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Scope This report presents the outcome of the work we agreed to perform in accordance with the engagement letter dated April 12, 2024. The aim of this report 

is to create a future outlook for the Dutch refinery sector in a decarbonising world. In the report, we analyse future competitiveness of traditional and 

biorefineries in the Netherlands vis-á-vis other regions, both in and outside of Europe. We do so by quantitatively analysing future cost structures and 

how these are impacted by regionally differentiating prices (e.g. for energy, labour, feedstock). We perform this analysis for a total of 9 refinery 

archetypes to capture the heterogeneity in the market: 2 traditional refinery archetypes 6 biorefinery archetypes and 1 chemical recycling archetype. 

Based on the findings, we formulate conditions for future competitiveness. 

Our information is based on a combination of desk research and input from refining sector experts. As much as possible, we based the analysis on 

publicly available sources. An expert group consisting of refinery professionals from each of the 6 Dutch refineries was formed to discuss and test our 

hypotheses, discuss methodology and validate (initial) findings/results. Moreover, where public data was unavailable or outdated, the expert team 

provided input for workable (price) assumptions.

Limited Extensive

Access and clarity of information Our analysis was conducted using publicly available information and insights from market experts. We assumed that the information we used is reliable, 

accurate, and comprehensive in all significant aspects. It is important to note that unless explicitly mentioned in our report, we did not independently verify 

or validate the accuracy or completeness of the information in accordance with international audit and review standards. Any disputes arising from or 

related to this report will be governed by and interpreted in accordance with the laws of the Netherlands.Limited Extensive

Basis for our work

We have based our work on the information made available to us. We have assumed that this information is accurate, complete, and not misleading. We have not performed an audit of this information, 

nor have we conducted a review to determine its completeness and accuracy in accordance with international audit or review standards.

Access to our report

Our report is specifically prepared for the client with whom we have agreed on the purpose and scope of our work, or to whom we have explained the nature and extent of our work and the limitations 

therein. We do not accept any responsibility, duty of care, or liability - contractually, in tort (including negligence), or otherwise - for the use of the report by parties other than the client.

Other comments

The report as well as any dispute arising from or related to (the contents of) the report are governed exclusively by Dutch law.

About this report
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Voorwoord (1/3)

Onderzoekscontext

• Sectoren die veel energie verbruiken in Europa en met name in Noordwest-

Europa hebben het moeilijk door de relatief hoge energiekosten. Met het oog 

op de toekomst moeten deze sectoren de uitstoot van broeikasgassen 

verminderen om in lijn te blijven met de Europese en nationale 

klimaatdoelstellingen. Terwijl de meeste energie-intensieve sectoren een 

toename van de vraag verwachten, bereidt de raffinagesector zich ook voor op 

een verwachte afname van de vraag. Gezien deze drie factoren is er veel 

discussie over de toekomst van energie-intensieve industrieën in Nederland -

vooral voor raffinaderijen

• In deze context heeft VEMOBIN, de vereniging waar de Nederlandse 

raffinaderijen bij zijn aangesloten, PwC/Strategy& gevraagd om de 

toekomstige concurrentiekracht van de raffinagesector in Nederland te 

beoordelen. Deze evaluatie is niet beperkt tot de bestaande traditionele 

raffinaderijen, maar omvat ook bioraffinaderijen en chemische recycling

Achtergrond - Nederlandse raffinaderijen

• Nederland telt zes olieraffinaderijen die van belang zijn voor het produceren 

van materialen die worden gebruikt voor transport, industrie en verwarming. 

Ze leveren essentiële producten zoals benzine en diesel voor transport, en 

nafta voor de petrochemische sector om plastics en speciale chemicaliën te 

maken. Vanwege het belangrijke karakter van deze producten voor onze 

economie wordt de toekomst van raffinage ook besproken in het licht van 

strategische autonomie. De raffinaderijen voegen jaarlijks in directe zin circa 

3,8 miljard euro toe aan de economie (~0,4% van het bbp), en zorgen voor 

ongeveer 5.000 directe voltijdbanen

4
1) We hebben naast zelfstandige bioraffinaderijen geen aparte archetype opgenomen op basis van co-processing omdat de operationele kostensynergieën beperkt 

zijn, waardoor de resultaten niet wezenlijk zouden verschillen; 2) In het vervolg van dit rapport verwijzen we naar houtmateriaal als ‘lignocellulosic material’

• Door hun strategische ligging met havenverbindingen en integratie met grote 

industriële clusters importeren Nederlandse raffinaderijen grondstoffen van 

over de hele wereld en bedienen ze grosso modo de Noordwest-Europese 

markt. Ze kunnen zich door toegang tot diepzeehavens ook flexibel aanpassen 

aan regionale veranderingen in vraag en aanbod

Methodologie

• De toekomstige concurrentiekracht van de Nederlandse raffinagesector hebben 

we geanalyseerd aan de hand van gestileerde modellen, die wij ‘archetypen’ 

zullen noemen. Deze archetypen zijn gebaseerd op industriegemiddelden, en 

vertegenwoordigen geen individuele bestaande installaties

• Per archetype hebben we de kosten vergeleken voor het produceren van 

dezelfde productmix in Nederland met acht andere landen om de Noordwest-

Europese markt te bedienen in 2040. Onze analyse omvat twee traditionele 

raffinagearchetypen (eenvoudig en complex), zes bioraffinagearchetypen1

(fermentatie van maïs, hydrobehandeling van gebruikte kookoliën, pyrolyse 

plus hydrobehandeling van houtmateriaal2, Fischer Tropsch-proces van 

houtmateriaal, methanolsynthese uit houtmateriaal en fermentatie van 

houtmateriaal) en één chemisch recycling archetype (plastic pyrolyse)

• We analyseren de Nederlandse concurrentiepositie in het ‘Gelijke speelveld’-

scenario, waarbij we aannemen dat er geen internationale prijsverschillen zijn 

als gevolg van beleid. Op deze manier analyseren we het ‘inherente 

concurrentievermogen’ van de Nederlandse raffinagesector. We brengen in 

beeld in welke mate Nederland in 2040 op basis van die aannames inherent zal 

beschikken over een comparatief voordeel dan wel nadeel ten opzichte van 

concurrerende regio’s
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Methodologie (vervolg)

• In de werkelijkheid van vandaag (2024) laten verschillende recente studies 

zien dat het huidige internationale speelveld voor de Nederlandse industrie 

onder druk staat, mede als gevolg van nationaal beleid1 en hoge 

netwerkkosten2. Het onderhavige onderzoek abstraheert van de werkelijkheid 

van vandaag en richt zich op zichtjaar 2040 

Conclusies voor traditionele raffinaderijen3

• De uitkomsten van de kostenanalyse laten zien dat eenvoudige en complexe 

traditionele raffinaderijen in Nederland in 2040, zoals gezegd bij gelijk 

speelveld, relatief kostencompetitief kunnen zijn. Er zijn echter twee 

kanttekeningen: (a) de kostenverschillen tussen Nederland en de meeste 

andere landen zijn klein, en (b) deze bevindingen gelden in het ‘Gelijk 

speelveld’-scenario. Indien het internationale speelveld minder gelijk wordt, 

bijvoorbeeld als gevolg van hogere netwerkkosten of door een ineffectief 

CBAM, verliezen de Nederlandse traditionele raffinaderijen aan 

concurrentiekracht

• Uit de analyse blijkt dat de meeste concurrentie kan worden verwacht vanuit

Saoedi-Arabië en Nigeria vanwege hun voordeel dat ze lokale ruwe olie en

5

1) PwC/Strategy& (2024, link); 2) Aurora (2024, link), E-bridge (2024, link), PwC/Strategy& (2024, link); 3) Omdat in deze analyse enkel kosten worden vergeleken, en geen 

marges, kan deze niet gebruikt worden om relatieve competitiviteit tussen verschillende archetypen te beoordelen; e.g. competitie tussen simpele en complexe raffinaderijen zal 

ook gedreven worden door verschillen in productmix (yield); 4) Omdat bioraffinage op basis van houtmaterialen en plastic pyrolyse nog in ontwikkeling zijn, kunnen voor deze 

archetypen de kostenstructuren en conclusies over competitiviteit nog aanzienlijk veranderen; 

lagere energie- en arbeidsprijzen hebben, en van de buurlanden (België en 

Duitsland), omdat deze vergelijkbare kosten hebben als Nederland

Conclusies voor bioraffinaderijen op basis van gewassen of gebruikte 

kookoliën

• Nederlandse bioraffinaderijen op basis van gewassen of gebruikte kookoliën 

(UCO) zullen naar verwachting in het ‘Gelijke speelveld’-scenario te maken 

krijgen met hevige concurrentie van buiten de EU (zoals de VS, Brazilië, China 

en Saoedi-Arabië) omdat deze landen lagere energie-, arbeids-, grondstoffen-

en/of bouwkosten hebben

• Momenteel worden deze productmarkten echter gekenmerkt door aanzienlijke 

importheffingen (ethanol), of zijn deze aangekondigd (UCO/HVO), die de 

Europese industrie beschermen tegen internationale concurrentie

Conclusies voor bioraffinaderijen op basis van houtmaterialen4

• Naar verwachting zullen bioraffinaderijen op basis van houtmaterialen nog 

sterkere concurrentie van buiten Europa ondervinden in het ‘Gelijke speelveld’-

scenario. Aangezien dit soort biomassa meer energie en arbeid vergt om te 

verwerken en substantiële kapitaalinvesteringen vereist, wordt verwacht dat 

productie vanuit regio's als China, Saoedi-Arabië, Nigeria, Brazilië en de VS en 

transport naar Noordwest-Europa economischer zal zijn dan deze 

biobrandstoffen te produceren in Nederland. Binnen Noordwest-Europa zijn de 

kostenverschillen klein en hebben Nederlandse bioraffinaderijen mogelijk een 

klein kostenvoordeel als gevolg van lagere arbeidskosten

Sleutelaannames in het ‘Gelijke speelveld’-scenario

✓ Geen internationele verschillen in energiebelastingen

✓ Geen internationale verschillen in netwerktarieven

✓ Geen internationale verschillen in CO2-kosten (door effectief CBAM)

✓ Geen importheffingen

https://www.rijksoverheid.nl/documenten/rapporten/2024/05/08/speelveldtoets-2024
https://auroraer.com/insight/grid-fee-outlook-for-the-netherlands-2045/
https://www.rijksoverheid.nl/documenten/rapporten/2024/04/03/e-bridge-report-electricity-cost-assessment-for-large-industry-in-the-netherlands-belgium-germany-and-france-full-report
https://www.rijksoverheid.nl/documenten/rapporten/2024/05/08/speelveldtoets-2024
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Conclusies voor plastic pyrolyse1

• Het concurrentievermogen van plastic pyrolyse zal grotendeels afhangen van 

nationaal afvalbeheer (en de daaruit voortvloeiende prijzen voor gesorteerd 

plasticafval). Als alle landen met vergelijkbare plasticafvalprijzen te maken 

krijgen, wordt er hevige concurrentie verwacht van Saoedi-Arabië, Nigeria en 

China vanwege de relatief lage energie-, arbeids- en/of bouwkosten

Voorwaarden voor toekomstige concurrentiekracht

• Uit onze analyses blijkt dat de volgende elementen cruciaal zullen zijn voor de 

toekomstige concurrentiekracht van de Nederlandse raffinagesector:

1. Gelijk speelveld: Aangezien Nederlandse raffinaderijen niet beschikken over 

een specifiek kostenvoordeel, is het van groot belang om gelijke voorwaarden 

te waarborgen op het gebied van (klimaat)beleid om de concurrentiekracht te 

behouden. Naast een effectieve uitvoering van CBAM, is voorzichtigheid 

geboden bij de toepassing van nationale 'stokken’ om eerlijke internationale 

concurrentie te waarborgen

2. Concurrerende energieprijzen: Onze projecties tot 2040 geven aan dat 

Noord-west Europese traditionele raffinaderijen en bepaalde typen 

bioraffinaderijen relatief competitief zijn, ondanks de hogere energieprijzen, 

vanwege het relatief grote gewicht van transportkosten van eindproducten. 

De relatieve competitieve positie is echter wel gevoelig voor aannames over 

de energieprijzen. Indien deze in NL hoger uitvallen dan verwacht, 

verslechtert de Nederlandse concurrentiepositie. Deze resultaten 

benadrukken het belang van concurrerende energieprijzen voor de toekomst 

van de raffinagesector. Zolang Noord-West Europa een kostennadeel heeft 

(bijvoorbeeld vanwege minder zon), zullen energiekosten naar verwachting 

hoger blijven dan in andere regio’s. 

