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About Me

Profile

▪ Diplom/M.Sc Mathematics & Economics

▪ Professional experience as a quantitative 
analyst, financial engineer, risk manager, and 
controller in various roles in banks and energy 
companies

▪ 20 years of professional experience

▪ Proud father of two children

▪ Road bike enthusiast

Selected Projects/Industry Expertise

▪ Allianz, Mexico City

▪ Unicredit, London

▪ FMS Wertmanagement AöR, Munich

▪ Price forecasting short-term markets

▪ Analysis flexibility requirements and development of 
Optimization Platform for co-located and stand-alone 
BESS

▪ Various projects in financial markets

Sebastian 
Horlemann

Manager
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FORRS – One-Stop-Shop for Companies in Energy/Commodities 
Trading and Financial Markets 

FORRS is a leading international Strategy 
& Management Consultancy with a focus 
on the entire Trading Value Chain

Continuous Growth of FORRS Staff

* Estimated

Who We Are What We Do

FORRS provides its clients with deep 
expertise in areas such as: 

▪ Trading platforms, 

▪ Algo-trading, 

▪ Quantitative modeling etc.

FORRS is providing cloud services for 
data management and model 
management, and more and more
trading-related capabilities

FORRS is a ‘one-stop-shop’ for trading 
companies in Energy-, Commodities-
and Financial trading
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Foundation of Our Professionalism

FORRS – Our Team

We enable our clients to professionally act 

in their markets.

Highly interdisciplinary, diverse, and international 
team

Project-focused

Experienced professionals with strong strategic, 
methodological, and delivery capabilities

Headquarters in Germany – active beyond

150+ successfully delivered projects
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Germany’s Energy Policy Has Led to an Expansion in Installed 

Capacity of Renewables in Recent Years from 46% to 66% 
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Data Source: Energy-charts (Fraunhofer-Institut)

▪ Installed capacity = max 
potential output (not actual 
generation)

▪ Growth from 46% → 66% 
reflects strong expansion 
in renewables
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Variability in Renewables Generation and Electricity 
Consumption Underscores the Need for Flexible Grid Resources

▪ Residual Load = Consumption – Solar Generation – Wind Generation

▪ The residual load reflects the fluctuations of power generation from solar and wind and power consumption
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Types and Turnkey Prices
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426
375

294 282

356

275

165
117

2017 2018 2019 2020 2021 2022 2023 2024 2025

$/kWh (Li-Ion)

Global Average Prices for Turnkey Storage SystemsBattery Types - Examples

Chemistry Type Li-Ion Lead-Acid Sodium-Sulfur

Storage 2.7-7.6 hrs 3.3-7.8 hrs 3.3-7.8 hrs

Discharge Time 10-240 min 10-1200 min 360 min

Lifetime (in 
cycles)

2,000-10,000 500-3,000 >4,500

Total (Turnkey) costs of a large-scale BESS have dropped significantly in recent years

1Source: BloombergNEF

1Turnkey costs for fully integrated BESS ~ 125-
300$/kWh
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Typical Use Cases

Power Trading, 
Grid Stabilization

▪ Standalone industrial-size batteries (In-
Front-of-the-Meter)

▪ Objective: Revenue generation; 
ensure grid stability by providing 
ancillary services 

▪ Market Role: Engage in short-term 
power trading and arbitrage across 
different energy markets

Demand-Side 
Flexibility

▪ Battery as a source of flexibility on the 
prosumer site (Behind-the-Meter)

▪ Objective: Provide demand-side 
flexibility (DSF) 

▪ Market Role: Participate in 
consumption-oriented virtual power 
plants, participating in ancillary 
services or wholesale markets in some 
countries

Renewable Energy 
Integration

▪ Battery co-located with a renewable 
production site

▪ Objective: Smooth renewable energy 
production volatility

▪ Market Role: Function as part of 
production-oriented virtual power 
plants, stabilizing renewable output for 
the grid



1313

▪ Standalone storage systems are 
marketed independently of any 
generation asset.

▪ This allows access to all relevant 
electricity markets and exchanges.

Battery Energy Storage Systems Come with Different Setups

Standalone Storage

Grid Connection Point

Co-location with a Consumer

Grid Connection Point

Co-location with a Producer

Grid Connection Point

▪ Co-located storage systems often 
share the same grid connection point 
with renewable energy assets.

