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Summary  and key learnings  

Power-2-X refers to electricity conversion, energy storage, and reconversion 

pathways that use electric power . Such technologies are capable of consuming 

surplus power  during periods where fluctuating renewable energy generation 

exceeds load, and as such are an enabler of the transition to clean energy.  

To reach the Paris Agreement target of limiting global warming to 1,5 °C, large 

amounts of renewable electricity will have to added to the energy system. For 

example, The Netherlands aims to increase the amount of ele ctricity g enerated by 

renewable  sources from some 30% of load today to 70% in 2030 , almost entirely 

from solar and wind.1 It is a challenge for electricity grids to integrate  the amounts 

of renewable electricity envisaged safely, while continuing to provide a high level of 

reliability. Storage and conversion technologies can help by enabling the energy 

system to absorb electricity at times of high production , releasing energy at another 

time or in another form.  

In this report we consider the earning potential of  certain technologies  when 

operated flexibly with respect to their electricity use d switching on or off in near-

real-time according to the price of electricit y. The technologies were selected to 

provide a broad range across the spectrum of power -2-X technologies. This report  

is intended for project developers, lenders, and energy suppliers, traders , and 

consumers, as background information and input for evaluating investment cases. 

It is also intended as input for the participating ventures  and other technology 

developers to understand better the value of their technologies.  

Our work focusses on 5 technolog ies which are currently being  developed by 

entrepreneurs in the Netherlands  (two electricity  storage technologies, two 

electricity to molecules  conversion technologies and one hybrid  with both 

conversion and storage). The earning potential of possible storage or conversion 

installatio ns is calculated based on scenarios of the future energy system, with  

hourly price granularity.   

We use two scenarios based on widely  accepted IEA inputs: Announced Pledges 

Scenario (APS); and Net Zero Emissions (NZE). In the Announced Pledges Scenario, 

fossil fuels are still in use to some extent in 2040 , consistent with 2 °C global 

warming in 2100 . Net Zero Emissions describes a faster-decarbonizing world, with 

higher renewables penetration , and no fossil fuels use for electricity by 2040 , 

consistent with 1 ,5 °C global warming in 2100.  

  

 

1 Rijksoverheid (2019) Klimaatakkoord ( link) 

https://www.klimaatakkoord.nl/elektriciteit
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Alongside this quantitative analysis, we present a qualitative assessment of the 

potential to deploy  the technologies in different countries  around the world . And we 

discuss what elements technology providers and project developers need to 

consider in contractual arrangements.  

Key learning s: 

Power -2-X assets can be used flexibly . All technologies considered have 

technical potential to be switched on and off, or modulate capacity, rapidly and with 

negligible  losses, recovery time,  or equipment degradation . 

Flexible operation adds value.  The earning potential of power -2-X assets is higher 

for an asset that responds to market prices than for one that follows a pre-set 

dispatch pattern . This holds for storage assets and conversion assets. The asset can 

be seen as an option: it can be switched on or off at will . Choosing when to use the 

asset and when not to, in response to events (such as changes in commodity prices), 

means the operator can avoid running at times which would be loss -making and 

only run at times which are profitable.  

Value can come from different  places:  

¶ Trading: peak shifting  and peak shaving 

¶ Capex optimisation: overplanting, reduced curtailment losses  

¶ Portfolio effects: reduced shaping & imbalance costs (at portfolio level and/or 

grid connection level)  

¶ Potentially, offering fast -response services to the electricity grid, such as 

Frequency Containment Reserve and Frequency Response Reserve 

 

Storage tends to earn more in the APS scenario . This is especially true for longer 

storage durations and is a consequence of the marginal price of electricity still being 

set by fossil fuels in some hours in this scenario.  

Conversion tends to earn more  in the NZE scenario.  This is a consequence of the 

higher penetration of renewables leading to lower electricity prices and therefore 

more profitable conversion.  

Sharing a grid connection with a wind park  can bring value , especially in a 

situation where c urtailment  can be reduced. We estimate that a 20% undersized 

grid connection w ill lead to curtailment of some 8.5% by volume , costing some 105 

Ð£,R of curtailed capacity /year  in the APS scenario (71 Ð£,R in the NZE). This cost 

can be offset by flexible use of a power -2-X plant.  

Ancillary services  could be a way to generate a separate income stream, unrelated 

to the primary business of the power -2-X asset. However, returns over the long-

term are unlikely to be significantly higher than they are in the general business of 

the asset. Therefore, the ancillary services market should not be a priority for 

power-2-X developers. 
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Arriving at a fair value estimate for a project requires the value of flexible 

operation to be  taken into account . The earning potential from a flexible asset can 

be considered as consisting of two components: intrinsic and extrinsic value. 

Intrinsic value represents the earning potential of the asset, given a specific view of 

the future. The extrinsic part represents the value of being able to operate flexibly, 

reflecting that in practice we cannot know the future, and have an asset which we 

can switch on or off according to circumstances.  In the use cases and scenarios 

investigated, extrinsic value can be significant  (up to multiples of intrinsic value). 

This requires special attention when valuing the business case for a development 

project. Traditional valuation methods may not give a complete  picture of the 

earning potential.  

Project finance structures should be developed which  reflect the value of 

flexible operation.  This aspect has received little attention  and is growing in 

importance with the increasing need for flexible  assets to enable integration of new 

renewable generation.  Being able to finance the extrinsic value component of 

projects could reduce the cost s of the energy transition  and accelerate projects . 

Contractual agreements should envisage flexible operation.  Wherever there is 

an obligation to take and use electricity (for example, an agreement to take power 

from a specific wind park) or an obligation to supply (for example, a daily minimum 

production of hydrogen), earning potential of the power -2-X asset is reduced. This 

needs to be compensated through monetary or othe r contractual conditions. Where 

a power-2-X asset shares a grid connection with another grid user (for example, a 

wind park), attention must be paid to priority rights at the grid connection.  