1) Omdat bioraffinage op basis van houtmaterialen en plastic pyrolyse nog in ontwikkeling zijn, kunnen voor deze archetypen de kostenstructuren en conclusies over 

competitiviteit nog aanzienlijk veranderen; 

De Nederlandse overheid kan door het steunen van onderzoek naar 

kostenreducerende innovaties dit relatieve kostennadeel verminderen, zoals 

middels efficiëntere zon- of windparken. Bedrijven kunnen tegelijkertijd de 

invloed van relatief dure energie deels verminderen door energiezuiniger te 

worden

3. Beschikbaarheid van kosteneffectieve transport- en 

opslaginfrastructuur: Onze resultaten laten zien dat de competititeve 

positie van de Nederlandse raffinagesector gevoelig is voor hogere 

netwerkkosten. Om met succes decarbonisatie door te voeren en 

competititef te blijven, hebben raffinaderijen toegang nodig tot transport en 

opslag voor CO2, elektriciteit en groene waterstof tegen concurrerende 

prijzen. De competitiviteit van de raffinagesector zal mede afhangen van 

hoe de infrastructuurkosten voor industriële gebruikers in Nederland zich 

verhouden tot die in andere regio’s 

4. Consistentie en voorspelbaarheid in energie- en klimaatbeleid en -

regelgeving: Investeringen in de (bio)raffinagesector betreffen 

langtermijninvesteringen (>15 jaar) en worden sterk beïnvloed 

door overheidsbeleid. Beleid met een lange termijn perspectief kan 

onzekerheid verminderen en een stabiel en voorspelbaar 

investeringsklimaat borgen. Omgekeerd kunnen ad-hoc en inconsistente 

beleidswijzigingen investeringsbeslissingen belemmeren of volledig 

ontmoedigen

5. Overige randvoorwaarden voor verduurzaming: De toekomstige 

competitieve positie van raffinaderijen hangt af van een aantal andere 

randvoorwaarden. Trage vergunningsprojecten en gebrek aan 

gekwalificeerd personeel kunnen verduurzamingsplannen verhinderen en 

toekomstige competitiviteit schaden

6
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Context research

• Industries that consume a lot of energy in Europe and particularly in Northwest 

Europe are experiencing difficulties because of relatively high energy prices. 

Looking ahead, these sectors need to decarbonise to align with European and 

domestic climate targets. While most energy-intensive sectors anticipate an 

increase in demand, the refining industry is also preparing for a projected 

decrease in consumption. Considering these three factors, there is significant 

debate about what lies ahead for energy-intensive industries and especially 

refineries

• In this context, VEMOBIN, the association of Dutch refineries, asked 

PwC/Strategy& to assess the future competitiveness of the refining sector in 

the Netherlands. This evaluation is not limited to existing traditional refineries 

but also extended to up-and-coming biorefineries and chemical recycling

Background - Dutch refineries

• The Netherlands is home to six oil refineries crucial for generating materials 

used in transport, industry, and heating. They provide essential items such as 

gasoline and diesel for transportation, and naphtha for the petrochemical 

sector to make plastics and specialty chemicals. Given the importance of 

refinery products, the future of refineries is also relevant for the ongoing 

discussions around strategic autonomy. The refineries add approximately 3.8 

billion euros to the economy yearly, equating to 0.4% of the GDP in 2019, and 

maintain about 5,000 full-time jobs

• Due to their strategic location with port connections and integration with major 

industrial clusters, Dutch refineries import raw materials from across the globe 

and primarily serve the Northwest European market. Access to seaports also 

allows them to adapt flexibly to regional changes in supply and demand 

7

1) In the remainder of this report, we refer to this wood-based material as ‘lignocellulosic material’; 2) We have not included a separate archetype based on co-

processing in addition to standalone biorefineries because the operational cost synergies are limited, which means that the results do not differ significantly to stand-

alone biorefineries 

Methodology

• We have analysed the future competitiveness of the Dutch refinery sector 

using stylized models ('archetypes'). These archetypes are based on industry 

averages and do not represent individual existing installations

• Per archetype, we have compared the costs of producing the same product 

mix in the Netherlands versus eight other regions to serve the Northwest 

European market in 2040. Our analysis covered two traditional refinery 

archetypes (simple and complex), six biorefinery processes (fermentation of 

corn, hydrotreating used oils, pyrolysis plus hydrotreatment of wood material1, 

Fischer Tropsch process of wood material, methanol synthesis from wood 

material, and fermentation of wood material)2 and one chemical recycling 

archetype (plastic pyrolysis) 

• We analyse the Dutch competitive position in the 'Level playing field’-scenario, 

in which we assume no international price differences due to policy. This way, 

we analyse the 'inherent competitiveness' of the Dutch refining sector. We 

assess to what extent the Netherlands will inherently have a comparative 

advantage or disadvantage compared to competing regions in 2040 based on 

these assumptions.

Key assumptions in the ‘Level playing field’-scenario

✓ No international differences in energy taxes

✓ No international differences in network tariffs

✓ No international differences in CO2-pricing (due to effective CBAM)

✓ No import tariffs
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• In today's reality, various recent studies show that the current international 

playing field for the Dutch industry is under pressure, partly as a result of 

national policies1 and high network costs2. This research abstracts from the 

reality of today and focuses on the target year 2040

Conclusions for traditional refineries3

• The results of the cost analysis show that simple and complex traditional 

refineries in the Netherlands can be relatively cost competitive in 2040, as 

mentioned, within a level playing field. However, there are two caveats: (a) the 

cost differences between the Netherlands and most other countries are small, 

and (b) these findings apply to the 'Level playing field’-scenario. If the 

international playing field becomes less level, for example due to higher 

network costs or an ineffective CBAM, Dutch traditional refineries will lose 

competitiveness

• The analysis shows that most competition can be expected from Saudi Arabia 

and Nigeria due to their advantage of having locally sourced crude oil and 

lower energy and labour prices, and from neighbouring countries (Belgium and 

Germany) as they have similar costs to the Netherlands

Conclusions for biorefineries based on crops and used cooking oils

• Dutch biorefineries based on crops or used cooking oils (UCO) are expected to 

face strong competition from outside the EU (such as the US, Brazil, China, 

and Saudi Arabia) in the 'Level-playing field' scenario, as these countries have 

lower energy, labour, raw material, and/or construction costs 

• However, currently, these product markets are characterised by significant 

import duties (ethanol) or announced duties (UCO/HVO), which protect the 

European industry from international competition

8

1) PwC/Strategy& (2024, link); 2) Aurora (2024, link), E-bridge (2024, link), PwC/Strategy& (2024, link); 3) Since this analysis only compares costs and not margins, it cannot be 

used to assess competitiveness between different archetypes; e.g. competitiveness of simple versus complex refineries will also be driven by differences in yield; 4) Since wood-

based biorefining and plastic pyrolysis are technologies still in development, the cost structures and conclusions regarding competitiveness may still change; 

Conclusions for biorefineries based on wood materials

• Wood-based biorefineries are expected to encounter even stiffer competition 

from outside Europe in the ‘Level playing field’-scenario. Given that this type of 

biomass demands more energy and labour to process, and that it requires 

substantial capital investments, it is anticipated that production and shipping 

from regions like China, Saudi Arabia, Nigeria, Brazil and USA to Northwest 

Europe will be more economical than to produce these biofuels in the 

Netherlands4. Within Northwest Europe, cost differences are small, and Dutch 

biorefineries may have a slight cost advantage over their German and Belgian 

counterparts, due to lower labour costs

• Dutch biorefineries could become slightly more competitive if Europe's 

feedstock (wood material) prices decrease to the levels expected in other 

regions. Conversely, if energy costs surpass current predictions, their 

competitive edge may diminish

Conclusions for plastic pyrolysis3

• International competitiveness in plastic pyrolysis will largely depend on 

countries’ waste management (and subsequent plastic waste prices) – if all 

countries face similar plastic waste prices, fierce competition is expected from 

Saudi Arabia, Nigeria and China due to relatively low energy, labour and/or 

construction costs4

https://www.rijksoverheid.nl/documenten/rapporten/2024/05/08/speelveldtoets-2024
https://auroraer.com/insight/grid-fee-outlook-for-the-netherlands-2045/
https://www.rijksoverheid.nl/documenten/rapporten/2024/04/03/e-bridge-report-electricity-cost-assessment-for-large-industry-in-the-netherlands-belgium-germany-and-france-full-report
https://www.rijksoverheid.nl/documenten/rapporten/2024/05/08/speelveldtoets-2024
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Conditions for future competitiveness of the Dutch Refinery sector

• Our analyses show that the following elements will be crucial for the future 

competitiveness of the Dutch refinery sector:

1. Level playing field: Given that Dutch refineries don't possess a specific 

cost benefit, it's crucial to secure equal conditions in terms of climate 

policies to preserve competitiveness. Besides effectively implementing 

CBAM, careful application of national ‘sticks’ will aid in ensuring equitable 

competition

2. Competitive energy prices: Our projections up to 2040 indicate that 

traditional refineries and certain types of biorefineries can be relatively 

competitive in the Northwest European (NWE) market despite expected 

higher energy prices. However, the relative competitive position is sensitive 

to rising energy prices in NWE. If energy prices turn out higher than 

expected, competitiveness of the Dutch refinery sector deteriorates. These 

results emphasize the importance of competitive energy prices for the future 

of the refining sector. As long as Northwest Europe has a cost disadvantage 

(e.g. due to less sunshine), energy costs will remain higher than in other 

regions. The Dutch government can reduce this relative cost disadvantage 

by supporting research into cost-reducing innovations, such as more 

efficient solar or wind farms. At the same time, companies can partially 

mitigate the impact of relatively expensive energy by becoming more energy 

efficient

9

3. Availability of cost competitive transportation & storage 

infrastructure: Our results show that the competitive position of the Dutch 

refining sector is sensitive to higher network costs. In order for refineries to 

successfully implement decarbonisation measures and remain competitive, 

they need access to transportation and storage for CO2, electricity, gas, 

and green hydrogen at competitive prices. Their competitiveness will 

partially depend on how infrastructure costs in the Netherlands compare to 

those in other regions

4. Stable, predictable and consistent energy & climate policies and 

regulations: Investments in the (bio)refining sector concern long-term 

investments (>15 years) and are strongly influenced by policy. A long-term 

perspective with respect to policies can reduce uncertainty and guarantee a 

stable and predictable investment climate. Conversely, ad hoc and 

inconsistent policy changes can hinder or completely discourage investment 

decisions 

5. Other preconditions for decarbonisation: The future competitive position 

of refineries depends on several other prerequisites. Slow permitting 

projects and a lack of qualified personnel can hinder decarbonisation plans 

and harm the future competitiveness of the refining sector
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EU raffinaderijen staan voor twee uitdagingen richting 2040: dalende 
vraag & stijgende CO2 kosten; in NL wellicht nog extra CO2 kosten

NWE = Noordwest-Europa; 1) Omvat producten zoals smeermiddelen, asfalt, wassen, cokes; 2) Hiervan wordt geschat dat 40% directe toegevoegde waarde is (door winsten die worden gegenereerd via raffinageactiviteiten), 

ongeveer 50% is indirecte toegevoegde waarde (door verkopen die worden gefaciliteerd voor sectoren die inputs leveren), en de rest is geïnduceerde toegevoegde waarde. Bron: Het belang van de raffinagesector voor 

Nederland, VNPI (2019); 3) Naar 2040 toe wordt verwacht dat CBAM de CO2 kostenverschillen tussen EU- en niet-EU-raffinaderijen zal compenseren en een relatief kostennadeel zal voorkomen; 4) Dit kan gebeuren als de EU 

ETS-prijsniveaus lager blijven dan de hoogte van de nationale CO2-heffing en als de vrijstellingsrechten die onder het heffingsregime worden ontvangen lager zijn dan de werkelijke emissies - de impact kan per raffinaderij 

verschillen

Management samenvatting (1/6)

Achtergrond & 

context

• Nederland heeft zes raffinaderijen die essentiële grondstoffen produceren voor de 

mobiliteitssector (weg-, lucht- en zeevervoer), de petrochemische industrie (en andere 

speciale chemicaliën) en de verwarmingssector (gebouwde omgeving)1

• Het geschatte aandeel van de raffinagesector in de Nederlandse economie is in directe zin 

ongeveer 3,8 miljard euro per jaar (0,4% van het bbp, 2019)2. De sector biedt 

werkgelegenheid aan ongeveer 5.000 directe fte’s en aan ongeveer 14.000 indirecte fte’s

• Tot 2040 wordt verwacht dat de totale vraag naar traditionele raffinageproducten (brandstoffen 

en chemicaliën) in Europa met ca. 2-4% zal dalen (CAGR 2024-'40) - de mate van daling zal 

verschillen per raffinageproducttype

• Een aanzienlijk deel (ca 35%) van de daling van de vraag zal worden gedreven door de 

uitfasering van diesel en benzine in de vervoerssector, die momenteel bijna de helft van de 

totale output van geraffineerde producten verbruikt, naarmate elektrificatie aan kracht wint in 

personenauto's en opkomt in zware voertuigen

• Hoewel een afname van de totale vraag wordt verwacht, zal de vraag naar LPG en kerosine 

tot 2040 stabiel blijven, voornamelijk doordat de petrochemische industrie en de 

luchtvaartsector moeilijker te decarboniseren zijn dan wegvervoer

• Het aandeel van biobrandstoffen binnen de vloeibare brandstoffen die in de EU-

vervoerssectoren worden verbruikt, zal naar verwachting in de toekomst toenemen (van ca. 

