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1. Foreword

In recent years investors all over the world have paid increasing attention to
the renewable energy industry.
This trend has translated into rapid renewable energy commercialisation and considerable industry expansion, of which the solar photovoltaic (PV) industry is a good
example. According to Clean Energy Trends 2013, investments in new capacity of solar
PV energy increased from approx. USD 3bn in 2000 to approx. USD 91bn in 2013, just
short of the record of USD 92bn in 2011.1
Solar PV installations increased from 31 GW in 2012 to a record of approx. 37 GW in
2013. Thereby annual solar PV installations exceed annual wind installations for the
first time. Before 2011 annual wind installations doubled annual solar PV installations.2
The development with increasing installations but stagnating capex reflects an on-going
decline in installation and module costs, which is illustrated by installed costs of solar
PV panels dropping by approx. 40% between the 4th quarter of 2010 and the 4th
quarter of 2013.3
The International Energy Agency (IEA) estimates that solar energy’s share of global energy
generation will increase significantly up to 2035. This energy source alone is expected
to generate more than 2% of total energy generated, whereas wind energy is expected
to contribute 7%. This reflects an expected total capacity of solar PV assets of 600 GW
in 2035. The assets will be located primarily in Europe, China, India and the US.4
Since the solar PV market has grown at high speed and growth is expected to continue,
we have found it interesting to examine how the market values solar PV farm assets.

 leanEdge, “Clean Energy
C
Trends 2014”
2
Bloomberg New Energy
Finance
3
Clean Energy Pipeline and Solar
Energy Industries Association
4
International Energy Agency,
“World Energy Outlook 2012”
1
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2. Executive summary

In the past few years focus on renewable energy has
led to high growth in investments in renewable energy
assets. Especially wind and solar farm assets have been
exposed to great interest from investors, and markets
expect high growth rates in investments in these assets
in the coming decades. Due to expectations for these
markets, we find it interesting to identify the structure
of assets held by solar PV farm investors and to find
suitable methods to value such assets.
This paper addresses how and why multiple regression
analyses are a good supplement to more comprehensive
cash flow models when valuing solar PV farm assets. Our
analysis has been performed on the basis of transactions
in the solar PV farm industry. Through our analyses of
transactions in the solar PV farm industry we find that
installed capacity, non-installed capacity and capacity in
early-stage pipeline affect the enterprise value of solar PV
farms significantly.
We have performed a similar analysis of wind farm assets
and refer to “A market approach for valuing wind farm
assets” for that analysis.
Since the release of the fifth edition of this analysis in
September 2013, we have found an additional 42 transactions suitable for our analysis of solar PV assets. Our
analysis now includes 143 solar PV farm transactions.
The additional transactions in the solar analysis have
4

enabled us to perform more comprehensive analyses of
time effects on installed capacity.
The explanatory power of our regression model is 94%.
The precision of our analyses increases as the dataset
grows, and this year we have therefore been able to
reduce the uncertainty related to the installed capacity
multiple by 2% compared to the last edition of this paper.
As in last year’s edition of this paper we once more see a
noticeable downward change in the installed capacity
multiple. We now estimate a value of EUR 3.3m per installed
MW. This is EUR 0.2m and 6% lower than our previous
estimate from September 2013 as illustrated to the right.
Due to the large size of the dataset, we have been able
to perform various in-depth analyses. We have analysed
whether the value of installed capacity in solar PV farms
has changed over time. Our analysis shows an overall
decline in installed capacity multiples of EUR 1.7m
per MW since 2011. This is consistent with reports on
decreasing project costs.
Besides a more efficient manufacturing industry we believe
that this decline is caused by tighter government subsidy
policies in the European countries. This makes it less
favourable to invest in solar PV farm projects. Until now
subsidies have driven the developing market at high speeds.
However prices now seem to decline as investments in

solar PV farms are expected to be recouped at lower
rates of return. Adding to this, reports argue that manufacturers have been dropping prices on the European
markets which have also had a declining effect on
transaction prices.
We have tested for geographical differences in prices
of solar PV assets. We conclude that installed capacity
in the US trades at a lower price than the global
multiple, while installed capacity in Europe trades at
a premium. We also find that large variations exist
among the European countries. We find that installed
capacity in UK and Germany trades at a discount while
installed capacity in Spain and Italy trades at a premium
compared to the global estimate.
For transaction details and details on the geographical
analysis we refer to “A market approach for valuing solar
PV farm assets – Geographical analysis and transaction
details” and the order form on page 17.