Internationally , many countries will need new sources of flexibi lit y in their 

electricity system , including The Netherlands, Germany, UK, Texas, California, 

Australia , and Japan. These markets all score high in this regard and show openness 

to accommodate new solutions.  For storage technologies, regions with high 

penetration of renewables, little hydropower, and weak electricity grids, are the 

best targets. For conversion technologies, existence of a local buyer for hydrogen 

(as feedstock or as fuel) or carbon dioxide (for agriculture. as feedstock, or for 

sequestration) is critical . 
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1. Introduction  

The transition to clean energy is changing energy markets. New technologies are 

being developed and deployed to help the energy system absorb large volumes of 

renewable electricity from variable sou rces such as wind and solar. Pressure to 

adapt our energy system is increasing. For the world to reach the Paris target of 

containing global warming to 1.5 °C will require CO2 emissions to halve in the next 8 

years. According to the IEA, as much new renewable generation will be added in the 

next 5 years as was added in the last 20. 2 

A critical element i n this new electricity  landscape is flexibility : the ability to 

modulate supply or demand. Traditionally provided b y flexible generation  (typically 

natural gas-fired  and hydro) flexibility is now increasingly supplied by  batteries.  

Upcoming technologies (new storage technologies, as well as power -to-gas 

technologies ) also have the potential to be viable sources of flexibility.  

As is often the case with new technologies, financing projects is a challenge. 

Lenders seek certainty, and new technologies, by definition, have little track record.  

Invest -NL aims to help accelerate adoption of new technologies  by making 

financing peasierq: by investing ourselves and by conducting research into financing 

structures. Lower financing costs lead to lower levelized cost of energy (LCOE), 

levelized cost of storage (LCOS) or other total cost of ownership ( TCO) measures. 

As a result, technologies which enable CO2 emission reduction  will be scaled more 

rapidly .  

The present project  combines expertise in energy markets, l aw, and valuation, and 

considers five emerging technologies  as case studies. We consider probable use 

cases where the technologies will be dispatched flexibly and propose market -entry 

and contract structures . We focus on The Netherlands for siting the new 

technologies and also include a qualitative ass essment of a number of countries 

around the world. This work is of interest  generally to anyone engaged in new 

technologies in our changing energy landscape.  

The purpose of this analysis is to enable better financing by bringing into focus the 

value of flexible operation in the energy system of the future.  

  

 

2 IEA (2022) M%/%8!"-% 108%3o4 '3085) *4 "%*/' 563"0#)!3'%$ !4 #06/53*%4 4%%, 50 

strengthen energy security (link) 

https://www.iea.org/news/renewable-power-s-growth-is-being-turbocharged-as-countries-seek-to-strengthen-energy-security
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2. Goal and scope  

This study investigates the potential  value created by flexible operation of certain 

emerging technologies relevant in the transition to clean energy . By providing 

insights into the po tential value creation, this paper aims to contribute to available 

knowledge and thereby enhance opportunities within the investment landscape . 

The technologies included have been chosen to present a broad range of emerging 

power-2-X technologies : 

- Electricity storage: flow batter y (Elestor), hydromechanical  (Ocean Grazer) 

- Electricity conversion: hydrogen production (Eurus), direct air capture  of 

CO2 (Carbyon) 

- Combined: battery  combined with electrolyser  (Battolyser ) 

The five ventures in question have actively participated in this study , providing input  

on technical parameters and likely use cases for their technologies.  

The output  includes : 

1. A quantitative component : valuation of the gross margin that can be earned 

by the technologies in a variety of different use cases . 

Our calculations are forward -looking and for The Netherlands. We estimate 

only the gross commodity margin that can be earned  |n%!3/*/' 105%/5*!-o}: 

for example, in the case of an electrolyser producing hydrogen from 

electricity, the output of our calculation s is the predicted income from 

selling the hydrogen produced minus the cost of electricity needed to 

produce it.  The capital costs of the plant and  running costs (other than the 

cost of electricity) are not taken into account . Our calculations aim to:  

- show which use cases are likely to be more valuable ; 

- serve as one of the inputs when estimating the overall economics 

of a project . 

 

2. Discussion of factors  to be taken into account in contractual agreements . 

 

We discuss typical legal structures and focus on what the implications are 

of flexible operation . 

 

3. Assessment of the fit of the technologies in selected countries . 

We review the energy system and prospects in 11 energy markets and 

score each technology within  each market, taking into account the specific 

market characteristics and specific technology.  
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4. Conclusions and recommendations per technology and more generally. 

 

This report is intended for the participating ventures and for project 

developers, lenders, and energy suppliers, traders , and consumers. The 

results  of this study have been documented by means of a confidential 

report  per venture,  and a public report . 
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3. Participating ventures  

The ventures participating to this study are summarized in section 3.1. The 

subsequent sections provide a brief description of each venture.  

3.1.  Summary table 

 
Elestor  Ocean Grazer Carbyon  Eurus Battolyser  

venture type  technology 

developer 

technology 

developer 

technology 

developer 

project 

developer 

technology 

developer 

function  storage storage conversion conversion combined 

storage and 

conversion 

type of 

technology 

flow battery  hydromechanical  direct air 

capture (DAC) 

electrolyser  hybrid  

energy 

commodities  

electricity to 

electricity  

electricity to 

electricity  

electricity to 

CO2 

electricity to 

hydrogen 

electricity to 

hydrogen or to 

electricity  

Table 1 - Summary of participating ventures  
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3.2.  Elestor 

Elestor is developing a hydrogen-bromine flow 

battery technology.  Elestor started 

commercialization of its technology in 2021, with 

Q01!, !4 -!6/#)*/' #6450.%3g @-%4503o4 1-!5&03. 

launches with a configuratio n of 1MW power and 

15MWh energy (15 hours of storage) as its basic system. 

A key characteristic of flow batteries is the possibility to create a relatively large 

storage volume (energy) for a given capacity (power in or out). Increasing the  energy 

volume is relatively cheap, as this can be realized by increasing the size of storage 

tanks for the chemicals involved (in this case hydrogen and bromine). Elestor 

technology is therefore suitable for longer duration  storage than is normally 

considered for batter ies. 

3.3.  Ocean Grazer 

Ocean Grazer is developing a pumped hydro 

storage technology which is installed on the 

seabed and makes use of hydrostatic pressure. 

The design is modular, consisting of a machine 

room element for pump and turbine, connected to 

one or more storage units.  The objective  is to add 

value to offshore wind farms.  