5% in 2025 tot 8,5% in 2040), gedreven door de RED III-doelstellingen, Refuel EU Aviation en 

FuelEU-maritieme beleidslijnen, d.w.z. de beleidspakketten van de EU die deel uitmaken van 

de Green Deal/Fit for 55

• Naast de dalende/veranderende vraag zullen raffinaderijen in Europa naar verwachting hogere 

CO2 kosten hebben dan hun niet-EU-concurrenten3, omdat de EU ETS-prijs naar verwachting 

zal stijgen tot ca. 140 €/tCO2 (2030)

• Het zou kunnen dat Nederlandse raffinaderijen bovenop de EU ETS extra CO2 kosten moeten

maken als gevolg van de nationale CO2-heffing4 die zoals aangekondigd door de Nederlandse 

regering zal stijgen tot 150 €/tCO2 (2030)
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In deze studie wordt het concurrentievermogen onderzocht van negen 
archetypische raffinaderijen op de Noordwest-Europese markt in 2040

1) NWE’se markt is gedefinieerd in dit rapport als Nederland, België en Duitsland; 2) Regio’s in de analyse: Nederland (NL), Duitsland (DE), België (BE), Koninkrijk 

van Saudi Arabië (KSA), Nigeria (NG), China (CN), Verenigde Staten (USA), Italië (IT) en Brazilië (BR) 3) Used Cooking Oils

Management samenvatting (2/6)

Hoofdvraag & 

gebruikte 

methodologie, 

inclusief 

geanalyseerde 

archetypes

Archetypen Omschrijving Producten

T
ra

d
it

io
n

e
le

 

ra
ff

in
a
d

e
ri

je
n Eenvoudige 

raffinaderij

Richt zich op de destillatie van lichte en 

middelzware ruwe oliën om ze in 

verschillende fracties te scheiden

Brandstoffen 

en nafta

Complexe 

raffinaderij

Kan d.m.v. verscheidene conversiestap-

pen de zwaarste ruwe oliën verwerken en 

hoogwaardige producten produceren

Brandstoffen, 

nafta en 

speciale prod.

B
io

ra
ff

in
a
d

e
ri

je
n

G
e
w

a
s

Fermentatie
Zet biomassa (maïs) via een biologisch 

proces om in ethanol

Bio-ethanol, 

eiwitten en 

biogene-CO2

U
C

O
3

Hydro-

treatment

Verwerkt gebruikte (kook)oliën tot drop-in 

biobrandstoffen zoals biodiesel en 

biobenzine

HVO

L
ig

n
o

c
e
ll
u

lo
s
e
 (

h
o
u
t)

Pyrolyse

Zet biomassa om in pyrolyse-olie (‘bio-

ruwe olie’) die wordt opgewaardeerd tot 

biobrandstof

Biodiesel & 

biobenzine

Fischer 

Tropsch

Zet biomassa om in syngas en 

synthetiseert dit tot brandstoffen met 

behulp van het Fischer-Tropsch proces

Biodiesel & 

biobenzine

Methanol 

synthese

Zet biomassa om in methanol door 

voorbehandeling, vergassing tot syngas 

en methanolsynthese

Bio-methanol

Fermentatie
Zet biomassa (lignocellulose) via een 

biologisch proces om in ethanol
Bio-ethanol

C
h

e
m

ic
. 

R
e
c
y
c
le

n

Plastic 

pyrolyse

Zet plastic afval om in grondstoffen voor 

nieuwe plastics of brandstoffen door 

verhitting in afwezigheid van zuurstof

Gerecyclede 

nafta & 

brandstoffen

Hoofdvraag: Hoe zullen de kosten van Nederlandse raffinaderijen zich in 

2040 verhouden tot die van raffinaderijen elders in de wereld voor het 

bedienen van de Noordwest-Europese (NWE)1 markt, en wat zijn de 

gevolgen voor de concurrentiepositie?
1

2

3

4

5

6

7

12

8

9

• Om de hoofdvraag te beantwoorden, worden alle internationaal variërende 

kosten voor het produceren van een vat raffinageproducten vergeleken tussen 

negen landen2. Deze landen zijn zo geselecteerd dat in alle belangrijke regio’s 

de meest relevante concurrerende landen onderdeel uitmaken van de analyse

• De raffinagemarkt is doorgaans regionaal georiënteerd vanwege relatief hoge 

transportkosten van eindproducten. Daarom is de kostenvergelijking gemaakt 

o.b.v. de veronderstelling dat eindproducten worden verkocht op de NWE’se 

markt, en zijn transportkosten voor raffinaderijen buiten NWE meegenomen

• Om het inherente concurrentievermogen te analyseren, zijn negen raffinaderij-

archetypen (zie rechts) ontwikkeld met constant energieverbruik, typen 

grondstoffen en productmix tussen regio’s. Hiermee isoleren we de invloed van 

internationale prijsverschillen en houden we verschillen die verband houden met 

individuele plant-efficiëntie en/of configuratie buiten de analyse

• De analyse is geschikt om concurrentiekracht van archetypes tussen landen te 

vergelijken, per archetype. Omdat de analyse enkel kosten vergelijkt, en geen 

marges, kan deze niet gebruikt worden om competitiviteit tussen verschillende 

archetypen te beoordelen. Bijv: de competitiviteit van simpele vs. complexe 

raffinaderijen zal ook gedreven worden door verschil in productmix (yield)

• We analyseren de Nederlandse concurrentiepositie in 2040 in het ‘Gelijke 

speelveld’-scenario, waarbij we aannemen dat er geen internationale 

prijsverschillen zijn als gevolg van beleid. Op deze manier analyseren we het 

‘inherente concurrentievermogen’ van de Nederlandse raffinagesector en 

brengen we in beeld in welke mate Nederland in 2040 zal beschikken over een 

comparatief voordeel dan wel nadeel ten opzichte van concurrerende regio’s
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Regionaal variërende productiekosten per vat (€/bbl), 2040

Route 1: Carbon Capture Route 2: Groene H2
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Indien er sprake is van een internationaal gelijk speelveld, zijn de NL’se 
traditionele raffinaderij archetypen relatief competitief in NW-Europa

NWE = Noordwest-Europa (NL, BE, DE); 1) De concurrentieanalyse is uitgevoerd voor twee traditionele raffinaderij-archetypen, namelijk eenvoudig en complex (zie pg 46-48 

en de bijlage voor details achter de archetypen) 2) In het basisscenario wordt ervan uitgegaan dat de transport- en opslagkosten lager zijn in de VS en KSA in vergelijking met 

de EU, gedreven door de nabijheid van de industrie tot de opslaglocaties; 3) Zie pg 47 voor details over de twee decarbonisatieroutes voor Nederlandse raffinaderijen

Management samenvatting (3/6)

Resultaten 

competitiviteit 

van traditionele 

raffinaderijen in 

2040
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• Op basis van prijsprojecties wordt in het ‘Gelijke Speelveld’-scenario 

verwacht dat traditionele Nederlandse raffinaderijen1 in 2040 relatief 

kostencompetitief zijn op de NWE’se markt. Weliswaar is productie hier 

duurder, maar het transporteren van geraffineerde producten van 

elders is relatief duur (vergeleken met het verschepen van ruwe olie)

• Wanneer het internationale speelveld verandert, verslechtert de 

concurrentiepositie (Gecombineerde impact scenario, details p. 56) 

• De resultaten zijn gevoelig voor aannames over de effectiviteit van 

CBAM, energieprijzen en transportkosten van raffinageproducten: 

‒Als CBAM niet volledig effectief is (slechts 50% v/d buitenlandse 

emissies wordt beprijsd), neemt het concurrentievermogen van EU’se 

raffinaderijen slechts in beperkte mate af doordat we een hoge mate 

van decarbonisatie aannemen in 2040 (zie pag. 51 voor details); in 

werkelijkheid zal CBAM cruciaal zijn om lokale groene productie – in 

en onderweg naar 2040 - te beschermen tegen goedkopere grijze 

productie elders

‒Als transportkosten van raffinageproducten als gevolg van 

technologische vooruitgang dalen tot het niveau van het transport van 

ruwe olie, zal concurrentie van buiten NWE aanzienlijk toenemen (zie 

pag. 52 voor details)

‒Als NWE’se elektriciteitsprijzen hoger (+30%) uitvallen dan voorspeld, 

neemt de Nederlandse concurrentiekracht af – vooral bij de meer 

energie-intensieve groene waterstofroute3 (zie pag. 53 voor details)

‒Als de elektriciteitsprijzen in Nederland relatief hoger (+20%) blijken 

te zijn dan verwacht (bijvoorbeeld door hoge nettarieven of 

energiebelastingen), neemt de Nederlandse concurrentiekracht ook 

binnen Noordwest-Europa af (zie pag. 54 voor details)

‒Als CCS kosten2 internationaal convergeren heeft dit beperkte impact 

op de NL’se concurrentiekracht (zie pag. 55 voor details)
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Regionaal variërende productiekosten per vat (€/bbl), 2040
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Zonder importtarieven zullen bioraffinaderijen op basis van gewassen 
en UCO naar verwachting hevige concurrentie ervaren van buiten de EU 

1) In het gecombineerde impact scenario is aangenomen dat prijzen van grondstoffen wereldwijd convergeren, CBAM 50% effectief is en Nederlandse 

elektriciteitsprijzen 20% hoger zijn dan voorspeld (zie pagina 72 voor details)

Management samenvatting (4/6)

• Bioraffinaderijen op basis van gewassen of UCO zullen naar verwachting te 

maken krijgen met hevige concurrentie van buiten de EU in 2040 in het 

‘Gelijke speelveld’-scenario

• Bioraffinaderijen die bio-ethanol produceren o.b.v. gewassen zullen naar 

verwachting vooral te maken krijgen met concurrentie uit Brazilië en de VS 

vanwege hun lage prijzen voor grondstoffen (maïs), energie- en arbeid

• Bioraffinaderijen o.b.v. UCO zullen naar verwachting vooral te maken 

krijgen met concurrentie uit China en Nigeria, als gevolg van lagere 

constructiekosten (alleen China) en lagere grondstoffen-, energie- en 

arbeidskosten (beide landen) 

• In werkelijkheid zijn er importtarieven van kracht (voor ethanol), of 

aangekondigd (voor HVO), om Europese bioraffinaderijen te beschermen 

tegen concurrentie van buitenaf (maakt geen deel uit van de analyse)

• De resultaten zijn gevoelig voor aannames: 

‒Als de prijzen van maïs en UCO wereldwijd convergeren, neemt de 

concurrentiepositie van NL’se maïs-bioraffinaderijen licht af, terwijl die van 

UCO-bioraffinaderijen nagenoeg gelijk blijft (zie pag. 68 voor details) 

‒Als de NWE’se elektriciteitsprijzen (+30%) hoger blijken te zijn dan wordt 

voorspeld, verslechtert de NL’se concurrentiepositie (zie pag. 70 voor 

details)

‒Als de elektriciteitsprijzen in Nederland relatief hoger (+20%) blijken te zijn 

dan in andere landen (bijvoorbeeld door hoge nettarieven of 

energiebelastingen), verslechtert de NL’se concurrentiepositie (zie pagina 

69 voor details) 

‒ In het gecombineerde impact scenario is te zien dat wanneer prijzen van 

grondstoffen wereldwijd convergeren, CBAM 50% effectief is en 

Nederlandse elektriciteitsprijzen 20% hoger zijn dan voorspeld dat de 

concurrentieposititie van bioraffinaderijen o.b.v. gewassen en UCO zal 

verslechteren (zie pagina 72 voor details)
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Bioraffinaderijen o.b.v. hout hebben naar verwachting een kostennadeel 
t.o.v. niet-EU; competitiviteit plastic pyrolyse afhankelijk van afvalbeheer

1) Er werden zes bioraffinaderijen archetypen geanalyseerd in deze studie: één die HVO (drop-in brandstof) produceert met gebruikte bakolie (UCO) als input; één die bio-

ethanol produceert door maïs te fermenteren; twee op vergassing gebaseerde processen die houtachtige grondstoffen gebruiken om drop-in brandstoffen te produceren; 

en twee processen die drop-in brandstoffen (methanol en ethanol) produceren met behulp van methanolsynthese en fermentatie met houtachtige grondstoffen.