▪ This enables so-called “shaping” of 
production, improves infrastructure 
utilization, and also creates additional 
revenue opportunities from trading 
activities in power markets.

▪ Storage options on the consumer side 
enable cost-optimized electricity 
procurement.
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Day-Ahead Prices for Delivery Date 23rd of June 2025 in Germany and Luxembourg  

Auction Prices for a Single Day Characteristics of Day-Ahead 
Auctions

Buy/sell power for 24h 
blocks the following day

Price formation: pay-as-
cleared (one price fits all)

00 - 01
01 - 02
02 - 03
03 - 04
04 - 05
05 - 06
06 - 07
07 - 08
08 - 09
09 - 10
10 - 11
11 - 12
12 - 13
13 - 14
14 - 15
15 - 16
16 - 17
17 - 18
18 - 19
19 - 20
20 - 21

70.30
63.80
63.79
64.51
72.50
84.92
89.12
92.24
78.96
18.64
-0.01
-6.11

-12.76
-26.45
-32.75
-32.69
-25.00
-13.11
-1.01
20.00
83.50
90.00
97.78
89.53

21 - 22
22 - 23
23 - 24

Charge Battery/ 
Buy Power

Discharge Battery/ 
Sell Power

Discharge Battery/ 
Sell Power

Time

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Charge Battery/ 
Buy Power

Hours Price €/MWh

Generate Optimal Trading Strategies in Wholesale Markets –
Day-Ahead Market
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Key Financing Parameters in BESS Bankability and the Role of  
Cash Flow Forecasts 

Revenue from spot and ancillary 
markets over the asset lifetime, 
under realistic market scenarios 

(i.e. not assuming perfect 
foresight). Banks review 

P50/P90 revenue distributions.

Revenue 
Forecasts

1

Determines when augmentation 
CAPEX kicks in and how BESS 

capacity and, therefore, revenue 
decline. A battery digital twin can 

be used to simulate a future 
behaviour.

Degradation/ 
State of Health 

Trajectory 

2

Includes, among others, 
fixed and variable O&M costs, 

grid charges, and network tariffs.

OPEX 
Assumptions

3

Measures a project’s ability to 
service debt from its operating 

cash flows. DSCR should be 
higher than a minimum threshold 

based on different setups (see 
below).

Debt Service 
Coverage Ratio 

4

Banks cannot size BESS debt without credible revenue forecasts. Unlike 
solar/wind where generation profiles are well-understood, BESS revenue 
depends on market price dynamics, trading strategy/revenue model, and 

degradation profile.

▪ P50 reflects the base scenario and P90 the downside
▪ Debt service must be coverable even in the downside case, 

therefore, P90 is used
▪ Base scenario, P50, is used for equity returns and investor 

presentations

P90 Revenue Is the Standard for Debt Sizing and 
Industry Standard in Project Finance

Providing Banks with Robust P90 Revenue Simulations

Key Inputs for Bankability Assessment of the BESS Projects Are:

One of the Main Parameters of a Project’s Bankability is the Cash Flow Forecast. 
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BESS Flexibility Purchase AgreementsBESS Optimization

Cash Flows and Risk Exposure for BESS Owner Depend on the 
Chosen Revenue Model

Risk and 
Exposure

Duration

Revenue & 
Operation

Merchant (Revenue Share) Floor + Revenue Share Tolling Agreements
1 2 3

▪ Counterparty is Battery Optimizer 
(BO) and takes over operational 
dispatch

▪ Revenues are split according to a 
pre-agreed ratio

▪ No minimum guaranteed payment

▪ AO and BO decide in which markets 
the BESS will be traded

▪ AO is the battery operator, and the 
counterparty is Battery Optimizer

▪ Asset owner receives a guaranteed 
minimum amount (the floor price) 

▪ Floor amount can be fixed for a 
certain period of time or flexible 

▪ Any additional revenues above 
threshold are split between operator 
and the optimizer or capped

▪ Counterparty is an Offtaker, who 
takes over the operational dispatch 
and marketing of BESS

▪ Asset owner receives a pre-agreed 
payment (the tolling fare)

