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Study background
What are the hedging benefits of a 24/7 CFE procurement approach?

4

 A 24/7 carbon free energy (CFE) approach is a comprehensive strategy that goes beyond traditional PPAs in that it aims to
match energy demand with CFE supply on an hourly basis, as opposed to an annually matched basis associated with
traditional PPA hedging approaches.

 Assuming that CFE purchases are at a fixed price, the 24/7 approach can provide enhanced price certainty by reducing
exposure to volatile market prices. Furthermore, given that each hour of demand is met by CFE the approach enhances the
green credentials of those adopting a 24/7 CFE approach to their energy purchases. However, as with all hedging approaches
there is a cost associated with a 24/7 CFE hedging approach.

 Previous studies on 24/7 CFE have demonstrated that a high level of hourly matching is possible but that reaching 100%
hourly matching comes at a significant cost due to over-procurement of energy to meet the harder to serve hours. However,
those studies didn’t analyse the hedging benefit of a 24/7 CFE approach to energy procurement.

 Pursuant to the objective of Eurelectric to better understand the benefit of 24/7 CFE matching for clean energy buyers it
engaged Pexapark to undertake a study to assess the hedging cost and benefit of a 24/7 CFE procurement strategy for
corporate and industrial buyers in Europe.

 The study was an in-depth exploration spanning several facets of this energy procurement model. Pexapark analysed a
consumer with 10 MW baseload demand in Germany and Finland, different variants of combined onshore wind and solar
PV and co-located Li-Ion battery, in 2020, 2021 and 2022 representing low, medium and high prices respectively.

 While previous studies have used estimated technology costs, the Pexapark study uses a market-based approach to provide a
view of the hedging cost and benefit for a 24/7 CFE supply portfolio using PPAs with existing renewable technologies.
Consequently, the Pexapark study precludes technologies for which there are no reliable PPA benchmarks such as new
nuclear, geothermal, and large hydro.



Executive summary I
 Where previous studies have established the link between increased hourly matching and cost,

the Pexapark study has also quantified the benefit of a 24/7 hedging strategy:

 Strategic hedging - By combining various projects and technologies companies can enhance effectiveness
of using renewable PPAs to hedge their energy cost risk, delivering expected positive hedging benefits under a
range of price scenarios. The analysis confirms that more hourly matching ensures more price certainty and less
exposure to spot markets. The increased PPA costs are recovered by avoiding higher market prices.

 Finland results show benefits in almost all cases. The study shows that up to 85% hourly matched hybrid PPAs
with storage provide improved hedging benefit compared to 75% hourly matched hybrid PPAs without storage. 
Particularly significant benefits in Finland were in 2022 where the consumer would have avoided up to 14 million
euro of losses if it had been 90% hourly matched. In the lowest price scenario, 2020, the consumer would have
incurred no or slight negative benefits, but it’s important to note that they would have been 10x smaller than
potential gains in a high price scenario. In the case of Germany, the researchers see similar trends.

 Previous studies have demonstrated that a 24/7 CFE procurement approach delivers other, non-financial
benefits:

Wider System Benefits - Embracing a 24/7 procurement approach provides broader system benefits through
increased deployment of renewables.

 Enhanced ESG Goals - Aiming for high levels of 24/7 hourly matching isn't merely about financial hedging. Such
endeavors also increase credibility of scope 2 emission reduction claims, bolstering a company’s sustainability
credentials.

Pexapark |  5



Executive summary II

Pursuing high levels of hourly matching is feasible with current technologies and innovative PPA structures. 
However, reaching levels above 90% hourly matching, while minimising excess generation, requires higher 

load factor renewables and storage to better match consumption. 

Overall, high levels of hourly matching bring considerable financial benefits, but the effectiveness 
depends on how high the market prices are and the price structure of the PPA. In this case the price 

of the PPA is driven by Li-Ion batteries which highlight an opportunity for more clean-
firm/dispatchable generation or Long-Duration Energy Storage technologies to make hedging more 

attractive. 

Pexapark |  6



Executive summary III - main findings
1. A 24/7 approach improves the effectiveness of renewable PPAs as a price hedging tool – Hedging energy demand with
renewable Power Purchase Agreements (PPAs) can be improved by adopting a more granular approach to better match supply
with the demand profile.

3. A portfolio of existing renewable technologies is enough to start 24/7 journey – An optimised portfolio of only wind and
solar PPAs can achieve hourly matching in the range of 60-75% hourly matching.

4. Co-located storage is key to higher matching – A portfolio of one hybridised asset and one renewable only asset can provide
up to 90% hourly matching based on the largest configurations of co-located energy storage observed in the market today (100%
power ratio with 4 hours of duration).

5. Higher matching does include higher hedging costs but can still provide a consistent positive hedging benefit – Both 
German and Finnish cases indicate positive hedging benefit across a number of different price scenarios, with the Finnish cases in
particular indicating positive hedging benefits across a wider range than Germany due to the lower PPA hedging costs.

2. Higher hourly matching provides greater absolute hedging benefits – Hedging against the risk of higher market prices, as
witnessed in 2022, provides benefits in insulating energy users from market volatility. Hedging cost benefit during periods of high
prices compensates for periods of low prices where the hedging cost benefit is lower.



Executive summary III - main findings

6. Hybridised portfolios are able to achieve higher levels of renewable matching while maintaining a consistent hedging
benefit – While adding co-located energy storage to a renewable portfolio increases the hedging costs, the increase in renewable
matching effectively decreases the exposure to wholesale prices which results in more consistent hedging as tested with
historical data.

7. The flexibility provided by a co-located energy storage asset can accommodate increases in renewable matching across
markets and customer types – The analysis of two dissimilar markets and two distinctly different customer load profiles shows
that hybridised resources are effective at delivering the necessary generation profile to match a customer’s demand.



Energy market risk
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Corporate PPA appetite increasingly driven by desire to hedge 
against rising prices and market volatility

Illustration: Realised monthly baseload prices in Germany Insights

Recent years have demonstrated a need to mitigate the power market risk
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EUR/MWh

Source: Pexapark analysis based on the realised day-ahead prices

Peak month around 10 times higher 
than previously observed price levels

Prices continue to be significantly above 
the levels observed before 2020

• Hedging provides improved price certainty
against volatile wholesale market prices,
but has a cost.

• The cost of hedging should not be higher
than the benefit.

• Hedging benefit is determined by the
market price vs. the hedge price and its
comparison to other hedging methods.

• Renewable PPAs are growing as a tool for
C&I energy buyers for hedging electricity
costs.

• However, PPAs need to align with the
buyer’s energy consumption to be an
effective hedge.