Management samenvatting (5/6)

Resultaten 

competitiviteit 

bioraffinaderijen 

o.b.v. hout en 

plastic pyrolyse 

in 2040 

Regionaal variërende productiekosten per vat (€/bbl), 2040
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• Op het gebied van biobrandstoffen lijkt de beleidsrichting van de EU (RED III) te 

verschuiven naar lignocellulosehoudende biomassa (houtmaterialen). Aangezien het 

verwerken van dit type biomassa energie- en arbeidsintensiever is dan gewassen of 

UCO, en er substantiële kapitaalinvesteringen voor nodig zijn, is dit echter nog niet 

economisch levensvatbaar gebleken en zijn grootschalige bioraffinaderijen op basis 

van lignocellulose grotendeels uitgebleven1

• De kostencompetitiviteitsanalyse wordt uitgevoerd op basis van de huidige energie-

en kostenprofielen van het PBL, maar omdat deze technologieën nog in ontwikkeling 

zijn, kunnen de kostenstructuren (en de implicaties voor concurrentiekracht) richting 

2040 nog aanzienlijk veranderen 

• Op basis van de huidige prijsvoorspellingen wordt verwacht dat de Nederlandse 

bioraffinaderij-archetypen o.b.v. houtmaterialen in het ‘Gelijke speelveld’-scenario 

aanzienlijke concurrentie zullen ondervinden vanuit China, Nigeria, de VS en Brazilië 

(zie pag. 66-67 voor details) – met name vanuit China door lage bouwkosten

• Binnen NWE hebben NL’se bioraffinaderijen een licht voordeel t.o.v. Duitse en 

Belgische vanwege iets lagere arbeidskosten 

• De resultaten zijn gevoelig voor aannames:

‒Als de prijzen van biomassa wereldwijd convergeren, verbetert de 

concurrentiepositie van Nederland (zie pagina 68 voor details, en figuur rechts)

‒Als elektriciteitskosten structureel hoger zijn in NL, verslechtert de 

concurrentiepositie van de NL’se bioraffinaderijen (zie pag. 69 voor details) 

• De competitiviteit van een regio in plastic pyrolyse hangt sterk af van het lokale 

plasticafvalbeheer, aangezien dit de prijs van het gesorteerde plastic afval in grote 

mate bepaalt. Internationale ontwikkelingen op dit gebied zijn echter zeer onzeker en 

daarom zijn prijsverschillen wereldwijd in 2040 moeilijk te voorspellen

• Indien de plastic afvalprijzen in alle regio’s gelijk worden verondersteld, wordt er 

sterke concurrentie verwacht vanuit Saoedi-Arabië, Nigeria en China als gevolg van 

lagere energie- en arbeidskosten aldaar (zie pagina 76 voor details) 

Reeds aangenomen in basecase

#5
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Voor toekomstige competitiviteit zijn een internationaal gelijk speelveld, 
stabiel beleid, competitieve prijzen en decarbonisatie van belang
Management samenvatting (6/6)

Voorwaarden voor toekomstige competitiviteit Redenering

Voorzichtigheid met nationale ‘stokken’ om CO2-

lekkage te voorkomen

Effectieve implementatie van het Carbon Border 

Adjustment Mechanism (CBAM)

1

2

Kostenstijgingen als gevolg van eenzijdige invoering van nationale stokken zoals nationale CO2-beprijzing 

kunnen leiden tot een afname van de concurrentiekracht en tot koolstoflekkage 

Om een ​​internationaal gelijk speelveld binnen Europa te garanderen, zal een succesvolle implementatie 

van CBAM van cruciaal belang zijn. Het huidige ontwerp biedt echter geen bescherming voor exports

Om decarbonisatieprojecten succesvol uit te voeren, hebben raffinaderijen voldoende opgeleid technisch 

personeel nodig

Tijdige adressering van vergunnings- en licentie-

gerelateerde zaken

Voldoende toegang tot gekwalificeerd personeel

De toekomstige concurrentiekracht van raffinaderijen zal worden beïnvloed door het tijdig realiseren van 

vergunningen en licenties om succesvol te decarboniseren en stijgende CO2-kosten te beperken

Een 

internatio-

naal gelijk 

speelveld

Overige 

randvoor-

waarden

16

9

10

Competitieve elektriciteitsprijzen
Competitieve elektriciteitsprijzen zullen een steeds belangrijkere drijfveer worden voor toekomstige 

concurrentiekracht, aangezien elektriciteitsverbruik zal toenemen als gevolg van decarbonisatie

Competitieve aardgasprijzen

Competitieve netwerktarieven

Competitieve aardgasprijzen blijven van belang voor concurrentiekracht vanwege (1) de invloed op de 

elektriciteitsprijzen op middellange termijn, en (2) het blijvende gebruik van aardgas tijdens decarbonisatie

De toekomstige concurrentiekracht van raffinaderijen zal worden beïnvloed door relatieve verschillen in 

netwerkkosten tussen regio's, vooral omdat het elektriciteitsverbruik naar verwachting zal toenemen

Competitieve prijzen voor CO2-transport en 

opslag

Voor raffinaderijen die CCS toepassen als onderdeel van hun decarbonisatiestrategie, zullen relatieve 

kostenverschillen voor CO2-transport en opslag van invloed zijn op toekomstige concurrentiekracht

Voor raffinaderijen die groene waterstof toepassen als onderdeel van hun decarbonisatiestrategie, zullen 

relatieve kostenverschillen voor transport van invloed zijn op toekomstige concurrentiekracht

Competitieve prijzen voor transport van groene 

waterstof

3

4
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7

Competi-

tieve 

transport en 

opslag 

prijzen

Competi-

tieve

energie-

prijzen

Stabiliteit en voorspelbaarheid in klimaat- en 

energiebeleid en regulering

Stabiel en 

voorspel-

baar beleid
8

De meeste investeringen in decarbonisatie en bioraffinage betreffen activa met een levensduur van meer 

dan 15 jaar. Stabiel beleidsklimaat bevordert dergelijke investeringen door onzekerheid te verminderen
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Refineries in EU face two challenges towards 2040: declining demand 
and rising carbon costs; NL refineries could face additional carbon costs

NWE = Northwest Europe; 1) Includes products such as lubricants, asphalt, waxes, cokes; 2) Of this, 40% is estimated to be direct added value (through profits generated via refining activities), approximately

50% is indirect added value (through sales facilitated for sectors providing inputs), and the rest is induced added value. Source: Het belang van de raffinagesector voor Nederland, VNPI (2019); 3) Towards

2040, it is expected that the Carbon Border Adjustment Mechanism will adjust for carbon cost differences between EU & non-EU refineries and prevent a relative cost disadvantage; 4) This can happen if the

EU ETS price levels remain lower than the national CO2 levy height and if the dispensation rights received under the levy scheme are lower than the actual emissions – the impact can differ per refinery

Management summary (1/6)

Background & 

context

• The Netherlands has six oil refineries that produce essential inputs for the mobility sector 

(road, air and maritime transport), petrochemical industry (and other specialty chemicals) 

and the heating sector (built environment)1

• The estimated contribution of the refining sector to the Dutch economy is approximately 

3.8 billion euros per year (0.36% of GDP, 2019)2. The sector provides direct employment 

for approximately 5,000 FTEs and 14,000 indirect FTEs

• Towards 2040, the overall demand for traditional refinery products (fuels & chemicals) in 

Europe is expected to decline by ca. 2-4% (CAGR 2024-’40) – the extent of decline will 

depend on the specific type of refinery product

• A substantial portion (ca. 35%) of the decline in demand will be driven by the transition 

away from diesel and gasoline in the transport sector which currently consumes nearly 

half of the total output of refined products, as electrification gains momentum in passenger 

cars and is emerging in heavy vehicles

• While a decrease in general demand is anticipated, the demand of LPG and kerosene 

should hold steady through 2040, primarily supporting the petrochemical industry and 

aviation sector, which are more challenging to decarbonise

• The share of biofuels within the liquid fuels consumed in EU transport sectors is expected 

to increase towards the future (from ca. 5% in 2025 to 8.5% in 2040) driven by RED III 

targets, Refuel EU Aviation and FuelEU maritime policies, i.e. EU’s policy packages which 

are part of Green Deal/Fit for 55

• In addition to declining/changing demand, refineries in Europe are expected to face higher 

carbon costs than their non-EU competitors3 as the EU ETS price is forecasted to rise to 

ca. 140 €/tCO2 (2030)

• Dutch refineries could incur additional carbon costs on top of EU ETS due to the national 

CO2 levy4, which will rise to 150 €/tCO2 by 2030
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In this study, the competitiveness of nine refinery archetypes to serve 
the Northwest European market in 2040 is assessed

1) NWE market is defined in this report as The Netherlands, Belgium and Germany; 2) Regions covered in the analysis: The Netherlands (NL), Germany (DE), 

Belgium (BE), Kingdom of Saudi Arabia (KSA), Nigeria (NG), China (CN), United States of America (USA), Italy (IT) and Brazil (BR); 3) Used Cooking Oils

Management summary (2/6)

• To answer the key question, all differentiating costs for producing a barrel of 

refined products are compared across nine countries2. These countries were 

selected to ensure that all important regions are represented in the analysis and 

that the most relevant competing countries were included

• The refinery market is typically regionally oriented due to relatively high 

transport costs of end products. Hence, the cost comparison between refineries 

is made based on the assumption that refined products (irrespective of where 

they are produced) are sold in the NWE market i.e., costs for shipping end 

products are included in the analysis for non-NWE refineries

• To assess drivers of inherent competitiveness, nine refinery archetypes (shown 

in the table to the right) were developed and kept constant across regions in 

terms of i.a. energy consumption, types of feedstock processed, yield. This 

helps in isolating the effect of international price differences and not the 

differences related to individual plant efficiency and/or configuration

• This analysis is appropriate for evaluating the competitive strengths of specific 

archetypes between countries. Since the analysis only considers costs and not 

margins, it is not suitable for assessing competitiveness between different 

archetypes. For instance, the competitiveness of simple versus complex 

refineries will also depend on variations in product mix (yield)

• We analyse the Dutch competitive position in the 'Level playing field' scenario, 

where we assume that there are no international price differences as a result of 

policy. In this way, we analyse ‘inherent competitiveness’ and the extent to 

which the Netherlands will have a comparative advantage/disadvantage in 2040

Key question 

explored & 

methodology 

used (incl. the 

archetypes 

analysed)

Archetypes Description Products

T
ra

d
it
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n

a
l 

re
fi

n
e
ri

e
s

Simple 

refinery

Most basic type of refinery. Focuses on 

distillation of light & middle crude oils to 

separate them into different fractions

Fuels and 

naptha

Complex 

refinery

Has a wide range of processing units that 

can handle the heaviest crude oils and 

produce high-value products

Fuels, naphtha 

and specialty 

products

B
io

re
fi

n
e
ri

e
s

C
ro

p
s

Fermen-

tation

Converts biomass (corn) into ethanol 

through a biological process

Bio-ethanol, 

protein and 

biogenic CO2

U
C

O
3

Hydro-

treatment

Processes waste vegetable oils into drop-in 

biofuels such as bio-diesel and bio-gasoline
HVO

L
ig

n
o

c
e
ll
u

lo
s
ic

 (
w

o
o
d
) Pyrolysis

Converts biomass into pyrolysis oil (‘bio-

crude’) which is upgraded to biofuel by 

hydrotreatment and isomerization steps

Biodiesel & 

biogasoline

Fischer 

Tropsch

Converts biomass feedstock into syngas 

and synthesises fuels using the FT process

Biodiesel & 

biogasoline

Methanol 

synthesis

Converts biomass into methanol through 

pretreatment, gasification to syngas, 

syngas cleaning, then methanol synthesis

Bio-methanol

Fermen-

tation

Converts biomass (wood material) into 

ethanol through a biological process
Bio-ethanol

C
h

e
m

ic
. 

re
c
y
c
li
n

g

Plastic 

pyrolysis

Converts plastic waste into raw materials 

for new plastics or fuels through the 

application of heat in absence of oxygen

Recycled 

naphtha & 

fuels

Key question explored: How will the costs of Dutch refineries compare 

with other refineries, both within NWE1 and worldwide, in 2040 while 

serving the Northwest European market, and what are implications for 

competitiveness?
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Regionally differentiating costs per barrel processed (€/bbl), 2040

Route 1: Carbon Capture Route 2: Green H2
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If there is an international level playing field in 2040, Dutch traditional 
refinery archetypes are projected to be relatively cost competitive

• Based on current price forecasts, the traditional Dutch refinery 

archetypes1 are expected to be relatively cost competitive in 2040 in 

the ‘Level playing field’-scenario in both decarbonisation routes3 

while serving the NWE market. This is because transporting refined 

products into NWE is relatively costly (compared to shipping crude). 