Early stage

EV/MW

Non-installed

Installed MWs
Assets in
operation

Approved & ready for
construction

EURm/MW
3.5
(6%)
3.3

5th edition analysis (September 2013)
6th edition analysis (April 2014)

Project lifecycle

Source: Deloitte analysis
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3. Methodology

Introduction
This paper addresses how multiple regression analysis of
transaction multiples can be used as a benchmarking tool
to support a more comprehensive valuation based on a
cash flow model. We present the technical considerations
underlying the analysis followed by practical examples
that illustrate how the results can be applied from a
valuation perspective.
From our point of view, one of the main challenges is
the determination of the market value of solar assets
in different stages of the solar PV farm lifecycle. We
define this lifecycle as illustrated in the figure below.

Project lifecycle of solar PV farm assets
Solar farm development

Project development
Feasibility
studies

Design
and EIA*

Construction

Maturation

Agreements and
applications

All permits required for
construction are granted

FID**

Installed
COD***

Solar farm development for analysis purposes

Early-stage pipeline

•
•
•
•
•

Project rights
Geological study
Cable topography
Solar energy study
Preliminary business
case analysis

• Project design
• Environmental impact
assessment
• Community engagement
• Landowner agreements
• Building application
• Grid connection application
• Potential consent appeal
• Updated business case
analysis

Non-installed

• Detailed solar energy
study
• Detailed design
• Procurement and
reservation contracts
• Updated business case
analysis
• Financial consent
• FID**

• Construction
• Commissioning
• Updated business case
analysis

Note: * Environment Impact Assessment, ** Final Investment Decision, *** Commissioning Date
Source: Deloitte analysis
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Installed

• Operation &
Maintenance
• Technical & Commercial
management
• Investment evaluation
• Repowering or
decommissioning

We recognise that transaction prices depend on other
factors than capacity, such as local weather conditions,
operating efficiency, power price agreements, local tax
rules, subsidies and financing – most of which are country
dependent. Therefore we also test for geographical effects
and refer to “A market approach for valuing solar PV
farm assets – Geographical analysis and transaction
details” and the order form on page 17 for that analysis.
Since wind and solar farm assets have different characteristics, and since offshore wind farm assets differ from
onshore wind farm assets, we perform 3 separate analyses
in 2 separate papers – one paper with analyses solely
based on transactions in the on- and offshore wind farm
industry and one paper solely based on transactions in
the solar PV farm industry (this paper). The wind analysis
is divided into an onshore and an offshore analysis. The
approach yields “clean” multiple estimates for the different
stages of the project, and it indirectly implies that in our
analyses we assume that there is no interaction effect
between holding a portfolio containing more than one
kind of these assets. The multiple regression analysis is a
market-based valuation approach as it is based on data
from historical transactions.
In the analyses we disaggregate transactions into the
different project stages as illustrated in the figure above.
This disaggregation makes it possible to apply the multiple
regression approach, and also gives us the possibility of
assigning separate multiples to each stage of the project.
The reason for applying the multiple regression approach
is that it allows us to estimate EV/MW multiples for the
capacity in each stage of the project lifecycle.
The quality of a multiple regression analysis is critically
dependent on the quality of the underlying dataset.
Therefore the data collection process becomes important
to ensure sufficient and reliable data. It is our experience
that collection of data is one of the main challenges when
using statistical analysis. The accessibility of enterprise
value and the total capacity of target’s assets divided
into the different project stages have been the primary
criterias for including transactions in our analyses.