• Any deviation between production under
the terms of the PPA and buyer’s
consumption leads to market exposure.



Any deviation between PPA production & buyer’s demand leads 
to market exposure

Illustration: Consumption & Solar PaP PPA (monthly granularity) Insights

When it comes to Pay-as-Produced PPAs corporates face price uncertainty in the hours of the mismatch

11
Source: Pexapark own example (monthly granularity shown)

• Volumes and prices at which corporate needs
to procure (deficit) or sell power (excess) are
unknown and define the main drivers for the
cost uncertainty.

• The consumption/PPA volume mismatch
depends on the consumption profile, PPA
sizing, PPA delivery structure, and PPA
asset.

• Non-baseload delivery structures such as
pay-as-produced foster the risk
consumption/PPA volume mismatch as solar
show daily and seasonal production pattern.

• However, while typical baseload PPA
structures leave the seller with the risk and
cost of the mismatch they will not ensure
every hour is covered by renewable energy.
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PPAs hedging can be improved by mixing technologies

Illustration: Consumption & Solar + Wind Pay-as-produced PPA hedge mix 
(monthly granularity) Insights

Solar and wind have a complimentary intra-year seasonal generation pattern

12
Source: Pexapark own example (monthly granularity shown)

• Solar and wind technology have
complimentary intra-year generation shapes
with solar peaking in Q2-Q3 and wind peaking
in Q1 and Q4.

• A technology mix of solar and wind PPAs (as-
produced) provides a portfolio effect where
over and under-production volumes can be
reduced, but not eliminated.

• Mixing technologies provides overall
smoother shape of the procured volumes
throughout the year, but does not guarantee
a higher level of hourly matching therefore
the exposure to the market remains.

• Consequently, additional technologies are
required to better match supply with
demand, the most readily available in the
market today being battery storage.

Shortfall (under-
production
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Renewable sources alone cannot guarantee high levels of hourly 
matching
Example of hourly solar supply, storage optimisation and baseload demand across a 

typical month of January Insights

Storage solutions are necessary to increase demand-supply profile compatibility

13
Source: Pexapark own example (hourly granularity shown)

 Variable renewable generation leaves the
corporate buyer with the residual exposure
to power prices in the hours of the
mismatch

 Storage solutions can help to reduce this
exposure by shifting the excess production
to hours with deficit of supply

 The bigger the battery, the more
efficiently it can smooth the supply profile
to match the consumption profile better

 It should be noted however that optimising
the battery to match the demand can
reduce the economic potential of the
battery that could be otherwise optimising
the revenues against the hourly price
spreads

Shortfall (under-
production

Deficit Supply

Excess Supply



Hedging with long-term PPAs significantly reduces market price 
risk
The main benefit of hedging is the reduction of the future uncertainty

Illustration: Future cost distribution comparison (01.2025 – 01.2035)

Source: Pexapark analysis. Example based on solar and wind /mixed portfolio annually matched scenarios

Insights

14

P10 costsExpected

Hedging with PPAs 
allows to largely 
reduce costs in the 
scenarios with high 
prices

Merchant exposure 
has a very wide 
distribution indicating 
high degree of 
uncertainty of 
portfolio final cost

• Simulations of future scenarios of demand cost
highlight the high uncertainty in case of demand
left unhedged (pink) – the wider the distribution
is, the higher the uncertainty of the outcome.

• Scenarios where hedging is done using PaP PPAs
with underlying wind or solar energy (expected
production annually matching demand) show a
significant reduction of the volatility of the
outcome.

• At the P10 confidence level (only 10% of scenarios
having costs above) – hedged scenarios clearly
outperform the merchant strategy.

• However, in case of low price scenarios (as
implied by the P90), strategies where a large
share of consumption is already fixed at a certain
price will result in higher overall costs than
procurement directly on the market.
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Can hourly matched hybrid PPAs 
provide hedging benefits?

The following slides will zoom into 
the main components of the 
analysis



Analysis main components 
The quantitative study performed can be broken down into three main parts

16

Step 1: Hourly matching
analysis 

Step 2: Portfolio cost and hedging 
benefit, forward-looking

Step 3: Portfolio cost and hedging 
benefit, retrospective

What level of 24/7 matching is
possible with only renewables?

First part of the study focuses on the degree
of hourly demand matching given the
variable renewable generation.

1. Solar only
2. Wind only
3. Solar + wind
4. Hybrid solar + wind
5. Hybrid wind + solar

Various storage configurations have been
simulated to assess its impact on the
matching.

Demand profile was assumed as baseload
with additional sensitivity check performed
on a different consumption pattern.

How well might a portfolio
perform in the future?

Second part of the analysis uses
Pexapark's PPA prices and stochastic
modelling of future price, volume and
capture rate scenarios to compare
performance of different portfolios.

Simulations are focused on a 10-year
period, starting in January 2025.

Given the uncertainty of the future prices,
the final demand cost in each portfolio
combination is shown as a distribution of
potential outcomes.

This allows us to analyse the outcomes of
different hedging strategies on different
probability levels.

How would such a portfolio
have performed in the past?

Final part of the analysis digs deeper into
the potential cost and performance of
various combined portfolios (demand +
PPA). Portfolios are constructed in line
with the 1st part of the analysis.

Portfolios are back-tested against realised
spot prices (2020-2022) assuming having
PPAs in place.

While the absolute cost of different
portfolios would be highly dependent on
the obtained PPA price, its relative
performance against realised spot prices
demonstrates what is the level of
protection obtained with different portfolio
configurations.



Step 1: Hourly matching analysis overview
What level of 24/7 matching is possible with only renewables?

17

Shortfall (under-
production

Approach
The model aims to optimise a portfolio of wind and solar generation and storage technologies in order to increase hourly matching against a given consumption profile.
The model looks into different capacity ratios (capacity sourced versus demand), technology combinations and storage configurations. The optimisation problem can be
described as follows :

Objective: Maximise hourly matching using different supply portfolio combinations of solar PV, onshore wind, and co-located battery storage

Constraints:

I. Power balance

II. Excess supply limit (20% on an hourly level)

III. Operational limit of the storage asset (maximum charging/discharging limit, maximum/minimum energy level limit, cycle limit etc.)

Model assumptions are as listed below:

1Storage power ratio refers to the battery size relative to production capacity of the co-located RES

Markets Germany and Finland
Period One full year
Generation technology & 
profiles 

Onshore wind and solar PV and hybrid (co-located) variants with simulated hourly production of each asset example 
for a given market. Hybrid solar portfolios not analysed for Finland given low capacity ratios of solar in the market, 
resulting in little economical benefit of adding storage.

