as a value 

which represents a m onetary benefit  for custom ers. 

Table 1 . Sum m ary of perceived PV values in this report  

The m ain Stakeholders 

Custom ers 

Transm it ters*   Policy Makers 
&  

Governm ents 

Ut ilit ies 
Resident ial Com m ercial 

Architects &   

Building 
Developers 

CO2 sav ings 
(em issions or 

targets)  

Reduce 
environm ental 
pr ice r isk (high 

capacity of 
upgrade)  

NOX and SO2 

saving 

Reduced Cost  
of CO2 

cert if icate 

Environmental 
fr iendly 

technology 

Environm ental 
fr iendly 

technology 

Meet ing building 
energy standarts 

Water saving 

Environm ental 
Benefits 

Avoided 
external costs 

Green im age-  
prest ige 

Green im age-  
prest ige 

Green im age -  
prest ige 

Green im age -  
prest ige 

Peak shaving 
Energy 

independence 
Energy 

independence Avoiding fossil 
fuels 

Capacity credit  
Supply 

Security 
Benefits Decent ralised 

generat ion 

Availabilit y /  
outage 

protect ion 

Elect r icity 
sav ings 

Elect r icity 
sav ings 

Reduced elect r icity 
infrast ructure 

 

Earning 
revenue 

by selling PV 
elect r icity 

Reliabilit y Reliabilit y 

I nnovat ive m ult i-
funct ional building 

const ruct ion 
elem ent  ( roofing, 

shading)  

Reduced 
t ransm ission 

and dist r ibut ion 
costs and 

losses 

Mater ial saving Mater ial sav ing 

I nnovat ive design 
features (e.g. 

colour, shape and 
t ransparency)  

Modularity Modularity I m proving the 
therm al 

perform ance 
(heat ing, 

vent ilat ion, 
insulat ion)  

 
I ndividual 
Benefits 

 

Reduced fuel 
pr ice r isk 

Non int rusive 
features 

(noiseless, 
m aintenance)  

Non int rusive 
features 

(noiseless, 
m aintenance 

Sound proofing 

I ndust ry 
developm ent  

Export  value 

I ndust ry 
Developm ent  

&  
Em ploym ent  

Benefits 

General and 
local 

em ploym ent 

New business 
opportunity 

   

*  W ho m ay influence the decision- m aking process of a potent ial PV generator  ( Haas, 2 0 0 2 )  
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1  I NTRODUCTI ON 

The need for urbanisat ion, dr iven by populat ion growth in the past  and even today, goes hand 

in hand with increasing energy consum pt ion. Therefore, sustainable urban developm ent  is 

essent ial.  Energy efficiency and the use of renewable energy play a significant  role.  

The increasing problem  of greenhouse gases, air  pollut ion associated with fossil fuel elect r icity 

generat ion, r ising oil pr ices and the recent  gas cr isis with Russia have all demonst rated the 

im portance of form ing diversified energy profiles largely based on clean and indigenous 

energy sources. Photovoltaic (PV)  is one of the m ost  prom inent  renewable energy 

technologies, character ised by a worldwide abundant  available fuel source – the sun.  

Today, approxim ately 75%  of the European populat ion live in urban areas (EEA, 2006) . 

Building integrated PV systems are an integral part  of a building and are able to generate 

elect r icity in urban areas where elect r icity is needed. Sustainable urban planning is the 

responsibilit y of m ajor actors such as federal and local governm ents (m unicipalit ies) , 

comm unit ies, architects, urban designers and people who are willing to cont r ibute to 

sustainabilit y at  their urban scale. “Whilst  people all over the world enjoy their  dynam ic and 

pr ivileged urban lives, there are m ajor downsides to be considered:  in the developed world, 

urban dwellers are discharging anything between 9 and 25 tonnes of CO2-e per capita per 

year”  (Girardet , 2004) . 

Over the last  five years, the global PV indust ry has grown m ore than 40%  each year.( I EA, 

2006)  Although PV is current ly an expensive opt ion for producing elect r icity compared to 

other energy sources, m any count r ies support  this novel technology because of it s prom ising 

future potent ial and the addit ional benefit s besides elect r icity generat ion associated with PV. 

The global leaders with regard to PV are current ly Japan and Germ any.  However, m any other 

count r ies follow this path – e.g. Spain and Portugal, but  also em erging econom ies such as 

China. The benefits of PV, current ly in effect , need to be, first ly ident ified, and secondly 

quant ified, (especially for the dem and side)  in order to understand the potent ial impact  on the 

decision m aking processes.  

Accordingly, it  is one of the m ajor object ives of the I EA PVPS Task 10 project  to conduct  a 

comprehensive added value analysis of decent ralised PV.  

However, the offered benefits or values of building integrated PV at  an urban level do not  

m arkedly differ at  a count ry ( federal)  level because the problem s of security of supply and 

environm ental sustainabilit y are essent ial at  the nat ional as well as at  the local ( regional)  

level. Furtherm ore, building integrated PV system s cont r ibute as an innovat ive part  of a 

building with m ult ifunct ional features.  

Within the added value analysis of PV, this report  aim s to clar ify;  

On the one hand w hy governm ents and policy m akers should set  st rong m arket  

incent ives and on the other hand w hy different  custom ers groups and elect r icity 

ut ilit ies should invest  in PV system s or PV elect r icity. 

This report  aim s to cont r ibute to achieving the goal by out lining, in a concise m anner, the 

outcom es of the value analysis.  

Many possible values of Photovoltaics are very difficult  to quant ify because of a lack of data 

and the mult idim ensionalit y of several topics. This study intends to der ive a basic approach 

based on a sim ple but  stable argum ent  that  is easy to understand for all t ypes of 

stakeholders. 
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1.1 Core Object ives 

The m ajor purpose of this document  is to ident ify, quant ify and evaluate the values and 

benefit s of Urban Scale PV. The analysis of each value includes deriving a general 

m ethodology which is applicable for all count r ies/ regions analysed, whilst  the quant ifiable 

exam ples aim  to dem onst rate count ry specific differences and percept ions.  

From  a geographical viewpoint , this report  focuses on:  Aust r ia (AT) , Canada (CA) , Denm ark 

(DK) , France (FR) , Germ any (DE) , Japan (JP) , The Netherlands (NL) , Spain (ES) , Sweden 

(SE) , Switzerland (CH) , The United Kingdom  (GB)  and California /  The United States (US) . 

These are the count r ies of the I EA Task 10 and PV-Up-Scale partners (see Figure 1)  as this 

report  is a m utual act iv it y of both projects.  

Furthermore, the ident ificat ion of values will provide at  least  som e just ificat ion with regard to 

PV support ing st rategies to rem ove financial barr iers, which are discussed in detail in this 

report , and present  the benefits to diverse stakeholders which are necessary for a wider 

m arket  penet rat ion of PV technology. 

Despite that  there are som e inconsistencies in the data, this report  aim s to provide guidance 

for other related studies. 

1.2 Definit ions -  Values, Benefits and Percept ions 

Two issues are of core relevance in order to achieve an increased dem and for PV system s:  On 

the one hand, to increase the custom er’s voluntary willingness to pay1 (WTP) , and, on the 

other hand, to reduce the (m onetary and t ransact ion)  costs for custom ers. Figure 2 shows the 

effects of the WTP in a t radit ional supply and dem and diagram . A detailed analysis of the 

customer’s willingness to pay and the condit ions influencing the WTP for PV systems is given 

in Haas (2002) . As WTP is direct ly influenced by perceived added values which affect  the 

individual’s percept ions, there is a need to ident ify these added values for different  groups of 

customers. 

 

 

Figure 2 . How  enhancem ent  in custom ers W TP and decreases in costs influence the 

dem and for PV  

Source:  (Haas, 2002)  

                                             

1  WTP:  Willingness to pay:  How m uch is a customer ready to pay for PV elect r icity or invest  in PV system s, 
respect ively, -  due to personal preferences or, in other words, due to added values of PV 
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Current ly, PV appears an expensive opt ion for producing elect r icity com pared to other energy 

sources and, consequent ly, requires financial support  – i.e. effect ive and efficient  energy 

policy inst rum ents – in order to achieve an accelerated deployment  on the m arket . 

Accordingly, policy m akers and governments influence the m arket  penet rat ion of PV 

technology with their  decisions. As a consequence, this report  aim s to answer why the policy 

m akers and local or federal governm ents have to set  financial incent ives and m arket  

deployment  st rategies for PV.  

I n this study we focus this value analysis on decent ralised gr id connected (building 

integrated)  PV systems. With such PV systems, an indirect  energy conservat ion effect  can be 

ident ified due to the direct  involvem ent  of custom ers in their  own elect r icity supply – see 

(Haas, 1995) . We can define PV custom ers as the group of people who purchase a PV system 

and / or purchase PV elect r icity. Consequent ly, two m arkets appear:  A m arket  for PV systems 

and a m arket  for PV elect r icity (Haas, 2002) . I n other words, an elect r icit y ut ilit y  can also 

purchase a PV system or give subsidy to households in order to purchase PV elect r icity. I n the 

later case the household owner, also the PV system  owner acts as a purchaser. Therefore, the 

m ain stakeholders influencing the dem and for  decent ralized, gr id-connected PV are:  

• Customers  

• Ut ilit ies  

• Policy Makers and Governm ents  

Custom ers: I n a first  step, it  is im portant  to ident ify the different  types of Custom ers and 

their  m ain concerns or preferences. 

1. Resident ia l custom ers ( indiv idual households) :  The purchase of a PV system  

depends on customers WTP which is largely influenced by the recognized added values 

and affordabilit y. (Haas, 2002) . The m ost  important  values for pr ivate customers are 

environm ental aspects, im age/ prest ige, reliabilit y of PV system s, system  m odular ity, 

independence with regard to their  power supply and the corresponding pr ice 

developments. 

2. Com m ercial custom ers:  At  a first  glance, we hypothesize that  this customer group 

is m ainly interested in making profits. Consequent ly, dem and for PV systems exists 

within this group if they can m ake m oney with PV or if PV system s offer addit ional 

values, like prest ige, im age or supply security. 

3. Architects and building developers:  This is a specific group of custom ers who use 

PV for other purposes than elect r icity product ion. (Haas, 1995) . Accordingly, architects 

ident ify PV m ainly as a building elem ent  with m ult ifunct ional character ist ics such as 

shading, roofing or m ater ial saving. The innovat ive design features – e.g. color, shape 

or t ransparency – or the therm al perform ance character ist ics of PV such as heat ing, 

vent ilat ion or insulat ion m ay cause this group to m ake use of PV system s. Another 

im portant  value is the prest ige associated with a PV system (Reijenga T.H., 2002) .   

Utilit ies: Som e at t r ibutes of photovoltaics could become crucially im portant  for elect r icity 

suppliers or dist r ibutors in the future – e.g. PV as an opportunity for new markets and 

business or PV to im prove the im age and prest ige of ut ilit ies. Both affirm at ions seem  to be 

evident , considering the increasing am ount  of ut ilit ies offer ing green power products as a 

dist inguishing elem ent  in liberalized and compet it ive m arkets. The cont r ibut ion of PV to 

reduce peak elect r icity dem and is also an im portant  value from  ut ilit ies point  of v iew.  

Policy Makers and Governm ents:  Local or federal policy m akers and governments have 

the obligat ion to cont r ibute in increasing societal welfare. The benefit s of PV for each interest  
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group, as discussed above, are in fact  a part  of the whole sum  of societal benefit s as 

illust rated in Figure 4. Societal benefits sum m arise the whole set  of values and, consequent ly, 

they shall determ ine if financial incent ives, as provided by energy policy for PV systems, are 

just ified. Hence, policy m akers and governm ent  can not  be seen separately from  the dem and 

side and also have to be considered as an important  stakeholder represent ing the whole 

society.  

Figure 3 aim s to clar ify the relat ionship between values, stakeholders and m arket  dr ivers on 

the dem and side. As can be seen in this figure, the added values and m arket  dr ivers have 

st rong im pacts on societal welfare. 

I n this respect , the m ost  decisive values which just ify the m arket  dr ivers set  by policy m akers 

and governm ents are;   

• Avoiding fossil fuels in order to cont r ibute to supply securit y, and accordingly the 

im port  dependence pr ice r isks are reduced;  

• Environm ental benefits, which are the m ain condit ional topic for sustainable 

development  at  local as well as at  a global level;  and,  

• I ndust ry developm ent  and creat ion of new job opportunit ies. 
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Figure 3 . Relat ionship betw een values, stakeholders and m arket  dr ivers  
*  T& D –  t ransm ission and dist r ibut ion  
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1.3 St ructure of This Report  

Figure 4 shows the m ajor value categories which indicate the st ructure of this report .  

I n sect ion 2, the basic elem ents of the applied m ethodologies, with regard to quant ifying and 

ident ify ing PV values are described.  

Sect ion 3 is dedicated to the quant ify ing process and results of avoiding fossil fuels while in 

Sect ion 4 the m ost  im portant  environm ental values are t reated based on count ry 

character ist ics.  

The relevance of PV to m eet ing peak dem and, market  values and reduct ion of CO2 cost  

burden are discussed in Sect ion 5 from  the ut ilit ies point  of view.  

The value category “ indust ry developm ent  and employm ent  effect ”  is analyzed in Sect ion 6, 

which is a core argument  having impacts on the decision making process in energy policy.   

I n Sect ion 7 the m ost  relevant  custom er benefits are explained and the m onetary value of 

“Mater ial Saving”  is illust rated as a Custom er’s individual benefit .   

Finally in Sect ion 8 im portant  conclusions are derived.  

