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Grid as a bottleneck for projects in Germany

* Grid requests by BESS exploded in 2025 = Most projects got a

negative answer from their TSO/DSO 800
* |f you are provided access, this comes under a Flexible Connection
Agreement (FCA) 700

* As for EU reform of electricity markets™ and then national legislation

. . S 600
in Germany**, FCA allow for more flexible use of the grid in case of
congestion 00
=
S,
Before Now s 400
3
Fix grid connection Flexible grid connection S 300
Inject and withdraw whenever Inject and withdraw when allowed
200
No grid access granted when Grid access can be granted even
congestion during some hours though congestions exist 100
0

- FCAs are a requirement to get grid, not a fast-lane access

*Art. 6a Directive 2024/1711 (EBM-RL)
** § 17 EnNWG and § 8a EEG

W BESS grid access requested

W Peak demand
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What conditions can be found in FCAs?

Four main types of conditions have been given to BESS projects in Germany so far:

Injection/withdrawal limitations Ancillary services limitations
based on an hourly profile % of nominal power for FCR, aFRR

Discharge limitations

Possibly RR

Ramp rates Order book freeze
% of nominal power/min X hours before delivery
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One size fits all? Not in Germany

* FCAs are defined by the local grid operator and there are many in Germany
* Even within one TSO/DSO FCAs can differ significantly

- You never know what you will get, until you sign the grid connection agreement

Some tendencies:

TSO DSO
Injection/withdrawal Less common Very common, partially
limitations standardized
Ancillary service limitations Applied for big sites Applied as DSO has no

control/interest in AS

Ramp rates 6-20%/min Anything from 1%/min to no
ramp rate restrictions

Order book freeze Applied for redispatch purposes Less common
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Developer journey step by step : example of a 50 MW/ 4h project

TIMELINE

PHASE 01 PHASE 02 PHASE 03

Land plot secured, First exchanges Final grid agreement
BESS supplier is under selection with the operator is received

CURRENT PHASE

PROJECT STATUS

Based on German standard business models and market trends, the optimal BESS duration has been
chosen (here 4-hour). The BESS power is maximized on the secured land plot (here 50 MW).
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Well ahead signing the connection agreement, a first tailored business model is built

When developing a project, it has always been key for developers to be able to include the specificity of their BESS project. Before
the introduction of FCAs, the focus is on:

BESS capacity sizing Degradation curves

Based on the land plot available and available capacity at point State of Health and Round-trip efficiency based on their
of connection preferred/selected supplier and the cycling rate

BESS energy sizing

Duration based on market signals and standard business models

SOH ranges possible (547 cycles/year)
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While these tailored features are key, they are standardly modelled by forecast provider

Gross Revenue Stack of the 50 MW / 4h project
In k€/MW
250

210

200 188 187 122189
180

155 155

145
150

100

50

2028 2029 2030 2031 2032 2033 2034 2035 2036

Revenues generated on aFRR capacity reservation

Revenues generated on FCR

149 148 150

135 137 136

129 123

2037 2038 2039 2040 2041 2042 2043 2044

Revenues generated on aFRR energy activation

Trading | I Revenues generated on trading on the day-ahead

E Revenues generated on trading on the intraday |

—@-Total gross revenues

126

2045

First tailored features are
specific to the project but
common to all BESS projects

Project : 50 MW, as the land plot allows
to fit it

Duration : 4h, as long durations BESS are
becoming more profitable in Germany,
benefiting from high revenues on the day-
ahead and intraday

SOH and RTE curves : included to build
the revenue stack, based on the selected
supplier

Commissioning : January 15t 2028

Cycling rate : 547 cycles/year (1.5 cycles
per day in average) and 3 cycles maximum
per day
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Going forward, terms of the grid connection agreement are shared

TIMELINE

PHASE 01 PHASE 02 PHASE 03

Land plot secured, First exchanges Final grid agreement
BESS supplier is under selection with the operator is received