Consumption profile 10MW baseload demand profile. Sensitivity check was also performed using a C&I demand profile based on the IT 
and data centre daily consumption profile used by the TU Berlin study

Battery storage configuration 3 x 3 combinations of storage power ratio1 (25%, 50%, 100%) and hourly duration (1, 2, 4 hour)
Storage round-trip efficiency 85%



Step 2: Portfolio cost and hedging benefit forward looking analysis 
overview
How well might a 24/7 CFE supply portfolio perform in the future?

18

Shortfall (under-
production

Approach
The analysis uses an hourly optimisation model based on baseload demand profile and stochastic scenarios of future hourly spot prices to obtain an average capture rate
and residual volume of the excess and deficit hours managed at the market, based on the given storage configuration. Battery dispatch is optimised to ensure highest
hourly matching at the lowest cost considering the operational constraints of the battery for the given storage configuration.

Obtained excess and deficit capture rates and volumes for the given storage configurations are then used in the stochastic simulations to obtain the forward looking
portfolio cost of the merchant exposure. The scenarios of the merchant exposure cost under the hourly matching scenarios are obtained via Monte Carlo simulations of
baseload prices, capture rates and volumes*.

Battery/Renewable supply is assumed to be contracted via a PPA and the PPA sourcing cost is considered in the overall calculations.

PPA prices and simulation inputs are used in line with PexaQuote data as of 17th August 2023 (PPA prices used presented in the Appendix).

Model assumptions are as listed below:

* More detailed description about Pexapark stochastic modelling can be found in the Appendix

Markets Germany and Finland
Period 2025- 2034
Generation profiles Simulated hourly production of each asset example for a given market
Consumption profile 10MW baseload demand profile.

Oversupply Limit Excess supply limit (20% on an hourly level)
Battery storage configuration 1hr, 25%; 2hr, 25%; 2hr, 50%; 2hr, 100%; 4hr, 25%; 4hr, 100% (duration and power ratio)
Baseload Prices Pexapark respective market curve as of 17th August 2023

PPA Prices PexaQuote respective prices as of 17th August 2023



Step 3: Portfolio cost and hedging benefit retrospective analysis 
overview
How would the 24/7 supply portfolios have performed in the past?

19

Shortfall (under-
production

Approach

The approach for the optimisation of the battery and configuration of each portfolio followed that of the forward-looking analysis. The principle change is that the
retrospective analysis used the realised spot prices on the market (Germany and Finland) in the 3-year period (2020-2022) for the calculation of the market exposure
part.

Given the mismatch between PPA pricing date and used realised prices, the results should be seen in a relative aspect as a comparison of performance of the analysed
strategies between each other, rather than in an absolute manner.

Model assumptions are as listed below:

Markets Germany and Finland
Period 2020- 2022
Generation profiles Simulated hourly production of each asset example for a given market
Consumption profile 10MW baseload demand profile.

Oversupply Limit Excess supply limit (20% on an hourly level)
Battery storage configuration 1hr, 25%; 2hr, 25%; 2hr, 50%; 2hr, 100%; 4hr, 25%; 4hr, 100% (duration and power ratio)
Baseload Prices Realised spot (EPEX, NASDAQ)

PPA Prices PexaQuote respective prices as of 17th August 2023



Market
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Germany Hourly Matching 
Analysis
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Renewables only – hourly matching at levels below 70%

Analysis of hourly matching for 10 MW baseload profile Insights

Wind-only PPA results in much higher hourly demand matching, with annual excess supply limit imposed

22
Source: Pexapark analysis

• With over-supply limited to 120% of hourly consumption,
and considering the baseload demand profile it’s not
unexpected that solar-only provides the least amount of
hourly matching across the year.

• Solar generation exhibits strong daily generation pattern
with no production at night creating a deficit of supply for
consumption in those hours.

• A wind-only supply however provides a substantial
increase in hourly matching – from 29% to 62% change –
due to higher load factors than solar.

• Both single technology portfolios exhibit high levels of
excess and deficit, affecting the effectiveness of the
hedge.

• More optimal approaches are therefore required to
increase hourly matching, while minimising the excess and
deficit and the associated market risk.

Contract Type Hourly Matching
Solar only PPAs 29%
Wind only PPAs 62%



Hourly-matching mainly depends on storage configuration

Hourly matching ratio for different hybrid portfolio configurations Insights

Increasing storage size is key to achieving higher hourly matching

23
Source: Pexapark analysis

• Changing the power ratio or duration of the
battery has a similar impact on the demand
matching ratio (25 to 100% or 1hr to 4hr).

• Larger batteries provide better hourly
matching, where increasing either power
ratio or battery duration results in the very
similar outcome (2hr+50%~ 4hr+25%,
2hr+100% ~ 4hr+50%, etc.).

• For smaller battery configurations, portfolios
with batteries co-located with wind slightly
outperform the ones with hybrid solar.

• For larger batteries, portfolios with hybrid
solar outperform hybrid wind ones – starting
at the 2hr+100%/4hr+50% configuration.

• Resultantly, the highest hourly match is
obtained for the battery configuration of 4
hour duration and 100% power ratio, both in
case of hybrid wind or hybrid solar portfolios.0
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Batteries help to increase hourly matching

Hybrid-Solar + Wind for a Baseload Customer Profile Insights

Storage co-located with solar projects helps achieve better matching of production with demand

24
Source: Pexapark analysis 

• Co-location of energy storage with a wind or solar
resource provides the necessary flexibility to match the
renewable generation output with a customers’ demand
profile.

• Batteries allow to ”fill-in” the gaps in the renewable
generation, in case of solar it would be mainly the
hours of the evening/night.

• The size of the battery plays a big role in its ability to
match demand – in case of smaller ones, the power
stored is not sufficient to cover all deficit hours.

• Small batteries co-located with solar will be able to
additionally supply hours “near” solar production, but
there is likely to be deficit in the late night hours.

• Large batteries can store sufficient energy to be able to
supply the demand even in the hours more spread apart
from the generation hours – obtaining possibly even up
to 90% of demand hourly match.

Chart 1: Power Ratio 25%, 1hr Duration
68.70% Hourly Matching

Chart 2: Power Ratio 25%, 4hr Duration
74.46% Hourly Matching

Chart 3: Power Ratio 100%, 1hr Duration
74.69% Hourly Matching

Chart 4: Power Ratio 100%, 4hr Duration
90.16% Hourly Matching

68.70%

74.69%

74.46%

90.16%

Matching 
only around 
solar 
production
hours

Large batteries allow to shift sufficient 
production to enable matching across majority 
of hours



Similar results can be obtained with hybrid wind projects

Hybrid-Wind + Solar for a Baseload Customer Profile Insights

The maximum hourly matching ratio is slightly below the level obtained in hybrid solar best case

25
Source: Pexapark own example (monthly granularity shown)

• The impact of more wind in the mix provides more
matching during the winter months with this effect
increased with the addition of storage allowing more
volumes to be shifted to the hours not served by wind
during those months.

