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MPhil in Sustainability Engineering from the University of 

Cambridge 

7 years in renewable energy sector

Large range of projects, from rural electrification in Africa to 

large scale development in emerging markets and Europe 

Five years in corporate PPAs, negotiated some of the first 

deals in certain markets

Currently working  as Senior Originator Renewables at 

French utility ENGIE based in Berlin 

Feel free to reach out:

Ralf.bernhard@engie.com

de.linkedin.com › ralf-bernhard-5a873319

mailto:Ralf.bernhard@engie.com
https://de.linkedin.com/in/ralf-bernhard-5a873319
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In response to the urgency of climate change, 

our ambition is to become 

for our customers, especially for global companies 

and local authorities 

ENGIE’s renewables production capacity*

, including hydro (16,4) 

+ wind (5,4) + solar (2) + other (0.5)

5 continents
Operating on

€60.6Bn
revenues in 2018

€

KEY FIGURES

160,000
employees around the world

*31/12/2018

Disclaimer: the views, information, or opinions expressed during the lecture series 

are solely those of the author and do not necessarily represent those of ENGIE.
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Grid price

(indicative)

Grid parity as enabler  

The point at which production from renewables 

becomes cheaper than the cost of electricity on the 

wholesale markets 

Factors that drive this intersection point:

LCOEs:

Output (irradiation, wind)

Development cost (Land, taxes, grid 

connection, etc.)

Technology cost (module efficiency, 

economies of scale, etc.)

Wholesale cost:

Cost of commodities (Oil, Gas)

Cost of Carbon (EU ETS)

Electricity demand

Merit order 

Global LCOE Benchmarks, Source: Bloomberg NEF,2020
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Cumulative Volume of cooperate PPAs globally  

Source: GEM 3MV, BNEF, Lazard, Enerdata

C O M P A N I E S

260 RE100 companies have made a 

commitment to go ‘100% renewable’. 

8

Source: Bloomberg NEF, 2020
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Transaction Complexity
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Generic 

GoOs

Sleeved 

PPA for 

non-built 

park

Virtual 

PPA for 

non-built 

park

Direct 

wire 

PPA

High 

Quality/ 

Local  

GoOs

PPA for 

future 

operat-

ion of 

old park

Guarantees of Origin (GoO) 

Guarantees of Origin are a certificate or a piece of 

paper, that provide proof that electricity has been 

generated from renewable energy sources. It specifies 

the generation type, the year it was produced, the 

location and type of the asset and country and date 

of issuance.  Typically one GoO = 1 MWh. 

Additionality 

The degree to which the actions of an energy buyer 

contribute to additional RE capacity on the grid. 
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Key drivers for companies

Low-cost electricity supply

Long term hedging of power prices

Supply chain pressure to decarbonize (Scope 3)

Investor pressure to decarbonize (ESG-ratings)

Corporate Sustainability goals 

Public scrutiny 

Source: Bloomberg NEF, 2020

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 20302018 2019
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So what are PPAs 

and why do we need 

them?





13

Aspects to be negotiated:

Price of power and pricing mechanism

Tenure 

Share of contracted volume/delivery structure 

GoOs

Termination rights

Damages 

Availability/Volume guarantees 

Change in law

Force Majeure 

etc.

The goal is to reach a contract that is 
„bankable“ i.e. it fulfills the 
requirements of the financing bank 
(and investors).

These contracts typically run at least for 10 

years and have a face value of > 50 M €. 

A well constructed contract with a clear 

identification of risks is essential. A lot can 

happen in 10 years…

!

A power purchase agreement is
a contract between a seller 
(producer) and a buyer (off-taker) of 
electricity, that specifies a certain 
price, tenure and delivery structure.

…see EFET for a template contract.

http://resource-platform.eu/toolkit/#template
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Imagine you are a project 

developer…

…you found a great piece of land, have secured the rights, finished all required 

studies and were granted a grid connection. You are ready to start construction.  

…to start construction you 

will need some (project) 

finance from a bank

…the bank wants to make sure you will repay all your principal and interest. As a 

project company (SPV), your only way to generate cash is the sale of electricity 

produced by your asset. 

EEG subsidies 3rd party PPA
Sell on the market 

(merchant)

How can you sell your power?

What will the bank like best and why?