 

Producers
and 

retailers 
benefits

Customer's
individual
benefits 

Industry 
development 

and 
employment 

growth

Electric 
utilities 
benefits

Environmental 
benefits

Avoiding 

Fossil Fuels

Societal 
Welfare
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and 

retailers 
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benefits 

Industry 
development 

and 
employment 
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Electric 
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benefits
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Avoiding 

Fossil Fuels

Societal 
Welfare

Demand Side Values
 

 Figure 4 . Classificat ion of added values /  benefits 
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2  METHODOLOGY 

Major added values of PV have been quant ified and analyzed with a geographical focus based 

on the following count r ies:   

Aust r ia (AT) , Canada (CA) , Denmark (DK) , France (FR) , Germ any (DE) , Japan (JP) , The 

Nether lands (NL) , Spain (ES) , Sweden (SE) , Switzer land, CH) , The United Kingdom 

(GB) , California /  The United States (US)  

The method and assumpt ions, with regard to the ident ificat ion and quant ificat ion of values 

were sum marised according to the st ructure of this report . More details on applied 

m ethodologies and assum pt ions can be found in each related sect ion.  

Avoiding fossil fuels and environm ental benefits  

 Determ ining the subst ituted fuel:  

Base load capacit ies (must - run capacit ies)  like hydropower, wind and nuclear would 

never be replaced by addit ional PV2;  consequent ly the unneeded generat ion has to be 

exported abroad. Accordingly, for this study, count ry-specific data on the yearly 

elect r icity generat ion port folio as well as inform at ion on the technology-specific 

cont r ibut ion in m eet ing base-  intermediate and peak-dem and has been collected in 

cooperat ion with the project  partners. 

 Quant ifying the subst ituted fuel: 

The pr im ary energy equivalent  of PV elect r icity has been calculated according to the 

part ial subst itut ion m ethod which can be sum marised by the equat ion below. 

Replaced therm al fuel in term s of pr im ary energy ( kW h)  =  

PV generat ion ( 1  kW h)  /  Average generat ion efficiency ( % )   [ 1]  

I n order to quant ify the am ount  of yearly replaced therm al fossil fuels by installing one 

peak kW of PV capacity;  the count ry specific average solar yield in kW h/ kW p has been 

collected. This data was provided by project  partners and is based on pract ical 

experiences rather than theoret ical3 calculat ions.  

Quant ifying avoided em issions: 

The life-cycle em issions considered were:  CO2– (greenhouse gas em issions) , NOX and SO2 

(air  pollutants) .  

Em ission reduct ion is reported in terms of gram s of avoided em issions for each kWh of PV 

elect r icity generated. 

                                             

2  This statem ent  can be argued at  least  for the near future – as long as corresponding technologies such as 
efficient  storage technologies or demand response measurem ents are not  com m ercially available on the 
m arket .  

3  The theoret ical equat ion is  

Eout= H i  x Po x  PR/ Gs  

Eout:  annual energy output  in kWh/ year 

Hi:  global in plane irradiat ion in kWh/ m ² / year 

Po:  nom inal power of the PV system s in kWp 

PR:  Perform ance rat io 

Gs:  Reference ir radiance 
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The applied m ethodology can be sum marized as follows:   

• Em issions factors of replaced fuel ( in end use energy basis)  

• Count ry specific em issions factors of PV system s – for sc-Si (single crystalline)  and m c-Si 

(m ult i crystalline)   

• Classificat ion of used PV cells 

Em issions factors of replaced fuel 

The derived count ry-specific em ission factors refer to the (possibly)  replaced fossil fuel and 

are expressed on an end energy basis – i.e. per kWh elect r icity. These factors are based, 

where applicable, on life-cycle analysis (LCA) 4 data. LCA was chosen as environm ental 

im pacts depend not  only on the power generat ion facilit y it self,  but  on the upst ream  

processes as well.  For European count r ies harmonised data was der ived from  (Fr itsche et  al. ,  

2006) . I n addit ion to the avoided em issions which indicate the gross avoided em issions, net  

avoidance is also expressed considering the LCA em issions of PV system s as well.  

Est im at ion of em issions factors for  solar  system s 

First , the life-cycle em issions for a reference system from the data inventory, as undertaken 

within the CrystalClear5 research project , were der ived – for details we refer to (Alsema et  al.,  

2006)  and (de Wild Scholten et  al. ,  2005) . Thereby, both single-crystalline (sc-Si)  and m ult i-

crystalline silicon cells (m c-Si)  were analysed for a reference plant  – i.e. a rooftop PV 

applicat ion consist ing of fram eless m odules located in Southern Europe ( reference solar 

insolat ion of 1 700 kWh⋅m - 2⋅year -1) ,  with a performance rat io (PR)  of 0,75 and a plant  life t im e 

of 30 years. 

I n the next  step, the reference em issions were t ransferred to the count ry-specific 

circum stances, which are br iefly explained in the related sect ion:  

Sum m ing up, the following equat ion occurs for der iving count ry-specific em ission factors from 

the reference system :  

yieldsolarcount ry

yieldsolarreference
factorem issionreferencefactorem issionCount ry

__
__

____ ×=   [ 2]    

Here,    

reference solar yield =  1 700 ×  0,75 

count ry solar yield =  the count ry specific average solar yield 

The em issions factors of solar cells technologies differ. Today most  installed and produced 

m odules are based on crystalline silicon cells. Accordingly, we focused on these solar cells. For 

the technology-specific shares of installed PV system s the average histor ic data (Photon, 

4/ 2006)  for produced PV crystalline silicon technologies was considered and in case of other 

produced cells equivalent  shares of m ult i and single crystalline were assumed. The 

                                             

4  LCA is a data intensive approach including not  just  the direct  em issions values but  also indirect  ones 
stem m ing from  “upst ream”  act iv it ies like m ining, processing and t ransport  are included, as well as the 
m ater ials (and energy)  needed to manufacture all processes. 

5  I n the fram ework of the project  Cr istalClear data on a Life Cycle I nventory has been collected from  eleven 
m ajor PV com panies from  Europe and the USA. These data represent  the status of product ion technology 
for crystalline silicon modules, comprising 94%  of all 1 200 MW produced solar cell m odules as of 2004 
(Alsem a et  al.,  2006) .  

 The CrystalClear project  was funded by the European Com m ission. More informat ion on this project  can be 
found at  www.ipcrystalclear. info.   
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classificat ion used for all reported count r ies is:  43%  single crystalline silicon cells, 57%  m ult i 

crystalline silicon cells. 

Quant ifying avoided external costs 

GHG and air  pollutant  em issions due to energy generat ion dam age a wide range of receptors, 

such as hum an health, natural ecosystem s and the built  environm ent .  These external effects 

give r ise to external costs to society. 

The total potent ial for reducing external costs by PV elect r icity is calculated based on derived 

factors ( in g/ kWh)  with regard to em ission avoidance. Addit ionally, the outcomes ( in EUR/ t  

CO2,  NOX and SO2)  of a recent ly conducted conscient ious evaluat ion of several external cost  

studies (see Krewit t  et  al. , 2006)  are applied to express indicators in terms of EUR-Cent  saved 

external cost  per kWh PV elect r icit y. 

Utilit ies benefits 

Besides an in-depth literature invest igat ion on the relevance of PV to m eet  peak demand, the 

load profiles of cent ral and southern European count r ies are invest igated. Load profiles have 

been derived according to data on hourly load values for the year 2005. 

The hourly average correlat ion between PV output  and spot  pr ices for summer and winter 

m onths has been analysed based on count ry-specific data on PV generat ion (as derived for a 

reference PV system )  and spot  m arket  pr ices. Calculat ions of earning revenues have been 

undertaken for differ ing European count r ies and power m arkets for several years – depending 

also on the availabilit y of data on PV output  and spot  m arket  pr ices.  

The average CO2 cert ificate costs in the EU’s Emission Trading scheme have been est im ated at  

18 Euro/ t  CO2 according to the CO2 index (EEX) , represent ing the average for the years 2005 

and 2006. Taking into account  this value the m onetary benefits for ut ilit ies using PV instead of 

fossil power generat ion could be calculated for reported European count r ies.  

I ndustry developm ent  and em ploym ent   

A literature survey on created jobs and indust ry deployment  regarding reported count r ies was 

undertaken and exam ples are reported. 

Custom er’s individual values  

The cost  com parison of PV with som e roof and façade elem ents based on a count ry-specific 

data collect ion has been shown. I t  is assumed that  one peak kW PV capacit y equals 10m ² .The 

PV system / turnkey prices have been collected and m ater ial savings were taken into account  

for expressing the reduct ion of installat ion shares on turnkey pr ices.   

The other customer’s individual values have been docum ented based on an in-depth literature 

invest igat ion where (Wat t , 2001)  and (Reijenga T.H., 2002)  provided m ost  valuable inputs. 
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3  AVOI DI NG FOSSI L FUELS 

PV, as a renewable energy technology, m ay subst itute for therm al power generat ion based on 

fossil fuels and hence avoid r isks of disrupt ion in fossil fuel supply and associated pr ice 

instabilit y.  I n a com pet it ive and liberalised power m arket  it  is difficult  to determ ine which 

kind of energy is actually displaced by adding another power plant  to the system . However, in 

the following we present  an approach suitable for a quant ificat ion based on a few key 

assum pt ions.  

As it  is beyond the scope of this study to analyse in detail which convent ional power plant  

would actually be replaced by a PV plant  installed in a certain year in a certain count ry (e.g. in 

Germ any either a less efficient  exist ing coal- fired plant  or a possibly new high-efficient  

combined cycle gas turbine) , the following assum pt ions are m ade:  Keeping in m ind that  fossil 

energy represents the m arginal generat ion opt ion that  determ ines the pr ices on energy 

m arkets6,  a closer look on the convent ional supply port folio on a count ry level will assist  in 

deriving assum pt ions for fuel replacement . Next , count ry-specific conversion efficiencies are 

used to get  a sound proxy to calculate from PV generat ion figures back to the am ount  of 

avoided pr im ary energy. 

3.1 Determ ining the subst ituted fuel 

For determ ining the replaced fuel(s) , the invest igat ion of the country-specific elect r icity 

generat ion port folio is the start ing point . Furtherm ore, it  is of core im portance for the follow-

up analysis of fuel avoidance as well as em ission reduct ion. More precisely, it  is required in 

order to derive a sound assum pt ion whether a certain fuel such as coal or a m ix of different  

fuels would be subst ituted.  

For this study we have collected count ry specific data on the yearly elect r icity generat ion 

port folio as well as inform at ion on the technology-specific cont r ibut ion in m eet ing base-  and 

peak-dem and and the opinion of project  partners in this topical area has been asked.  

I n this context , data on the m onthly port folio would ideally be used to ident ify if there is 

enough therm al power generat ion (based on fossil fuels)  which could be replaced by PV within 

each m onth. This is especially relevant  in count r ies with less fossil fuel based generat ion, in 

other words – where power generat ion is largely based on hydro or nuclear ( i.e. count r ies 

such as Aust r ia, Norway or France) .7 For instance in Aust r ia’s summer months hydropower 

shares are r ising (see Figure 6) , while PV generat ion also increases. Consequent ly, less fossil 

fuel based generat ion is needed. Nevertheless, PV generat ion today is on such a sm all level 

that  it  is acceptable to st ick to yearly data in order to simplify the analysis as done in this 

study. 

                                             

6  Please note that  PV, like most  other renewable energies, is part  of a sort  of protected market . I .e. they 
are installed either by pr ivate indiv iduals willing to pay more or, m ore commonly, due to f inancial support  
provided by an applied energy policy. Addit ionally, the short - run marginal costs (com prising fuel costs and 
operat ion and maintenance costs)  of PV and most  other renewable energies are lower than those of 
thermal power plants based on fossil fuels. 

7  This point  will increasingly become relevant  in the future as PV provides a substant ially larger share of 
gross elect r icit y generat ion. Today each count ry includes thermal power as a supply cont r ibut ion every 
m onth -  even Norway with about  99%  hydro power.  From  today’s perspect ive it  can be concluded that  
“m ust - run capacit ies”  ( i.e. hydropower, wind, nuclear)  would not  be replaced in the near- term  by 
addit ional PV. However, at  som e point  of t im e PV generat ion m ay becom e bigger than therm al electr icit y . 
Then the quest ion would appear what  happens with the addit ional PV generat ion. 
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I n m ost  count r ies thermal power generat ion is dom inated by natural gas and /  or coal.  As 

these have comparat ively high fuel costs and, as far as relevant , addit ional expenses for CO2 

em issions, it  could be concluded that  one of these power generat ion opt ions would be 

replaced. However, the final decision was taken count ry by count ry. A com parison of count ry-

specific daily load profiles against  PV generat ion profiles shows the com parat ively high 

cont r ibut ion of PV in m eet ing peak dem ands.  For a detailed discussion of this topical area we 

refer to sect ion 5 of this report .  

I n the following the detailed approach on a count ry level is out lined for Japan, Aust r ia and 

California.   

Japan 

I t  is worth m ent ioning that  Japan, along with Germany, has becom e the leading PV nat ional 

m arket  worldwide, associated with their  long- term  PV research and developm ent  program m es 

as well as m easures for m arket  implem entat ion which started in 1994. An overall picture of 

Japan’s elect r icity supply is given in Figure 5 which shows a typical daily load profile and a 

proxy of the corresponding supply m ix by energy carr ier. I t  is evident  that  hydropower and 

nuclear cover the base load, while coal and LNG are the dominant  m id- range supply opt ions. 

As dem and reaches the peak, power from  oil and hydro (pum ped-storage plant )  is used to 

consistent ly m aintain a stable supply of power (FEPC, 2006) . I t  is worth em phasizing that  

worldwide Japan is the second largest  user of oil for  generat ing elect r icity, oil-based 

generat ion accounted for 133 TWh in 2004 ( IEA, 2006) . I n the case of Japan, it  can be 

concluded that  oil- fired power plants are the marginal opt ion and, consequent ly, we assume 

that  PV would replace this fuel t ype. 
  