• In case of smaller battery configurations – hybrid
wind slightly outperforms hybrid solar in terms of
hourly matching (70.25% to 68.70%).

• The reverse is true in case of large batteries, where
the highest match obtained is little below the one
obtained in case of hybrid solar (88.47% in
comparison to 90.16 %).

• In case of portfolios with battery co-located with wind
projects, the deficit hours are most likely to occur
during summer months (June-August) when wind
generation is reduced.

Chart 5: Power Ratio 25%, 1hr Duration
70.25% Hourly Matching

Chart 6: Power Ratio 25%, 4hr Duration
76.24% Hourly Matching

Chart 7: Power Ratio 100%, 1hr Duration
76.25% Hourly Matching

Chart 8: Power Ratio 100%, 4hr Duration
88.47% Hourly Matching

70.25% 76.24%

76.25% 88.47%

Higher 
matching 
during 
winter 
months

Large batteries are effective in shifting 
production to demand hours 



Different load profile gives similar results

Illustration: C&I demand vs baseload demand daily profile Insights

Similar level of hourly matching is obtained for the C&I demand profile

26
Source: Pexapark analysis

• Sensitivity check was performed on the impact
of the demand profile used in the analysis.

• Similar overall results were obtained with
highest hourly matching around levels of 90%,
with slight advantage of the hybrid solar over
hybrid wind at the larger battery configurations.

• However, for the given C&I demand profile we
observe higher share of solar capacity in the
portfolios compared to the baseload profile. This
is due to the fact that the shape of the C&I
profile is more aligned with the shape of the
solar generation profile (allowing to limit excess
supply in the peak hours).

• Customers’ load profile will play a meaningful
role in determining the composition of the
portfolio, but the overall level of hourly matching
obtained for different configurations does not
change drastically given the general variability
of renewable sources of power.

Hybrid-Wind + Solar

Hybrid-Solar + Wind



Germany Portfolio Cost and 
Hedging Benefit

Forward-looking Analysis
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Hourly matching beyond 80% requires further investments

Source: Pexapark analysis

Insights

28

• The Total Cost represents the average annual cost for
each portfolio encompassing the PPA Cost and the
impact of the wholesale market exposure for excess
and deficit volumes and corresponding prices.

• For each asset in the portfolio, a PPA price is
established as a function of the asset type: Wind, Solar
or Hybrid with a specific sized energy storage asset.

• The larger size of the energy storage asset necessary
to achieve ~90% matching levels results in a non-
linear cost burden.

• The increase in cost is largely linked to higher PPA
sourcing cost – hybrid PPA are costly as the storage
optimisation potential is passed to a buyer.
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• 24/7 PPA portfolio hedging optimises energy demand
matching around the clock delivering a positive hedging
benefit.

• The hedging benefit for each portfolio reflects the
impact of the wholesale market exposure for excess
and deficit volumes and the PPA cost (together the
Total Cost) compared to an unhedged baseline.

• The hedging benefit represents the average annual
benefit arising from each of these portfolios
(compared to the unhedged baseline).

• Both hybrid solar+wind and hybrid wind+solar
portfolios indicate positive hedging benefits, with the
notable exception of the hybrid solar portfolio utilising
the largest battery configuration due to the high PPA
cost of that portfolio.

• The hybrid-wind portfolios with the largest battery
configurations performed better due to the hybrid-
wind portfolios having a lower net merchant exposure
(sum of excess and deficit values assessed in the
previous pages) at the higher storage levels together
with lower PPA costs.

• Best performing portfolio is optimised wind+solar
(without storage) despite having one of the highest
deficit costs, it benefits from lower PPA costs and a
positive offset from the excess generation.

24/7 hedging approach provides clear hedging benefits
In Germany, hybrid-wind portfolios provide positive hedging benefits in all hourly matching scenarios 
while hybrid-solar portfolios provide positive hedging benefits up to approx. 90% hourly matching

Source: Pexapark analysis

Insights
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Forward-looking analysis reflects the average cost and benefit 
of each portfolio
The stochastic approach provides a range of possible outcomes

30

• The simulations of forward prices each portfolio is exposed
to create a range of possible values for the associated
hedging benefits.

• At the P10 confidence level representing a higher market
price environment which therefore indicates a larger
benefit compared to lower fixed prices for the hedged
volumes.

• However, in case of low price scenarios (as implied by the
P90 confidence level), strategies where a large share of
consumption is already fixed at a certain price will result in
higher overall costs and consequently a lower benefit.

• While hybrid-wind and hybrid-solar portfolios exhibit the
similar trends, the impact of the higher hedging cost (higher
PPA cost) of the hybrid-solar portfolios can be clearly
observed.

-6,0

-4,0

-2,0

0,0

2,0

4,0

6,0

8,0

10,0

Wind+Solar 1 Hour, 25% 2 Hour, 25% 4 Hour, 25% 2 Hour, 50% 2 Hour, 100% 4 Hour, 100%

M
ill

io
ns

 E
ur

o

Hybrid Wind+Solar Forward-Looking Benefit

P10 Expected P90

-6,0

-4,0

-2,0

0,0

2,0

4,0

6,0

8,0

10,0

Wind+Solar 1 Hour, 25% 2 Hour, 25% 4 Hour, 25% 2 Hour, 50% 2 Hour, 100% 4 Hour, 100%

M
ill

io
ns

 E
ur

o

Hybrid Solar+Wind Forward-Looking Benefit

Insights

Source: Pexapark analysis



Germany Portfolio Cost and 
Hedging Benefit

Retrospective analysis 
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Back testing the 24/7 approaches confirms positive hedging 
benefit

Insights

Results show a similar pattern to the forward-looking stochastic analysis
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• Chart shows how different PPA portfolios perform in
each of the three historic price years compared to
unhedged portfolio.

• As with the forward-looking analysis, the bars
represent the difference in cost in the hedged
versus unhedged scenarios (“Benefit of PPA Hedge”).

• Consistent hedging outcomes observed with higher
hourly matching across all cases assessed.