Q

Q
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EEG 

subsidies 

3rd party PPA

Sell on the 

market 

(merchant)

Key aspects Banks perspective Key limitations

• Guaranteed feed in tariff for 

20 years 

• Price determined at 

competitive auction 

• German state as off-taker 

with 0 credit risk 

• Full plannability over 

financing horizon 

• No market price exposure 

• Revenue risk limited to 

volume and technical risks 

• Uncertainty of competition 

outcome

• Limited to 10 (20) MW project 

size

• Not all areas eligible 

• Regulatory risks 

2000

Year

2020

2030 ?
• All power is sold on the 

wholesale market as it is 

produced 

• No certainty on cash flows, 

only fundamental view of 

market price expectations 

• High risk exposure due to 

volatile nature of power 

markets

• No liquidity on forward 

markets > 5 years

• High volatility of power prices

• Uncertainty of future 

development (cannibalization, 

commodity prices, etc.)

• Off-taker guarantees a price 

level for delivered electricity

• Typically for ~10 years

• Creditworthiness? 

• (Part of market) price risk is 

hedged

• Credit risk of the off-taker

• Contractual risk distribution? 

• Suitable corporates that can 

take off-large volumes for a 

long contract tenure 

• Pricing expectations 
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• Wholesale power markets are 

amongst the most volatile markets

• Delta of 41 EUR/MWh over past three 

years, 28 EUR/MWh without Covid 19 

impact

• High volatility

• Between years

• Between seasons

• Between certain trading hours

• How will volatility develop with 

increasing penetration of RE?

• Negative hours?
2018 2019 2020

Wholesale power prices
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Spot Germany Baseload

40,7 €/MWh

Ø 43,6 €/MWh

Ø 36,7,6 €/MWh

Ø 27,8 €/MWh
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Imagine you had secured an auction 

price in the Feb 2019 auction for 48 

EUR/MWh, your project will get 

connected to the grid 01.01.2020.

You are also offered a PPA price at 48 

EUR/MWh but are also considering going 

merchant. 

In hindsight, which scenario was best for 

the producer

• in 2020?

• With prices as seen in 2018 in 2020?

• Over the 20-year project life-time?
2018 2019 2020
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Solar LCOE Spot Germany Baseload EEG auction

2018 2019 2020

PPA prices vs wholesaleQ
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Seller of power Buyer of power 

The PPA contract 
seeks to find a 
compromise that 
addresses the needs of 
the sell and buy side.

Long term revenue certainty
Planning security 
Access to new markets (e.g. no or 
limited subsidies) 
Get financing for the project 

No risks
High price 
Fixed price
Long term 
Sell power as its produced 

Reduced power cost 
Environemntal marketing  
Risk diversification

Low risks
Low prices
Flexible pricing
Short term
Power when needed
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The solar plant is directly installed at the 

premises of the consumer and 

(rooftop or adjacent 

land)

with our without surplus feed 

in of electricity 

rooftop space 

and space of adjacent land 

Size of plant should reflect the 

Direct wire PPA

Buyer

Green

Power

PPA Contract

You keep your

usual supplier

1
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Off site Physical/Sleeved PPA

Grid

Buyer

Green

Power

Green

Power

PPA Contract

and 

then delivered 

to the Buyer’s designated balance responsible 

party (BRP)

needed by the Buyer 

for its consumption profile

are also delivered 

to the Buyer 

for its environmental reporting

The to the 

RE plant, but is within the same grid network

within 

the grid network, e.g. the wind plant could be in 

Hamburg, the factory in Munich 

, since not 

confined by rooftop space or land owned by the 

consumer 

2



21

Green Power is sold on the power market 

Buyer and seller agree on a 

If realized spot prices > strike price: seller compensates 

buyer for delta

If realized spot prices < strike price: buyer compensates 

seller for delta 

Buyer continues to by its usual supplier

are also delivered to the Buyer 

for its environmental reporting

and is completely 

decoupled from the physical supply of electricity

, irrespective of the location 

of the consumer, e.g. a solar plant producing in Spain and the 

factory consuming in Germany 

Off site Virtual/Financial PPA

Market

Buyer

Green

Power

PPA Contract

€

You keep your

usual supplier

3
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Strike 

price

Trading interval

(e.g. 15 min)