a fictive company named Renewable Energy Company
(REC) throughout the paper to illustrate how a multiple
regression can be applied for valuation purposes. REC
has solar PV farm assets in different lifecycle stages as
illustrated in the table below.
In the following section 4 we present the findings of
the global regression analysis, followed by practical
examples that illustrate how the results can be applied
from a valuation perspective.
Renewable Energy Company (REC)

MWs

Early stage

Non-installed

Under construction

Installed

Solar PV farms

200

100

50

25

Total

200

100

50

25

Source: Deloitte analysis

Identification of data and choice of method
Our analysis of the value of solar PV farm assets is based on
transactions over the past 8 years to secure a sufficient
dataset. We have identified 143 transactions, which we
find suitable for our multiple regression analysis of the
solar PV farm industry.
The major challenge in the process of collecting data
has been the lack of information on transactions. It has
not been possible to find enough transactions in which
capacity in the under construction stage and approved
capacity are reported separately. Therefore we treat
capacity in these 2 stages as one explanatory variable,
which we name non-installed capacity.
Our analyses derive from the following regression model
(1). Based on this model we find that installed capacity,
non-installed capacity and early-stage capacity affect the
enterprise value of solar PV farm assets significantly.

(1) EV = α + β1 · MWinstalled + β2 · MWnon installed + β3 · MWearly stage

Below we give a more thorough introduction to the
multiple regression analyses and present the underlying
technical considerations of the analysis that we have
performed. To exemplify the analyses performed, we use
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4. Solar PV farm transaction analysis

Our preliminary EV/MW multiples estimated for installed,
non-installed and early-stage capacity are EUR 2.9m,
EUR 0.2m and EUR 0.1m. The analysis has a coefficient
of determination of 0.94, which means that 94% of the
variation in transaction prices can be determined by

model (1). Applying these multiples on REC’s assets yields
a base case value of the solar assets of EUR 115m. The
results of this preliminary analysis are summarised in the
table below.

Regression and valuation of solar PV farms				

EURm

Early stage

Non-installed

Installed

EV/MW coefficient1

0.1x

0.2x

2.9x

Significance (p-value)

0.0

0.0

0.0

Upper 95%

0.1x

0.2x

3.1x

Lower 95%

0.0x

0.1x

2.8x

REC solar MWs

200

150

25

17

25

74

REC solar EVs
REC solar total EV

115

Transactions (n): 143. R-square: 0.94
Source: Deloitte analysis
1

When looking closer at the results, we realise that model
(1) may be distorted. In the figure below, the solar PV
farm transactions used for the analyses are illustrated
based on installed capacity and enterprise value of
installed capacity. Note how 3 transactions separate
themselves from the rest of the dataset by having a very
large installed capacity. Besides representing very large
installed capacities, the 3 solar PV farms have been

8

traded at very different installed capacity multiples of
EUR 2.5-4.5m/MW. The reasons for this variation could
include some geographical and technological effects
as well as size effects. Given the limited number of these
very large solar PV farms, we have not been able to
perform statistical analyses of them. Therefore we
consider them to be outliers which we have to take into
account when performing further analyses.

Size effect on installed MWs
EV of installed MWs
(EURm)
1,800
1,600
1,400
1,200
1,000
800
600
400
200
Installed MWs

0
100

200

300

400

500

600

Note: EV installed MWs are calculated as the transaction price less MW non-installed and MW late-stage pipeline multiplied by their estimated
multiples. This can lead to negative EVs, which are economically unreasonable, but are accepted in the model. Expressed as a formula this
becomes: EV_inst.cap.= EV - β2 ∙ MWnon-installed - β3 ∙ MW late stage
Source: Deloitte analysis

Given the construction of the multiple regression analysis,
the outliers control a major part of the results when
included in the analysis as normal observations. Model
(1) should therefore be refined.
The green line in the figure above represents a refined
model, and it is estimated by including a dummy variable
in our regression model. A dummy variable can take the
value 1 or 0, depending on whether a specific condition
is fulfilled. In this case the condition is whether installed

capacity exceeds 100 MW. This is illustrated in model (2)
below.
Based on model (2), our findings are illustrated in the
table below. The multiples for installed capacity less than
100 MW, non-installed capacity and early-stage capacity
are EUR 3.3m, EUR 0.2m and EUR 0.1m. This yields
the value of REC to an estimate of EUR 123m, which
is somewhat higher than indicated by model (1). The
explanatory power of model (2) is 94%.