 

Figure 5 . Exam ple of a  Japanese daily load profile  

indicat ing the com binat ion of pow er sources  

( based on ten m ajor ut ility com panies)   

Source:  (FEPC, 2006)  

 

Aust r ia 

Figure 6 provides a breakdown for 2005 of Aust r ia’s m onthly elect r icity generat ion by energy 

source. Although natural gas holds the biggest  share am ong therm al fuels, coal ( i.e. hard 

coal)  is considered as the fuel replaced by PV. Due to the increasing relevance of the CO2 
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emissions t rading scheme, coal with it s high specific CO2 em issions, represents an expensive 

fuel, especially as most  Aust r ian coal fired power plants are old and have low conversion 

efficiency com pared to other generat ion opt ions. 
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Figure 6 . Elect r icity product ion of Austr ia  in 2 0 0 5  

Source:  (E-Cont rol, 2006)   

California 

The US is the leading consum er of coal, gas and oil for elect r icity generat ion worldwide (see 

e.g. I EA, 2006) .  The US consists of m any states and condit ions with regard to power supply 

in general and PV in part icular differ from  state to state. We focus in this analysis on 

California due to the fact  that  by far the most  gr id connected PV systems are actually installed 

there, and, com pared to other states, the polit ical willingness to prom ote PV and the   

financial support  provided is st ill best  in this state.  

 

 

Figure 7 . Representat ive daily load profile for  a  ut ility in the US 

Source:  (Denholm  et  al. ,  2005)  

Note:  GT:  Gas turbines, CCGT:  Combined cycle gas turbine 
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“California has a diverse port folio of power supplies including hydroelect r ic, nuclear, 

geotherm al, wind, biomass, and solar therm al as well as natural gas- fired power plants, 

however, for alm ost  all of the hours of a year natural gas power plants are “on the m argin”  

(Smellof, 2005)  while coal and gas plants consist  intermediate- load capacit y. Therefore a new 

solar power plant  would displace the use of natural gas during the t im e of feeding power into 

the gr id”  (Sm ellof, 2005) . 

3.2 Quant if icat ion of the am ount  of subst ituted fuel 

I n stat ist ics, two essent ial m ethods are applied to calculate the pr im ary energy equivalent  of 

renewable elect r icity such as PV: 8  

The part ia l subst itut ion m ethod  

I n this m ethod, the pr imary energy equivalent  of the renewable sources of elect r icity 

generat ion represents the am ount  of energy that  would be necessary to generate a 

sim ilar am ount  of elect r icity in convent ional therm al power plants. The prim ary energy 

equivalent  is calculated using an average generat ion efficiency of these plants.  For 

example, assum ing an average therm al efficiency of 33% , one unit  of PV elect r icity 

would be equal to three units in term s of pr im ary energy. 

The physical energy content  m ethod  

This m ethod aims to be based on the physical energy content  and the physical 

conversion efficiency to derive the pr im ary energy equivalent . For renewables like 

hydro, wind or PV the efficiency has been set  to one, so one unit  of PV elect r icity would 

be equal to one unit  in terms of pr im ary energy. 

As can be seen, these m ethods generate quite different  results for the t reatment  of elect r icity 

from  renewable energies in energy balances /  stat ist ics. The physical energy content  m ethod, 

as com m only used in recent  I EA stat ist ics, is an unsuitable approach from  the perspect ive of 

renewable energies.  

Accordingly, for the calculat ion of the prim ary energy equivalent  or the indicator “avoided 

prim ary energy” , the subst itut ion m ethod  was applied in this study.  

For this calculat ion there is a  need to know  the average generat ion efficiency of the 

replaced fossil fuel pow er plants.  

Replaced therm al fuel in term s of pr im ary energy ( kW h)  =  

PV generat ion ( 1  kW h) / Average generat ion efficiency ( % )   [ 1]  

Using this equat ion for the Aust r ian case, where PV would replace thermal power plants based 

on hard coal with approx. 39%  generat ion efficiency, we can assum e that  1 kWh PV elect r icity  

replaces 2,56 kWh hard coal in terms of pr im ary energy. This approach m eans for Japan 2,63 

kWh oil saved as pr im ary fuel energy equivalents (assumed efficiency factor of oil fired power 

plants  in Japan is 38% ). Com paring the countr ies invest igated, it  is apparent  that  the highest  

specific avoidance occurs for Spain – due to the fact  that  the assumed average therm al 

conversion efficiency of the replaced therm al fuel is the lowest  am ong all count r ies. On the 

lower end, we can find Germ any, where efficient  therm al plants would be replaced by PV. 

                                             

8  For a br ief explanat ion of this issue see ( IEA, 2003) .  
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Beside the choice of replaced fuel and the assumed average conversion efficiency factor data 

has been collected on the country-specific average solar yield. Accordingly, the am ount  of 

yearly replaced therm al fuels by installing one peak kW PV capacity is quant ified. Obviously, 

this changes the whole picture for several count r ies:  A com parison of the Netherlands and 

California, both character ised by equal generat ion-based indicators – i.e. 2,56 kWh natural 

gas would be replaced by 1 kWh PV elect r icity – shows that  in the Netherlands 2 105 kWh 

natural gas would be saved yearly due to a one peak kW PV plant , whilst  for California 3,430 

kWh of natural gas would be avoided yearly – a 63%  higher figure compared to the Dutch 

case.  

 
Table 2 . Collected data and calculated avoided therm al fuel  

for  var ious countr ies 

Country 

Year ly 
average solar  

yield based 
on roof 

integrated PV 
( kW h/ kW p)  

 
Replaced Fuel  

( Assum ed)  

Generat ion  
Efficiency 

Factor 

Avoiding 
of 

therm al 
fuel by 1  
kW h PV  
( kW h)  

Yearly 
replaced 

fuel  
by 1  kW p 

PV 
capacity 
( kW h)  

AT 945 Hard Coal 0,39 2,56 2 423 

CA 1 100 Coal 0,40 2,50 2 750 

CH 950 Natural Gas 0,55 1,28 1 727 

DE 950 Hard Coal & Lignite 0,43 2,33 2 209 

DK 850 Hard Coal 0,41 2,44 2 073 

ES 1 300 Hard Coal 0,36 2,78 3 611 

FR 1 000 Hard Coal 0,40 2,50 2 500 

GB 750 Hard Coal 0,42 2,41 1 807 

JP 1 051 Oil 0,38 2,63 2 766 

NL 821 Natural Gas 0,39 2,56 2 105 

SE 850 Natural Gas 0,39 2,56 2 179 

US ( California)  1 338 Natural Gas 0,39 2,56 3 430 

 

Notes:   
• Data on yearly average solar y ields has been provided by project  partners. These 

figures refer to roof-based PV plants installed on suitable sites – of course, 
theoret ical calculat ions based on count ry-specific average solar insolat ion data would 
be lower. 

• For Canada, it  is assum ed that  PV would replace coal generated elect r icit y.  Although 

therm al fuels vary significant ly from  region to region and include natural gas, refined 

pet roleum  products, biom ass and coal, coal was chosen since it  the m ost  dom inant  fuel 

for therm al elect r icity generat ion, Specific regional analysis could be carr ied out  to 

address specific regional concerns.  

• For Sweden it  is assumed that  PV would replace elect r icit y im ports from  Denm ark, 

represent ing the m arginal opt ion in the Nordic m arket . Accordingly, fuel avoidance 

(natural gas)  and conversion efficiency refer to the Danish circum stances. 
• For Switzer land it  is assum ed that  PV would replace natural gas which powers the 

com bined cycle plants with an average efficiency factor of 55% . 

 

Table 2 summ arises the selected count ry inform at ion regarding the choice of replaced fuel,  

the average conversion efficiency (of the corresponding therm al power plants)  as well as 
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applied solar yield factors and derived indicators on fuel avoidance (generat ion and 

capacity based) . I t  is notable that  the thermal conversion efficiency factors differ by 

count ry due to differ ing fuel-dependent  technologies or average plant  ages. I n general,  

these data refer to the count ry-specific average based on a suitable m ixture of old and new 

power plants. 
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4  ENVI RONMENTAL BENEFI TS 

The great  im portance of renewable energies is due to their considerable associated 

environmental benefit s, namely:  

• reduct ion of greenhouse gas em issions;  

• the potent ial to great ly reduce, and perhaps eventually elim inate, pollut ion associated 

with elect r icity services;  

• a significant  cont r ibut ion towards sustainabilit y .   

Let  us focus on the lat ter point  more closely – i.e. what  do we m ean by sustainabilit y?  

I n relat ion to energy systems, i.e. the exploitat ion of pr im ary energy resources for 

energy ut ilizat ion, sustainabilit y is com m only quoted as the abilit y of the part icular 

product ion system to sustain the product ion level over long t im es, i.e. for cont inuing 

future generat ions. This im plies that  the sustainable system  will not  cause significant  

ecological damage.  

Accordingly, environm ental benefits are also societal benefits – i.e. it  is not  the single PV 

producer or any other actor in the supply chain that  m ay take these benefits on his account , it  

is the whole society. But  societal benefits may involve m ore than these environm ental 

bonuses as we will see in the following sect ions. 

I n the following, we discuss the environmental benefits for PV as one of the key 

representat ives of renewable energy technologies in a detailed m anner, based on the count ry 

specific situat ion derived quant ified indicators suitable for ident ified groups of count r ies. 

Thereby, from a methodological viewpoint the analysis of avoided primary energy (see sect ion 3) 

represents the start ing point  for the quant ificat ion of other aspects such as avoided emissions. 

4.1 Emission Reduction 

The cont r ibut ion of renewable energy sources in reducing greenhouse gas em issions and air  

pollutants is well known. I n the following, we present  a m ethod to quant ify the reduced 

em issions for PV. Thereby, we aim  to provide a net  balance by subt ract ing the life-cycle 

em issions associated with the product ion of PV cells from  the calculated avoided direct  & life-

cycle em issions. We exem plify this derivat ion for the m ost  prom inent  representat ives in 

environmental concerns:  Greenhouse gas (GHG)  em issions in terms of carbon dioxide 

equivalent  (CO2-e) , and sulphur (SO2)  as well as nit rogen oxides (NOX)  as m ajor air  pollutants 

occurr ing dur ing thermal com bust ion. 

4 .1 .1  Avoided em issions –  a  gross balance 

This approach direct ly builds on the avoided pr imary energy as discussed in the previous 

sect ion of this report . I n other words:  I f elect r icity generated from  PV plant  replaces therm al 

power, the em issions “caused by fossil fuels“  are avoided as well. 

For the quant ificat ion of the net  reduced em issions there is a need to know count ry specific 

data on em issions factors for the replaced fossil fuels as well as for PV which occur during 

m anufactur ing of the solar cells.  

Table 3 below sum m arises the country specific life-cycle em issions factors (except  for Japan 

where NOX and SO2 refer solely to direct  combust ion)  with respect  to the replaced fossil fuels. 

Data is expressed in end use energy basis – i.e. per kWh elect r icit y. These data differ from  
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count ry to count ry according to differ ing average conversion efficiencies (of the corresponding 

therm al power plants)  and the count ry-specific typically applied addit ional equipm ent  for 

reducing air  pollutants as well as differences within the upst ream  processes. The applicat ion 

of solely these factors in order to calculate avoided em issions for PV elect r icity would deliver a 

gross balance as it  does not  take into account  em issions result ing from m anufactur ing of PV.  

 
Table 3 . Sum m ary of collected data on em issions factors  

for  replaced fossil fuels 

Em issions Factors of Replaced  
Fuel ( g/ kW h)  Country 

 
Replaced Fuel  

( Assum ed)  CO2- eq NOx SO2  

AT Hard Coal 949 0,85 0,82 

CA Coal 1 004 1,26 5,20 

CH Natural gas 429 1,37 0,01 

DE Hard coal & Lignite 1 094 0,64 0,53 

DK Hard coal 949 0,85 0,82 

ES Hard coal 960 3,81 7,00 

FR Hard coal 949 0,85 0,82 

GB Hard coal 1 115 3,49 1,09 

JP Oil 742 0,30 0,20 

NL Natural Gas 411 1,50 0,01 

SE Natural gas 429 1,37 0,01 

US ( California)  Natural gas 499 0,57 0,32 

 

Data sources on Em issions Factors of Assum ed Fuel:   9 

For DE, ES, GB and NL:  count ry specif ic life-cycle em issions data from  (Frit sche et  al., 2006)  

AT, DK, FR:  an average Life-cycle em issions data of im ported hard coal to the European Union  

(Fr itsche et  al. ,  2006)  

CH, SE10:  an average value of count r ies DE, ES, NL, GB life-cycle em issions for natural gas  

CA11:  Data for CO2-e (NI R, 2006)  refer to the whole power sector, com prising ut ilit ies and indust r ial auto-

producers for the year 2004. SO2 and NOX (OPG, 2005)  are based on fuel com bust ion for 2004, 

represent ing the average specif ic em issions of 5 major coal power stat ions in Ontar io. 

JP:  Life cycle analysis on CO2-e (Hondo et  al., 2000)  and   

* SO2 and NOX em issions factors for Japan are based on fuel- com bust ion for Japanese fiscal year (FY)  2004 

(FEPC, En. & Env, 2006)  

US (California) :  (NREL, 2000) :  All em issions factors are life cycle 

 

                                             

9  I n some cases, besides a lack of data, an inconsistency was observed -  especially regarding em issions 
factors ( i.e. if em issions indicate the life-cycle analysis (LCA) , if expressed greenhouse gas em issions 
com prise CO2-e or solely CO2,  if data refer to end or pr im ary energy, etc.) . I n the case of Europe the most  
harm onised data were implied by (Fritsche et  al. , 2006) . Consequent ly, data for all European count r ies has 
been based on this study – referr ing to the year 2000. This LCA is based on GEMI S, developed by Öko-
I nst itut  – for details see (Öko, 2006) . 