High market 

price

Low market 

price

Producer 

pays buyer

Buyer pays 

producer 

Source: adpated from Next Kraftwerke

makes sure he reaches his 

minimum price to reach his required 

IRR

sacrifices further upside 

potential to be hedged against falling 

prices

makes sure he will not pay 

more than his desired price level

sacrifices further savings in 

case power prices fall to hedge 

against rising prices 

Motivations for CfD
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35 GWh/a

25 GWh/a

65 GWh/a

40 GWh/a

50 GWh/a

90 GWh/a

120 GWh/a

90 GWh/a

Finding the right PPAQ

Imagine you are a large Pharmaceutical 

company with production sites in five countries 

in Europe 

Your management has pledged to use 100% 

renewable electricity by 2022 across all 

production sites in Europe 

What are your options to fulfill this 

commitment by 2022?

Which type of PPA might be the most 

suitable?

Large Pharma inc.
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35 GWh/a

25 GWh/a

65 GWh/a

40 GWh/a

50 GWh/a

90 GWh/a

120 GWh/a

90 GWh/a

Understanding the options A
Option 1: Buy Guarantees of Origin that cover all 
your demand in Europe

→ buy 515 GWh worth of certificates from any 
AIB Member state 

Option 2: Complete physical PPAs in all target 
countries 

→ negotiate five separate PPAs, one for each 
market

Option 3: Complete one virtual PPA covering the 
demand of all European sites 

→ contract a solar farm in Spain with a capacity 
of ~ 250 MW, producing ~ 515 GWh/year
→ Transfer the AiB GoOs from Spain to off-set 
all of Europe (learn more)

Large Pharma inc.

What is a key risk executing the VPPA in 

Spain?
Q

High “basis risk” since most of the consumption is 
located outside of Spain. How to mitigate the basis 
risk?

https://www.wbcsd.org/Programs/Climate-and-Energy/Energy/REscale/Resources/Cross-border-renewable-PPAs-in-Europe-An-overview-for-corporate-buyers
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Benefits Downside Case example 

• Electrons are produced 

where they are consumed

• High visibility for customer 

• Making use of unused space

• Often economically attractive 

(e.g. saving 60% EEG levy)

• Limited by available space

• Not every land/roof is 

suitable

• For own investments, long 

amortization time 

• Challenging 

tenant/ownership structure 

“EDF Renewables UK will install 

15,000 roof-mounted solar PV 

panels on seventeen Tesco 

stores across England, a total of 

5 MW of installed capacity.”

Direct wire PPA

BuyerSeller

Green

Power

PPA Contract

Off site Physical/Sleeved PPA

Grid

BuyerSeller

Green

Power

Green

Power

PPA Contract

Off site Virtual/Financial PPA

Market

BuyerSeller

Green

Power

PPA Contract

€

You keep your

usual supplier

• A new RE plant can be 

financed, built and connected 

to the grid

• RE plant can be built at 

locations where conditions 

are best 

• Large volumes possible 

• Has to be within the same 

grid network

• Less visible compared to 

roof-top

• Complex, individualized 

contract structures 

“The PPA between wpd’s

own onshore wind farms and 

ENGIE is a so-called offsite 

PPA with physical delivery of 

electricity, covering 100 % of the 

projects’ electricity generation, 

i.e. more than 900 GWh”

• A new RE plant can be 

financed, built and connected

• RE plant can be built at all 

locations irrespective of load

• Aggregation of many sites

consumption sites across 

grid areas

• No direct flow of electricity 

• Financial contract: Derivative 

Accounting

“AB InBev and BayWa r.e. 

announce biggest ever Pan-

European corporate solar power 

deal to brew Budweiser with 

100% renewable electricity for all 

Euoprean locations”
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PPA

Purpose

Types

Cash flow security for 

seller

Price hedge and green 

credentials for buyer 

Direct wire PPA

Physical/Sleeved PPA

Financial/Virtual PPA

Parties

Form

A seller of electricity 

(developer, IPP, Utility)

A buyer of electricity: Utility 

(utility PPA) or a consumer 

(Corporate PPA)

A PPA is a long-term 

contract between the 

seller and buyer
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EEG subsidies 

Wind/Solar power 

generation

Wholesale market / 

(PPA) 

Fixed for each MWh produced

(Balancing risks)

(negative prices +6 hours)

Baseload forward price

Seasonality & Intermittency

Volume risk

Profile risk

Balancing 

Value of GoOs

Negative prices 

Maximize Production  
Optimize Production & risk exposure 
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Baseload Future 
Price

Profile costs

Balancing costs

Volume risks

Guarantees of 
Origin 
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Liquidity

Limited visibility on price levels beyond five years on future wholesale markets

Limited liquidity for more than 3 years 

Limits the ability of an off-taker to hedge his position in the market

― What will wholesale power prices look like for the PPA time horizon (10+ years)?