However, when the international playing field is unleveled, the 

competitive position of Dutch refineries deteriorates (Combined 

Impact scenario, details on pg. 56)

• The results are sensitive to assumptions on CBAM effectiveness, 

energy prices and the cost of transporting refined products:

‒ If CBAM is only 50% effective in pricing foreign carbon emissions, 

the competitiveness of Dutch refinery archetypes won't change 

significantly due to the high decarbonisation levels assumed in 

2040. In reality, a fully effective CBAM will be crucial to protect local 

green industry from lower cost grey production outside of Europe

‒If the costs of transporting refined products decrease to the levels 

of transporting crude oil due to technological advancements, Dutch 

refineries will face an increase in competitive pressure from outside 

NWE (see pg. 52 for details)

‒ If NWE electricity prices turn out to be higher (+30%) than currently 

forecasted, Dutch competitiveness declines – especially in the 

more energy-intensive green hydrogen route (see pg. 53 for details)

‒ If electricity prices in the Netherlands turn out to be relatively higher 

(+20%) than in other countries (for example due to high grid 

charges or energy taxes), Dutch competitiveness decreases even 

within Northwest Europe (see pg. 54 for details)

‒The competitive position of NL refineries does not change significantly 

if CCS costs harmonise across regions (see pg. 55 for details)2

NWE = Northwest Europe (Nl, BE, DE); 1) The competitiveness analysis is conducted for two traditional refinery archetypes i.e., simple and complex (see pg 46-48 and the 

appendix for details behind the archetypes) 2) In the base case scenario, it is assumed that transport & storage costs are lower in the US and KSA compared to EU, driven by 

the closeness of industry to the storage sites; 3) See slide 47 for details on the two decarbonisation routes for Dutch refineries

Management summary (3/6)

Findings with 

regards to 

competitiveness 

of traditional 

refineries in 

2040
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Regionally differentiating costs per barrel processed (€/bbl), 2040
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In the absence of import tariffs, crops- and UCO-based biorefineries are 
expected to face fierce competition from outside Europe

1) In the combined impact scenario, it is assumed that global commodity prices converge, CBAM is 50% effective, and Dutch electricity prices are 20% higher than 

predicted (see page 72 for details)

Management summary (4/6)

• Crops- and UCO-based biorefineries are projected to face fierce 

competitive pressure from non-EU countries in the ‘Level playing field’-

scenario

• Crops-based biorefineries producing bio-ethanol are mainly projected to 

face competition from Brazil and the US due their low feedstock (corn) 

prices and lower energy and labour costs

• UCO-based biorefineries are mainly projected to face competition from 

China and Nigeria, due to construction costs (only China) and lower 

feedstock, energy and labour costs (both countries)

• In reality, severe import tariffs are in place (for ethanol), or have been 

announced (for HVO), to protect European crops- and UCO-based 

biorefineries from outside competition (not part of the analysis)

• The results are sensitive to assumptions on the international level playing 

field:

‒If the prices of corn and UCO converge worldwide, the competitiveness of 

Dutch crops-based biorefineries slightly decreases, while that of UCO-

base biorefineries remains virtually the same (see pg. 68 for details)

‒ If NWE electricity prices (+30%) turn out to be higher than currently 

forecasted, Dutch competitiveness declines – especially in the more 

energy-intensive green hydrogen route (see pg. 70 for details)

‒ If electricity prices in the Netherlands turn out to be relatively higher 

(+20%) than in other countries (for example due to high grid charges or 

energy taxes), Dutch competitiveness decreases (see pg. 69 for details)

‒In the combined impact scenario, it is assumed that global commodity 

prices converge, CBAM is 50% effective, and Dutch electricity prices are 

20% higher than predicted. Under these circumstances the competitive 

position of crop and woody biomass-based biorefineries will deteriorate 

(see page 72 for details)

Findings with 

regards to 

competitiveness 

of crops- and 

UCO-based 

biorefineries in 

2040
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Wood-based biorefineries may have a cost disadvantage versus non-
Europe; plastic pyrolysis’ competitiveness depends on waste management

1) Six biorefinery archetypes were analysed in this study –one producing bio-ethanol by fermenting corn, one producing HVO (drop-in fuel) with Used Cooking Oils

(UCO) as input, two gasification-based processes that use lignocellulosic-feedstock to produce drop-in fuels, and two processes producing drop-in fuels (methanol & 

ethanol) using methanol synthesis & fermentation with lignocellulosic-feedstock

Management summary (5/6)

Findings with 

regards to 

competitiveness 

of wood 

materials based 

biorefineries 

and plastic 

pyrolysis plants 

in 2040

Regionally differentiating costs per barrel produced (€/bbl), 2040
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• In the realm of biofuels, the EU policy direction (RED III) seems to shift away from 

crop- and UCO-based biofuels and move towards lignocellulosic biomass (wood 

materials). However, due to the more energy- and labour-intensive nature of 

processing this type of biomass and the substantial capital investments required, it 

has not yet proven economically viable and large-scale lignocellulosic-based 

biorefineries have largely failed to materialise

• The cost competitiveness analysis is executed based on current energy- and cost 

profiles from PBL, but as this technology is still in development, the cost structures 

(and their implications for competitiveness) might still change considerably towards 

2040

• Assuming that lignocellulosic (wood-material) biomass feedstock is locally 

available, based on current price forecasts Dutch biorefinery archetypes1 are 

projected to face significant competition from China, Nigeria, US and Brazil (see pg. 

66-67 for details) – esp. China due to low construction costs

• Within Northwest Europe, Dutch biorefineries are expected to be marginally more 

cost competitive than German and Belgian biorefineries due to having slightly lower 

labour costs (see pg. 66-67 for details)

• The results are sensitive to the assumptions:

‒ If the prices of lignocellulosic biomass converge worldwide (feedstock parity), the 

competitiveness of Dutch biorefineries improves (see pg. 68 for details)

‒ If electricity prices (due to higher grid fees or taxes) are structurally higher in NL, 

the competitiveness of Dutch biorefineries deteriorates (see pg. 69 for details)

• The competitiveness of chemical recycling (incl. plastic pyrolysis) will largely 

depend on countries’ plastic waste management as this will drive feedstock prices, 

but international differences are highly uncertain  

• If feedstock prices are considered equal across regions, fierce competition is 

expected from Saudi Arabia, Nigeria and China due to lower energy and labour 

costs (see pg. 76 for details)

Already applicable in base case

#5
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For future competitiveness, an international level playing field, stable 
policy, competitive prices and successful decarbonisation are required
Management summary (6/6)

Conditions for future competitiveness and policy implications Rationale

Caution with national sticks (as they might lead to 

reduced competitiveness and carbon leakage)

Effective implementation of the Carbon Border 

Adjustment Mechanism (CBAM)

1

2

Cost increases due to unilateral implementation of national sticks such as national CO2-pricing can lead to 

a decrease in Dutch refineries’ competitiveness and carbon leakage

To ensure an intl. level playing field, a successful CBAM will be crucial as carbon costs become more 

significant; even when succesfully implemented, the current design will not provide protection for exports

In order to succesfully execute decarbonisation projects, refineries require sufficiently trained technical 

personel

Permitting & licensing related matters to be 

adressed in a timely manner

Sufficient access to technical know-how within 

the sector

Future competitiveness of refineries will be affected by the timely realisation of permitting and licensing to 

succesfully decarbonise and mitigate rising CO2 costs

An 

international 

level playing 

field

Other 

precondit-

ions for 

decarbon-

isation

9

10

Competitive electricity prices
Access to competitive electricity prices will be an increasingly important driver for future competitiveness 

as refineries’ electricity consumption increases due to decarbonisation

Competitive natural gas prices

Competitive tariffs for the electricity grid

Although natural gas use will decline, its prices remain important because: (1) they will still influence 

electricity prices in the mid-term, and (2) refineries will remain using natural gas while decarbonising

The future competitiveness of refineries will be affected by relative grid cost differences across regions, 

especially as electricity consumption will increase as a result of decarbonisation

Competitive prices for CO2-transport and storage
For refineries that apply CCS as part of their decarbonisation strategy, relative cost differences across 

regions for the transport and storage of CO2 will affect future competitiveness

For refineries that apply green hydrogen as part of their decarbonisation strategy, relative cost differences 

across regions for its transportation will affect future competitiveness
Competitive prices for green hydrogen transport
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7

Competitive 

transport 

and storage 

prices

Competitive 

energy 

prices

Stable and predictable climate and energy 

policies and regulations

Stable and 

predictable 

policies
8

Given that the majority of decarbonisation and biorefinery capacity investments are directed towards 

assets with lifespans >15 years, consistent and predictable policies will encourage such investments
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Refinery Capacity3 (KBPD2) Number of employees

CO2-eq 

emissions1,4 

(Mt)

1 ca.1,900 (Pernis) 4.1

2 ca. 730 (Europoort) 1.9

3 ca. 1,000 (Botlek) 2.4

4 ca. 650 (Vlissingen) 1.6

5 ca. 50 (Europoort) 0.1

6 ca. 360 (Europoort) 0.2

425

415

201

153

120

75

The Netherlands has six refineries positioned in proximity to harbours
and connected with clients in surrounding countries
Introduction: Overview NL refining sector

NL refinery overview

1

2

3

4

5

6

Schiphol
Markelo

Antwerp

Zeebrugge

Gent

Zaventem

Dunkerque

Venlo

Geleen

Wesel

Godorf
Wesseling

Gelsenkirchen

Frankfurt

Ludwigshafen

Zeeland Refinery

BP

Gunvor

Rotterdam

ExxonMobil

CEPS: Central European Pipeline System

TOPN: Crude Pipeline

RAPL: Rotterdam Antwerp Pipeline

RRP: Rotterdam Rhine Pipeline

DSM: Naphtha Pipeline

RMR: Rhein Main Rohrleitung

Vitol

Royal Dutch Shell 1

2

3

4

5
6

Sources: Concawe Refineries Map, CBS, Port of Rotterdam

Notes: 1) Nea 2022 (scope 1 emissions) 2) Kilo Barrels Per Day 3) Concawe 2023 (Link); 4) The total emissions of a refinery and the according emissions per barrel processed depend on the 

amount of process steps within the refinery. With different process steps a variety of products are made which differ significantly in terms of energy/economic value and application. It is therefore 

not feasible nor correct to compare the CO2 efficiency of refineries based on the capacity and total CO2 emission figures given on this slide; 5) Amsterdam, Rhine-Ruhr, Rotterdam & Antwerp

Physical connectedness of NL refineries with ARRRA5 cluster
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Paints

Build materials

Plastics

Petrochemical

Naphtha

Gasoline

Refineries produce key inputs for the mobility (road, air & maritime), 
industry & heating (esp. built environment) sectors & key end products

Notes: 1) Industries with share >5% include agriculture, forestry, energy sector – not exhaustive; 2) NL production of 2023 expressed in PJ, data retrieved from CBS (link)

Sources: Eurostat, Link

Introduction: Importance of the refinery sector

• Refineries produce essential inputs for

various sectors including mobility (road, air, 

and maritime transport), industry, and

heating. These refined products, such as 

gasoline, diesel, kerosene, and naphtha, are 

critical for powering transportation and

industry

• Refined products also serve as key inputs for

a wide range of essential end products, 

including plastics, medicines, fertilizers, 

synthetic materials, and packaging. For 

instance, in the petrochemical industry, 

refined products such as naphtha are crucial

for the production of plastics as virtually all

plastics to date are of fossil source

• The connectedness between refined

products, intermediate products, and end 

applications (e.g., in the petrochemical

sector) shows a well-integrated supply chain 

from raw material to final consumer use

ensuring efficiency and reliability in delivering

essential goods and services across various

industries

Examples of end productsProduct group Intermediate product

LPG

Kerosene

Diesel

Fuel/ 
heating oil

Asphalt/
bitumen

Lubricants

Application

Olefins

Aromatics

Mobility

Aviation

Maritime

Road transport

Other1

Construction

Pharma-

ceuticals

Residential 

heat

Key messagesRefinery product groups and applications

27

758.2

394.0

978.5

601.4

548.7

65.5

37.1

46.2

NL prod.