• In the years with higher prices, all hedged scenarios
outperform the unhedged baseline (positive
difference), where in 2020 when prices where low the
higher cost of the hybrid solar portfolios adversely
impact the hedging benefit

• The differences in hedging benefit observed can
be largely explained by the higher PPA hedging costs
for the hybrid solar portfolios compared to hybrid wind

• Factors contributing to the higher hybrid solar PPA
hedging costs include the larger portfolio size required
to meet the baseload demand profile, and the higher
value attributed to potential value of shifting solar PV
volumes in the German market resulting in a higher
hybrid PPA uplift price
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Key Insights - Germany

33



Key insights
Main takeaways of the performed quantitative study
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Hourly matching study

Forward-looking analysis 

Retrospective analysis 

Sourcing Hourly match

Solar 29%

Wind 62%

Solar + Wind 67%

Sourcing Hourly match
1hr, 25% 69%

4hr, 25% 74%

2hr, 100% 85%

4hr, 100% 90%

Sourcing Hourly match
1hr, 25% 70%

4hr, 25% 76%

2hr, 100% 81%

4hr, 100% 88%

RES only Hybrid Solar + Wind Hybrid Wind + Solar• For the baseload demand profile, on a yearly basis wind shows better
hourly matching than solar if there is a limit imposed on the excess
supply, given the particular shape of solar

• Combining solar and wind can further improve the matching.
However, the improvement is not that drastic given the need to limit
the hours with too much excessive production

• Supplementing solar with storage solution can lead to impressive
90% of hourly demand being matched, with sufficient battery size

• PPAs significantly narrow down long-term cost uncertainty of the corporate
buyer, even if the profiles are not perfectly aligned

• Adding storage solutions increases hourly matching, but also increase
hedging cost: Some hybrid PPAs come at a significant premium in comparison to
standard PPAs

• 24/7 portfolios ensure better hedge performance than the unhedged baseline,
but higher hedging costs can end up being more costly in the low merchant price
scenarios

• The price paid for the deficit volumes (demand still
procured from the market) decreases as the battery
size is increased – given the battery operation,
renewable generation can be shifted in a way to ensure
buying additional volumes at the lower prices offsetting
the PPA cost

• Inversely, price obtained for the excess volumes
(oversupply sold at the market) increases as a
function of the battery size and renewable
resource availability – efficient battery utilisation
allows to reap benefits of selling the excess
generation at the highest spot prices offsetting the
PPA cost

Deficit price Excess  price 

• Back testing of the 24/7 approach confirms positive hedging benefit
indicated in the forward-looking analysis

• Consistent hedging outcomes observed with higher hourly matching
across all cases assessed

• The impact of very high and very low market prices on the
higher hedging costs are clearly demonstrated



Market
Insight
ReportAnalysis Results-Finland 



Finland Hourly Matching 
Analysis
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Renewables only – hourly matching at slightly higher levels

Insights

• With over-supply limited to 120% for any given
hour, unsurprisingly solar-only provides the
least amount of hourly matching across the
year achieving just 31% hourly matching.

• Results for Finland onshore wind are much
improved compared to Germany achieving
hourly matching of 72% compared to 62% in
Germany.

• It is worth noting the difference in the
capacities between the markets – with
onshore wind PPA being 29.1MW compared to
38.5MW in Germany. This demonstrates the
higher capacity ratio of wind in Finland
allowing to supply the same level of demand
with lower installed capacity.

Analysis in Finland yields similar results to Germany but with higher hourly matching obtained for onshore wind

37
Source: Pexapark analysis

Contract Type Hourly Matching
Solar only PPAs 31%
Wind only PPAs 72%

Analysis of hourly matching & PPA costs for 10 MW baseload profile given the 20% excess limit 
from solar and wind in Finland



Batteries to the rescue 

Hybrid Wind + Solar for a Baseload Customer Profile Insights

Analysis in Finland confirmed storage capability of increasing hourly match

38
Source: Pexapark own example (monthly granularity shown)

Chart 1: Power Ratio 25%, 1hr Duration
77.34% Hourly Matching

Chart 2: Power Ratio 25%, 4hr Duration
81.77% Hourly Matching

Chart 3: Power Ratio 100%, 1hr Duration
81.77% Hourly Matching

Chart 4: Power Ratio 100%, 4hr Duration
89.91% Hourly Matching

77.34%

81.77%

81.77%

89.91%

• All scenarios result in higher levels of
hourly matching compared to equivalent
German hybridised wind plus solar
scenarios

• The portfolios required in Finland are of
smaller size than in the Germany market
analysis due to higher wind capacity
factors

• Increasing Power Ratio and Duration to
maximum (Chart 4) achieves the highest
level of hourly matching but with a much
smaller total portfolio size than in
Germany (c.50 MW vs 69 MW)

• As we saw with the German cases,
changing the power ratio or duration of the
battery has a same impact on the demand
matching ratio (25 to 100% or 1hr to 4hr)



Higher wind capacity factors and storage improve hourly 
matching levels

Hybrid Wind + Solar for a Baseload Customer Profile Insights

Higher levels of hourly matching achieved in Finland compared to Germany under most scenarios

39
Source: Pexapark analysis

• As noted in the wind and solar only results, the
higher capacity factors for wind in Finland
provide a higher level of hourly matching
compared to the German results.

• The Finnish portfolio sizes are also much
smaller, with the 4hr+100% portfolio totalling
50.6MW versus 68.5MW for the German hybrid
wind and 95.4MW for the German hybrid solar
portfolio.

• However, the highest hourly matching obtained
with the Finnish 4hr+100% battery is slightly
less than the highest achieved by the
German hybrid solar case with the same
battery, this is explained by the much larger
portfolio in the German case

• Again, larger batteries provide better hourly
matching, where increasing either power ratio
or battery duration results in the very similar
outcome (2hr+50% ~ 4hr+25%, 2hr+100% ~
4hr+50%, etc.).
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Similar results for both types of demand profile

Hybrid Wind  + Solar for a Baseload Customer Profile Insights

In case of Finland, similar portfolio compositions were obtained 

40
Source: Pexapark analysis

Baseload demand profile

C&I demand profile

• Sensitivity check was performed on the
impact of the demand profile used in the
analysis

• Similar overall results were obtained with
highest hourly matching around levels of
90%

• Optimal portfolio composition for both
demand types is also very much alike – with
solar playing slightly bigger role in case of C&I
demand profile due to the more peaked shape

• Customers’ load profile will play a
meaningful role in determining the
composition of the portfolio, but the overall
level of hourly matching obtained for different
configurations does not change drastically
given the general variability of renewable
sources of power



Finland Portfolio Cost and 
Hedging Benefit

Forward-looking Analysis
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Finland shows the same total cost trend as Germany

Selected portfolio combinations: Total cost and Hourly matching Insights

Higher PPA costs are offset by the possibility of paying a higher price in a volatile market, leading to better 
hedging benefits. As shown below, the total cost of your PPA is dependent on the battery configuration.