→ Forward curve based on own models or purchase of third-party power price forecasts 

Source: EEX, Phelix DE Futures, 16.10.2020

Link to EEX futures 

https://www.eex.com/de/marktdaten/strom/futures
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Spot Germany Baseload

Historic

2040

Optimistic

Base case

Pessimistic

By nature, all forecasts are typically wrong

Scenarios differ based on views 

on commodity price development, RE growth, 

conventional capacity, demand shape, CO2 prices, etc. 

Typically a low case, central and high case scenario

(and others..)

- Bank? 

- Off-taker?

- Investor?

- Developer?

Q Which scenario will each of the parties use?
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30

35

40

45

50

55

CAL21 CAL22 CAL23 CAL24 CAL25 CAL26 CAL27 CAL28 CAL29 CAL30

€
/M

W
h

Central Model EEX extrapolated EEX Futures

• Oil and gas prices

• CO2 prices

• Coal prices

*based on 20/11/2020

2

• Electric vehicles

• Heat pumps

• Green hydrogen

• RE energy

• Nuclear

• Coal 
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Baseload Future 
Price

Profile costs

Balancing costs

Volume risks

Guarantees of 
Origin 
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High wind and solar production 

lead to low spot prices 

Source: Frauenhofer ISE, Energy charts
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Source: Frauenhofer ISE, Energy charts

→ What is the value of electricity during each hour of my production?

→ How does this compare to the overall average power price over all hours of the year?
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The capture rate is defined as the price a certain technology realizes on the wholesale market over a whole year / 

the average prize in the entire pool over the same year for all technologies (the baseload price) 

Source: Enervis, Status Quo: Market parity of renewables in Europe (01/20)
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The capture rate is defined as the price a certain technology realizes on the wholesale market over a whole year / 

the average prize in the entire pool over the same year for all technologies (the baseload price) 

Source: Enervis, Status Quo: Market parity of renewables in Europe (01/20)
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How will capture rates develop over the time horizon of a PPA?

-Which factors mainly drive the development of capture rates?
Q

Why are some capture rates for solar and wind > 100% in certain 

markets?
Q

If during hours of solar/wind production the power prices are higher 

than the average power price over the year (baseload). Typically if 

not too much capacity of a RE is installed. Usually higher power 

prices in winter which correlates well with wind power generation. 

Nobody knows – fundamental own or third party models.

Will depend on rate of new RE capacity addition, cannibalization, 

location of the asset, future merit order, etc.
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Baseload Future 
Price

Profile costs

Balancing costs

Volume risks

Guarantees of 
Origin 
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Day-

ahead

Intraday

Grid 

feed in

Forecast (D-1)

Actual

production (D)

MW

Day 

Balancing cost occur due to the variation of 
day ahead production schedules to actual 
production. The net cost occur due to 
intraday trading and imbalance cost. 

Q What can a producer/marketeer do in order to 

decrease the balancing cost?

• Producer/Marketeer delivers a day ahead forecast 

detailing expected production for each hour/trading 

interval 

• Producer/Marketeer is compensated on the day ahead 

market for the volumes at the spot price for each trading 

interval 

• After delivery of the day ahead schedule, further 

intraday short-term production forecasts are delivered 

• Producer is either short or long compared to delivered 

day ahead schedule

• Surplus is sold and shortage is bought on the intraday 

market 

• Small deviances between short term forecast and real 

generation remain

• Deviations (postive or negative) need to be paid on the 

imbalance market (depending on market design)