(PJ).2

https://opendata.cbs.nl/#/CBS/nl/dataset/83140NED/table?ts=1723643203895
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Oil_and_petroleum_products_-_a_statistical_overview
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Dutch refineries & the petrochemical industry connected to it 
contribute €29.7 billion annually to the Dutch economy

Sources: Ecorys (2019), Het belang van de raffinagesector voor Nederland (Link)

Introduction: Contribution of the Dutch refinery sector

Direct 

value

Indirect 

value

0.3

Induced 

value

Total 

sector

Direct 

value

Indirect 

value

Induced 

value

Total 

cluster

1.5 2.0

3.8

13.2

10.1

2.6

29.7

Direct 

value

Immediate economic impact 

generated by a sector or activity, 

including the value added directly 

by the production process e.g., 

profits generated

Indirect 

value

Economic impact generated by a 

sector through its demand for 

goods and services from other 

industries e.g., revenues 

generated for petchem. industry 

or Rotterdam port

Induced 

value

Economic impact resulting from 

the spending of wages by 

employees of the sector and its 

supply chain

Total 

value

Captures the full extent of a 

sector’s economic contribution, 

encompassing all direct, indirect, 

and induced effects
Cluster (incl. chemical 

and plastics industry)

+

+

=

• Due to its close integration and 

dependency of the refining sector 

with other industries (e.g., product 

specific pipeline to petrochemical 

producers) the added economic 

value is considered from a cluster 

view

• The refinery and associated 

chemical and plastics industries 

contribute €29.7 billion annually to 

the Dutch economy. This includes 

approximately 50% direct value, 

40% indirect value, and 10% 

induced value, representing 2.8% 

of the GDP, indicating a significant 

economic impact

• Additionally, the sector is integrated 

into the larger Antwerp-Rotterdam-

Rhine-Ruhr-Area (ARRRA) cluster, 

strengthening its economic and 

strategic significance in regional 

and international contexts

Refinery sector

Example: Revenue of petrochemical 

plant selling raw plastic to 

manufacturers of packaging, automotive 

parts, and consumer goods

Economic benefit to the supply 

chain and services connected to 

the sector such as logistics or 

material manufacturing

Added value of refining sector and cluster to Dutch economy (€bln) Value levers Key messages
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https://vemobin.nl/wp-content/uploads/2020/03/NL5200-34669-Het-belang-van-de-raffinagesector-met-werkgelegenheid_18okt_.pdf
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Global demand for refined products is expected to stagnate and decline 
slightly in the future, reaching its peak in 2030

Note: 1) Includes products such as lubricants, asphalt, waxes, cokes

Sources: Strategy& analysis; IEA 2022, (link)

Development of global demand for refined fossil products

STEPS

(‘24-’40)

APS

(‘24-’40)

Historic

(‘15-’24)

• Global refined fossil product 

demand will rise by 4% 

between 2024 and 2030 to 

reach 100 million barrels per 

day (mb/d) based on current 

government policies and 

market trends

• However, from 2030 onwards 

annual demand growth is 

expected to decline, putting a 

peak in demand in sight

• More robust demand for 

naphtha driven by demand in 

the petrochemical industry for 

e.g., plastic production in Asia 

Pacific/Middle East

• Increasing demand for jet fuel 

driven primarily by the 

expansion of the middle class 

in emerging markets
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LPG

Naphtha
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Other products1
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https://www.iea.org/reports/world-energy-outlook-2022/outlook-for-liquid-fuels
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Globally, the demand for biofuels is expected to increase towards 2040 
along with their share in total liquid fuels consumed

Notes: 1) based on total liquid fuel demand as per STEPS scenario

Sources: Sustainable Fuels Cost model, Achieved Commitments scenario, McKinsey (2023), (Link)

Development of global demand for biofuels
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• Biofuels play an important role in 

decarbonising transport by providing a 

low-carbon solution for existing 

technologies like heavy-duty trucks, 

ships and aircrafts with few other 

alternative and cost-effective solutions

• The overall demand for biofuels is 

expected to grow (4% CAGR) from 

2025 towards 2040 driven by policy 

targets, especially in Europe where 

targets for the use of renewable 

energy and feedstock types are 

outlined in the Renewable Energy 

Directive amendment

• Development of each fuel will differ 

depending on technology deployment 

and policies for feedstock usage to 

minimise impact on land-use, food and 

feed prices

4.8%

6.4%

7.6%

8.7%

= Share of global liquid fuel demand1

(‘25-’30) (‘30-’40)

32%
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-
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25%

-2%
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Global biofuel product demand by fuel type (2025-2040, in mb/d) CAGR Comments
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https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/how-traders-can-capture-value-in-sustainable-fuels
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Demand for refined products in Europe is expected to decline by ca. 2-
4% annually (CAGR b/w 2024-2040)

Note: 1) Includes products such as lubricants, asphalt, waxes, cokes

Sources: Strategy& analysis; IEA (2022), (link); Argus (2022), (link)

Development of European demand for traditional refined products

STEPS

(‘24-’40)

APS

(‘24-’40)

Historic

(‘15-’24)

• The demand outlook for 

traditional refinery products is 

likely to decrease in Europe 

across scenarios, with a 

sharper decline when 

countries fully and timely 

implement their national 

targets

• Primarily this trend is driven by 

the demand changes for 

personal mobility coupled with 

the decarbonisation trends 

playing out in industries as 

encouraged by policies 

• In the EU, within the context of 

the Green Deal, the European 

Commission’s ‘Fit for 55’ 

package released included 

several policy proposals, 

many of which will affect 

refineries directly or indirectly
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https://www.iea.org/regions/europe/oil
https://te-cdn.ams3.cdn.digitaloceanspaces.com/files/ED15882-Ricardo-refineries-study-for-TE-Final-report-15Jul2022-2.pdf
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In the EU, demand for SAF is expected to grow towards 2040 while 
other biofuels face declining demand and unclarity beyond 2030

Source: SAF demand estimated based on ReFuelEU objectives and OECD/FAO agricultural outlook (2021-30) used for Ethanol and Biodiesel demand

1) This assumes that demand from ethanol & biodiesel will evolve based on the trend b/w 2025-30; 2) The analysis excludes demand of biofuels from maritime sector

Development of EU demand for biofuels
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• The overall demand for biofuels in the 

EU is expected to grow from 2025 

towards 2040 but mainly due to the 

increased need for Sustainable Aviation 

Fuels (SAF), required to meet the 

ambitious targets set by the ReFuelEU 

Aviation initiative and the RED III 

transportation targets

• Demand for Ethanol and Biodiesel is 

expected to decline by 1-3% CAGR (b/w 

2025-30) as the overall demand for liquid 

biofuels from the road transport sector 

will decline (as shown in the previous 

page)

• The share of biofuels within the overall 

liquid fuel demand is expected to 

increase because of lower fossil fuel 

consumption from 5% to 8.5%1(2025-40)

• There is unclarity on the demand for 

biofuels beyond 2030 as the policy goals 

from EU are not yet set for this period. 

However, increased electrification and a 

European ban on new sales of carbon-

emitting cars from 2035 is expected to 

lead to a further decline 

5.0% 5.2% 6.6%1 8.5%1

= Share of EU liquid fuel 

demand1

(‘25-’30) (‘30-’40)

-3%

27% 21%

N/A

-1% N/A

Ethanol (Biodiesel) Drop-in diesel SAF (Drop-in kerosine)

Demand projected based on historical 

CAGR; Uncertain beyond 2030

EU biofuel product demand2 by fuel type (2025-2040, in mb/d) CAGR Comments
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Along with declining/changing demand, the refining sector will also be
increasingly subject to carbon costs, incentivising decarbonisation

1) PBL - KEV 2022 (link); 2) Nea nationale CO2 heffing (2024) (link)

CO2 pricing: EU ETS & national CO2-levy

Development of EU ETS price & Dutch CO2-levy (€/tCO2 in ’24€) Comments

• The European industry is facing increasing carbon prices (EU 

ETS) along with the phasing out of free allowances, leading

to a substantial increase in CO2-costs which puts increasing

pressure on industry to decarbonise

• EU ETS price forecast: A price increase is expected from

€68.74/tCO2 (2024) to €228.61/tCO2 (2040)1. This is based

on real prices from KEV 2022 (PBL) publication, with an

inflation correction, i.e., in 2024 prices

• Starting from 2021, the Netherlands is the only European 

country that has a national CO2 levy for the industry that

functions as a 'floor price' for EU ETS

• National CO2 levy height: A price increase is expected from

€74/tCO2 (2024) to €150.31/tCO2 (2030)2. This is based on 

the current published price path by EZK in 2024 prices. After

2030, the height of the national CO2 levy is unknown

• Starting in 2026, the EU will phase in the Cross Border 

Adjustment Mechanism (CBAM), which will levy a charge on 

imported goods based on their emissions, matching the ETS 

price. This aims to create an international level playing field 

for sales within Europe. However, it will not address the cost 

disadvantage posed by the Dutch CO2-levy, nor will it impact 

exports from Europe to other regions

EU ETS

(2040)

National 

levy

(2030)
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https://www.pbl.nl/uploads/default/downloads/pbl-2022-klimaat-en-energieverkenning-4838.pdf
https://www.emissieautoriteit.nl/onderwerpen/tarieven-co2-heffing
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Refineries can use CCS and green hydrogen to reduce CO2; reduced gas 
consumption depends on using green hydrogen as fuel or electrification
Decarbonisation options

1) PwC (2024) Speelveldtoets (link); 2) TNO 2022 (Link); 3) TNO, (2022, link); 4) Renewable Fuel of Non-Biological Origin;

Option Description Preconditions1 Reflection Timeline

CCS

Circa 90% of CO2 can be captured after combustion from the 

stacks of refinery installations
Policy certainty

For current implementation of CCS there is 

often too much uncertainty about nitrogen 

policies and (political) support for green/blue 

hydrogen Technically possible 

before 2030

CO2 can be captured from residual gasses before combustion 

at e.g. SMR units, making blue hydrogen
Financial support

Subsidies are needed to come to a positive 

business case for CCS

Blue Hydrogen

Blue hydrogen can be used in hydrocrackers and be used as 

raw material against lower costs than green hydrogen
Supply certainty

There should be a viable amount of supply of 

blue hydrogen to meet demand2,3

Technically possible 

before 2030
Blue hydrogen could replace natural gas in the production 

process at distilation, cracking and reforming steps
Financial support

Subsidies are needed to make blue hydrogen 

usage economical viable for the traditional 

refineries 

Green Hydrogen

Green hydrogen can be used as feedstock in the H2 cracking 

unit of traditional refineries for RFNBO4 production under RED 

III

Green hydrogen

There should be a viable amount of supply of 

locally produced or imported affordable green 

H2 to meet demand Technically possible 

before 2030
Green hydrogen could replace natural gas in the production 

process at distilation, cracking and reforming steps
Infrastructure

There should be enough affordable 

infrastructure available for the production or 

import of green hydrogen

Electrification
Large scale electrification of furnaces/crackers can 

substantially reduce CO2 emissions
Grid capacity

Grid capacity and electricity supply should be 

available to facilitate large scale electrification 

of refineries

Technically not 

possible before 2030
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https://www.rijksoverheid.nl/documenten/rapporten/2024/05/08/speelveldtoets-2024
https://www.pbl.nl/sites/default/files/downloads/pbl-2022-decarbonisation-of-the-industry-cluster-botlek-pernis-rotterdam-4946.pdf
https://publications.tno.nl/publication/34638465/CKIHiu/peters-2021-Hy3.pdf
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Co-processing biomass feedstock is an alternative method for 
traditional (crude oil) refineries to reduce their scope 1 and 3 emissions