3.4.  Carbyon 

Carbyon is developing a direct-air-capture (DAC) 

technology, to remove CO2 from the atmosphere. The 

technology has been proven at a laboratory scale and is 

currently being scaled up to a pilot plant. Carbyon expects 

to make its first commercial deliveries in 202 5. 

O)% $%7*#%o4 7!-6% *4 */ /%5 >J2 removal d so if there is CO2 emission related to the 

electricity used to power the device, the value is reduced. Carbyon intends that its 

devices will be powered exclusively by green energy, of which the first generation 

exclusively by green electricity.  
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3.5.  Eurus Energy  

Eurus is a renewable energy 

project developer. Eurus is 

planning to build and operate an 

electrolyser for the production 

of hydrogen in The Netherlands, sharing a grid connection with an existing wind 

farm. The site aims to build  a local hydrogen pipeline connecting it to the major 

offtaker . 

3.6.  Battolyser 

Battolyser is developing a battery 

technology that is designed to also 

produce hydrogen. At low fill level, the 

stack acts as a pure storage device.  At 

higher fill level, hydrogen and oxygen are produced. The installation can be run as a 

pure electrolyse r. The unit has a m0$6-!3 $%4*'/j */ nstackso. Each stack can be 

steered independently.   
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4. Gross margin calculation  

4.1.  Methodology  

Background 

The aim of the quantitative analysis is to estimate  the earning potential of 

hypothetical power -2-X assets based on the various technologies included. The 

earning potential is expressed in Ð£HR£:%!3 and is the gross margin the asset can 

earn. Gross margin refers here to the margin that can be earned on the 

commoditieseelectricity, hydrogen, CO2ewithout taking into account amortization 

of capex costs, nor fixed operational  costs. In other words, we estimat e the earning 

potential of an asset  without considering its capital cost. This method  was chosen 

so that calculation results stand independent of the technology roadmap, as 

emerging technologies can have a steep learning curve with year -on-year 

reduct ions in capital costs.  

The gross margin calculation is based on a list of use cases for valuation. These use 

cases were chosen to address the most likely situation s an asset will be operating 

in. We aim to estimate the gross margin that can be earned for each use case, 

including the value of flexible operation.  

In calculating the value of a use case, three types of input assumption are 

necessary: 

- Assumptions about the energy system, and the resulting electricity price 

level and price volatility in future ( Energy Market Scenarios) 

- Assumptions about the technical parameters specific to  the facility, such 

as cycle efficiency, start -up time, etc.  

- Assumptions about the contractual conditions applicable  around the use 

case - for example , whether electricity may be bought from the spot market 

or whether it must be bought exclusively from a specific wind park 

To estimate the gross margin , we first generate price forecasts based on Energy 

Market Scenarios. We then use these as input in for a model which  simulates the 

daily or hourly decisions the facility's operator will make . The process is described 

in detail below.  

Energy market scenarios 

This analysis is based on scenarios describing future development of the energy 

system. The scenarios describe realistic versions of the future: energy demand can 

be met by supply , and there is sufficient flexibility to keep the system in balance. 

Each scenario is used to generate an hourly electricity price forecast based on input 

prices, electricity demand forecasts, and the electricity generation stack. The 

scenarios consider the future generation mix and future demand patterns  and 
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model hourly demand  and hourly supply (inclu ding from variable sources such as 

wind a solar).  

We model each scenario for the years 2025, 2030, 2035 and 2040 separately . 

We focus on prices in The Netherlands. To create consistent scenarios , we include 

neighbouring countries in our modelling (UK, Fra nce, Belgium, Germany, Norway), 

!4 5)%4% #06/53*%4o %-%#53*#*5: 4:45%.4 influence The Netherlands (and vice versa). 

We define two basic scenarios:  

- Announced Pledges: based on policy measures announced to date, which 

would result in 2 °C global warming in 2100 ; and  

- Net Zero Emissions: based on a path leading to a zero-carbon energy 

system in 2050 , which would result in 1.5 °C global warming in 2100  

Both these scenarios are founded on previous widely published and accepted 

International Energy  Agency (IEA) work, supplemented by local sources for details 

in the countries considered.  For the year 2025 we use as inputs commodity prices 

|'!4j 0*-j #0!-j h} offered in the futures market  (at the time of performing this study, 

mid-2022) . For 2030, 2035, and 2040 these input assumptions are taken from the 

IEA scenarios.3 

As well as differing gas, coal and CO2 price input assumptions, the scenarios have 

different power generation mixes (with faster growth of renewable generation in the 

NZE scenario) and different power consumption (with greater uptake of electric 

vehicles and electric heating , as well as more electricity used to make hydrogen , in 

the NZE scenario). 

The scenarios are each run for four future years: 2025, 2030, 2035, and 2040. For 

each scenario and each of these years, we obtain an hourly electricity spot price 

forecast which we then use as input for asset gross margin calculations.  The results 

are characterized in Figure 1 for the year 2040j &03 5)% <KN !/$ IU@ n"!4% #!4%o 

scenarios, using inputs as described above. The results for the years 2025, 2030 

and 2035 are listed in Appendix B.  

  

 

3 The full overview of input parameters (market prices, installed capacity, demand) is 

available on request . Please find contact information in the colophon.  
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Figure 1 - Power price frequency distribution in base case 2040 . Average prices are 143  

Ð£HR) &03 the APS scnenario and 102  Ð£HR) &03 te NZE. 
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<-0/'4*$% 5)% n"!4% #!4%o <KN !/$ IU@ scenarios a number of variant scenarios 

were modelled, t o investigate how sensitive results are to certain input 

assumptions:  

- In Annouced Pledges Scenario:  

o Higher natural gas price: the IEA APS scenario was created before 

the current energy crisis. We run a variant with higher gas price. 

o Larger amount of battery capacity in the energy system : this is a 

way to check the robustness of the value of flex ible operation . 