• Trading strategies allow for higher/lower volumes on the 

imbalance market 

→Typical balancing cost in Germany are 

~ 0,6-1 EUR/MWh for wind and ~ 0,5 – 0,7 EUR/MWh for solar

→ In some markets (e.g. Hungary, Romania), balancing cost can 
reach up to 8 EUR/MWh
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Baseload Future 
Price

Profile costs

Balancing costs

Volume risks

Guarantees of 
Origin 
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Wind and solar power generation will vary depending on the weather 

year, availability of the RE asset, production forecasting 

This exposes the producer/marketeer to cash flow fluctuations and/or 

open hedging positions (short/long) that need to be priced in

Actual volume risk cost estimation will depend on the market (and 

PPA design)

Typical figures for wind in Germany are between 1 € - 1,5 €/MWh

Source: Wind power Europe/Swiss Re: The value of hedging (2017)
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Baseload Future 
Price

Profile costs

Balancing costs

Volume risks

Guarantees of 
Origin 
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Members of Assoication of Issuing Bodies (AIB) can trade 
GoOs freely across borders 

→ energy consumer in Germany can buy GoOs or power 
and GoOs from a solar installation in Spain and make it 
count for its consumption in Germany

For countries outside AIB member states, International 
Renewable Energy Certificates (I-RECs) or country specific 
GoOS (e.g. REGO in UK) are used

Market for GoO prices is highly in transparent and illiquid
Prices differ largely between technologies and countries
In Germany, subsidized projects are not eligible to issue 
GoOs

Q What is a fair price for a certificate?

Q Does my purchase contribute to reduced emissions?

Source:AIB Website, retrieved 28.10.20
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Most GoOs that are currently issued are Hydropower from Norway, followed by Wind in the Nordics

GoOs in most countries cannot be issued if the asset is subsidized (e.g. Germany), but exceptions exists (e.g. France)

Prices differ quite drastically between the various “Qualities” of GoOs

Certification bodies help to differentiate the quality of GoOs (e.g. TÜV Süd, EKO Energy)
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Issued GoOs in TWh by technology Snapshot of GoO prices across Europe (10/2020)
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Power Purchase Agreements - Munich 2018

2018 2020 2022 2024 2026 2028 2030 2032 2034 2036

€/MWh

2018 2020 2022 2024 2026 2028 2030 2032

€/MWh

Wholesale

Fixed PPA price

End-user saving

End-user investment

Wholesale price

Discount-to-Market PPA

End-user savings

Guaranteed 

payments for 

producer 

Floor price

• Most common structure is a fixed 

price for the entire  contract tenure

• Fixed price can be linked to inflation 

(e.g. yearly CPI)

• Consumer receives a discount on the 

market prices, in exchange, he guarantees 

the producer a minimum price level (Floor)

• Maximum price levels can be agreed upon 

(Caps) to guarantee maximum power price 

to consumer

Wholesale price

Fixed PPA price 

End user savings

End user investment

2018 2020 2022 2024 2026 2028 2030 2032

€/MWh

• Off-taker guarantees a higher price in the 

front years, when principal and interest 

payments are higher

• For the remaining year, the parties agree 

on a lower price 

1 Fixed PPA price (or indexed with CPI) 2 Discount to market with a floor 3 Two staged fixed price 
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50

Q Which PPA price is best and why?

Answer depends on the wholesale prices in the country and the 

expected wholesale price development. PPA price alone does tell you 

little about the PPA value. 

Source: www.pexapark.com
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1
Supply of intermittent volumes 

of renewable power produced 

by the assets

Volume PPA (MWh)

Base load PPA

Volume PPA (MWh) Residual volume

2
Supply of pre-determined fixed 

shape over the delivery period

3
Supply of all the consumption 

profile of the customer via a PPA 

and an ESA (Energy Supply 

Agreement)

P H Y S I C A L  

P P A
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Generators

Wish list

• Fixed price

• Long term 

PPA

• As produced

• Right timing

• High prices

Wish list

• Flexible pricing

• Short term PPAs

• Power when needed

• Long decision times

• Low prices

€

DSM

Other storage services

Stationary

batteries

Market

Power consumers

Risk transformation activity

Buy power 

from wind and 

solar assets as 

produced

Sell product that 

best matches the 

customers 

energy strategy 
Structuring

Mid streamers (traders & 

utilities) 

between the two sides 

Through their 

, they can take 

on risks to structure 

products that best meet 

the demand of industrial 

power consumers 
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Off-take Production