CURRENT PHASE

PROJECT STATUS

While the land plot is located near a substation with available power, the network operator
starts to precise the conditions and limitations associated with the connection of the BESS asset
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With grid connection reservation, more visibility is given on potential constraints

Ramp rate
% of nominal power/min

10 %/min

Ancillary services limitations
% of nominal power for FCR, aFRR

Capped to 25%

Power reached (MW)

Injection limitations
Number of hours

1000 random hours per
year

10 15 20 25 30

Time (minutes) Yearly injection limits

1000

Maximum
FCR, aFRR
B No MmYes

M Participation B No participation
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No more need for numerous case studies

COSMOS can simulate your FCA

From Clean Horizon

_____________________________________________________________________________________________________________________________

Technical features = Ancillary services + £r5 Energy storage
i of storage electricity prices ni  CAPEX / OPEX i
! forecasts !
Performs optimisations Tweakable Excel business
c 0 S M 0 S —> andsaves precomputed =—>  model with precomputed —_—
2EE Ll results results

ur PV / Wind Flexible connection agreement < PV /Wind i
T generation profiles R - ndvidua market parametrization C#3 CAPEX / OPEX
! . Hourly charge/discharge limitations !
! *  Ramp rates i

From Client

Optimal system sizing
+ sensitivity analyses
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FCAs are impactful : the combination of the 3 constraints resulted in an average revenue loss of 16%/year

Gross Revenue Stack of the 50 MW / 4h project
In k€/MW
250

3 Operational constraints are
modelled together

* The ancillary services participation cap
is mostly impactful at beginning of life
(2028)

4

200

|

|

—I
1

I Ly F * But the 25% cap participation did not

61 0 |

153 result in 75% loss of balancing revenue

—m————
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— ——
u
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=
u
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150 ] e . : the balancing revenues have reduced

hzﬂ FZ-_:J' hzﬂ - —— by 60% in average

o 1
|
=
N
_oo
—=-
w
P o T

o * In 2028, the trading revenues (day-
100 ahead and intraday) are even 2%
higher then the trading revenues for
the unlimited case : the BESS has
shifted operation to trading because of
the aFRR cap

50

* Trading revenues have in average
decreased by 10%/year considering the

2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 10 %/min ramp rates and the 1000

hours of injection limits (ie 11.4%/year
Revenues generated on aFRR capacity reservation Revenues generated on aFRR energy activation J ( ofyear)

Revenues generated on FCR H Revenues generated on trading on the day-ahead
I Revenues generated on trading on the intraday T _1Gross revenues loss
—=@-Total gross revenues with limitations
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The impact of each limitation depend on its value, but also on project parameters

Types of limits

Ramp rates

Balancing services cap

Hours of limitations

Range of values
for the limit

Project
parameter that
influences the
impact

From 6%/min (15 min to reach

full power) to 20%/min (5
minutes to reach full power)

BESS durations and cycling :
Long durations BESS and high

cycling rates are less impacted

by ramp rates limits because
they are likely to maintain a
position for multiple
consecutive timeslot

From O to 100%

Date of commissioning : As
ancillary services will
progressively be cannibalized
by BESS, this cap will be less
and less impactful

Direction (injection and/or
withdrawal),

Overall number of hours,
Positions (random,
concentrated on a certain
season, linked to PV or Wind
production ...)