42
Source: Pexapark analysis

• The Total Cost represents the average annual cost for
each portfolio encompassing the PPA Cost and the
impact of the wholesale market exposure for
excess and deficit volumes and corresponding
prices.

• For each asset in the portfolio, a PPA price is
established as a function of the asset type: Wind,
Solar or Hybrid with a specific sized energy storage
asset.

• Finland results demonstrate a positive offset of the
higher PPA costs arising from reduced market
exposure, peaking at the 1hr+100% configuration but
having a lesser impact as PPA costs increase for the
larger battery configurations.

• Total Costs in Finland are much lower than in
Germany due to the lower general price level and
smaller portfolio sizes.0
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• The hedging benefit for each portfolio reflects the
impact of the wholesale market exposure for excess
and deficit volumes and the PPA cost (together the
Total Cost) compared to an unhedged baseline.

• The hedging benefit represents the average annual
benefit arising from each of these portfolios
(compared to the unhedged baseline).

• Unlike the German cases, all Finnish hybrid portfolios
indicate positive hedging benefits, even with the
largest battery configurations.

• Best performing portfolio is the 1hr+100% achieving
81% with the best average hedging benefit of just over
€1m.

• However, although having slightly lower hedging
benefit than the 1hr+100% the results show that
increasing the duration to 2hr+100% 85% hourly
matching is possible at a lower Total Cost and
improved hedging benefit compared to the
optimised wind+solar (without storage) delivering
75% hourly matching.

24/7 hedging approach provides clear hedging benefits
All Finnish 24/7 portfolios indicate positive hedging benefits while delivering high levels of hourly matching

Source: Pexapark analysis

Insights
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Forward-looking analysis reflects the average cost and benefit 
of each portfolio
The stochastic approach provides a range of possible outcomes
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Insights
• The simulations of forward prices each portfolio is exposed

to create a range of possible values for the associated
hedging benefits

• At the P10 confidence level representing a higher market
price environment which therefore indicates a larger
benefit compared to lower fixed prices for the hedged
volumes

• However, in case of low price scenarios (as implied by the
P90 confidence level), strategies where a large share of
consumption is already fixed at a certain price will result in
higher overall costs and consequently a lower benefit

• The Finnish hybrid-wind portfolios exhibit similar trends to
the German results
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Finland Portfolio Cost and 
Hedging Benefit

Retrospective analysis 
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Back testing the 24/7 approaches confirms positive hedging 
benefit

Insights

Results show a similar pattern to the German results and consistency with the forward-looking analysis 

46
Source: Pexapark analysis

• As with the forward-looking analysis, the bars
represent the difference in cost in the hedged
versus unhedged scenarios (“Benefit of PPA Hedge”).

• Again, as observed in the German cases there are
consistent hedging outcomes observed with higher
hourly matching across all cases assessed.

• In the years with higher prices, all hedged scenarios
outperform the unhedged baseline (positive
difference), in 2020 when prices where low the higher
cost of the hybrid portfolios adversely impact the
hedging benefit but not to the same extent as we
observed in the German results.

• The differences in hedging benefit observed can
be largely explained by the lower PPA hedging costs
for the hybrid wind portfolios compared to the German
hybrid portfolios.

• Factors contributing to the lower Finnish PPA hedging
costs include higher capacity factor and resultant
smaller portfolio size required to meet the baseload
demand profile, and the lower value attributed to the
potential of shifting onshore wind volumes in the
Finnish market resulting in a smaller hybrid PPA price
uplift.
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Key Insights - Finland
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Key insights
Main takeaways of the performed quantitative study

48

Hourly matching study

Forward-looking analysis 

Retrospective analysis 

Sourcing Hourly match

Solar 31%

Wind 72%

Solar + Wind 75%

Sourcing Hourly match
1hr, 25% 77%

1hr, 100% 82%

2hr, 100% 85%

4hr, 100% 90%

RES only Hybrid Wind + Solar• For the baseload demand profile, wind shows better hourly matching than
solar if there is a limit imposed on the excess supply. Consistent with the
German case, however wind achieved a much higher matching than Germany
(62% versus 72%) owing to better capacity factors.

• Combining solar and wind can further improve the matching. However, the
improvement is not that drastic given the need to limit the hours with too
much excessive production

• Supplementing wind with storage can achieve just under 90% of hourly
demand being matched with largest battery configuration

• Adding storage solutions increases hourly matching, but also increase
hedging cost: but in the Finnish cases a positive hedging benefit is still indicated
in all portfolios analysed

• Up to 85% hourly matching is possible despite higher PPA costs while still
delivering a better average annual hedging benefit compared to just solar +
wind

• 24/7 portfolios ensure better hedge performance than the unhedged baseline,
but higher hedging costs can end up being more costly in very low merchant price
scenarios

• The price paid for the deficit volumes (demand still
procured from the market) decreases as the battery
size is increased – given the battery operation,
renewable generation can be shifted in a way to ensure
buying additional volumes at the lower prices offsetting
the PPA cost

• Inversely, price obtained for the excess volumes
(oversupply sold at the market) increases as a
function of the battery size and renewable
resource availability – efficient battery utilisation
allows to reap benefits of selling the excess
generation at the highest spot prices offsetting the
PPA cost

Deficit price Excess  price 

• Back testing of the 24/7 approach confirms positive hedging benefit
indicated in the forward-looking analysis and as also observed in the
German results

• Consistent hedging outcomes observed with higher hourly
matching across all cases assessed

• All hedged scenarios outperform the unhedged baseline
(positive difference), except on the lowest price year (2020)
due to higher hedging cost but not to the same extent
observed in the German results



Conclusions
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Conclusions

1. A 24/7 approach improves the effectiveness of renewable PPAs as a price hedging tool – Hedging energy demand with
renewable Power Purchase Agreements (PPAs) can be improved by adopting a more granular approach to better match supply
with the demand profile.

3. A portfolio of existing renewable technologies is enough to start 24/7 journey – An optimised portfolio of only wind and
solar PPAs can achieve hourly matching in the range of 60-75% hourly matching.

4. Co-located storage is key to higher matching – A portfolio of one hybridised asset and one renewable only asset can provide
up to 90% hourly matching based on the largest configurations of co-located energy storage observed in the market today (100%
power ratio with 4 hours of duration).