Monthly baseload

Producer Off-taker

Hourly fixed profile

Producer Off-taker

PPA price €/MWh

Volume

Profile

Volume

Profile

Volume

Profile

Volume

Profile

Off-take vs 

production

Risk 

allocation

Price effect

Key aspects

• All production is taken off as 

produced 

• Sometimes minimum 

yearly/monthly volume

• Off-take according to 8760 

forecast

• Producer needs to deliver 

agreed volumes each hour

• For each month a specific 

volume is taken off for each 

hour of the month

• For each hour of the year 

the same volume is taken off 

at the same price 

4-8 €/MWh
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, 

that drop out of the EEG subsidy scheme

Availability as early as 2021 for offshore and onshore wind installations

Short-to medium-term tenure (2-5 years)

Large range of volumes between 20 up to > 200 GWh/year*

Ü20 – Wind Installation

New Build Solar Installation

free of state subsidies 

Availability as early as 2021 

High degree of additionality and strong signal to the market

Price stability for a long-term period (~10 years)

Flexible structure from pay-as-produced to baseload

Typical volumes between 20 – 100 GWh/year*

New Build Wind Installation

Availability as early as 2025

High degree of additionality and strong signal to the market

Price stability for a long-term period (10+ years)

Flexible structure from pay-as-produced to baseload

Typical volumes > 100 GWh/year*

The technology should match 

the requirements of the 

customer. Each technology 

implies a variety of risks, 

contract tenures and volumes. 

*indicative price ranges as pay-as-forecasted, price will depend on each individual park, contract tenure, delivery structure, timing and contract modalities 



56

PPA

Baseload power price 

PPA options

Yearly average power price of 

all hours

Starting point for PPA Price 

finding 

Limited tradability on markets

Old onshore wind farms

Newly built solar

Newly built off-shore wind

Value of RE power

Structuring power

Profile cost

Balancing cost

Volume risks

Guarantees of Origin (GoOs)

As produced

Fixed shape

Baseload
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Car Germany AG wants to start producing electric vehicles in their plant 

in Germany, starting in January 2023. Since potential buyers are 

increasingly asking critical questions about the resource used in the 

production, the company wants to switch their power consumption to 

green electricity. 

The management decided, that they do not want to only purchase 

certificates, but want to make sure that by switching towards renewable 

energy new capacity will be added to the German electricity grid. 

Currently power is delivered by the Full Supplier GmbH, the yearly 

power consumption is 130 GWh. The load profile is relatively flat, 

without notable load peaks. Their focus is on electricity supply only, 

process heat is currently not being discussed. 
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1) Which options does Car Germany AG have to switch to green electricity 
while simultaneously enabling new renewable capacity to be added to the 
grid?

1.1) Which two main options are available?
1.2) Quickly explain the difference between the two main options. 

2) Which renewable energy technologies would be most suitable?

Car Germany AG decides to cover 80 GWh of their annual consumption 

through a physical, off-site corporate PPA. They are now discussing their 

options with a renewable energy developer. 

3) Apart from the requirement by their customers, which other reasons could 

speak in favour of contracting a PPA for Car Germany AG?

4) For which reasons would the renewable energy developer want to close a 

contract with Car Germany AG?

5) How big would the installation need to be to cover the PPA demand during 

an average weather year? Please show for a wind and solar installation. 
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6) Name five key aspects that are crucial for the PPA contract and will 

be negotiated between Car Germany AG and the project developer over 

the coming months. Multiple answers possible. 

7) The delivery of electricity can be structured in multiple ways. The 

choice of delivery structure will change the risk distribution among the 

two contracting parties. 

7.1) Which primary kind of delivery structures are possible?

7.2) Which structure will Car Germany AG likely prefer? Which 

structure will the developer prefer?

After weeks of evaluation the different options, Car Germany AG 

decides to sign a PPA for a solar project. The asset is planned to be 78 

MWp large and will be built in Brandenburg, near Wriezen. The 

construction shall be finished by 01.01.2023. The production shall be 

delivered “as produced” into the balancing pool of the Full Supply 

GmbH. The contract shall run from 01.01.2023 until 31.12.2032

8) Briefly explain the terms Volume and Profile risk. 
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9) Calculate a fair PPA price, based on:
• The tradeable baseload futures on the EEX.
• The German wholesale electricity market is in “contango”. Assume that 

after the liquid horizon, the German baseload power price will rise by 
2% per year. 