(2) EV = α + β1 · MWinstalled + β2 · MWnon installed + β3 · MWearly stage + β4 • MWinstalled >100MW

A market approach for valuing solar PV farm assets
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Modified regression adjusted for outliers

EURm

Early stage

Non-installed

EV/MW coefficient1

0.1x

0.2x

3.3x

Significance (p-value)

0.0

0.0

0.0

Upper 95%

0.1x

0.2x

3.6x

Lower 95%

0.0x

0.1x

3.0x

REC solar MWs

200

150

25

16

25

82

REC solar EVs

Installed

REC total EV
1

<100 MW

123

Transactions (n): 143, R-square: 0.94

Source: Deloitte analysis

A multiple regression analysis is subject to uncertainty, just
like any other valuation method. One advantage of
statistical models compared with other models is that
the uncertainty is easier to quantify. The uncertainty can
be expressed by the statistical term “standard error”. The
standard error is calculated for each EV/MW multiple and
can be used to determine a lower and upper boundary,
i.e. a value interval at a certain confidence level. Our
analysis is based on a 95% confidence level. This can be
interpreted as the EV/MW multiple estimate being within
this interval with 95% confidence.
The lower boundaries for the EV/MW multiples on solar
PV farm assets are EUR 3.0m, EUR 0.1m and EUR 0.0m
for installed, non-installed and early-stage capacity while
the upper boundaries for the EV/MW multiples are EUR
3.6m, EUR 0.2m and EUR 0.1m for installed, non-installed
and early-stage capacity.
The precision of our onshore EV/MW estimates has
increased on last year’s edition of our analysis, which is
mainly attributed to the increasing size of the data. For
instance the uncertainty of the installed capacity multiple
has been reduced by 2% since the last edition of this
analysis.

development. Based on these upper and lower boundaries,
our analysis indicates that the value of REC’s solar PV
assets lies within the interval of approx.
EUR 100-150m with 95% certainty. These estimates are
approx. 19% lower/higher compared with the base case
value.

Solar PV farm valuation uncertainty
EURm
100
90
80
70
60
50
40
30
20
10
0
Early stage MWs

We apply the lower and upper boundaries in the valuation
of REC’s solar PV assets to determine a lower and an
upper value. The table and the figure below illustrate the
uncertainty of REC’s capacities in different stages of

10

Non-installed MWs

Lower confidence bound (95%)
Upper confidence bound (95%)
Source: Deloitte analysis