5. Higher matching does include higher hedging costs but can still provide a consistent positive hedging benefit – Both 
German and Finnish cases indicate positive hedging benefit across a number of different price scenarios, with the Finnish cases in
particular indicate positive hedging benefits across a wider range than Germany due to the lower PPA hedging costs.

2. Higher hourly matching provides greater absolute hedging benefits – Hedging against the risk of higher market prices, as
witnessed in 2022, provides benefits in insulating energy users from market volatility. Hedging cost benefit during periods of high
prices compensates for periods of low prices where the hedging cost benefit is lower.



Conclusions

6. Hybridised portfolios are able to achieve higher levels of renewable matching while maintaining a consistent hedging
benefit – While adding co-located energy storage to a renewable portfolio increases the hedging costs, the increase in renewable
matching effectively decreases the exposure to wholesale prices which results in more consistent hedging as tested with
historical data.

8. Pexapark and previous studies have also shown the impact of PPA/technology costs – Pursuing high levels of hourly
matching is feasible with current technologies and innovative PPA structures. However, reaching levels above 90% (while
minimising excess generation) requires higher load factor renewables and storage to better match consumption.

7. The flexibility provided by a co-located energy storage asset can accommodate increases in renewable matching across
markets and customer types – The analysis of two dissimilar markets and two distinctly different customer load profiles shows
that hybridised resources are effective at delivering the necessary generation profile to match a customer’s demand.
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RENEWABLES
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I. Glossary
II. Modelling approach and PPA price methodology
III. Co-located battery storage
IV. PPA prices used in the analysis 
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Term Meaning Also known as

Baseload PPA
(“BL”)

A PPA volume structure whereby a Buyer purchases a pre-agreed fixed volume of baseload
electricity (the same volume in every hour of the day) from a Seller at a fixed price. Any
differences between the generated electricity and fixed baseload volume in any period are
bought/sold in the spot market

Buyer The entity responsible for purchasing the electricity generated by a renewable asset Off-taker, Consumer, 
Purchaser

Capture Rate The ratio of the effective electricity price achieved by the project owner to the baseload price.
Due to the intermittent and weather-driven nature of their generation outputs, the high
deployment of renewables such as solar, offshore and onshore wind leads to a negative
impact on the wholesale market price during times of high renewable generation. This effect
is known as "price cannibalization”

Capture Factor

Expected Shortfall A market risk indicator that measures the average profit or loss beyond a certain quantile of
the revenue distribution. Expected shortfall is therefore sensitive to the shape of the tail
distribution.

Conditional VaR (CVaR), 
Expected Tail Loss (ETL)
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Term Meaning Also known as

Exposure The extent to which a Buyer or Seller may be impacted by a particular risk

Hedging Reduction of a risk by entering into an offsetting position (transaction that reduces the risk 
exposure)
Example: a wind farm owner hedges by entering into a PPA. The energy is sold upfront at a 
pre-agreed price, thus reducing their risk

P50 A statistical level of confidence suggesting that we can expect that the predicted metric will 
be exceeded with 50% probability
Example: P50 Volume in an energy yield study

Pay-as-Produced 
PPA
(“PaP”)

A PPA volume structure whereby the Buyer purchases a certain % of the electricity generated
by the Seller at a fixed price, regardless of the time of its generation

PPA Power Purchase Agreement, a bilateral agreement between a Seller and a Buyer, whereby the
buyer agrees to purchase the electricity generated by the producer at a price for a defined
tenor

Off-take agreement

Route-to-Market 
PPA
(“RtM”)

A bilateral agreement between a Seller and a Buyer, whereby the Buyer agrees to purchase
the electricity generated (usually including balancing) by the Seller at the wholesale electricity
price (usually the spot price) for a defined tenor

Market Access PPA, Direct 
Marketing Agreement
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Glossary [3/3]

Term Meaning Also known as

Seller The entity responsible for the sale of the electricity generated by a renewable asset (often a
Special Purpose Vehicle (SPV))

Generator, Producer, 
Supplier, Project

Spot Market A physical market where prices and amounts are based on supply and demand. Resulting
prices and the overall amounts traded are made public

Electricity market, merchant 
power market, wholesale 
electricity market

Tenor Duration of the contract
Example: start date 01.01.2021, end date 31.12.2030, tenor of 10 years

Maturity, Delivery period

Term Market An exchange or bilateral market where buyers and sellers place bids and asks for the sale and
purchase of energy to manage, or hedge price risks

Forward power market, 
bilateral contract market, 
futures market, OTC

Unhedged Volume Electricity that is sold at the wholesale electricity price (usually the spot price) Merchant Volume, Spot 
Volume, RtM Volume

PPA Structuring 
Cost of PPA

Structuring cost of the PPA are the net costs to be considered for delivering the agreed fixed 
profile (e.g. baseload). Dependant on market prices, PPA profile, and capture factor.
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Modelling methodology & inputs
 Given the long-term nature of PPA agreements and the intermittent character of renewable energy the valuation and pricing of PPA contracts are

associated with risks. Pexapark’s approach derives the PPA price based on an Expected Value and a Market Price of Risk.

PPA Price  = Expected Value  – Market Price of Risk 

 Pricing of structured products is generally based on the assumption that they can be perfectly replicated via tradable products, not leaving any
residual risk. Since PPA offtakers are left with residual risks, which are unhedgeable, offtakers demand risk compensation, which is being priced
into the value of PPA contracts in the form of a what Pexapark calls “Market Price of Risk”

 In other words, offtakers (both utility and corporate offtakers) bid at a PPA Price, which incorporates compensation for taking an unhedgeable risk.
This compensation is the Market Price of Risk. Pexapark calibrates the Market Price of Risk to match observed market price evidence
(transactions, committed bids and offers and indicative quotes).

 Pexapark’s PPA price Reference Prices cover the fair, and market representative value of renewable electricity under PPA contracts. The
assessment refers to the value of renewable electricity, excluding the following components:

- Energy Attribute Certificates (EAC) for said market. E.g. Guarantees of Origin (GoOs) or Renewable Energy Guarantees of Origin (REGOs).