1) Shell Co-processing (link): 2) World Economic Forum (link); 3) Exxonmobil (link) & IEA (link); 4) Pall (link) 5) BP (link) & FuelsEurope (link)

Co-processing in traditional refineries

Biomass can be co-processed in traditional refineries after pre-treatment

Separation & 

pre-treatment Co-processing units (example)

Atmospheric 

distillationCrude oil

Biofeed-

stock
Pre-treatment

Hydrotreating

Hydrocracking

Fluid catalytic cracking

Fossil based refined 
products

Bio based 
refined 
products

Product outputInput

Bio based:

Green diesel 

(HVO)

Green gasoline 

(HVO)

SAF

Fossil based:

Diesel

Gasoline

Jet fuel

• Co-processing refers to the technique of using 

biomass as a feedstock next to crude oil in a 

traditional refinery. The percentage of biomass added 

to the feedstock is dependent on the specific plant 

configuration but is in general 0-10% of total feed1

• Scope 1 and 3 emissions are reduced as the 

emissions associated with the biomass portion of 

feedstock are biogenic. This leads to an overall well 

to wheel reduction of CO2 emissions up to 80% for bio 

based refined products compared to fossil based2

• The benefit of co-processing compared to stand-

alone biorefining is that existing installations are used 

to produce low carbon refined products, reducing the 

need for large investments in new production plants3

• Note: Despite some benefits of lower CAPEX, the 

cost competitiveness of co-processing is not analysed 

through a separate archetype in this study as 

operational cost synergies are limited, and 

conclusions on cost competitiveness will be largely 

equal to the competitiveness of stand-alone 

biorefineries
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Challenges at the input side

• The main challenges of co-processing are the quality of feedstock and

output products; main contaminants of biofeedstock are 1) water 2) 

oxygen and 3) acidic particals

• These could lead to fouling and contamination of catalysts leading to

more expensive downtime and repairment4

The three main technical hurdles are4: 

1. Additional hydrogen demand to remove oxygen

2. Higher need for gas treatment and removal capacity

3. Removal of additional water from the process

Challenges at the output side

• On the output side the reporting is, next to product 

quality, the main issue to adress. According to EU 

regulation the biogenic content of co-processed

batches may be measured with a method of choice

by the producer

• Periodical measurements with the C14 technique is 

necessary to confirm the calibration of the producer’s

method. The small discrepancy of only 1% allowed

after 12 months of co-processing is deemed unfit5

Max 10% 

of total feed

Separation
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https://www.shell.com/business-customers/catalysts-technologies/licensed-technologies/benefits-of-biofuels/co-processing.html
https://www.weforum.org/agenda/2023/12/biomass-waste-sustainable-fuels-carbon-climate-change/
https://corporate.exxonmobil.com/what-we-do/transforming-transportation/lower-emission-fuels/co-processing
https://task39.ieabioenergy.com/wp-content/uploads/sites/37/2023/01/Recent-progress-in-the-production-of-low-carbon-intensive-drop-in-fuels.pdf
https://www.pall.com/en/oil-gas/refining/advanced-biofuels/why-is-filtration-important.html
https://www.bp.com/content/dam/bp/master-site/en/global/home/pdfs/advocacy-activities/bp-feedback-on-the-draft-delegated-act-establishing-a-union-methodology-setting-out-rules-for-co-processing.pdf
https://www.fuelseurope.eu/uploads/files/modules/publications/1696865285_FuelsEurope_Interpretation_of_DA%20Co-Processing.pdf
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Against these developments, this report explores the economic outlook 
of the Dutch refining sector towards 2040
Scope of the project

Establish a fact-base 

around the future 

economic outlook of the 

Dutch refining sector 

(both for current/ 

traditional refining 

assets and potential new 

bio-refining assets)

• To answer the main research questions

more detailed sub-questions are 

explored:

– What are refinery archetypes most 

relevant for comparison, what do their

respective production processes and

cost structures look like?

– What are the main competitive

regions intra and extra EU (i.e. what

are product exports to Northwest

Europe)?

– What are archetype-specific drivers of 

competitiveness and how do they

influence the position of the

Netherlands on the merit order? 

– What is the strategic outlook for the

Dutch refining sector under different 

(decarbonised) scenarios?

What is the future competitiveness of traditional refineries?

What is the future competitiveness of biorefineries and 

plastic pyrolysis?

How can government policy support in enabling 

decarbonisation within the refining sector while not 

deteriorating their degree of competitiveness?

Key goal Research questions to explore Comments

36



Methodology



Future of refining NL

Strategy&

October 18, 2024

We analyse future competitiveness by comparing the unit costs of 
producing a barrel of refined product for the NWE market
Methodology: Unit cost comparison

€/bbl processed 

and sold into NWE

Country #1 Country #2 Country #3 Country #4 Country #5 Country #6 Country #7 Country #8 Country #9

Illustrative

Most competitive Least competitive

• Competitiveness is largely determined by production costs. The 

company or region that can serve the market to the least costs is 

potentially able to seize the whole market in the long-run as it can

expand its production capacity to meet total demand for a price that

cannot be matched by competitors

• To assess the inherent competitiveness of the Dutch refinery sector in 

2040, we analyse the costs a refinery would make across the globe to

produce and sell a barrel of refined products into the NWE-market 

(NL, BE and DE) – we focus on this geographic market since this is 

the most important sales market for Dutch refineries (see more info on 

the next page)

• We keep the refinery archetype profiles constant across regions (e.g. 

energy consumption, types of crude processed, yield), as there is no 

inherent reason for why one region would have more efficient

refineries than another

• Finally, we analyse competitiveness in a 'Level playing field’-scenario, 

in which we assume there to be no international price differences in 

energy taxes, network tariffs and CO2-pricing (due to effective CBAM) 

and no import tariffs. This way, we assess to what extent the 

Netherlands will inherently have a comparative advantage or 

disadvantage compared to competing regions in 2040 based on these 

assumptions

Unit costs of producing a barrel of refined products and selling into NWE Comments
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Germany

Exports to NWE (Mt)

Netherlands 4.8

Belgium 1.2

We focus on selling into Northwestern Europe (NL, BE, DE) since the
refinery market has traditionally been mostly regionally oriented

1) Export numbers retrieved from EuroStat Comext Database, volumes in million tonnes. These include volumes previously imported from alternative locations and do 

not only include locally produced refined products; 2) Production and demand data retrieved from EuroStat Database, volumes in million tonnes oil equivalents 

Methodology: The NWE market

• Refinery product markets are 

typically defined as max EEA-

wide, often showing signs of 

being regional, indicating 

limited competitive pressure 

from refineries outside the EU 

or even outside NWE

• Production in NWE (NL, BE 

and DE) outweighs demand, 

and local consumption is 

mainly served by local 

production

• Although NL refineries also 

export outside NWE, it is most 

relevant to assess its future 

competitive position in the 

NWE market – not only 

because this is its most 

important sales market but 

also because it functions as a 

‘worst case’ example; if NL is 

not competitive here, it is likely 

not to be competitive anywhere

Refinery 

product
EC market definition

LPG
EEA or Western-EU 

(EC. M.7649, 2015)

Naphtha
EEA

(EC. M.4208, 2006)

Gasoline
EEA or Western-EU 

(EC. M.7649, 2015)

Kerosene            
(/jet fuel)

EEA or Western-EU 

(EC. M.7649, 2015)

Diesel
EEA or Western-EU 

(EC. M.7649, 2015)

Fuel oil
EEA or Western-EU 

(EC. M.7649, 2015)H
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The Netherlands Belgium

Production

6

9

11
3

8

Demand 

per sector

59

38

+21

Local production Road transport Aviation Maritime Industry Other

Production

5
5

8
2

7

Demand 

per sector

29 28

+1

Production

24

17

2
9

45

Demand 

per sector

95 97
-2

Exports to NWE (Mt)

Belgium 16.0

Germany 20.6

Exports to NWE (Mt)

Netherlands 10.9

Germany 6.5

Geographic market definitions by EC Production, demand and trade intra-NWE (mt)1,2 Comments
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We compare the costs of producing in NL with neighbouring NWE 
countries and six relevant countries from outside NWE

1) Data Extracted from OPEC 2024 Statistical Bulletin; 2) Data extracted from EuroStat Comext Database; NOTE: Exports and Dominguez self-served demand expressed as % of total NWE 

demand. As this does not account for exports into NWE being transported out of NWE again, the actual % of NWE consumption served per country cannot be determined. Hence, if all countries’ 

% would be shown, this would count up to more than 100%; 3) Calculated by subtracting imports from other NWE countries from total NWE consumption. We assume that all other consumption is 

served by local production, which is an overestimation but might not be too far off consindering the data on the previous page

Methodology: International comparison 

Region Country
Current production capacity 

(kbbl/d 2023)1

Sales to NWE expressed as % 

of NWE consumption2

Northwest 

Europe

Netherlands

Belgium

Germany

South Europe Italy

Middle-East Kingdom of Saudi Arabia

North America United States of America

South America Brazil

Africa Nigeria

Asia China

1,292

644

2,051

1,900

3,291

2,289

1,122

17,918

16,810

• We compare cost competitiveness

across nine countries: NL, BE, DE, IT, 

KSA, USA, BR, NG and CN

• Within Northwest Europe, Belgium and

Germany have been selected, as 

these are part of the ARRRA-cluster 

and naturally compete the most with

Dutch refineries (see also page 24)

• The non-NWE countries have been 

selected in such a way that all relevant 

regions of the world are represented

by the country deemed most relevant 

for the analysis

17.9%

11.9%

1.0%

1.6%

1.9%

0.1%

1.2%

0.2%

15.9%

43.0%

6.8%

2.7%

33.8%

18.7%

45.7%

Exports to (other) NWE

Self served NWE demand (estimated)3

Comments
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Based on literature & expert input, we analysed nine refinery archetypes 
– traditional (2), bio (6) and recycling refineries (1)

Source: Strategy& Analysis

Methodology: Refinery archetypes

Category Archetype Description End products

Traditional (oil) 

refinery

Simple 

refinery

The most basic type of refinery. It focuses on distillation of light crude 

oils to separate it into different fractions

Fuels and inputs for plastic 

production

Complex 

refinery

Has a wide range of processing units that can handle the heaviest 

crude oils to produce fuels, naphtha, and specialty products

Fuels, inputs for plastic 

production and specialty 

products (e.g. lubes, bitumen)

Bio-

refinery
Crops Fermentation

Processes starch / sugar into bio-ethanol which can be blended with 

traditional fuels
Bio-ethanol (blend-in fuel)

Used 

Cooking 

Oils

Hydro-

treatment

Processes waste vegetable oils (such as UCO) into drop-in biofuels 

such as bio-diesel and bio-gasoline
HVO (drop-in)

Wood-

materials

Pyrolysis
Converts biomass into pyrolysis oil (‘bio-crude’) which is upgraded to 

biofuel by hydrotreatment and isomerization steps

Biodiesel & biogasoline 

(drop-in)

Fischer 

Tropsch

Processes and cleans biomass feedstock, converts it to syngas via 

fluidized bed gasification, and synthesises fuels using the FT process

Biodiesel & biogasoline (drop-

in)

Methanol 

synthesis

Converts biomass into methanol through pretreatment, gasification to 

syngas, syngas cleaning, then methanol synthesis
Bio-methanol (blend-in fuel)

Fermentation
Converts biomass into ethanol through a biological process; 

pretreatment, enzymatic hydrolysis, fermentation, and ethanol recovery
Bio-ethanol (blend-in fuel)

Chemical recycling
Plastic 

pyrolysis

Converts plastic waste into inputs for plastic production and potentially 

fuels through a process of thermal decomposition
Recycled naphtha and fuels

1

2

3

4

5

6

7

8

9

• ‘Traditional refinery’ refers to

refineries that use crude oil as 

feedstock, ‘Biorefinery’ refers to

refineries that process biomass

and ‘Chemical recycling’ refers

to plants that process plastic 

waste – this categorisation does 

not say anything about the level 

of modernisation of the

archetypes

• We analyse 3 categories of 

biorefineries based on the type 

of biomass they process: crops-

based, UCO-based and wood-

based biorefineries

(lignocellulosic)