- In Net Zero Emissions scenario: 

o Higher natural gas price: the IEA NZE scenario was created before 

the current energy crisis  We run a variant with higher gas price. 

o North Sea Grid: construction of a well -interconnected electricity 

grid in the North Sea, connecting Great Britain , Norway, The 

Netherlands , Belgium, and Germany, after 2030. Such a 

development is not present in the base case scenario but seems 

probable if Europe proceeds on the Net Zero Emissions pathway.  

o Higher and lower hydrogen prices : in the NZE scenario, hydrogen 

becomes the marginal fuel . In the NZE base case hydrogen price 

is based on the LCOE of wind energy+electrolysers.  This variant 

checks the effect of lower hydrogen prices ( which could occur  with 

large-scale development of blue hydrogen+CCS) and higher 

hydrogen prices (which could occur  if the hydrogen market does 

not function efficiently).  

The above variants were selected as being the most likely to affect the results  and 

therefore are most critical to take into account when putting the outcomes into 

practice . 

The effect of variant scenario 'North Sea Grid' is shown in Figure 2. 4 Adding 

electricity grid interconnection in the North Sea (total 100GW capacity) shifts 

many hours from price range 100 -W[V Ð£HR) 50 ! -08%3 13*#% 3!/'% V-100 

Ð£HR) |&03 5)% :%!3 XVZV}g Ohis can be explained by a more economically efficient 

distribution of renewable power generation over the countries surrounding the 

North Sea, a result of the additional interconnector capacity which removes 

bottlenecks in power transmission between countr ies. 

 

4 The full set of power price results, including all variant scenarios, is available on request. 

Please find contact information in the colophon.  
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Figure 2 - Power price frequency distribution in NZE base and variant scenario NZE 

North Sea Grid, both in XVZVg <7%3!'% 13*#%4 !3% WVX Ð£HR) &03 IU@ "!4% !/$ ^\ 

Ð£HR) &03 IU@ I035) N%! Grid. 
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Weather (wind and sunshine) will have an increasing impact on the energy system 

in the future as more renewable energy is generated. We chose 2015 as our 

reference weather year, using hourly wind and sunshine data from 2015 as input 

to the scenario calculations. To understand the impact of weather variations, we 

ran our scenarios based on 3 other sample years with widely differing weather 

patterns, creating separate hourly price forecasts for each.  

Calculation process 

Once the price forecasts  have been generated for each scenario and variant, the 

calculation process to estimate the gross margin earned by an asset is summarized 

in the diagrams below.   

We take three types of inputs:  

¶ price forecasts for electricity, hydrogen, and CO2 (taken from  forecasts 

from our energy system model scenarios, described above)  d these inputs 

are different for the different scenarios  and variants; 

¶ technical parameters of the respective  asset, such as cycle efficiency (for 

a storage technology), conversion efficiency (for a conversion technology), 

or plant capacity d these inputs are different for the different technologies ; 

¶ parameters specific to the use case being analyzed, such as constraints on 

grid connection , or supply or delivery obligations d these inputs are 

different for the different use cases . 

These inputs are fed into a dispatch model, which simulates the actions of the plant 

operator over time , to calculate  the gross margin. The asset is seen as a price-taker, 

i.e., the addition of the asset in the scenario is taken to have no influence on prices. 

For use cases where a power-2-Xx asset is combined with a wind park or solar field, 

the power -2-X asset pays spot price for electricity.  
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Figure 3 - Process for calculating the intrinsic value part of the gross margin for a use case 
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Intrinsic, extrinsic and full value  

We consider the flexible operation of an asset as an option: in any hour, the operator 

has a choice to use the asset or not, depending on market prices (and, in certain use 

cases, other considerations). Like any option, the asset has:  

- intrinsic value : the value that can be secured today in the traded market  

- extrinsic value (also cal led time value): the value of being able to make a 

choice whether to operate the asset  or not at any given time  

- full value: defined as the total of intrinsic plus extrinsic value  

nD/53*/4*# 7!-6%o 7!-6!5*0/ 0& use cases 

Because we are estimating value over a long time horizon in this study (for which no 

wholesale market energy products exist), in this study we use a proxy for the 

intrinsic value.  

For each use case in each scenario, we take the hourly price path  and use it  to run 

a dispatch simulati on, which simulates the actions of the plant operator d for 

example, turning an electrolyser on or off depending on the price of electricity in 

that hour; or deciding to charge or discharge a battery in that hour. In sum these 

actions result in a margin (in money) between outputs and inputs. This is the 

intrinsic  part of the gross margin.   

Where the use case includes some constraint d for example, an obligation to supply 

product  or to consume electricity in certain hours d this is built into the dispatch 

simulation.  

 

Figure 4 - Process for calculating the full value of the gross margin for a use case (intrinsic 

plus extrinsic value) 
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nA6-- 7!-6%o 7!-6!5*0/ 0& use cases 

To estimate the full value  of the gross margin, we re-run the scenario 500 times , 

introducing a small random variation in the hourly electricity demand. This results 

in 500 slightly differing price paths for that scenario . These price paths are used to 

run a dispatch simulation. The average outcome of the 500 runs is typically a bit 

higher than the intrinsic valu e since the simulation will only dispatch the asset when 

profitable ; the effect is not symmetrical.  This average of the 500 runs is the full 

value of the gross margin and reflects  both  the intrinsic  value and the time value of 

the option to run the asset.  

Regarding equipment lifetime  

The dispatch simulation takes into account the cycle efficiency (for storage) or 

conversion efficiency (for conversion) of the asset. The technologies studied have 

negligible losses, hysteresis, recovery time, or equipment degradation , in use. The 

design lifetime of the equipment is not part of the simulation as this study analyses 

earning potential  only. A full business case analysis, including capex requirements, 

financing costs, fixed operatin g costs, and replacement or decommissioning costs 

at end of technical life, is out of scope for this study.  

Allowing for non-perfect foresight 

One of the characteristics of such valuation calculations is that  inputs assume a 

complete view of the future d n1erfect foresighto d which in practice we do not have. 

In a real situation , at the time an asset operator has to make a decision how to 

dispatch their  asset, they may know for certain what prices will be in t he next few 

hours but with less certainty for tomorrow and next week.  To incorporate this effect, 

we added random 'noise' to hourly prices between the dispatch decision and the 

outturn calculation. This random component has a normal distribution, and is 

capped at a percentage of the hourly price level . 