- Balancing energy costs, arising from the deviation between forecasted and the actual production

- Grid access cost

 The reason for exclusion of these revenue and cost components is that they cannot be contracted over the entire length of typical PPA tenors or are
separate commodities (in the case of EACs), with their own value components and underlying different market dynamics.
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Pexapark models the Expected Value of renewable electricity under a PPA as a function of three value drivers

1. Baseload price curves: Use market – observable price curves as price reference. Dynamics simulated with a 
2-factor model

2. Aggregate monthly volume: Specify P50 production, estimation error thereof and level of fluctuation

3. Price capture factor: Specify P50 price capture, estimation error thereof and level of fluctuation

All three risk factors are combined to produce revenue scenarios of a single asset (and PPAs):

Monte Carlo Engine 

Volume

Capture

Baseload 
Price

Parametrization Aggregation & 
Evaluation
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Valuation inputs are not single curves, volume, or capture factors but scenarios derived from market data

Price scenarios are consistent with initial 
forward curve shape, volatility and captured 

prices

Volume scenarios match energy yield 
study and monthly production statistics

Baseload Prices Volumes  Capture   

Capture factors have an underlying 
seasonality and high volatility in 

realisation
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Pexapark hourly forward curves
Raw DA price = Deterministic Component + Stochastic Spike Component + Stochastic Residual Component

I. Deterministic Component 
• Long-term seasonality (including 

weekly, daily pattern)

II. Stochastic Spike Component
• Short-term extreme price (due 

to e.g., power plant offline)

III. Stochastic Residual Component
• Short-term volatility (due 

to e.g., weather changes)

Pexapark |  60
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Modelling approach and PPA price methodology [5/5]
Approach for hybrid PPAs

 Hybrid PPAs reflect the intrinsic value of co-locating a renewable energy asset with a storage asset, providing additional flexibility. Hybrid PPA
pricing follows the same valuation framework as for our standard PPA reference prices.

 For projects co-located with an energy storage asset of a specific power ratio and duration, a modified capture factor (the Hybrid Capture Factor)
is produced as a function of optimisation against the Pexapark Hourly Forward Curves.

 This Hybrid Capture Factor produces a new Expected Value for the electricity produced by the renewable asset, the ‘Expected Valuehybrid CF ‘. With
the new Expected Value of electricity from the project, the existing methodology can now be applied for Pay-as-Produced contracts:

Hybrid PPA Price = Expected Valuehybrid CF – Market Price of Risk– Storage Grid Fees

 The Expected Value for hybrid PPAs is based on monthly forward prices, monthly volumes, hybrid capture factors, and the degradation factor.

 The hybrid capture factor is modeled by a stochastic simulation process, which is defined by the expected value, the standard deviation, and the
standard error values. While the expected value is equal to the estimated forward hybrid capture factor for the specified storage configuration,
standard deviation and the standard error values are estimated based on historical observations.

 A degradation factor is assumed to reflect that the battery energy capacity degrades and thus becomes less effective at profile shaping. We do not
assume a system augmentation in our analysis

 When the energy storage asset charges from the grid, there may be grid fees for using the transmission network to supply energy to the energy
storage asset. These fees will reduce to 0 when no grid charging is assumed.
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Co-located energy storage [1/3]
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Storage Sizing Analysis

Inverter
1MW

Battery
1MWh

1 Hour System

Inverter
1MW

Battery
2MWh

2 Hour System

Inverter
1MW

Battery
4MWh

4 Hour System

Power

Capacity

Inverter
1MWac

PV Panels
1.5MWdc

(Inverter Loading 
Ratio = 1.5)

Sample Solar

Note: When referring to a hybrid solar-
plus-storage project: a 100%, 2hr
BESS1 refers to the size of the battery
inverter capacity in relation to the size
of the PV inverter capacity and the
duration of the actual battery system.

C-Rate 1.0 0.5 0.25
Main Takeaway
The size of the energy storage system co-located with a renewable energy asset plays a significant role in determining the value
of the flexibility and therefore the price of the hybrid PPA.

The power of the energy storage asset is measured as a ratio of the AC power output of the renewable asset. The duration of
the energy storage asset is measured in hours at the rated power ratio. See the example below:

1. BESS = Battery Energy Storage System



Co-locating batteries with renewables can influence PPA pricing and improve hedge effectiveness
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1. Capture Risk: attributable directly to the uncertainty of capture factor realisations
2. Correlation Effects: cost (or gains) implied by the correlation between price and volume of the delivered profile

Reduction in Capture Risk:
Dynamic generation delivery via
Energy Storage allows asset to
react to daily pricing patterns

Improved Correlation Effects:
Optimised Energy storage
dispatch results in more
correlated benefits between
Price, volume and capture

Additional revenue from ancillary 
services can become part of PPA 

price or valued separately

Value of Renewable Production 

Price
Risk 

Capture
Risk 

Volume
Risk

Expected 
Value PPA priceGrid 

Fees
Liquidity

Costs
Correlation

Effects

PPA Value 

Non-hybrid

hybrid

Co-located energy storage [2/3]



Several types of Hybrid PPA types seen in markets where battery co-location with renewables is increasing

64

Hybrid Type Concept Payment

Renewable PPA
+

Storage Capacity
Agreement (CSA)

or
Optimisation Agreement

PPA price for renewable generation & ‘tolling’ or capacity payment for
storage Optimisation

Optimisation agreements can set a floor price, offer purely revenue share
or mix

Fixed €/MWh 
(renewable)

+
€/MW-month 

(storage)

Shaped Renewable PPA
(12x24 energy rate)

Different Pay-as-Produced rates for energy that is delivered at certain
hours, thus incentivising a ‘shaped’ generation profile

Variable €/MWh

All energy delivered 
to metering point

Blended Renewable & 
Storage Premium PPA

Pay-as-Produced rate of all generation is a premium to the reference
renewable-only rate

Buyer sets the charge/discharge parameters for the storage facility

Fixed €/MWh

All energy delivered 
to metering point

Main Takeaway
Of the above types the Shaped Renewable and Blended Renewable & Storage Premium PPAs are of the most interest to those
building a 24/7 CFE portfolio as both allow for greater certainty of output, but the Blended Renewable & Storage PPA gives the
most flexibility allowing the buyer to nominate a particular profile more closing matching their expected needs.

Co-located energy storage [3/3]



PPA prices
PPA prices used in the analysis

65Source: : PexaQuote PPA benchmark prices for 10 year PPAs starting 2025 as of 17th August 2023

RES only
Technology PPA Price [EUR/MWh]

Germany Finland

Solar 59.60 37.22

Wind 60.62 27.39

German Hybrid Solar

Storage 
Configuration

PPA Price
[EUR/MWh]

25%, 1h 72.14

25%, 2h 76.86

25%, 4h 86.15

50%, 2h 84.50

100%, 2h 95.80

100%, 4h 122.91

Hybrid Wind
Storage 

Configuration
PPA Price

[EUR/MWh]
Germany Finland

25%, 1h 64.20 28.65

25%, 2h 66.42 29.58

25%, 4h 70.68 31.48

50%, 2h 70.02 31.27

100%, 2h 75.43 33.90

100%, 4h 87.43 39.06
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