Market-situation : If multiple
markets provide high
opportunities, it decreases the

impact as BESS can re-optimize
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Up to the final terms and the signature of the grid connection agreement

TIMELINE

PHASE 01 PHASE 02 PHASE 03

Land plot secured, First exchanges Final grid agreement
BESS supplier is under selection with the operator is received

CURRENT PHASE

PROJECT STATUS

Final contract with framed limitations is signed
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Final grid connection constraints are set in the signed grid connection offer

Ramp rate
% of nominal power/min

Ramp can vary
between 10 to
20 %/min

Ancillary services limitations
% of nominal power for FCR, aFRR

Cap of 25% is
confirmed

Power reached (MW)

= 10%/min
—20%/min

10 15 20 25 30
Time (minutes)

FCR, aFRR

B Participation B No participation

Injection limitations
Number of hours

500 hours expected up to 2035,
and then O (grid study)

Yearly injection limits

1000 =

Maximum Probable

B No MmYes
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From one to multiple tailored-business models : revenue has increased by 8%/year based on latest constraints

Gross Revenue Stack of the 50 MW / 4h project

Flexibility is everywhere

In k€/MW
250
A new business model with a 10%/min
ramp rate and 500 hours of limitations up
to 2035 is done.
200
This leads to a range of revenues possible
for the same project instead of one fixed
business model.
150
100
50
0

2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

—8—Total gross revenues with final grid agreement
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Final limitations have resulted in a 2.5% loss compared to the untailored business model

Internal Rate of Return (IRR) of a 50 MW / 4-h BESS with different scenarios of limitations

BESS IRR

In % (real 2026)

16,0%

14,0%

12,0%

10,0%

8,0%

6,0%

4,0%

2,0%

0,0%

In addition to revenue curves, the costs of
the project are accounted for to compute
14,5% its overall profitability.

Costs that must be accounted for include :

12% - CAPEX
10% - Operation and Maintenance costs
- Performance guarantees,
- Product warranties,
- Auxiliary consumption costs
- Land lease
Etc ...
4-hour BESS
No limitation 1000 h + ramp rate 10%/min + FCR/aFRR cap 500 h + ramp rate 20%/min + FCR/aFRR cap
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Opening: From business models to financial close?

Most Route-to-Market (RTM) providers are new to FCAs Floor with merchant upside as workaround

@@ * Limited experience in operating with these
== ﬂ constraints
* Unable to estimate long-term revenue impact Conditions that are difficult to assess
Route-to-market /\_//

- Unable to give a (interesting) toll

Conditions that are easy to assess

Lenders have to deal with an additional level of uncertainty: FCA conditions

[
BANK * Several scenarios must be calculated and the risk of each scenario individually assessed
100 * Higher sensitivity on the risk associated to each market (i.e. DSCR)

Lendor

- More complex analysis of revenues require several simulations

...0Or maybe a lower gearing
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Some of Clean Horizon’s technical advisory areas

Need support in navigating complex RTM contract?

Route-to-market selection Value sharing conditions

: Market strategy & FCA
EPC/Integrator selection &Y

Transparency and performance
Technical Due Diligence

Adherence to technical constraints
of system during operation

Commissioning support

Prequalification, unavailability and
penalties management

System design

Termination clauses
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Other European countries start including flexible connection schemes

Example of France with

* Fixed profiles (operating template or operating ‘gabarit’) defined in
advance

e Zones in which it applies are accessible on an online map

* Soon a withdrawal pattern and the geographical zones in which it
applies will also be shared

2
Jan
N
o
|
|
o
06:00.
09:00
o)
N
12:00 |
.* §
15:00
18:00
21:00
N
-

Injection Operating template in France

® 3

Feb Mar Apr May Jun Jul Aug Sep

No limitations

Night time and early morning — year-round

Limitations

March — October e 10:00— 18:00

No limitations

Evening and night time — year-round

Oct Nov

Nov — Dec

Dec

COPYRIGHT © 2026 CLEAN HORIZON

20



We look forward
to working with you!

12 rue Portalis

75008 Paris, France
contact@cleanhorizon.com
Tél: +33(0)1 78 76 57 04

German Office

Grofie Bleiche 15

55116 Mainz
mma@cleanhorizon.com



https://www.youtube.com/@cleanhorizonconsulting7389
https://www.linkedin.com/company/clean-horizon/posts/?feedView=all
http://www.clearhorizon.com/
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