Regarding use cases with long-duration storage 

In the use cases that involve electricity storage, the d ispatch model makes a 

n$%#*4*0/o 0/#% 1%3 8%%,, deciding for all hours in the coming week when to fill and 

empty the storage . < &3%4) n$%#*4*0/o *4 .!$% 5)% &0--08*/' 8%%, &03 5)% 8)0-% 

week.  This will yield an  underestimate of the true value, since in practice there will 

be scope to revise dispatch decisions at any time, not just once a week. The 

underestimate is larger for long duration storage (some of the use cases have 150 

hour storage depth)  since these use cases have enough flexibility to take advantage 

of changes in price that affect upcoming days and weeks . For small storage depths 

the underestimate  is negligible since the entire storage depth is generally used 

within each 24-hour cycle.  
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Regarding use cases where capacity is reserved for the imbalance or system services 

markets (ancillary services) 

It is problematic to estimate future imbalance and system services prices  |n/%!3-

real-5*.% 130$6#54o}. Such markets are heavily regulated and may change radically 

over the long term. They are extremely affected by the availability of flexibility in the 

system as a whole, and also (for some products) at local level. If growth of 

renewables generation outpaces growth in flexibility sources, prices for system 

services will increase ; but once flexibility sources catch up, prices could collapse.  

In this study, w e use a simple proxy for system services price in use cases that 

include offering capacity to the se markets . We take the historical ratio between 

imbalance prices  and spot prices and apply this ratio to our scenario hourly price 

forecasts .  We take the resulting price as a proxy for all near-real-time products, 

whether frequency containment reserve, frequency restoration reserve, or  

imbalance trading.  The calculation results are to be taken as illustrative;  they are 

not based on detailed modelling the behavior of these markets.  

Possible uses of output data , and further analysis  

The results of this study can be used to inform investment cases for power -2-X 

assets. The hourly granularity of  the simulations makes it possible to perform  

further analysis per use case beyond what is presented in this report . For each use 

case and each scenario, it is possible for example to show the  hourly dispatch 

pattern  of the asset. 

Financial discount factor  

Our calculations were made separately for each of the years 2025, 2030, 2035, and 

2040. In order to derive comparable figures for earning potential over the lifetime 

of a project  in each use case and each scenario, we applied a discount factor of 5% 

per year to the calculation results  (discounting back to 2022) , and then averaged 

the results  of the four calculation years.  This discount factor was applied  

consistently  to ensure results  are comparable. No significance is intended regarding 

the size of the discount factor.  
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4.2.  Use cases 

The following use cases were selected for calculation of gross margin of the asset, 

modelled in  the context of a full energy system: 

Storage use cases d these use cases were analyzed for both Elestor and Ocean Grazer 

¶ Merchant operation  

¶ Sharing a grid connection with a wind farm  

¶ Sharing a grid connection with a wind farm, where the grid connection is 

constrained  

¶ Sharing a grid connection with industrial electric load and solar generation  

 

 

Figure 5 - Schematic overview of configuration with shared grid connection between 

industrial electric load and solar generation  
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Conversion use cases d these cases were analyzed for Carbyon, Eurus and Battolyser. 

Electricity is converted into CO2 or hydrogen. In the case of Battolyser the conversion 

to hydrogen is combined with storage of electricity, inherent in the technology used. 

¶ Merchant operation  d hydrogen or CO2 production  

¶ Merchant operation - hydrogen or CO2 production  - with some capacity held 

back to offer system services to the grid  

¶ Daily delivery obligation   

¶ Operation during wind hours only  (2 separate situations)  

¶ Combined hydrogen production and electricity storage  d merchant 

operation  

¶ Battolyser in n*4-!/$ 01%3!5*0/o as pure electrolyser with dedicated 

electricity source  

 

 

Figure 6 d Schematic overview of configuration with merchant operation CO2 production 

and daily delivery obligation  

 

Note that for the purposes of this calculation, in the cases where a power -2-X asset 

is combined with a generation asset, we assumed the power -2-X asset pays spot 

price for the power it uses. In practice we expect room to negotiate different terms, 

and these will affect the rate of return  of an investment case. 
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4.3.  Results 

Flexible operation adds value.  The earning potential of power -2-X assets is higher 

for an asset that responds to market prices than for one that follows a pre -set 

dispatch pattern. This holds for storage assets and conversion assets.  We 

demonstr ate this by showing in our calculation o f earning potential the extrinsic 

value (value from flexible operation) separately from the intrinsic value (value from 

fixed operation).  

 

 

Figure 7 - Earning potential from flexible operation as addition to earning potential from  

fixed operation  

 

Value can come from different places:  

¶ Trading: peak shifting and peak shaving. At any moment in time,  the 

decision when to switch on and off is taken in relation to spot market prices , 

based on a forecast of prices available at the time.  The decision moment 

can be up to an hour or so before delivery under current market rules. A 

storage asset will essentially take electricity at cheaper times,  to release it  

!5 %91%/4*7% 5*.%4 |n1%!, 4)*&5*/'o}g A conversion asset will try to use 

electricity in the cheapest hours , switching off at expensive times  (npeak 

shavingo}.  

¶ Capex optimisation: overplanting, reduced curtailment losses . Here the 

power-2-X plant is seen in combination with a generation asset (for 

example, a wind park) , and they share a grid connection. To save capex 

costs, the grid connection may be undersized ; or conversely the wind park 
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#!/ "% 07%34*;%$ |n07%31-!/5*/'o}. The flexible use of the power -2-X asset 

can help minimise curtailment losses.  An analogous case exists if sharing 

a grid connection with an industrial electricity user.  Full evaluation of the 

investment case requires modelling the earning potential of the assets, and 

also the capex and other fixed costs associated with different combinations 

of power-2-X capacity, generation (or load) capacity, and grid connection 

capacity. 

¶ Portfolio effects: reduced shaping & imbalance costs (at portfolio level 

and/or grid connection level) . Here the context is a larger electricity 

portfolio (for example, that of an energy supplier with many customers , or 

that of an energy generator with many wind parks) . The portfolio manager 

suffers  shaping costs: since the power they purc hased does not have the 

same profile from hour to hour as the power they supply to customers, they 

need to trade electricity in the market to be able to supply their  customers  

at reasonable cost. Further, they suffer imbalance costs at any time when 

they have not exactly matched the power they purchased to the load they 

supply. For the portfolio manager , the ability to steer the power-2-X asset 

in response to the needs of the portfolio  can save costs. 