10  I n Sweden natural gas would be replaced which is produced in Denm ark. 

11  Em issions Factors from  the Province of Ontario are used as proxy for Canada.   
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4 .1 .2  Energy Pay Back Tim e and LCA em issions of PV system s 

I n addit ion to the avoided em issions as discussed above it  is im portant  to consider the life 

cycle em issions factors of PV in order to derive a net  balance. These em issions refer to the 

m anufactur ing of the PV system s. This analysis requires a comparison of used energy for PV 

m anufactur ing com pared to the energy generated during the system  lifet im e nam ely “Energy 

Pay Back Tim e (EPBT) ” . 

According to (T10-  01:  2006) ,  EPBT is defined as the rat io of the total energy input  during 

the system  life cycle com pared to the yearly energy generat ion during system  operat ion and 

is expressed in years.  

The EPBT and related greenhouse gas em issions of PV system s are invest igated in Alsem a et  

al.  (2006)  based on the current  status of product ion technology for crystalline silicon m odules. 

The result s of this paper indicate that  for a roof top integrated PV system with a perform ance 

rat io of 0,75 values for EPBT based on three silicon technologies are in the range of 1,7-2,7 

years for Southern European count r ies ( irradiat ion 1 700 kWh·m -2·yr - 1) , while in Cent ral 

Europe EPBTs of 2,8 to 4,6 years occur ( referr ing to a reference irradiat ion of  

1 000 kWh·m - 2·yr -1) .  

More recent  studies indicate that  EPBT and related greenhouse gas em issions are declining 

due to technological progress – see e.g. Alsem a et  al., (Sep.-2006) . EPBT for roof and façade 

integrated PV systems and the potent ial for GHG m it igat ion by using PV systems are given in 

T10-  01 (2006)  for som e selected OECD cit ies.  
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Figure 8 . Greenhouse gas em issions of PV system s based on three silicon 

technologies, com pared to a  num ber of other energy technologies. 

Source:  (Alsem a et  al.,  2006) 12 

 

                                             

12     Data der ived for Coal, Com b. Cycle gas, nuclear, biom ass and wind from  EcoI nvent   database (version 1.2. 
see ht tp: / / www.ecoinvent .ch/ ) . Note that  the expressed GHG em issions of 8 g/ kWh for nuclear power is 
“best  case”  com parison to other studies – e.g. a recent  study conducted by (Fthenakis et  al.,  2006)  
indicates for the US an average value of 25 g/ kWh. 
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Figure 8 shows a comparison of three PV system s (based on silicon technologies)  to other 

selected energy technologies. The PV systems are installed on a roof top in Southern Europe 

with irradiat ion of 1 700 kWh·m -2·yr - 1 and have a 30 year life t im e.  

As data on em issions associated with m anufactur ing is not  consistent ly available for every 

count ry possessing a PV indust ry, it  was decided to define a reference system . Based on this, 

count ry-specific em issions can be calculated according to the geographical circum stances 

where the PV plant  would actually be installed. I n the following, we illust rate this approach – 

based on LCA perform ed in the Crystal-Clear (Alsem a et  al., 2006)  and (de Wild Scholten et  

al. , 2005) . The em issions data for a reference PV system  has been conducted in collaborat ion 

with 11 PV m anufactur ing com panies from  Europe and the USA.  

1.  First , the life-cycle em issions for  the reference system  were derived. I n part icular, Table 

4 indicates the life-cycle em issions factors for both single-crystalline (sc-Si)  and m ult i-

crystalline silicon PV-system s (mc-Si)  for the reference plant  – i.e. a rooftop PV 

applicat ion located in Southern Europe, consist ing of fram eless m odules, with a 

perform ance rat io (PR)  of 0,75 and a plant  life t ime of 30 years. 

 

Table 4 . LCA em issions factors of solar  system s for  the defined reference system  

( Perform ance Rat io = 0 ,7 5  and Plant  life  t im e= 3 0  years)  

sc- Si m c- Si Yearly 

Solar  
I r radiat ion CO2- eq  NOx SO2  CO2- eq  NOx SO2  

kW h/ m ²  g/ kW h g/ kW h g/ kW h g/ kW h g/ kW h g/ kW h 

1 700 45 0,08 0,13 35 0,07 0,10 

 

2.  I n the next  step, the reference em issions had to be t ransferred to the count ry-specific 

circum stances, which is br iefly explained below:  

Mult iply ing the performance rat io (0,75)  with the yearly solar irradiat ion (1 700            

kWh·m -2·yr -1)  we receive an elect r icity generat ion potent ial of our reference system  of 1 

275 kWh/ kWp year ly. Accordingly, within the 30 year life t im e a total am ount  of 38,25 

MWh would be generated.  

The total greenhouse gas em issions as CO2-e occurr ing during m anufacturing are         

1 721 kg if single-crystalline silicon cells are used, simply der ived by mult iplying total 

elect r icity generat ion with the specific em ission factor. Consequent ly, data on actual 

count ry specific solar yield (provided by partners)  allows us to est imate how much 

elect r icity could be generated with such a reference system  during it s life t im e in other 

locat ions and how m uch would be the corresponding em ission factors in g/ kWh. 

I n other words, if this system  was installed in Germ any (with a yearly average solar 

yield of 950 kWh/ kWp)  28 500 MWh would be generated in 30 years and the 

corresponding em ission factor for CO2-e is 60 g/ kWh in case of a sc-Si. 

Summing up, the following equat ion occurs for deriving count ry-specific em ission 

factors from  the reference system:  

 

yieldsolarcount ry

yieldsolarreference
factorem issionreferencefactorem issionCount ry

__
__

____ ×=   [ 2]   
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Finally, Table 5 lists the derived em issions factors of PV elect r icit y for several count r ies, 

expressing life cycle em issions per kWh generated PV elect r icity for comm only used PV 

systems based on count ry specific average solar irradiat ion data. 

 
Table 5 . Derived country specific LCA em ission factors of PV-  system s   

sc- Si m c- Si Year ly  
Solar  
yield CO2- eq NOx SO2  CO2  NOx SO2  

Country 

kW h/ kW p g/ kW h g/ kW h g/ kW h g/ kW h g/ kW h g/ kW h 

AT 945 61 0,11 0,18 47 0,09 0,13 

CA 1 100 52 0,09 0,15 41 0,08 0,11 

CH 950 60 0,11 0,18 47 0,09 0,13 

DE 950 60 0,11 0,18 47 0,09 0.13 

DK 850 68 0,12 0,20 53 0,10 0,14 

ES 1 300 44 0,08 0,13 34 0,06 0,09 

FR 1 000 57 0,10 0,17 45 0,08 0,12 

GB 750 77 0,14 0,22 60 0,11 0,16 

JP 1 051 55 0,10 0,16 42 0,08 0,12 

NL 821 70 0,12 0,21 54 0,10 0,15 

SE 850 68 0,12 0,20 53 0,10 014 

US ( California)  1 338 43 0,08 0,13 33 0,06 0,09 

 

Please keep in m ind that  we have to see this approach in a global context  as the PV systems 

are not  always installed where they are produced (or where all com ponents are 

m anufactured) . They cause em issions where the com ponents are produced but  they avoid the 

fossil fuels and the corresponding em issions where they are installed.  

Finally, Table 5 lists the derived em issions factors of PV elect r icity for several count r ies, 

expressing life cycle em issions per kWh generated PV elect r icity for com m only used PV 

systems based on count ry specific average solar irradiat ion data. 

Table 5 indicates that  different  PV system s cause different  am ounts of em issions. 

Consequent ly, there is also a need to est im ate the classificat ion of the used cells in a count ry.  

I t  is important  to have a closer look on the count ry-specific PV market . The research aim ed to 

determ ine, by country, the technology-specific shares for installed PV systems. I n pr inciple, 

this inform at ion could be derived for the following countr ies in detail,  Aust r ia, Japan, Sweden 

and United Kingdom . However, as only a sm all proport ion of all reported count r ies was 

covered, it  was decided to take the global m arket  and use it  as a proxy for applied cell types. 

I n part icular, the classificat ion of world cell product ion as expressed in Figure 9 has been 

used.  

From  today’s point  of view m ost  PV cells and m odules sold are crystalline silicon. Therefore, 

for the quant ificat ion of life-cycle em issions as derived above, we focussed solely on 

crystalline silicon.  

As illust rated in Figure 9 from  1999 to 2005 on average 37%  of globally produced solar cells 

were single crystal and 51%  mult i crystalline, whilst  12%  of produced cells belong to others 

categories. Of course the used cell technologies differ from  count ry to count ry and year to 
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year. As count ry-specific data on installed cell types are difficult  to derive, as a general 

approach for each count ry the histor ic data on global level was used. Consequent ly, in the 

case of other used cells equivalent  shares of m ult i crystalline and single crystalline were 

assum ed for the follow-up calculat ion of life-cycle em issions of PV cells and, finally, net  

factors for em ission avoidance. More precisely, for this calculat ion 12%  equally shared to 

single and m ult i crystalline. Accordingly, the result ing final classificat ion is 43%  single and 

57%  m ult i crystalline. 
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Figure 9 . Breakdow n of produced PV cells by technology on global scale for  the 

per iod 1 9 9 9  to 2 0 0 5  

Source:  (Photon, 4/ 2006)  

4 .1 .3  Avoided em issions –  a  net  balance 

 
Table 6 . Country specific net  reduced em issions factors based on fuel  

and used solar  cells in g/ kW h 

Net  reduced em issions factors  
based on replaced fuel and used solar  cells ( g/ kW h)  

Country Replaced fuel CO2- e  NOx SO2  

AT Hard Coal 896 0,75 0,67 

CA Coal 959 1,18 5,07 

CH Natural Gas 377 1,27 -0,14 

DE Hard Coal & Lignite 1 042 0,55 0,38 

DK Hard Coal 890 0,74 0,65 

ES Hard Coal 921 3,74 6,89 

FR Hard Coal 899 0,76 0,68 

GB Hard Coal 1 048 3,37 0,90 

JP Oil 694 0,21 0,07 

NL Natural Gas 350 1,39 -0,16 

SE Natural Gas 370 1,26 -0,16 

US ( California)  Natural Gas 462 0,50 0,22 

Note:  I n som e count r ies with com parat ively low sulphur em issions associated with the 

replaced fossil fuel a negat ive figure occurs with regard to net  avoided sulphur 

em issions. This means that  em issions referr ing to the m anufactur ing of PV cells ( in the 
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count ry where m anufactured)  are higher than the avoided ( in the count ry where the 

plant  is installed)  13.  I f we assume that  the PV system  is m anufactured in Europe and, 

furtherm ore, that  it  replaces in a European count ry natural gas, higher SO2 occur in the 

net  balancing. I n cont rast , for the USA this is not  the case:  According to NREL (2000)  

natural gas upst ream  NOX and SO2 em issions are m uch larger than those from  the 

power plant . Consequent ly, a posit ive effect  can be observed – i.e. PV elect r icity 

actually cont r ibutes to reduce SO2 em issions.  

 

Table 6 depicts the derived net  em issions factors by count ry – i.e. indicat ing the reduct ion of 

CO2-e, SO2, and NOX em issions for each kWh PV elect r icity. The figures are derived by 

subt ract ing from  gross avoided em issions (due to the subst itut ion of fossil fuels)  the life-cycle 

em issions of the PV generat ion.  14 Obviously, these indicators on specific em ission reduct ions 

can be applied to calculate (yearly)  total avoided em issions etc. as well. 

For example, 1 kWh of elect r icit y generated in a PV plant  in the United Kingdom  (GB)  reduces 

approx. 1 048 g CO2-eq, 3,37 g NOX and 0,90 g SO2.   

 

 

Figure 1 0 .  Net  reduced life cycle CO2- eq em issions by 1  kW h generated PV 

electr icity based on country specific data and est im ated fossil fuel 

replacing 

                                             

13  We should keep in m ind that  the negat ive environm ental im pacts of PV manufacturing –due to the fossil 
energy used in the product ion of cell and m odule mater ials-  can change if the used energy is also provided 
by PV elect r icity or other renewable energies. Some PV m anufacturers have already their own building 
integrated PV systems in order to cause fewer environm ental im pacts.  

14  As ment ioned above, in this study solely  crystalline silicon cells have been considered as these cells 
dom inate the market  at  present . Conduct ing a sim ilar assessm ent  also for thin f ilm  solar cells would alter 
the outcom es in term s of net  em ission avoidance:  These types of solar cells are character ised by 
signif icant ly lower life-cycle em issions, and, consequent ly, also net  avoidance of GHG and air pollutant  
em issions would increase.  

 I t  is worth to m ent ion that  thin f ilm  technologies (a-Si, CI S, and CdTe)  increased their share on global 
product ion from  about  6.3%  in 2005 to approx. 7.5 %  in 2006 (Photon, 4/ 2007) . Moreover, they com prise 
at  present  about  50%  of the US product ion.  
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Figure 10 provides a graphical illust rat ion of reduced CO2-eq em issions data as listed in  

Table 6. I t  can be seen that  1 kWh PV can reduce CO2-e em issions the m ost  in the United 

Kingdom (GB)  and Germany (DE) . This shows that  PV represents an important  opt ion for GHG 

reduct ions even in count r ies where the solar yields are com parat ively low -  see results for  

United Kingdom  or Germ any.  

4.2 Water Saving  

Therm al power plants evaporate water dur ing cooling which has environm ental im pacts. “ I f 

cooling water is recycled through cooling towers or cooling ponds, water consumpt ion is high. 

Conversely, if the water is used once from a nearby r iver then returned to the flow, the 

evaporat ion at  the site is low, but  the added heat  to the st ream increases the evaporat ion 

rate of the r iver, thus increasing the overall evaporat ion”  (Torcellini,  2003) . 