• For the 10-year time horizon, the capture rate of the solar asset is 90% 
on average. 

• The cost for balancing are 1€/MWh
• You agree on a fixed price for all GoOs of 1,5 €/MWh over the contract 

horizon 
• Assume your volume risks are 1€/MWh
• No pricing of contract risks 

Show your results in a waterfall chart, starting with the baseload price on 
the left and moving to a Pay as produced price on the right. 

To satisfy the needs of the investor, the developer needs to reach a 
price that is 5% higher than his LCOEs. The Capex for installing your 
solar installation is 650 EUR/kwp, the OPEX is 13€/MWh. 

10) Calculate the needed PPA price for the developer
11) Will the two parties be able to agree on a PPA price?
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1) Which options does Car Germany AG have to switch to 
green electricity while simultaneously enabling new renewable 
capacity to be added to the grid?

1.1) Which two main options are available?
A virtual or a physical PPA. For an on-site PPA, the demand is 
too big. Certificates are not an option, since no new capacity 
will be added to the grid directly. 

1.2) Quickly explain the difference between the two main 
options. 

See slide 25. 

2) Which renewable energy technologies would be most 
suitable?
See slide 54. 

3) Apart from the requirement by their customers, which other 
reasons could speak in favour of contracting a PPA for Car 
Germany AG?
See slide 10. 

4) For which reasons would the renewable energy developer 
want to close a contract with Car Germany AG?
See slide 18.
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5) How big would the installation need to be to cover the PPA demand 
during an average weather year? Please show for a wind and solar 
installation. 

Assume an average output value for wind and solar in Germany, e.g. 1800 
kWh/kW for wind and 1000 kWh/kWp for solar. This would result in 
Wind: 80,000 MWh / 1,800 MWh/MW ~ 44 MW
Solar: 80,000 MWh / 1000 MWh/MWp ~ 80 MWp
Multiple answers possible, as long as methodology makes sense. 

6) Name five key aspects that are crucial for the PPA contract and will be 
negotiated between Car Germany AG and the project developer over the 
coming months. Multiple answers possible. 
See slide 13.

7) The delivery of electricity can be structured in multiple ways. The choice 
of delivery structure will change the risk distribution among the two 
contracting parties. 

7.1) Which primary kind of delivery structures are possible?
As produced delivery and baseload delivery 

7.2) Which structure will Car Germany AG likely prefer? Which 
structure will the developer prefer?

Car Germany will likely prefer a baseload structure, since in that case they 
carry no risk, it easily fits into their purchasing strategy and their 
consumption profile is flat. 

The developer will likely prefer as produced, since he can transfer the risks 
to the consumer. See slide 53. 
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8) Briefly explain the terms Volume and Profile risk. 

See slides 43 and slides 35-38 .

9) Calculate a fair PPA price, based on:
See slide 29.

Steps:

• Take the baseload price from the EEX Baseload 

futures page 

(https://www.eex.com/de/marktdaten/strom/futures) 

. Take the values for Year 1-5

• Extrapolate 2% on the year 5 price for the 

remaining years 6-10

• Take the average price over the 10 year time frame 

as your baseload reference price

• To calculate the profile cost, take (100-90% capture 

rate)*your 10-year baseload price 

• The other values are given

https://www.eex.com/de/marktdaten/strom/futures
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10) Calculate the needed PPA price for the 

developer.

Calculate the LCOE based on a Cash flow analysis 

using the location of the PV plant, the size, the 

CAPEX and OPEX assumptions. Ideally use an 

(Excel) tool for the LCOE calculation. Add 5% on 

the LCOE to reach an “acceptable” PPA price for 

the developer. 

11) Will the two parties be able to agree on a PPA 

price?

Compare your fair PPA price with the needed price 

for the developer. If the PPA price > needed price, 

the two parties will be able to agree on a PPA 

price. 
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Interested in working in the RE 
industry?

Our team is currently looking for two 

working students in Berlin. 

Link

https://www.engie-deutschland.de/de/jobportal
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Thanks for 

your attention & 

feel free to reach out. 