¶ Potentially, offering fast -response services to the electricity grid, such as 

Frequency Containment Reserve and Frequency Response Reserve 

(ancillary services) . The Transmission System Operator buys certain 

products from the market, which enable it to maintain the smooth 

functioning of the grid.  To be able to offer such products, capacity must be 

available at all times  (for many products the capacity must be symmetrical, 

i.e. at any time the plant must be able to either take more or less electricity . 

Such products can be a lucrative way to sell flexibilit y. There are strict 

operational requirements . Potentially , a power-2-X plant would reserve a 

part of its capacity to offer such products , as a way of securing an additional 

income stream . 

 

Storage tends to earn more in  the  APS scenario  and conversion tends to earn 

more in the NZE scenario . With storage this is especially true for longer storage 

durations and is a consequence of the marginal price of electricity still being set by 

fossil fuels in some hours in this scenario. The higher earning potential in the NZE 

scenario for conversion cases is a consequence of the higher penetration of 

renewables leading to lower electricity prices and therefore more profitable 

conversion. 
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Figure 8 - Earning potential in for each configuration only showing the datapoint of the 

scenario with the highest earning potential , being either Announced Pledges Scenario 

(APS) or Net Zero Emissions (NZE). The graph shows storage cases typically have more 

earning potential in APS and conversion cases have more earning potential in NZE.  
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Sharing a grid connection with a wind park  can bring value , especially in a 

situati on where curtailment can be reduced. We estimate that a 20% undersized 

grid connection w ill lead to curtailment of some 8.5% by volume, costing some 105  

Ð£,R of curtailed capacity /year  in APS scenario (71 Ð£,R in NZE). This cost can be 

offset by flexible u se of a power-2-X plant.  

 

 

Figure 9 - Example of earning potential with storage asset in three configurations: 

merchant (direct connection to grid), shared grid connection with a wind park, and shared 

grid connection with a wind park with undersized (restricted) grid connection. 

 

Figure 9 shows the effec t of sharing and sharing & restricting grid connectio n. In the  

osharedo case, the grid connection is sized for the wind parko4 .!9*.6. 065165g D/ 

the nshared & restrictedo case, the grid connection is sized for 80% of the wind 

1!3,o4 .!9*.6. 065165g In both, the storage asset does not have priority at the grid 

connection.   
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D/ 5)% n4)!3%$o #!4%j earning potential is lower than for a merchant asset, since the 

asset does not have priority for use of the grid connection and there are times when 

*5 #!//05 $*41!5#) 015*.!--: 8*5) 3%41%#5 50 .!3,%5 13*#%4g D/ 5)% n4)!3%$ ` 

3%453*#5%$o #!4%j which has an undersized grid connection, dispatch  is even less 

optimal when compared to a merchant asset; but the value enabling the wind park 

to continue producing at times when the grid connection capacity is not sufficient, 

more than makes up for this  |n!70*$%$ #635!*-.%/5o}g 

Ancillary services  could be a way to generate a separate income stream, unrelated 

to the primary business of the power -2-X asset. However, returns are unlikely to be 

significantly higher than the core business over the long -term, and therefore the 

ancillary services market should not be a priority for power -2-X developers. 

Ancillary services are services which th e electricity grid operator contracts from 

market parties to help keep the system running. These are typically fast -response 

services. In our use cases, we modelled 20% of the power -2-X !44%5o4 #!1!#*5: 

reserved for this purpose. There is an opportunity cost to doing this : that capacity is 

not available for normal power -2-X production . After taking this opportunity cost 

into account, offering ancillary services added a modest 10 -14 Ð£,R/year to the 

earning potential of the asset. This conclusion should be taken as illustrative only  

(as explained in section 5.1), given the inherent difficulty of estimating the price of 

such services. 
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Arriving at a fair value estimate for a project requires the value of flexible 

operation to be taken into acc ount . The earning potential from a flexible asset can 

be considered as consisting of two components: intrinsic and extrinsic value. 

Intrinsic value represents the earning potential of the asset, given a specific view of 

the future. The extrinsic part repre sents the value of being able to operate flexibly, 

reflecting that in practice we cannot know the future, and have an asset which we 

can switch on or off according to circumstances.  In the use cases and scenarios 

investigated, extrinsic value can be signi ficant (up to multiples of intrinsic value). 

This requires special attention when valuing the business case for a development 

project. Traditional valuation methods may not give a complete picture of the 

earning potential.  

 

 

Figure 10 - Extrinsic earning potential as fraction of intrinsic earning potential (in 

percentage) plotted to the intrinsic earning potential  
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4.4.  Discussion 

As a general result, we observe that storage technologies have higher earning 

potential  in the APS scenario than the NZE scenario, while conversion technologies 

have higher earning potential  in the NZE scenario than the APS scenario. This is a 

consequence of generally lower electricity prices in the NZE scenario. 

For both storage and conversion technologies, me rchant operation gives the asset 

operator the most freedom to dispatch commercially , and results in high earning 

potential . Any contractual condition  which entails an electricity offtake obligation 

(for example from a wind park) or supply obligation (for example a commitment to 

supply a certain daily volume) will need to be priced appropriately to compensate 

the asset for the resulting  loss of freedom.  In this study  the asset is assumed always 

to pay the spot market price for electricity . 

Combination with a wind farm at a restricted grid connection could yield high value 

considering the avoided costs of curtailment.  Value results from  the scarcity of gr id 

connection capacity.  

Emerging technologies seeking to de-risk their project should seek out suitable 

partners with the opposite exposure : 

¶ A storage asset can likely add value to a wind park development where 

there is constrained grid connection capacity. But both wind farm and 

storage asset have higher earning potential in the APS scenario than the 

NZE. A potential partner for risk -sharing could be industrial load, which has 

higher earning potential in the  NZE scenario with its lower electricity prices.  

 

¶ Conversion technologies have higher earning potential in the NZE scenario 

than in the APS. Where there is unconstrained grid connection capacity, the 

power-2-x asset has higher earning potential in merchant operation  than 

when combined with renewable electricity production. Merchant operation 

gives the freedom to use the asset only in the hours that it is profitable to 

do so. Nevertheless, for a conversion technology, renewable electricity 

production could be a good partner  for risk-sharing purposes, generation 

has higher earning potential in the APS scenario than in the NZE. 