“How m uch the water evaporat ion of power plants disrupts the natural water balance depends 

on the climate of the region and the source of the cooling water.”  (von Uexlüll,  2004) . I t  is 

out  of the scope of this study to determ ine by region the environm ental im pacts. I n cont rast , 

we sim ply aim  to illust rate an approach to est im ate the added value offered by PV with regard 

to water saving. 

 
Table 7 . Consum pt ive w ater  use for  elect r icity product ion  

Source:  (Gleick, 1994)  

Energy technology Consum pt ive use (m 3 per MWhel)  

Convent ional coal com bust ion 

Once- through cooling        1,2 

Cooling towers          2,6 

Oil and natural gas com bust ion 

Once- through cooling        1,1 

Cooling towers         2,6 

Nuclear generat ion ( LW R)  

Cooling towers         3,2 

Renew able energy system s 

Photovoltaics:  resident ial        -a 

Photovoltaics:  cent ral ut ilit y       0,1b 

Solar thermal:  Luz system         4,0 

Wind power           -a 

Abbreviat ions:  
a =  Negligible. 
b =  Maxim um  water use for  array washing and potable water needs. 

 

The determ inat ion of this value on a count ry level requires inform at ion on the water flow used 

for cooling in therm al power plants. Consequent ly, it  was not  feasible to der ive such heavily  

count ry specific data within the fram ework of this project . Furtherm ore, as there is also a lack 

of inform at ion about  “which kind of water is used”  we exem plify this added value by 

discussing a case study as conducted for California.  
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Torcellini et  al. , (2003)  provides data on water consumpt ion for therm al power plants in 

California.  A specific figure of 0,05 gallons per kWh of elect r icity produced was derived 

(equivalent  to 0,19m ³ / MWh) . This figure represents the added value offered by PV with 

regard to water saving in specific term s – i.e. by unit  of PV elect r icity generat ion. 

Finally we aim  to illust rate the im portance of such an indicator on water saving:  Table 7, 

based on Gleick (1994)  indicates a general view on the consumpt ive water use for elect r icity 

product ion.  

4.3 Avoided external costs 

Em issions caused by energy generat ion dam age a wide range of receptors, including human 

health, natural ecosystem s and the built  environm ent .  These are external effects of energy 

supply.  These external effects cause costs to society as they are t ypically not  paid by the 

polluter it self.  (Re-Xpansion, 2005)   I f the polluter does pay adequately for the dam age 

caused, then this is referred to as the “ internalisat ion of external costs”  which has been 

exem plified in sect ion 5.3.  

External costs are a widely discussed topic with regard to energy supply. I n this study we 

base our references, to a large extent , on the outcomes of a recent ly conducted evaluat ion of 

several external costs studies, namely "Externe Kosten der St rom erzeugung aus erneurbaren 

Energien im  Vergleich zur St romerzeugung aus fossilen Energiet rägern" ( in German)  (Krewit t  

et  al.,  2006) .  

I n this study, the following m ajor analysis have been evaluated comprehensively:   

• ExternE 

• NewExt  2004 

• Downing et  al. , 2005 

• Nakicenovic, N., Riahi, K., 2003 

 

Table 8 lists the final outcomes of this evaluat ion with regard to a monetary valuat ion of loss 

expenses ( in EUR/ t  CO2)  due to the em ission of green house gases.  

 
Table 8 . Recom m ended valuat ions for  the loss expenses  

of green house gas em ission 

Recom mended valuat ions for the loss expenses of 

the clim ate change (EUR/ t  CO2)  

Low valuat ion Median valuat ion High valuat ion 

15 70 280 

 

Besides greenhouse gas em issions, in accordance with the elaborat ions on em ission avoidance 

(see sect ion 4.1) , also m ost  prom inent  air pollutants (SO2, NOX)  were considered in the 

following as expressed in Table 9. More precisely, with regard to these air  pollutants, the 

following studies serve as key reference m ater ial:  

• ExternE 1999 and  

• EcoSenseLE, 2006 
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Table 9 . Sum m ary of applied indicators on external cost  

 

 

 

 

 

 

 

 

 

 

Table 10 lists the derived indicators with respect  to avoided external costs due to PV 

elect r icity. As can be seen, loss expenses have been est im ated for all reported count r ies, but  

it  is im portant  to bear in m ind that  the reference study used was prepared for EU 25 count r ies 

but  in our report  it  also applied to Japan and California. The total potent ial, with regard to 

reducing external costs by PV elect r icity, is calculated for the recom m ended median value of 

70 EUR/ t  CO2 with regard to CO2-e. Therefore, we can assum e that  where PV replaces coal, 

the external cost  reduct ion is higher than when natural gas is replaced. 

 
Table 1 0 . Sum m ary of avoided External costs by PV electr icity 

Avoided External Costs by PV ( EUR- Cent / kW h)  

Country 
CO2- e  ( low  
valuat ion)  

CO2- e  ( m edian 
-

recom m ended
- valuat ion)  

CO2- e  
( High 

Valuat ion)  
NOx SO2  

Tota l  
( w ith 

m edian 
CO2- e  

valuat ion)

AT 1,34 6,27 25,09 0,25 0,22 6 ,7 4  

CA 1,44 6,71 26,84 0,39 1,66 8 ,7 6  

CH 0,56 2,64 10,55 0,42 -0,05 3 ,0 1  

DE 1,56 7,29 29,17 0,18 0,12 7 ,6 0  

DK 1,34 6,23 24,92 0,25 0,21 6 ,6 9  

ES 1,38 6,45 25,80 1,24 2,26 9 ,9 5  

FR 1,35 6,29 25,17 0,25 0,22 6 ,7 7  

GB 1,57 7,34 29,36 1,12 0,29 8 ,7 5  

JP 1,04 4,86 19,44 0,07 0,02 4 ,9 5  

NL 0,53 2,45 9,80 0,46 -0,05 2 ,8 6  

SE 0,56 2,59 10,37 0,42 -0,05 2 ,9 6  

US ( California)  0,69 3,23 12,93 0,17 0,07 3 ,4 7  

 

Quant ifiable Loss expenses of several a ir  

pollutants and greenhouse gas em issions ( EUR/ t )  

 CO2 SO2 NOX 

Clim ate Change  70   

Health Dam age  3 060 3 120 

Crop losses  -10 130 

Mater ial Dam age  230 70 

Total 7 0  3  2 8 0  3  3 2 0  
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Figure 1 1 . Total avoided external costs w ith m edian CO2  va luat ion 

Figure 11 gives a count ry com parison regarding possible avoidable external costs based on 

count ry specific results derived from  Table 10.  Spain shows the highest  value due to a high 

NOX and SO2 reduct ion potent ial for PV elect r icity – assum ing that  hard coal is replaced. 

 

6 ,7 4

8 ,7 6

3 ,0 1

7 ,6 0

6 ,6 9

9 ,9 5

6 ,7 7

8 ,7 5

4 ,9 5

2 ,8 6 2 ,9 6
3 ,4 7

0

1

2

3

4

5

6

7

8

9

10

11

Hard
Coal

Coal Natural
Gas

Hard
Coal &
Lignite

Hard
Coal

Hard
Coal

Hard
Coal

Hard
Coal

Oil Natural
Gas

Natural
Gas

Natural
Gas

AT CA CH DE DK ES FR GB JP NL SE US
(California)

Countr ies and est im ated fuels

E
U

R
-C

e
n

t/
k

W
h



I EA-PVPS-TASK 10               ANALYSI S of PV SYSTEM’S VALUES BEYOND ENERGY 
-by Count ry and Stakeholder   

- 31- 

5  UTI LI TY BENEFI TS 

The value of PV to ut ilit ies depends largely on count ry-specific supply and clim ate condit ions. 

The influencing factors can be classified as follows.  

• The relevance of PV to m eet ing peak dem and 

• The m arket  value of PV compared to spot  m arket  pr ices 

• The relevance of PV for reducing the environmental cost  burden – CO2 cert ificate 

pr ices applied within the European Union’s Em ission t rading scheme. 

A ut ilit y m ay also have an interest  in:  

• The relevance of PV to reducing t ransm ission and dist r ibut ion costs and losses  

• Reduct ion of fossil fuel pr ice r isk  

• Availabilit y of outage protect ion.  

These values could also be im portant  for investm ent  decisions in PV, but  they have not  been 

quant ified in this report  as they are beyond its scope.   

5.1 The relevance of PV to m eet ing peak dem and 

The relevance of PV to m eet ing peak dem and depends on the correlat ion between daily and 

seasonal load character ist ics and peak solar generat ion. Therefore, it  m ust  be invest igated if 

PV really can cont r ibute to peak dem and, and to what  extent . Can PV reduce Peak Capacity 

for each count ry or each region? 

5 .1 .1  Potent ia l of PV to reduce peak dem and 

This issue is related to the so-called “capacity credit”  that  can be given by PV generat ion, i.e. 

what  capacity reduct ion can be made in the convent ional power plant  m ix by the addit ion of PV 

capacit y or, in other words, to what  extent  can PV provide power when a ut ilit y needs it . 

I n order to determ ine the am ount  of capacit y credit , it  is necessary to determ ine what  part  of 

the peak dem and can be m et  by an appropriate value of solar energy. According to studies in 

the US, this value will depend on the t im e of system  peak dem and, as well as the or ientat ion 

of the solar elect r ic system  and is called “Effect ive Load Carrying Capabilit y”  (ELCC) (Sm ellof,  

2005) . 

“ I n general, ELCC is the abilit y of a power system  to effect ively cont r ibute to a ut ilit y ’s 

capacity, or system  output , to meet  its load. I n determ ining PV’s value to a ut ilit y, the 

m agnitude of the sun’s intensity is less important  than its relat ionship to load requirem ents. A 

typical exam ple of high ELCC for PV occurs when the ut ilit y system load reflects commercial 

customers' dem and for m idday air-condit ioning;  this load is a good match to PV's power 

output . The PV ELCC is low er  for  resident ia l custom ers w ho have a high air-

condit ioning dem and in the late afternoon; the load is not  m atched as well to the 

intensity of t he solar resource.”  (US DOE, 1996)   

“Studies in the U.S. have shown that  the correlat ion between sum m er to winter peak load and 

effect ive load carrying capacit y is higher than that  between average irradiance levels and 

ELCC [ US DoE, 1996] . The ELCC can exceed 80 %  of PV rated output  when the rat io of 

sum m er to winter peak load is greater than 1.5 (US DOE, 1996) . Hence, a 1 kWp PV system  
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could be considered to have a dispatchable rat ing of 800 Wp.  Using this approach, the US DoE 

has published a m ap showing the different  PV ELCC across the US [ ibid] . This m ap allows 

planners to target  areas where PV would have a high value. These areas are not  necessarily 

those with high solar radiat ion levels”  (Wat t , 2001) . 

As indicated above, the abilit y of PV to meet  peak dem and differs by locat ion and, at  first  

glance, it  can be suggested that  it  is m ore substant ial for sum mer peak count r ies than for 

count r ies that  have their  highest  peak loads during winter. Hence, in the following, the 

research explores if the reported count r ies are summ er or winter peak count r ies, based on 

the ident ificat ion of their  typical yearly “bot t leneck t ime” .  

Figure 12 and Figure 13 depict  the average load curve of cent ral (AT+  CH+  DE+  FR ( left ) )  

and southern (ES+  I T+  PR ( r ight ) )  European count r ies for winter m onths (Decem ber to 

February)  and sum mer m onths (June to August )  in 2005. Both cases indicate that  the 

“bot t leneck t im e”  is in the winter evenings – a t im e when there is no PV elect r icity available. 

Based on their  count ry-specific load curves all European count r ies -  even southern European -  

can be character ised as “winter peak”  count r ies and the elect r icit y supply security is typically 

focussing on winter peak demands. However, in Southern Europe there is also an increased 

dem and observable for sum m er m onths (as Spanish data for July 2005 indicate;  see Annex A 

–Load Curves)  – due to air  condit ioning and the influence of tourism . 
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Daily average load curves for the 
Southern European Power Market (Winter vs. Summer)
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Source:  UCTE, Union for the Co-ordinat ion of Transm ission of Elect r icity ,  

ht tp: / / www.ucte.org 

Figure 1 2 . Daily average load curves for  

the central European Pow er m arket  

( AT+ CH+ DE+ FR)  

Figure 1 3 . Daily average load curves for  

the southern European Pow er m arket  

( ES+ I T+ PR)  

 

I n California and Japan, in cont rast  to Europe, “bot t leneck t im e”  is typically in the sum mer 

(see Figure 14 and Figure 15) .  
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Monthly Peak Electricity Demand in California - 2001
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Figure 1 4 . Monthly peak elect r icity dem and in California  in 2 0 0 2   

Source:  (Brown, 2002) .  

 

 

  

 

 

Figure 1 5 . Annual elect r ic use for  ten 

Japanese ut ility com panies 

Source:  (FEPC, 2004)  

 

Figure 1 6 . Exam ple of Japanese daily load-

curve in sum m er.  

Source:  (FEPC, 2004)  
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Despite that  for “winter peak”  count r ies the capacity credit  of PV is not  high during this t ime 

of year, the recent  hot  and dry sum m er experiences in Europe have clearly shown that  there 

is a  need to reduce peak elect r icity dem and in the sum m er  from  a ut ilit y’s point  of 

view. This is influenced by the fact  that  m any therm al power plants are maintained during the 

sum m er m onths or have to reduce their  generat ion due to a lack of cooling water as needed 

for therm al ( incl. nuclear)  power generat ion.  