Installed MWs

Solar PV farm valuation uncertainty

EURm

Early stage

Non-installed

Installed<100 MW

Upper EV/MW multiple

0.1x

0.2x

3.6x

REC solar MWs

200

150

25

REC solar EVs

25

31

90

REC solar upper EV

146

Lower EV/MW multiple

0.0x

0.1x

3.0x

REC solar MWs

200

150

25

8

18

74

REC solar EVs
REC solar lower EV

100

Source: Deloitte analysis

The size of dataset transactions has enabled further
analyses. More specifically we have analysed whether
transaction prices have changed over time.
Reports on the solar PV industry show that construction
costs related to solar PV farm assets are declining. We
therefore find it interesting to investigate a potential time
pattern in transaction multiples, since we expect transaction multiples to have found a lower level as the
development of the market has pushed down development and construction costs.
To investigate a potential time effect, we have applied
a rolling regression analysis. This method uses the latest
60 transactions on forward running dates by constantly
substituting the oldest transaction with a newer transaction. By running 84 regressions, each with 60 transactions, we create a picture of how the installed capacity
multiple has developed since 2011. We find that the
multiple for installed capacity has dropped by approx.
EUR 1.7m from the highest level of EUR 4.0m in 2011
to the current level of EUR 2.3m which is significantly
below the level concluded in the analysis above. Again,
in this analysis we have excluded the outliers from the
sample in order to preserve a higher consistency in the
rolling regression analysis.
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The figure below illustrates our findings. The dark blue
line states a downward trend in EV per MW installed
capacity. This trend is similar to the one we have been
seeing in project costs (light blue line). Note that project
costs and transaction prices seems to be almost at the
same level in 2014, while intuitively transaction prices
should include a developer premium and thus be higher
than project costs. We therefore consider the current
multiple estimate of EUR 2.3m as being associated with

uncertainty while the overall picture of a decreasing
trend in the installed capacity multiple is still somewhat
evident.
The values on the time axis represent the announcement
date of the latest of the 60 transactions included in the
relevant capacity multiple. Consequently the first point on
the dark blue line represents the multiple based on 60
transactions with the most recent one occurring in Feb 2012.

Time effect on installed capacity multiple
EV/Installed MW
4.5
4.0
3.5
(1.7)

3.0
2.5
2.0
1.5
1.0
0.5
0.0

Time
2012

2013
Installed capacity multiple

Source: Deloitte analysis and Clean Energy Pipeline
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Project costs

2014
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Appendix A:
Summary of transactions in
the solar PV farm industry
Solar PV farm transactions

12

20 1
12
2
1
4
2
45
18
2

15

7

1

1

Source: Deloitte analysis

EV in EURm

Installed MW

Non-installed

Early stage

Obs

Min

Max

Average

Total

Average

Total

Average

Total

Average

143

0

1,710

87

3,356

23

5,348

37

3,989

28

Europe

108

0

641

62

1,866

17

548

5

1,279

12

Non-Europe

35

0

1,710

163

1,490

43

4,800

137

2,710

77

North America

27

2

1,710

208

1,446

54

4,799

178

2,000

74

Spain

18

9

320

86

258

14

90

5

1,218

68

UK

20

1

72

26

329

16

11

1

13

1

Germany

12

8

160

41

221

18

9

1

-

-

Italy

45

0

641

76

846

19

38

1

13

0

2006

1

25

25

25

6

6

-

-

-

-

2007

2

14

70

42

13

6

-

-

-

-

2008

4

12

307

107

69

17

82

21

-

-

2009

10

4

318

103

164

16

1,862

186

-

-

2010

17

2

320

115

334

20

1,898

112

3,228

190

2011

23

0

910

132

839

36

209

9

4

0

2012

29

1

1,710

138

1,155

40

1,267

44

-

-

2013

51

0

211

31

718

14

20

0

578

11

2014

6

1

114

36

57

10

11

2

180

30

Overall
Geography

Year

Source: Deloitte analysis
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Appendix B:
Regression output – solar PV farm analysis

Summary output
Regression statistics
R Square

0.94

DF

140

Observations

143

Coefficients

Standard Error

t Stat

P-value

Lower 95%

Upper 95%

Intercept

-

-

-

-

-

-

Installed

2.946

0.068

43.627

0.000

2.814

3.079

Non-installed

0.165

0.021

7.726

0.000

0.123

0.206

Early stage

0.085

0.022

3.870

0.000

0.042

0.129
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Appendix C:
Regression output adjusted for outliers
– solar PV farm analysis
Summary output
Regression statistics
R Square

0.94

DF

139

Observations

143

Coefficients

Standard error

t Stat

P-value

Lower 95%

Upper 95%

Intercept

-

-

-

-

-

-

Installed

3.285

0.166

19.810

0.000

2.960

3.610

Non-installed

0.164

0.021

7.833

0.000

0.123

0.205

Early stage

0.080

0.022

3.687

0.000

0.038

0.123

Installed >100 MW

(0.403)

0.181

(2.227)

0.986

(0.758)

(0.048)
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and transaction details