Extrinsic value is an important component  of the earning potential . For storage 

cases, it ranges from 20% to multiples of the intrinsic value , depending on the use 

case and scenario. For conversion cases it can reach well over 50% of the intrinsic 

value. Traditional valuation methods may not include t his value component .  
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5. Legal perspective  

5.1.  Introduction  

This section has been written to provide certain insights to the technology ventures  

in relation to the legal structuring and requirements that lenders generally and on a 

high level expect to see for project financed assets. 5  

The aim of this section is to allow entrepreneurs developing new technolog ies (also 

3%&%33%$ 50 !4 n5%#)/0-0': 7%/563%4o} to anticipate such requirements in their 

dealings with project companies and to support the entrepreneurs in respect of 

their go-to-market strategy.   

The project finance community is accustomed to renewable generation 

$%7%-01.%/54j 8)%3% &-%9*"-% 01%3!5*0/ $0%4/o5 !3*4%g D/ 5)% #!4% 0& 108%3-2-X 

assets, including the value of flexible operation in the financing structu re would help 

reduce overall costs.  Key to the success of a power-2-X project in this context wil l 

be how to incorporate the intrinsic and extrinsic value into the contract structure.  

5.2.  Typical project structure  

Figure 11 provides an overview of the typical setup of a project financed project and  

the roles that the technology venture and the project company will have.  

The green and blue shading indicates capital or operational expenditure. The purple 

shading indicates sources of income of the project company.  

The project company is at the heart of the structure. It will enter into all relevant 

contracts that allow it to develop, operate and finance the asset.  

Such contracts include the construction of the asset and the purchase of equipment 

from the technology venture (which may be combined in an Engineering 

Procurement and Construction Contract), other construction contracts, the 

purchase or long term use rights of the land as well as any contracts for operation 

& maintenance services, purchase of feedstock, offtake and sales of product or 

services, grid connections and utilities.  

 

 

5 Please note that this section does not provide a comprehensive list of all legal matters that 

need to be taken into account when developing and financing a project. Expert advice may 

be required, including in relation to any regulatory matters.  
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Figure 11 - Overview of the typical setup of a project financed project  
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5.3.  Bankability  

According to the Cambridge dictionary 6 n"!/,!"-%o .%!/4 nlikely to make moneyo 

!/$ nacceptable to banksog  

The assessment by the lenders whether a project is bankable will depend on the 

business case of the project company and more in particular whether it is 

sufficiently secured that the capital and operational expenditure of the project 

company and the repayment and interest obligations to the lender  are ascertained 

": 5)% 130+%#5 #0.1!/:o4 0&&5!,%, subsidy and other income after completion of the 

asset. The lenders will involve technical, legal, insurance and other experts in such 

a due diligence assessment.  

A project finance is structured as a non -recourse or limited recourse financing. This 

means that the lenders can only take recourse on the project company and its 

assets and cannot rely on any other security (non -recourse) or only to a very limited 

degree (limited recourse). This aspect will obviously increase the lendero4 4#365*/: 

when assessing the bankability  of a project.  

It is noted that in addition to the financing provided by the lenders, the 

shareholder(s) of the project company will also be required to provide funding for a 

certain portion of the investment costs to be made, for example by means of equit y 

or shareholder loans.  

5.4.  Project company requirements  

When taking the above bankability requirements into account, the project company 

will focus on generating a reliable, steady and sufficiently high cash flow in order to 

meet its obligations towards the banks and have a successful and profitable project.  

The income generated by the project company from selling its products  and 

services to its customers (i.e. the intrinsic value) will be the starting point for the 

underlying business case of the project company and the assessment of the banks.  

In addition, the  project company would aim to capitalise  on the extrinsic value, for 

example by offering capacity congestion services7 or saving costs when producing 

the products and services when electricity costs are low and stopping production 

 

6 Cambridge Dictionary d n"!/,!"-%o |link)  

7 In the use case that a project company is connected to the same grid connection  as for 

example a producing asset, the project company would against payment curtail its 

operations or undertake to supply electricity to the grid in order to comply with the available 

grid connection capacity. Adding such elements may allow the producing asset to optimi se 

its position for example by overplanting or avoiding grid congestion issues.  

https://dictionary.cambridge.org/dictionary/english/bankable
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and sourcing alternative product in the market when electricity costs are high . If 

possible, such flexibility/extrinsic value i s to be secured in the underlying contracts 

that the project company enters into 8. This would allow the project company to 

reduce merchant risk in the project  and strengthen its business case. 

In respect of the supply, construction and/or operating and maintenance contract 

with the technology venture, the project company will therefore look for:  

(a) certainty of performance of the asset in order to meet the requirements of 

its customers. Such requirements are often translated into:  

i. performance warranties 9; and 

ii. liquidated damages to compensate the project compa ny in case 

such performance warranties are not met;  

(b) certainty of the amounts payable to the technology venture, which usually 

translates itself into a request for a lump sum price and limited 

circumstances under which the price can be adjusted;  

(c) certainty of the moment of delivery of the product or completion of the 

construction works and, if not met, delay liquidated damages to 

compensate the project company for the consequences of the delay; and  

(d) certainty about the transfer of ownership in view of the pay ment schedule, 

meaning that if the technology venture requires advance payments (before 

transferring products or adding value on site), bonds or other means of 

credit support will be requested.  

5.5.  Interests of the technology venture  

When entering into a contr act with a project company, the technology venture will 

have other areas of interest. These include:  

(a) proving its technology in practice and gather data and information to 

further develop its technology;  

 

8 <$$*/' 46#) &-%9*"-% %-%.%/54 .!: *.1!#5 5)% /03.!- n4!-%4o #0/53!#54 ": */#-6$*/' -08%3 

guaranteed amounts of product or availability of services and ad ding flexible pricing 

elements. The intrinsic and extrinsic contracts will need to be assessed jointly in order to 

arrive at the full value.  