▪ Tolling variates between full and 
partial tolling

▪ Full Market Risk for AO and BO

▪ Full downside and upside exposure 
for AO

▪ High Market Risk for BO

▪ Limited downside and full/limited 
upside potential for AO

▪ Full Market Risk on Offtaker

▪ No downside (full) and possible 
upside potential (partial) for AO

▪ 1-3 years ▪ Up to 5 years ▪ 5-7 years

Main Revenue Models for BESS between Asset Owner (AO) and Optimizer
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Transferring Spread Risk Using Tolling Agreements: Important 
Instrument in BESS Marketing

Tolling agreements are common in energy markets to transfer market risk and upside from the asset owner to a 
trading/optimization specialist. The asset owner makes the battery available to a counterparty who operates/markets it. The 
owner receives a fixed availability fee regardless of market outcomes.

Asset owner Offtaker/Toller Fixed or Structured Fare

Right to Control and Dispatch the Asset

Tolling Agreement

Market and Revenue Risks

Energy Markets

Offtaker/Toller:

▪ Decides when to produce, store, or sell energy based on market 
opportunities, in case of BESS charge/discharge;

▪ Covers variable costs (e.g., fuel, electricity for charging, CO₂
costs) and receives the market revenues from operating the 
asset.

Asset Owner:

▪ Retains ownership and operational responsibility (availability, 
maintenance);

▪ Receives a fixed capacity payment for providing the right to 
dispatch the asset, i.e., full tolling, or additional performance-
based components – partial tolling.
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The Exemplary Cashflow Model Consists of 5 Key Elements

Components 
of Cashflow 

Model

Revenues
▪ Tolling fare,
▪ P90 expected 

revenues, (merchant 
model)

State of Health and 
Planned 

Refurbishment at 
End-of-Life (EOL) 

(e.g., 80%), Including 
Refurbishment Costs

OPEX 
(Fixed and Variable) 
and Annual CAPEX

Interest Rate

Minimum required 
DSCR (P90)

▪ 1.3 (tolling), 
▪ 1.5 (merchant)
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Tolling Agreements Facilitate Financing for Developers, as 
Banks Permit Lower DSCRs if Revenue Streams Are Secured

Assumptions Bankability

Asset Standalone BESS

Asset capacity 100MW / 200MWh

Revenue forecast P50: 200 KEUR / MW / year 
P90: 170 KEUR / MW / year

Asset availability 95%

Degradation 
trajectory

EOL after 8 years
refurbishment 20% of initial CAPEX

Interest rate 5%

BESS annual 
maintenance

5 KEUR / MW / year

OPEX (fixed & 
variable )

35 KEUR / MW / year

15 years

10 years

Tolling: 1.3 (P90)
Merchant: 1.5 (P90)

Tolling: 44 MEUR
Merchant: 34 MEUR

Project life

Debt tenor

Minimum required DSCR

Result: feasible debt amount

Illustrative BESS Project Financing

More secure revenue 
streams allow higher 

financing amount!

Tolling require lower 
DSCR!
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Simulations based on ML-driven 
revenue scenarios constructed on 

realistic price dynamics from 
historical and fundamental data.

Revenue cannibalization modelingRevenue distributionRevenue forecasting

Application of AI/ML Techniques in Future Revenue Estimations

Future revenue estimations are the main component of the calculations for the feasible debt amount.

Key Cases for the AI/ML Application in the Future Revenue Estimations

Power Market Price Prediction

ML models (XGBoost, SVR, DNN) 

Multi-Market Optimizer

Trading simulations across power spot 
and ancillary markets  

Revenue Distributions
Annual revenue distributions - the 

core input required for evaluation

Revenue Cannibalization
More BESS enters the market       spreads 

compress 

Revenue Erosion Forecast

ML models on market fundamentals 
predictions for over 15 years. 

Fundamentals: installed capacity, RES 
penetration, demand curves 

Important evaluation factor, which 
is not accounted & quantified today 

Monte Carlo Simulation of 
revenues using Neural Network 

for revenue forecasting

Quantile Extraction
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AI-Based Forecasting Approaches Outperform Naïve Methods
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Naïve

▪ Differentiates two categories: weekdays and 
weekends/holidays

▪ The forecast for a given day is a repetition of the previous 
day that belongs to the same category

ML

▪ An optimised multi-layer neural network model

▪ The model learns complex, non-linear relationships from 
historical values of the target variable together with 
exogenous inputs in order to generate forecasts
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