Please fill in this form if you wish to purchase a copy of the full article and receive the full transaction
dataset. Send the form to windandsolar@deloitte.dk
I wish to purchase the following article(s):

Check (x)

Price (EUR)

‘A market approach for valuing wind farm assets – Geographical analysis and transaction details’, April 2014 (1 article)

1,900

‘A market approach for valuing Solar PV farm assets – Geographical analysis and transaction details’, April 2014 (1 article)

1,400

‘A market approach for valuing wind farm assets – Geographical analysis and transaction details’, April 2014 and
‘A market approach for valuing Solar PV farm assets – Geographical analysis and transaction details’, April 2014
(2 articles)

2,800

Invoice information:
First name:

Last name:

Company:
Address:
Postal code:

City:

Country:
VAT number:
E-mail (the invoice and article(s) will be send to this address):
Please notice that you will receive an invoice shortly after you have sent the form to windandsolar@deloitte.dk.
When we receive confirmation on the payment, we will send the article(s) to your e-mail.

Telephone (please include country code):
By filling in this form and purchasing a copy of the article or the articles (‘A market approach for valuing wind farm assets –
Geographical analysis and transaction details’ or/and ‘A market approach for valuing Solar PV farm assets – Geographical analysis and
transaction details’, April 2014) you accept the following terms and conditions:
• The articles and all of their contents are property of Deloitte Statsautoriseret Revisionspartnerselskab (“Deloitte”) and protected by DK and International property rights and
laws. You may not publish, distribute or otherwise disclose any of the articles or any of their contents to any third party or use, for commercial purposes, any material or
results therein.
• The purchase of a copy of an article or the articles is for the sole use of the purchaser.
• If the purchaser breaches the above-mentioned confidentiality, the purchaser must compensate Deloitte and pay i) agreed damages of EUR 50,000 (fifty thousand) per
incident up to a maximum of EUR 200,000 (two hundred thousand) and ii) additional compensation for any documented losses, damages, costs and expenses in excess of
the agreed damages.
• Deloitte has not verified the information referred to in the articles (or the information gathered with connection to those transactions included in the datasets and models).
• While every care has been taken in the compilation of the articles and the analyses and results therein and every attempt has been made to present up-to-date and accurate
information, we cannot guarantee that inaccuracies do not occur.
• Deloitte takes no responsibility for any direct or indirect losses, damages, costs or expenses which arise from or in any connection with the use of the articles, including but
not limited to investment decisions and financial decisions based on the articles.
• Deloitte Statsautoriseret Revisionspartnerselskab is a member of the DTTL network which refers to Deloitte Touche Tohmatsu Limited, a UK private company limited by
guarantee, and its network of member firms and their affiliates, predecessors, successors and representatives as well as partners, managements, members, owners, directors,
managers, employees, subcontractors and agents of all such entities operating under the names of “Deloitte”, “Deloitte Touche”, “Deloitte Touche Tohmatsu” or other related
names. The member firms are legally separate and independent entities and have no liability for each other’s acts or omissions.
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About Financial Advisory Services

Integrated financial advisory
Financial Advisory Services is the only financial adviser who provides integrated solutions
within mergers & acquisitions, debt advisory, valuation, risk management, financial
modelling and transaction services.
Financial Advisory Services leverages from other Deloitte in-house experts in tax, business
consulting and audit & accounting – both locally and globally. This enables us to always
match our clients’ needs in a professional and efficient way.

Financial due
diligence

Mergers &
acquisitions

Restructuring
services

Equity
capital raising

Commercial
due diligence

MBOs & LBOs
Financial
Advisory
Services

PPP Advisory

Asset
management
advisory

Debt
advisory

Valuation
services

Financial
modelling
Risk
management

Deloitte Financial Advisory Services has a global presence with approx. 8,400 employees
with diverse experience from investment banking, law, venture capital, private equity,
consulting, accounting and the industrial sector:
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Areas of expertise
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3,300 employees in Corporate Finance
2,600 employees in M&A
1,300 employees in Valuation Services
1,200 employees in Restructuring Services

2,800 employees in North and South America
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