9 Performance is used as a generic term and may include output, energy efficiency,  

availability , but also flexibility  (by means of quick response times, etc.)  and other aspects 

relevant for the specific project.  
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(b) safeguarding its intellectual property rights;  

(c) generating income from selling or constructing the asset and providing 

operation and maintenance services. Such income will often also be used 

to recover its technology development costs;  

(d) ensuring a cash neutral payment schedule to avoid that the technology 

venture must pre -finance any payments to its suppliers and contractors;  

(e) avoiding responsibility for matte rs outside of its control;  

(f) limiting its risk and exposure in case of issues in the performance of the 

contract, including by defining clear scope limits, time bars and pre -defined 

consequences (including by means of capped liquidated damages).  

5.6.  Step-in rights of the lenders 

A project company will request the technology venture to cooperate with the step -

in rights of the lenders. Usually these are in the form of a direct agreement, but 

these may also be included as a third-party stipulation in the contract. S uch step in 

rights would allow, but not oblige, the lenders to:  

(a) remedy any default of the project company (e.g. non -payment);  

(b) have the agreement with the project company assigned to the lender  (or 

another company designated by it); or  

(c) require the technology venture to terminate the contract with the project 

company and enter into a new contract with the lender  (or another 

company designated by it) on similar terms.  

The technology venture will be asked to grant a grace period to the lender  during 

which the lender  can decide whether or not it will make use of its rights and the 

technology venture is prevented from making use of its contractual remedies (e.g. 

suspension and termination of the contract with the project company).  
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6. International perspective  

To help guide 5)% 7%/563%4o (future) commercial efforts, w e researched the 

electricity market situation in selected countries : The Netherlands, Germany, 

Norway, Portugal, UK, USA (3 separate market areas), Australia (2 separate market 

areas) and Japan d a total of 11 markets . These countries were selected for having  

contrasting energy systems and also having: 

- advanced economies; 

- a generally positive attitude towards the transition to clean energy ; and 

- open electricity markets . 

@!#) .!3,%5o4 energy system was characterised according to 20 separate criteria . 

Of these, selected criteria were used for  scoring. Each market was given: 

- An overall flex score based on 5 key criteria. This score reflects the 

expected future need for flex and the openness of the market . 

- Specific scores reflecting the prospects for each of carbon offtake, 

hydrogen offtake, long duration storage, and offshore  wind power . 

These scores were combined to generate an overall view  of the relative 

attractiveness of each market to each technol ogy in this study.  The higher the score, 

the more attractive  the market.  The scores are shown in Figure 12, Figure 13, and 

Figure 14. A detailed rationale  behind the scores is given in Appendix C. 

6.1.  Summary comments by technology:  

Electricity Storage 

Scores well in markets that need to integrate a lot of renewable energy, that have 

no hydroelectricity resources, or that have bottlenecks in their power grid. Further, 

niche applications exist in island situations.  

Power to Hydrogen 

Scores well where governments are giving clear support to develop a hydrogen 

economy, and where there is plentiful supply of renewable electricity. Further, 

niche applications exist in the production of circular synthetic fuels, plastics and 

builing materials.  

Power to CO2  

Scores well where governments are giving clear support to develop CO 2 

sequestration, and where there is plentiful supply of renewable electricity. Further, 

niche applications exist in hi-tech agriculture , and in the production of circular 

synthetic fuels, plastics and  buil ding materials.  
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Figure 12 - Market attractiveness score the five technologies (part  1: EU regions) 

 

 

 

Figure 13 - Market attractiveness score the five technologies (part 2: non-EU regions) 
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6.2.  Summary description per market:  

Netherlands  

Open market, high ambitions in renewables (onshore and offshore wind, hydrogen, 

CO2 sequestration), high need for new sources of flexibility. A high -scoring market 

for all the technologies.  

Norway 

Open market, already near 100% renewables penetration (hydroelectricity), 

system is already rather flexible (again, hydroelectricity). Low electricity prices in 

the North can be interesting for conversion technologies as  long as there is an 

offtaker for the product.  

Portugal 

Open market, high ambitions in renewables. Hydro provides flexibility. Plans for 

hydrogen and for CO2 sequestration not far advanced , but pilot projects proceeding . 

Germany 

Open market, high ambitions in renewables (onshore and offshore wind, hydrogen), 

high need for new sources of flexibility. High pressure to implement CCS and future 

prospects for CO2 sequestration offshore. A high -scoring market for all the 

technologies.  

UK 

Open market, high ambitions in renewables (onshore and offshore wind, hydrogen), 

high need for new sources of flexibility. Ambitions for CO 2 sequestration offshore 

n46"+%#5 50 #0454 #0.*/' $08/og < )*')-scoring market for all the technologies.  

U.S. Eastern States (PJM)  

Open market, highly dependent on fossil fuels and with plans to decarbonise 

gradually. Gas-fired provides flexibility (and will continue to do so). Relatively poor 

prospects for green hydrogen because of lower renewables penetration. Relatively 

poor prospects for CO2 sequestration, unless regulation changes to mandate CCS.  

U.S. Texas (ERCOT) 

Open market, high ambitions for renewables, which are already struggling with 

frequent curtailment. Inadequate capacity connecting West Texas and Southeast 

Texas. Potential for blue hydrogen and possibly green hydrogen later on. CO2 

sequestration potential (depleted gas fields) but no state -level support for this.  
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U.S. California (CAISO)  

Open market, high ambitions for renewables, which are already struggling with 

frequent curtailment. Inadequate capacity at various points in the grid. High 

ambitions for green hydrogen. CO2 sequestration falls under State carbon -pricing 

scheme. 

Eastern Autralia (NEM) 

Open market, high ambitions for renewables. Inadequate flex sources. High 

ambitions to produce green hydrogen for export, although business case for this is 

entirely unproven. Subsidy available for CCS but no such project operational.  

Southwestern Australia  (SWIS) 

Open market, high ambitions for renewables (but low er than in NEM). Subsidies 

focus on batteries. High ambitions to produce green hydrogen for export, although 

business case for this is entirely unproven. Prospects for CO2 sequestration poor. 

Good location for circular synfuels manufacture.  

Japan 

Open market, high ambitions for renewables, including offshore wind. Many 

different grid areas, poorly interconnected. Hydrogen at an earlier stage of 

development than in Europe. Potential CO2 sequestration sites have been identified, 

but no operational large -scale CCS projects. 

 

 

Figure 14 d Qualitative overall market attractiveness score per country or region 
