I n general, demand is r ising dur ing the summ er season with increasing numbers of air  

condit ioners installed. According to a local ut ilit y in Aust r ia, Energie AG, recent  experiences in 

Aust r ia have shown that  dem and r ises by 5%  during ext rem e hot  days. From  25 th to 27 th of 

July 2006, all days with temperatures above 32°  Celsius, the daily energy consum pt ion was 

on average 5-8%  higher than the previous year when the tem perature was around 25°  

Celsius. The peak dem and hours during sum mer typically occurred around m idday and in the 

afternoon – a t rend which is even m ore relevant  for southern European count r ies (see  

Figure 13) . I n order to m eet  this high dem and, a shut  down therm al power plant  had to be 

put  in operat ion again. This caused environmental impacts and also a monetary burden for 

this ut ilit y – including addit ional costs for fuel and CO2 em ission allowances (see 

sect ion 5.3) 15.   
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Figure 1 7 . Average hourly spot  pr ices in EEX ( Germ any's energy exchange)  from  

January unt il July 2 0 0 6  

Source:  EEX-  European Energy Exchange (ht tp:/ / w w w .eex.de )  

Figure 17 shows that  the spot  m arket  pr ices were very high in July 2006 at  Germ an’s energy 

exchange EEX which indicates a lack of supply from  ut ilit ies point  of view. “During the 

ext rem e heat  wave in July 2006, peak pr ices paid at  the European Elect r icity Exchange spot  

m arket  exceed the feed in tar iff paid in Germany”  (Jäger Waldau, 2006) . 

I n conclusion, recent  incidences have shown that  the cont r ibut ion of PV to reducing peak 

dem and during the summ er will become increasingly important  for all European count r ies. I n 

                                             

15  For further details on this illust rated incident  we refer to (Energie AG, 2006) . 
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sum m er, Photovoltaic elect r icity is generally produced during t im es of peak demand when 

elect r icity is most  expensive.  

Deriving a count ry-based capacit y credit  value for PV requires a detailed t im ely analysis 

m atching PV output  to ut ilit y ’s peak dem and at  the local level. This com prehensive analysis is 

beyond the scope of this report . 

 

5.1.2 Load Managem ent  

With an intelligent  load managem ent  ut ilit ies can cont rol their  loads. A local project  example 

from  Germ any, nam ely “Waschen m it  der Sonne”  16 ( roughly t ranslated as “washing laundry 

based on solar energy” ) , shows how PV product ion with its natural volat ilit y can be used m ore 

efficient ly. Local custom ers who were willing to cont r ibute to this case received an alert  

m essage by cell phone at  t im es when a substant ial am ount  of solar energy was produced 

( typically between 10 a.m . and 1 p.m .) . Anyone who responded to this call to sm ooth out  

peaks in power dem and was rewarded with a small financial incent ive ( i.e. about  50 EUR-Cent  

per respond)  (Fraunhofer, 2006) . Consequent ly, as a broad set  of consum ers followed the 

request , and, consequent ly, used for exam ple their  washing m achines at  the preferable hours, 

a clear reduct ion in peak load demand than usually observed in m orning and evening hours 

could be achieved (see Figure 1817) .  
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Figure 1 8 . Case study “W aschen m it  der  Sonne”: The im pact  of intelligent  load 

m anagem ent  on daily load curves as observed in m onths w ith 

( Septem ber 2 0 0 6 )  and w ithout  m anagem ent  service ( August  2 0 0 6 )  

Source:  (MVV, 2007)  

                                             

16  This project  has been im plem ented by the local ut ilit y of Mannheim  MVV in cooperat ion with Fraunhofer 
I nst itute for Solar Energy System s ( I SE) . 

17   Figure 18 shows that  in Septem ber the customers received this alert  m essage and used m ost ly their  
devices between 10 a.m . and 1 p.m . in comparison to August  when there was no alert  message.  

 

Clear reduct ion of m orning and 
evening loads in Septem ber!  
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5.2 Market  Value of PV 

The sim plest  way to ident ify the m arket  value of PV elect r icity is a com parison with spot  

m arket  pr ices. To do so, first ly, the correlat ion between PV output  and spot  m arket  pr ices will 

be exemplified in order to invest igate the possible cont r ibut ion of PV during high pr ice 

periods. The im pact  of weather condit ions on peak pr ices will be shown for reported count r ies. 

 

Electricity Generation Cost of PV vs. Spot Prices (EEX)
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Figure 1 9 . Electr icity generat ion cost  of PV com pared w ith spot  pr ices 

Figure 19 illust rates the development  of elect r icity generat ion costs for PV and spot  pr ices. I t  

can be seen that  spot  pr ices are r ising year by year while PV generat ion costs are decreasing.  

 

5 .2 .1  Correlat ion betw een PV generat ion and m agnitude of peak 
spot  pr ices 

I n order to ident ify correct ly the com pet it iveness ( in m onetary term s)  of PV elect r icity in the 

power m arket  there is a need to invest igate the correlat ion between PV generat ion and spot  

m arket  pr ices. This analysis will also provide inform at ion about  the cont r ibut ion of PV to 

periods of peak load because spot  pr ices are m ost ly dependent  on load i.e. spot  pr ices 

increase when dem and r ises.  

Figure 20 illust rates the correlat ion between spot  pr ices and load curve for a typical hot  

sum m er day in Aust r ia – i.e. the 23 rd of July 2003. Next , Figure 21 shows the correlat ion 

between PV generat ion and the load curve, whilst  Figure 22 depicts the correlat ion between 

PV generat ion and spot  pr ices for this representat ive day. All figures indicate that  PV 

generat ion, spot  pr ices and load curve are correlat ing well on this day. 
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Spot prices vs. load curve on 23.07.2003
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Figure 2 0 . Spot  pr ices vs. load curve ( in Austr ia  on 2 3  July 2 0 0 3 )  

PV generation vs. load curve on 23.07.2003
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Figure 2 1 . PV generat ion profiles vs. load curve ( in Austr ia  on 2 3  July 2 0 0 3 )  

PV generation vs. peak prices on 23.07.2003
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Figure 2 2 . PV generat ion profiles vs. spot  pr ices ( in Austr ia  on 2 3  July 2 0 0 3 )  



I EA-PVPS-TASK 10               ANALYSI S of PV SYSTEM’S VALUES BEYOND ENERGY 
-by Count ry and Stakeholder   

- 38- 

I n the following we derive the correlat ions between PV generat ion and spot  pr ices in a 

detailed manner, observing the developm ents in the years 2003 to 2006 for var ious count r ies.  

 

2 0 0 3 : Austr ia  and Spain 

Correlation of PV Output and Spot Prices in  Austria and 
Spain (from Apr. until Sept. 2003)

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

1 3 5 7 9 11 13 15 17 19 21 23

Hours

k
W

h
/k

W
p

0

1

2

3

4

5

6

7

E
U

R
-C

e
n

t/
k
W

h

Output Austria (4.5.6.7.8.9. Months) Output Spain (4.5.6.7.8.9. Months)

Spot Austria (4.5.6.7.8.9. Months) Spot Spain (4.5.6.7.8.9. Months)

 

Correlation of PV Output and Spot Prices in  Austria and 
Spain (for winter months 2003)
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Figure 2 3 . Correlat ion of PV output  and spot  pr ices in Austr ia  and Spain in 2 0 0 3  

during w arm  season ( April to Septem ber –  left )  and  

cold season ( October to March -  r ight )  

Figure 23 shows the correlat ion between PV output  and spot  pr ices for Aust r ia and Spain for 

the year 2003. The correlat ions were derived from  data on hourly  spot  pr ices for the 

corresponding elect r icity m arkets and data on PV output  for a reference system . I n m ore 

detail,  the Aust r ian PV reference system  is located in Vienna whilst  the reference system  for 

Spain refers to the city Tarragona18.  Data on spot  m arket  pr ices have been taken from  EXAA 

(Energy exchange Aust r ia)  for Aust r ia and for Spain from  OMEL (Operador del Mercado 

I berico de Energia) . Please note that  the results are also sum m arised in Table 11– list ing data 

for all invest igated count r ies.  

Spain is the one of the fastest  growing economies in Europe and r ising elect r icity dem and is 

coupled with com parat ively high fuel pr ices and, in general, less efficient  power plants. 

Therefore, the average pr ice level is high19 compared to cent ral European count r ies. I n the 

sum m er period, i.e. the m onths April to September, PV elect r icit y is produced during t im es of 

highest  demand when convent ional elect r icity pr ices are also highest .  

I n Aust r ia the im pact  of the weather on the elect r icity demand can be clearly observed, in 

cont rast  to Spain. The reason is that  Aust r ia is a typical “winter peak”  count ry like Germ any 

(see Figure 25)  and its supply port folio is not  especially designed to m eet  sum m er peaks. I n 

sum m ary, PV offers the possibilit y in both count r ies to reduce m idday peak dem and during 

sum m er and, in the case of Spain, PV can addit ionally cont r ibute for longer daily per iods. 

During the winter season peak pr ices occur typically in the evening but  as the m idday pr ice 

levels indicate the (sm all)  cont r ibut ion of PV during this t im e is also valuable. 

                                             

18  Please note that  these reference system s represent  a count ry j ust  in terms of correlat ions, i.e. by 
deliver ing representat ive generat ion profiles. The PV output  of the reference system  in Spain is very low 
com pared to Aust r ia. This can be explained by the hot  sum m er of 2003 in Aust r ia and a low perform ance 
rat io for the Spanish system . The average year ly solar ir radiat ion for Tarragona is actually high – a f igure 
of 1 498 kWh/ m ² / a occurs based on PVGI S  

19     The average spot  price for the year 2003 in Spain was 3,25 EUR-Cent / kWh while in Aust r ia it  was approx. 
3,07 EUR-Cent / kWh.  
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2 0 0 4 : France and Sw eden 

Correlation of PV Output and Spot Prices in  France and 
Sweden (from Apr. until Sept. 2004)
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Correlation of PV Output and Spot Prices in  France and 
Sweden (for winter months 2004)
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Figure 2 4 . Correlat ion of PV output  and spot  pr ices in France and Sw eden in 2 0 0 4  

during w arm  season ( Apr il to Septem ber –  left )   

and cold season ( October  to March -  r ight )  

Figure 24 shows the correlat ion of PV output  and spot  pr ices for France and Sweden for the 

year 2004. The reference PV system s used are located in Lyon (France)  and Stockholm  

(Sweden)  and spot  pr ices were derived from  Powernext  (France exchange)  and Nord Pool 

(exchange for Denm ark, Sweden, Finland and Norway) .   

Due to the dom inance of hydropower the pr ice levels in the Nordic m arket  are low. France, 

being the largest  nuclear generator in Europe and a m ajor elect r icit y exporter, also has low 

pr ice levels in com parison to cent ral and southern European count r ies. For Sweden it  can be 

suggested that  there is no correlat ion between PV output  and spot  pr ices. I n the case of 

France it  is possible to say that  the peak pr ice in the summer occurs at  12 o’clock m idday 

which m eans dem and is high and PV output  also typically peaks.  

 

July 2 0 0 5  to June 2 0 0 6 : Germ any 

Correlation of PV Output and Spot Prices in  Germany (from 
Apr. until Sept. 2005-2006)
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Correlation of PV Output and Spot Prices in  Germany 
(for winter months 2005-2006)
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Figure 2 5 . Correlat ion of PV output  and spot  pr ices in Germ any from  July 2 0 0 5  to 

June 2 0 0 6  during w arm  season ( Apr il to Septem ber –  left )   

and cold season ( October to March -  r ight )  
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Figure 25 depicts the correlat ion between the spot  m arket  prices from EEX (Germ an elect r icity 

exchange Market )  and the PV output  of a reference system  installed in Bonn (Germ any)  in the 

period July 2005 to June 2006. Since Aust r ian and Germ an spot  pr ices are rather sim ilar this 

is a good exam ple illust rat ing that  the average spot  pr ices rose in 2005-2006 in comparison 

to 2004 (see Aust r ian case study for 2004) . Sim ilar to France it  can be observed that  the peak 

pr ice in the sum m er occurs around m idday when PV output  also t ypically peaks. Even during 

winter a low cont r ibut ion of PV to the m idday peak (which is lower than the typical evening 

peak)  is apparent . 

 

Table 11 shows the result s of the calculat ions on earning revenues which have been m ade for 

different  European countr ies and power markets for several years – depending also on the 

availabilit y of data on PV output . A reference system  in Germ any with 982 kWh/ kWp within 

2005-2006 would offer an earned revenue of 56 EUR/ kWp on the EEX while a reference 

system in Sweden during 2004 would offer a value of 21 Euro/ kWp on the Nord Pool.  

 
Table 1 1 . Sum m ary of revenues from  selling PV elect r icity respect ively used country 

data on PV output  and spot  m arket  pr ices. 

Country NL AT ES DK FR SE DE 

Locat ion of  
Reference System s 

Sim ulat ion 
Results-  

1999 
Vienna Tarragona Brædst rup Lyon Stockholm  Bonn 

Year of Data 
2 0 0 0 -
2 0 0 1  

2 0 0 3  2 0 0 3  2 0 0 4  2 0 0 4  2 0 0 4  

July 2 0 0 5  

to June 
2 0 0 6  

Spot  Market  APX EXAA OMEL Nord Pool Powernext  Nord Pool EEX 

System  Capacity ( kWp)  1 2 100 4 1 6 23 
Yearly Yield of Ref. System  
(kWh/ kWp)  

822 1 224 1 010 793 1 012 765 982 

Revenues from  selling 

PV elect r icity per year  

( EUR/ kW p)  
3 9  -  5 1  5 0  5 1  2 3  3 0  2 1  5 6  

 

5.3 Cost  of CO2 -Cert ificates  

Green house gas reduct ion is becom ing a key energy policy issue for m ost  indust r ialised 

count r ies, and especially for Europe. I n this context , within the framework of the Kyoto 

Protocol, the European Union has com m it ted to reducing its greenhouse gas em issions to 8%  

below 1990 levels by 2008-2012.  

The European Em ission Trading Schem e (ETS)  – a cap and t rade system – is a cornerstone of 

the European Climate Change Program m e and is helping to achieve the Kyoto targets of the 

EU at  least  cost . Addit ionally, the ETS aim s to result  in an internalisat ion of external costs for  

green house gas em issions caused by the use of fossil fuels. As the ETS captures the energy 

sector, the im plementat ion of the Kyoto Protocol leads to a change in elect r icity pr ices.   

The ETS is based on Direct ive 2003/ 87/ EC. This direct ive established a scheme for  

greenhouse gas em ission allowance t rading in order to prom ote cost -effect ive and efficient  

em ission reduct ions. Within the scope of the direct ive are CO2 em issions from energy 

act iv it ies, product ion and processing of ferrous m etals, m ineral indust ry and other indust r ial 

act iv it ies ( i.e. pulp and paper)  exceeding certain threshold levels referr ing to output  or 

product ion (Direct ive 2003/ 87/ EC 2003) . The direct ive requires Mem ber States to develop 
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Nat ional Allocat ions Plans (NAPs) , stat ing the total quant ity of em ission allowances which are 

allocated to the covered installat ions. The first  t rading period lasts from  2005 to 2007, 

followed by five year t rading periods.  

I n this context , a ut ilit y also has to pay the CO2 cert ificate pr ices for em issions caused by 

generat ing elect r icit y from  fossil fuels. This represents an addit ional m onetary burden from 

the ut ilit ies point  of v iew which can be reduced by generat ing PV elect r icity.  

PV offers environm ental benefits for society (see sect ion 4)  and cost  saving for ut ilit ies. This 

sect ion at tem pts to show the cont r ibut ion of PV in the reduct ion of CO2 cert ificate costs from  

the ut ilit ies perspect ive. 

 

Price Development of Allowances
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Figure 2 6 . Pr ice developm ent  of CO2  Allow ances 

Source:  EEX (ht tp: / / www.eex.de)  

“CO2 pr ices are determ ined by factors like econom ic growth, weather, abatement  opt ions and 

m arket  sent im ents” . (Sijm  et  al., 2005)  The weather factor on which PV also direct ly depends 

has a m ajor im pact  on em issions of the covered installat ions.  A cold winter increases dem and 

for heat ing (e.g. by elect r icity or fossil fuels, w hereas a w arm  sum m er increases pow er 

dem and for  a ir - condit ioning) .  Winter 2005 showed a clear increase in energy consum pt ion 

and therefore a r ise in em issions. I t  is widely acknowledged that  this is an im portant  factor 

influencing the CO2 pr ice r ise in early  2005. (Sijm  et  al.,  2005)  

As m arket  pr ices of allocated allowances represent  opportunity costs, the int roduct ion of an 

em ission t rading schem e affects m arginal elect r icity generat ion costs. Taking into account  the 

potent ial CO2 em issions reduct ions factors for PV (see sect ion 4.1)  and given cert ificate pr ice 

levels we can determ ine m onetary savings for the ut ilit ies for each alternat ively generated 

kWh PV elect r icity. This is done for all reported European count r ies.  

The ut ilit ies had to pay approx. 18 EUR on average ( from 2005 to October 2006)  for each 

tonne of em it ted CO2. Taking into account  this average value for all reported EU count r ies and 

PV` s CO2 reduct ion potent ial at  count ry level (see Table 6 ) .  

Table 12 sum m arises the derived values, i.e. the cert ificate cost  saving, expressed in specific 

term s of EUR-Cent / kWh. As can be seen, in the Netherlands a ut ilit y can reduce its cost  

burden by about  0,62 EUR-Cent  for each kWh generated PV elect r icity, whilst  in the United 

Kingdom  (GB)  the highest  value of 1,86 EUR-Cent / kWh occurs.  
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Table 1 2 . Contr ibut ion of PV elect r icity in CO2  cert ificate pr ice saving for  ut ility 

Reducing Cost  of CO2  Cert ificate by PV generat ion ( EUR- Cent / kW h)  

AT DE DK ES FR GB NL SE 

1,59 1,85 1,58 1,64 1,60 1,86 0,62 0,66 
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6  I NDUSTRY DEVELOPMENT AND 

EMPLOYMENT VALUES 

New job opportunit ies are one of the m ost  important  societal benefit s for decision m akers 

which are considered for new energy policies (Wat t , 2001) . I n com parison to convent ional 

energy technologies renewable energy technologies create m ore jobs as indicated in  

Figure 27 The figure is an overview of of energy related jobs by ful source in Germ any for  

2006. The solar energy m arket , for both PV and solar thermal resulted in 45 thousand jobs – 

a higher figure than any convent ional fuel opt ion.    

 

45 39 38 23
0

20
40
60
80

100
120
140
160
180

Total

Renewable

Energy

Hard coal Nuclear Lignite

170

State: 2006

Source: BSW, www.solarwirtschaft.de

Solar energy

JOBS in thousand

 
 
Figure 2 7 . Created jobs from  renew able energy vs. convent ional energy technology 

in Germ any in 2 0 0 6   

The PV world m arket  is growing cont inuously.  I n 2005 it  grew m ore than 45%  to 1 759 MW. 

Germ any was the largest  single m arket  with 603 MW in 2005, followed by Spain with 20,2 

MW (Jäger -Waldau, 2006) .  

According to the Germ an Associat ion of Solar Energy (BSW) about  3 500 PV companies exist  

in Germ any, 50 of them  are m anufactur ing cells, m odules and other components. The m arket  

turnover in 2005 rose to a value of 3 billion EUR from  which 70%  rem ained in Germ any. I t  is 

expected that  this business volum e will r ise by 2020 to an amount  of 15,2 billion EUR. At  

present  around 25%  of m anufactured PV products are exported. Direct  and indirect  jobs in 

the PV sector are est im ated at  about  30 000 in 2005.  

The second largest  PV market  in Europe is Spain which m ade big progress with regard to local 

PV indust ry development  during the past  few years. From January 1999 to October 2005 the 

cum ulat ive investment  of the PV sector ( including both m anufacturers and installers)  reached 

290 MEUR ( I EA-PVPS, AR 2005) . According to the Spanish PV indust ry associat ion (ASI F, 

2005)  there were 155 PV com panies in operat ion by 2005. Am ong them  6 are module 

m anufacturers, 12 produce com ponents and other 12 are installers, whilst  the rest  refers to 

dist r ibutors and other com panies.  

While other European count r ies do not  have such successful PV m arkets they do have 

successful com panies like Photowat t  in France or Fronius in Aust r ia which concent rate on 

export ing their  products. For illust rat ion Photowat t  in France, a cell and module m anufacturer, 

reached a product ion capacity of 33 MW with an export  share of approxim ately 95%  and an 

annual turnover of 90 MEUR in 2005. The num ber of employees is est im ated at  600 for the 
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sam e year. The other m ent ioned com pany, Fronius I nternat ional, located in Aust r ia, is the 

second largest  inverter m anufacturer in Europe ( I EA-PVPS, AR 2005) . I n 2005 the com pany 

m anufactured 60 000 inverters which corresponds to about  175 MW PV capacity and created 

approxim ately 90 jobs. 99%  of produced inverters were exported with an est im ated export  

value of 47 MEUR.  

 
Table 1 3 . Em ploym ent  based on nat ional sources for  AT, DE, ES 

Country Category2 0  Source 
Reported 

 year  

Annual 
installed 

capacity 
in the 

reported 
year ( kW )  

Cum . 
installed 

capacity 
in the 

reported 
year ( kW )  

 Direct  I ndirect  Total 

Em ploym ent  
effect  -  
pr im ary 
(direct  & 
indirect )  

287 165 452 

Em ploym ent  
effect  
secondary 

 257 

AT 

 7 0 9  

(Haas et  
al. , 

2006)  
2004 4 227 21 060 

Handcraft  18 000 

Wholesale 3 000 

Total 
( approx.)  

DE 

I ndust ry 9 000 3 0  0 0 0  

 
(BSW, 
Feb. 

2006)  

2005 600 000 1 400 000 

 Direct  I ndirect  Total 

Manufacturing 1 895 947 2 842 

I nstallat ion 1 200 600 1 800 

Others 1 100 550 1 650 

ES 

 6  2 9 2  

(ASIF, 
2005)  

Stand -Oct ., 
2005 

57 363 57 400 

 

Table 13 shows the derived data on em ployment  for Aust r ia, Germ any and Spain. As this 

table also im plies the categorisat ion of em ploym ent  differs between count r ies. The m ost  

consistent  categorisat ion can be found in I EA-PVPS’ nat ional count ry reports but  the indicator 

job/ MW differs count ry by count ry. Table 14 depicts a sum m ary of derived employm ent  

according to data as published in the count ry reports. EPI A (The European Photovoltaic 

I ndust ry Associat ion)  and Greenpeace est im ate 20 created job for each MW of product ion 

facilit ies. I t  can be expected that  this am ount  will decrease to 10 between 2010 and 2020. 

Addit ionally, they also est imate about  30 jobs per MW for the process of installat ion, retailing 

and providing other local services, which will drop to 26 jobs /  MW between 2010 and 2020 

(EPI A/ Greenpeace, 2004) . 

                                             

20  Direct  employments results mainly from  maintenance, installat ion, and manufacture of the PV system s. 
I ndirect  jobs arisew from  st im ulat ing other indust r ies affected by the new PV system s (Ban-Weiss, 2004) . 
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Table 1 4 . Data on em ploym ent  from  I EA- PVPS Nat ional Survey Reports  

Country 

Research and 

developm ent . 
( not  

including 

com panies)  

Manufact . of 
PV system  

com ponents 
( incl. 

com panies 
R& D)  

All other, 

including 
em ployees 

w ithin 
elect r icity 
ut ilit ies, 

installat ion 
com panies 

etc. 

Total 

Reported 
year 

Source: 

I EA-

PVPS 

Task 1  

Nat ional 

Survey 

Reports 

( NSR)  

Annual 

installed 
capacity in 

the reported 

year ( kW )  

Cum . 

installed 
capacity in 

the reported 

year ( kW )  

AT 40 720 40 8 0 0  2005 2 961 24 021 

CA 50 650 380 1 0 8 0  2006 3 738 20 484 

CH 150 300 500 9 5 0  2006 2 650 29 700 

DE1  -  35 000 -  3 5  0 0 0  2006 953 000 2 863 000 

DK 15 150 20 1 8 5  2006 250 2 900 

FR2  -  -  -  -  2005 7 020 33 043 

GB 52 522 320 8 9 4  2006 3265 14 042 

JP 500 6 200 11 000 1 7  7 0 0  2006 286 591 1 708 499 

NL 28 92 112 2 3 2  2006 1 521 52 705 

SE 33 350 22 4 0 5  2006 603 4 840 

US 350 5 200 2 800 8  3 5 0  2006 145 000 624 000 

1  The data in the I EA PVPS Nat ional Survey Report  was incom plete  
2   No labour places data available. 
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7  CUSTOMERS I NDI VI DUAL BENEFI TS 

Building integrated PV systems offer decisive individual values for different  customers groups 

which will be discussed in the following.  

As ment ioned in sect ion 1.2 PV custom ers can be classified as follows. 

• Resident ial customers 

• Com m ercial Customers  

• Architects and building developers 

7.1 Resident ial and Com m ercial Customers Benefits 

These two groups of custom ers are interested in the sam e added values of PV system s but  

they give different  weight  to them according to their  preferences. The environmental benefits, 

as described in sect ion 4, make PV systems at t ract ive for customers in order to show their 

cont r ibut ion in environm ental protect ion and sustainable awareness.  “There is a growing 

interest  in “green”  products such as organic food, organic fibers, as well as green buildings”  

(Reijenga T.H., 2002) .  Many com mercial PV customers especially are using this visible clean 

im age in order to dem onst rate their  environm ental credent ials as m ent ioned in Wat t  (2001) .  

López-Polo et  al. (2005)  conducted a qualitat ive survey of value analysis in different  count r ies 

and for different  stakeholders. According to their  result s resident ial and com m ercial PV 

owners seem  to be the stakeholder group for which the added values of PV systems play the 

m ost  important  role. I n this study it  is observed that  the value of PV energy for users and PV 

system owners now and in the future goes beyond the monetary value of the elect r icity 

generat ion. This confirm s the im portance of designing deploym ent  program s which consider 

the individuals voluntary willingness to pay (WTP)  (López-Polo et  al.,  2005)   

Customers like non- int rusive features like noiseless, m odular ity, relat ively m aintenance free 

character ist ic which m ake PV system s an at t ract ive technology to provide individuals energy 

independence and supply security. 

7 .1 .1  Energy I ndependence 

The issue of energy independence by using decentralized energy sources is get t ing m ore 

im portant  in indust r ialized count r ies. Before now people in developed count r ies (except  the 

US)  were not  used to power outages. However power outages are already a problem in the 

US and the im portance of this topic is increasing in Europe as well.   I n addit ion pr ice 

fluctuat ions for fossil fuels are causing considerable econom ic and social disrupt ion (Perez et  

al. , 1999) .  

According to the est im at ion of a US study by LBNL (L. Lawton, et  al.,  2003)  a 1 hour outage 

during a summer afternoon costs the average customer approximately 3 USD for a resident ial 

customer, 1 200 USD for a sm all com m ercial and indust r ial customer, and 8 200 USD for a 

large com mercial and indust ry custom er. The major outages ( like on August  14, 2003 on the 

East  Coast  of US)  are very disrupt ive and the annual cost  of these interrupt ions burden the 

US econom y with tens of billion dollars per year (Hoff et  al., 2004) . The value of PV for  

general energy independence and in em ergency situat ions is increased when storage is 

included (Wat t , 2001) .  
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How storage can be profitably com bined with customer owned dist r ibuted PV system s is 

exam ined in Hoff et  al. , (2004) . According to this study PV custom ers ( resident ial and 

comm ercial)  can obtain cr it ical load generat ion in case of outages. 

These results also indicate values for ut ilit ies. Ut ilit ies m ay be able to dispatch customer 

owned bat ter ies for short  durat ions of t ime in order to manage loads in the event  of system 

emergencies. “The PV system alone benefit s the custom er via energy savings and demand 

savings (com m ercial customers)  and also brings value to a ut ilit y’s T&D system . The addit ion 

of storage or load cont rol can br ing ext ra value to com m ercial customers if dr iven to reduce 

local dem and. The same storage/ cont rol can br ing addit ional value to a ut ilit y if dr iven to 

m axim ize T&D capacity and prevent  emergencies. Finally, storage benefits the customer by 

providing outage recovery insurance and benefits the ut ilit y by prevent ing potent ial outages”  

(Hoff et  al.,  2004) . 

7 .1 .2  Materia l Saving 

Building integrated PV systems have the potent ial to avoid som e m aterial costs which would 

be used instead of PV. Obviously, the cost  saving depends on the m ater ial which would 

alternat ively be used.  

I n the following, m aterial saving is illust rated against  the cost  of PV which represents a 

m onetary benefit  for consum ers. Figure 28 and Figure 29 show a cost  com parison of PV in 

EUR/ m²  against  some roof and façade elements based on count ry-specific data as provided by 

EU PV Up Scale and som e Task 10 partners. The typically used building m aterials also differ  

count ry by count ry. Thereby, bars m arked in yellow show the cost  range of PV system s 

without  installat ion share on turnkey pr ices. The reduct ion of installat ion pr ices is based on 

partner’s est im at ions of the share of installat ion cost  on turnkey pr ices. The est im ated share 

of installat ions costs on turnkey pr ices are in Aust r ia and Germ any approxim ately 8% , in 

France 10% , in GB 24%  and for Japan approx. 11% . According to ASI F (2005)  the share of 

installat ions costs on turnkey pr ices in Spain for a 5 kWp PV grid connected system  is 7% . 

Please note that indicated cost data on building materials does not include cost referring to installation. 
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Figure 2 8 . Cost  range of PV system s and som e roof m ateria l 
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Costs Range of PV System  and  Facade Materials (Stand 2004-2005)
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Figure 2 9 . Cost  range of PV system s and som e facade m ateria ls 

Sources:  AT (Ertexsolar, 2005) ;  DE:  (Baukosten, 2002) ;  ES:  (COAATG, 2006) ;   

JP:  (NEDO, 2004) ;  NL:  (Bouwkosten, 2006) ;  SE:  (WS, 2006)  

 

Material replacem ent  using PV for facade cladding is especially relevant  for commercial 
custom ers who would alternat ively use luxury cladding m aterials. PV installat ion cost  is 

very reasonable compared with decorat ive m ater ials for facades (see Figure 29 )  such as 

m arble or polished stone. 

An interest ing architectural exam ple is the CI S tower (a m ult i storey building of the 

Cooperat ive I nsurance Society)  in Manchester, England. The building facade is covered with a 

391 kWp PV system s with an area of 4 000 m² . The m ain decisive factor in choosing PV was 

interest ingly the low addit ional cost  in com parison to other façades elements like bronze or 

m arble.  (Photon, 10/ 2006) . 

7.2 Architects and Building Developers Benefit s 

Architects and building developers are a special custom er group who play a t ransm it ter role 

and influence decisions regarding use of building integrated PV system s (Haas, 2002) . 

Architects connect  the customer ( investor) , module m anufacturers, installers and building 

developers with each other. The decision of architects to use PV system s as a part  of a 

building roof or facade from  the beginning of building design offers reasonable and econom ic 

values (Bendel, 2003) . 

Architects and building developers are interested in green im age and using PV systems for 

their  prest ige and possibilit ies for innovat ive design features. They take into account  the m ult i 

funct ional building const ruct ion features of PV as well as the cont r ibut ion of PV system s in 

im proving the therm al perform ance of buildings.  These design features provide the PV 

customers ( investors)  a com fortable and sustainable building. Sound proofing is another 

im portant  factor which can be provided using PV system s. Som e of these benefits are 

explained short ly – m ainly based on Wat t  (2001) . 
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7 .2 .1  Design features 

„PV offers a new and at t ract ive building mater ial which can be used to create new building 

designs which fit  into an increasingly important  architectural aim  of dem onstrat ing 

environm ental sustainabilit y”  (Wat t , 2001) . 

The architectural possibilit ies of using PV as a building part  are documented in Reijenga T.H.,  

(2002)  and in Wat t  (2001) .  

Various mult ifunct ional design features such as shading or daylight ing can be realised by 

applying PV systems with different  colours, shapes and t ransparency features. For instance 

water and sun protect ion can be provided using t ransparent  PV m odules. 

“The various types of cell m aterial, types of m odules, the fram ed or non- fram ed lam inates, 

the colours of the cells and the colours of back sheets and fram es, all provide a wide range of 

possible surfaces”  (Reijenga T.H., 2002)   

Although alm ost  every form , shape and dim ension is possible with tailor-m ade m odules, it  

m ust  be kept  in m ind that  the standard m odules are less expensive than these design types 

(Reijenga T.H., 2002) .  

7 .2 .2  W eather protect ion 

As shown in Figure 30 façade integrated PV system s protect  the building from  weather effects 

like rain, wind and deter iorat ion while roof systems protect  the roof m ater ials. According to 

Bendel (2003)  diverse tests with foil encapsulated crystalline systems have shown that  PV 

façade modules can bear high wind speeds (up to 233 km / h)  without  damage. An 18 year 

sim ulated weather test  has shown that  no deteriorat ion appeared on the PV m odules.  

 

 

 

Figure 3 0 . W eather protect ion Figure 3 1 . Shading 

Source:  (hwp & I SET, 2006)  

An exam ple can be given from  Japan where m any houses are re- roofed within 20 years 

(Konno, 1999)  or roof m aterials are re-painted in 10 years (NEDO, 2004) . Hence, I f PV 

m odules cover the roof;  such m aintenance would not  be required.  

7 .2 .3  Roofing 

Roof integrated t ransparent  and sem i t ransparent  PV m odules can be designed as part  of a 

building skylight  (Wat t , 2001) . PV roofing systems can offer some addit ional funct ions like 
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water t ightness, drainage and insulat ion. The m ost  com m on roofing systems are roof t iles or  

slates, shingles and standing seam  roofing. (Wolter, 2003) . 

7 .2 .4  Shading 

PV systems are logical for com bining shading a building in sum mer and producing elect r icity 

at  the same t im e (Reijenga T.H., 2002) . 

As Figure 31 system s are logical for com bining shading a building in sum m er and producing 

elect r icity at  the sam e t im e (Reijenga T.H., 2002) . 

As Figure 31 indicates PV systems can offer shading funct ions (hwp & I SET, 2006)  “Shading 

elements are typically secured to the outside of the building envelope to lim it  the am ount  of 

daylight  and heat  entering through a window”  (Wat t , 2001) . PV shade screens reduce solar 

heat ing in the sum mer and reduce the need for ext ra vent ilat ion (Wolter, 2003) . Shading 

devices can be ret rofit  onto exist ing buildings or can be integrated into new buildings.  

Many examples of PV shading can be seen worldwide. Two buildings at  ECN (Netherlands 

energy research foundat ion) , a ret rofit  and a new building are good exam ples for using PV 

systems with mult ifunct ional features.  The aim  of the project  is to cont ract  energy efficient  

and sustainable buildings and demonst rate the use of renewables in the built  environment ”  

(Reijenga, 2002) . The old ECN building before the ret rofit  had m any technical and therm al 

problems like overheat ing in m id sum m er, inefficient  light ing system s, high rate vent ilat ion 

system with low efficiency and com fort  and badly dist r ibuted heat . I n order to prevent  

overheat ing the south façade was equipped with sunshades with PV systems integrated in the 

shading system . The shading system  diffuses the daylight  (Reijenga, 2002) . A detailed 

descript ion of the final design and engineering stage of this project  can also be found in Kaan 

(1998) . 

A building at  Wirtschaftshof, Linz used PV louvers in front  of glass facades and windows for 

several tasks (EC, 2003) . According to the annual report  of project  coordinator ZSW this 

building has been equipped with a self-adjust ing PV sun protect ion system  which com bines 

the funct ions of tem porary shading, day light ing, passive use of therm al energy and PV. The 

passive dr ive is self regulated and energy supplied by the sun and thus com pletely 

autonom ous. (ZSW, 2001)   

7 .2 .5  Therm al Energy Conversion 

I nfrared radiat ion is largely t ransm it ted by PV cells and cont r ibutes to heat ing the m odule and 

whatever is behind it  (Wat t , 2001) .  I n order to use this t ransm it ted heat  hybrid 

Photovoltaic/ Therm al Collectors (PV/ T)  have been developed. PV cells can be com bined with 

solar water heat ing or solar air  heat ing collectors. A convent ional flat  plate solar heat  collector  

with integrated PV cells on the absorber or PV panels in a vent ilated solar wall preheat ing of 

vent ilat ion air  are exam ples of  hybr id PV/ T system s (Sørensen et  al.,  2000) .  

7 .2 .6  Soundproofing 

PV building elements have features which can absorb sound. Soundproofing a building can be 

obtained using PV for facade, roof or window elem ents (hwp & I SET, 2006) .  “The use of PV 

for sound proofing in buildings and highway barr iers has been widely exploited in Europe, 

where dense urban developm ent  m akes this a prem ium  value”  (Wat t , 2001) . 
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I n Japan, in addit ion to other PV im plem entat ions, the Defence Facilit ies Adm inist rat ion 

Agency (DFAA)  will cont inue its 1,4 billion JPY (10 MEUR)  project  on soundproofing m easures 

for houses around airbases using PV system s. (Jäger Waldau, 2006)  
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8  CONCLUSI ONS 

W hy PV? – Although PV current ly appears an expensive opt ion for producing 

elect r icity com pared to other energy sources m any countr ies support  this novel technology 

because of its’ prom ising future potent ial and the addit ional benefits besides generat ing 

elect r icity associated with PV. These benefits are already effect ive at  present  and have been, 

first ly, ident ified and, secondly, quant ified (especially for the dem and side)  in order to affect  

decision m aking in urban planning. 

This value analysis of Urban Scale PV aim s to answer the quest ions discussed below.  

W hy should policy m akers and governm ents set  financial incent ives and m arket  

developm ent  st rategies for  BI PV system s? 

Because PV system s have a wide range of important  added values which increase the societal 

welfare towards sustainabilit y, nam ely:  

 Using a worldwide abundant  and indigenous available fuel source-  the sun!   

 Cont r ibut ion to supply security through avoiding the use of ( im ported)  fossil fuels and 

reducing fuel pr ice r isks respect ively 

 Reducing greenhouse gas em issions and air  pollutants and accordingly avoiding 

external costs which alternat ively have to be borne by the whole society, and  

 PV offers the chance to develop a new indust ry;  creat ing export  possibilit ies and jobs.  

W hy should ut ilit ies invest  in PV system s or PV elect r icity and/ or  support  their  

custom ers using PV? 

Because PV 

 cont r ibutes to peak shaving which m eans PV elect r icity is available especially in the 

sum m er m onths when dem and is r ising  

 elect r icit y is available especially in the sum m er when elect r icity pr ices are high in the 

spot  m arket .  

 reduces the environmental cost  burden like CO2 cert ificate costs as applied within the 

European Union 

 creates a green im age and offers new business opportunit ies.  

W hy should resident ial and com m ercial custom ers be w illing to pay voluntarily m ore 

for  this technology? 

Because:  

 PV systems are noiseless, relat ively m aintenance free, reliable and easy to install to 

the building. 

 They can dem onst rate their  environm ental awareness by using this v isible 

environm ental technology as a part  of their  building 

 They can save building m ater ial costs through PV system s while they generate the 

whole or a part  of their  elect r icity needs 

 They can  provide individual energy independence 
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W hy m ight  architects and building developers consider PV system s in their  building 

and urban planning? 

Because PV system s 

 are an innovat ive design feature of a building and  

 offer mult ifunct ional design features like weather protect ion, shading or sound 

proofing besides elect r icity generat ion  

 cont r ibute to im proving the thermal perform ance of a building e.g. by prevent ing 

overheat ing or increasing daylight . 

 have a wide range of colours, shapes and offer t ransparency possibilit ies 

 increase their  prest ige 

Finally, it  is im portant  to emphasise that  BIPV systems can play an essent ial role in 

sustainable urban planning since they are easily and visually at t ract ive integrated in building 

surfaces. I n this respect  architecturally well designed BIPV system s are an im portant  dr iver to 

increase m arket  deploym ent .   

Environmental benefits, indust ry developm ent , job creat ion and avoidance of ( im ported)  fossil 

fuels give just ificat ion for the st rong incent ives which are needed to achieve an enhanced 

m arket  deploym ent  as well as the dissem inat ion of urban planning of PV. Avoiding 

dependence on im ported fossil fuels is also an im portant  issue with regard to achieving 

sustainable developm ent  in urban planning.  

The environm ent  is a decisive factor for customers. Rapidly increasing custom er awareness of 

greenhouse issues means that  the customers also need inform at ion on the am ount  of 

greenhouse gas em issions reduced, especially policy m akers and governm ents dem and such 

inform at ion to just ify set t ing st rong incent ives, regulat ions or targets. As a consequence 

customers can afford PV which has at  present , besides all discussed values, one st r ik ing 

deficit :  the high capital cost .  
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APPENDI X A –  LOAD CURVES 
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Load Curve for Germany-2005
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Load Curve for France-2005

30

35

40

45

50

55

60

65

70

75

80

85

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

hours

G
W

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

 

France 2 0 0 5  

Load Curve for Spain-2005
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Load Curve for Switzerland-2005
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Load Curve for Sweden-2004
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Source: w w w .ucte.org   

Based on hourly load values for every first  Wednesday of a specific m onth on count ry level.  



 

 

 