• The archetypes have different 

cost structures, causing

international price differences to

impact their competitiveness

differently

Comments
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Cost 

component

Regional 

differences
Explanation

Transport 

of refined 

products

Non-NWE producers face transport costs to ship the refined 

products to NWE; costs depend on distance from NWE-ports

Green 

hydrogen

Green hydrogen prices differ regionally, largely dependent on 

marginal cost differences of producing green electricity; solar-

heavy countries typically have lower prices

CCS
(Transportation) costs for CCS differ regionally based on 

existing infrastructure and proximity to storage

CO2-costs

Due to implementation of CBAM, CO2-costs are internationally 

harmonised in 2040 (for the EU market) – outside EU 

differences exist

Electricity 

and gas

Energy prices differ regionally based on differences in 

marginal cost of production (e.g. due to solar availability 

and/or access to affordable natural gas)1

Labour
Labour costs differ internationally due to local labour market 

dynamics and different taxes and regulations

Transport 

of crude oil

Transportation costs of crude oil depend on the proximity of 

crude oil sourcing – we assume zero costs for locally sourced 

crude oil

Feedstock

(crude oil)

Crude oil is traded globally, and prices do not differ regionally 

other than due to transportation costs

For traditional refineries, we compare unit costs that differ between 
regions excluding CAPEX, as we assume competition b/w existing assets

1) We keep energy mix constant across regions to isolate the impact of inherent competitiveness (and exclude the impact of policy driven choice for energy 

mix)

Methodology: Cost structure of traditional refineries

Cost structure of a traditional 

refinery serving the NWE market

Transport of

refined product

Green hydrogen

CCS

CO2

Electricity and gas

Labour

Transport of crude oil

Feedstock

(Crude oil)
See the appendix for a 

detailed explanation of the 

used prices

Comments
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• To compare international 

competitiveness for traditional 

refineries, we compare unit cost 

components that differ regionally

• We assume that traditional refineries 

have already been constructed, and 

CAPEX of the original plants is 

therefore excluded from the analysis; 

CAPEX related to CCS are included

• Since our methodology only 

compares costs and not margins, no 

conclusions can be drawn on the 

relative competitiveness of simple 

versus complex refineries.These 

refinery archetypes produce different 

yields and process different types of 

crude oils
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Cost structure of a biorefinery 

serving the NWE-market

Transport of 

refined prod.

Green hydrogen

CCS

CO2

Electricity and gas

O&M (incl. labour)

Feedstock

CAPEX

Cost 

component

Regional 

differences
Explanation

Transport 

of refined 

products

Non-NWE producers face transport costs to ship the refined 

products to NWE; costs depend on distance from NWE-ports

Green 

hydrogen

Green hydrogen prices differ regionally, largely dependent on 

marginal cost differences of producing green electricity; solar-

heavy countries typically have lower prices

CCS
(Transportation) costs for CCS differ regionally based on 

existing infrastructure and proximity to storage

CO2-costs

Due to implementation of CBAM, CO2-costs are internationally 

harmonised in 2040 (for the EU market) – outside EU 

differences exist

Electricity 

and gas

Energy prices differ regionally based on differences in 

marginal cost of production (e.g. due to solar availability 

and/or access to affordable natural gas)3

O&M (incl. 

labour)

Fixed O&M costs (mainly labour) differ based on labour cost 

differences; variable O&M costs are dependent on initial 

CAPEX investment (see bottom row)

Feedstock

Bio-feedstock prices differ regionally based on market prices 

(of corn), transportation costs (mainly for UCO from China) 

and/or cost of production (for lignocellulosic biomass)2

CAPEX1

Capital expenditures differ per region based on location-

dependent costs such as land and labour; in addition, cost of 

capital depends on risk associated with investing there

For biorefineries, we compare all cost components that differ regionally, 
including CAPEX, as most investments must still be made

1) Depreciation period of 15 years; 2) Cost of ligno-cellulosic biomass production for bioenergy: A review in 45 countries (2022), JP Domingues et al.; 3) We keep energy mix 

constant across regions to isolate the impact of inherent competitiveness (and exclude the impact of policy driven choice for energy mix)

Methodology: Cost structure of biorefineries

• To compare international

competitiveness for biorefineries, we 

compare unit cost components that

differ regionally

• Since most/many biorefineries still have 

to be build, we include CAPEX in the

cost comparison analysis, while we 

exclude these for traditional refineries

• Contrary to traditional refineries, 

biorefineries face international

differences in feedstock costs since we 

assume that these are sourced locally

• UCO is suited for international shipping, 

as we see China is flooding the EU 

market – however we assume UCO to

be sourced locally and the prices to be

set by China (=China + transport costs)

See the appendix for a 

detailed explanation of the 

used prices

Comments
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Cost structure of a chemical 

recycler serving the NWE market

Transport of 

refined prod.

CO2

Electricity and gas

O&M (incl. labour)

Feedstock

CAPEX

Cost 

component

Regional 

differences
Explanation

Transport 

of refined 

products

Non-NWE producers face transport costs to ship the refined 

products to NWE; costs depend on distance from NWE-ports

CO2-costs

Due to implementation of CBAM, CO2-costs are internationally 

harmonised in 2040 (for the EU market) – outside EU 

differences exist

Electricity 

and gas

Energy prices differ regionally based on differences in 

marginal cost of production (e.g. due to solar availability 

and/or access to affordable natural gas)2

O&M (incl. 

labour)

Fixed O&M costs (mainly labour) differ based on labour cost 

differences; variable O&M costs are dependent on initial 

CAPEX investment (see bottom row)

Feedstock

Feedstock prices will be dependent on countries’ plastic waste 

management. Since international price differences in 2040 are 

highly uncertain, we exclude these from the cost analysis

Capex1

Capital expenditures differ per region based on location-

dependent costs such as land and labour; in addition, cost of 

capital depends on risk associated with investing there

For chemical recycling, we compare all cost components that differ 
regionally, including CAPEX, since most investments must still be made

1) Depreciation period of 15 years; 2) We keep energy mix constant across regions to isolate the impact of inherent competitiveness (and exclude the impact of policy driven

choice for energy mix)

Methodology: Cost structure of chemical recycler

• To compare international 

competitiveness for chemical 

recycling, we compare unit cost 

components that differ regionally

• Similarly to biorefineries, we include 

CAPEX in the cost comparison since 

most plants still have to be build

• Due to uncertainty on how prices of 

plastic waste will develop 

internationally, we exclude feedstock 

costs from the analysis – see page 

75 for more information

See the appendix for a 

detailed explanation of the 

used prices

Comments
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We analyse the competitiveness of traditional refineries based on two 
archetypes: a simple and a complex refinery

1) Other specialty products include e.g., petroleum cokes, solvents, waxes, sulphur

Traditional refinery archetypes

Feedstock

Crude oil

Simple 

refineries are 

only capable of 

processing  

mainly lighter 

crude oils 

• Academic literature describes 4 main 

archetypes for traditional refineries: 

topping, hydro-skimmer, conversion and 

coking refineries

• Main distinctions between these 

archetypes are the number of process 

steps, ability to upgrade refined oil 

products, feedstock types and final 

products

• Topping and hydro-skimmer refineries can 

do little upgrading and therefore take in 

lighter crudes to produce naphtha and 

fuels

• Conversion and coking refineries have the 

ability to upgrade refined oil products and 

therefore take in heavier crudes to 

produce fuels and upgraded light products 

• The four archetypes are converted to two 

archetypes for this study by averaging the 

process capacities of topping and hydro-

skimmer refineries to create a simple 

refinery archetype. The same 

methodology is used to create the 

complex refinery archetype with the 

conversion and coking refineries

Endproduct mixProduction processes

= certain part of configuration = optional part of the configuration

= certain part of configuration = optional part of the configuration

Naphtha

Gasoline

LPG

Kerosene

Diesel

Fuel/ heating oil

Asphalt/ bitumen

Lubricants

Other specialty 
products1

= Only produced by complex 

refineries

Archetype 1: Simple refinery

SMR

Archetype 2: Complex refinery

Separation

Reforming

Hydrotreating

Treatment

Atmospheric 

distillation
H2

Atmospheric 

distillation

Vacuum 

distillation

H2

Reforming

Hydrotreating

Isomeration
H2 Thermal cracking

Fluid Catalytic Cracking

Hydrocracking

Coking / SD & gasifier

Separation Treatment Conversion

H2 H2

1

2

Complex 

refineries are 

capable of 

processing light 

and heavy 

crude oils 

Used traditional refining archetypes (non-exhaustive) Comments
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Two decarbonisation routes are analysed for traditional refinery
archetypes: route 1 focuses more on CCS, route 2 focuses more on H2

Source: DNV-GL (2018) ‘CO2 Reductie Roadmap van de Nederlandse raffinaderijen’ NOTE: Route three ‘Electrification’ is excluded from this study due to relatively lower 

CO2-reduction potential by 2050; 1) Since the ‘Simple refinery’ arcetype does not have an SMR, we assume that the same reduction is achieved with post-combusion 

CCS

Methodology: Decarbonisation routes for traditional refineries

Route 1: Carbon Capture Route 2: Green hydrogen route

Gas usage + 0% Gas usage - 43.0%

Electricity usage + 182.9% Electricity usage + 134.3%

Hydrogen usage + 0% Hydrogen usage + 168.3%

CO2-reduction to 1990 - 79.0% CO2-reduction to 1990 - 85.1%

-4% 0%-4%

-24%1

-34%

-8%

+5%

-4%

-38%

-4%

-22%1

-7%

-9%

+5%

-69% CO2

-78% CO2

Category Description

Heat Utilisation of residual heat

H2 as fuel

Replacing natural and 

refinery gases with (blue) 

hydrogen to heat furnaces

Electrification
Electrification of drives (e-

boilers, e-furnaces etc.)

CCS 

(blue H2)

CCS on steam methane 

reformer (SMR) for blue 

hydrogen production

CCS (refining 

processes)
CCS on refinery processes

Energy 

efficiency
Energy efficiency measures

Upgrading 

projects

Upgrading processes to 

meet tightened requirements 

(e.g. for cleaner fuels)

CO2 reduction 2040 vs 2024

Decarbonisation routes in analysis

Comments
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These routes are based on a public report and do not say anything

about actual decarbonization plans of Dutch refineries

• We base the traditional refinery archetypes’ 

energy usage and CO2-emissions in 2040 

on two decarbonisation routes identified as 

technically possible by DNV-GL (2018):

1. ‘Carbon Capture’-route, in which CCS will 

be applied on less CO2-intense gas 

streams than just the SMR

2. ‘Green hydrogen’-route, in which 

hydrogen will be used as fuel in furnaces 

(in addition to feedstock purposes)

• The routes overlap significantly, and the 

differences are only in focus; e.g. both 

assume CCS on SMR and have similar 

CO2-reductions due to energy efficiency

• Due to sharpened CO2-reduction targets 

since 2018, we assume the envisioned 

reductions by DNV-GL for 2050 to be 

achieved in 2040

• In reality, the decarbonisation routes might 

be adjusted in response to further 

sharpened policy ambitions – however, 

this will require additional expenditures 

and infrastructure and might lead to 

different conclusions on competitiveness
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Simple refinery Complex refinery

Processing capacity 150,000 barrels per day 150,000 barrels per day

Input/output products (crude type)

Input mix:

• Light & sweet (60%)

• Light & sour (30%)

• Heavy & sweet (6%)

• Heavy & sour (4%)

Output yield:

• Gas 5%

• Light 25%

• Middle 48%

• Heavy 24%

• Specialty 0%

Input mix:

• Light & sweet (29%)

• Light & sour (16%)

• Heavy & sweet (5%)

• Heavy & sour (50%)

Output yield:

• Gas 8%

• Light 28%

• Middle 52%

• Heavy 15%

• Specialty 5%

Energy profile 2024 2040 (CC) 2040 (H2) 2024 2040 (CC) 2040 (H2)

Natural and refinery gas
(mln m3/year)

Electricity (GWh/year)

Hydrogen1 (kt/year)

CO2 emissions2 (kt/year)

The two refinery archetypes vary in energy consumption, input-mix and 
the output-mix/yield; energy use is different per decarbonisation route

1) Merchant hydrogen amounts of 2.1 kt/year; 2) Scope 1 emissions

Source: Strategy& analysis & refinery expert input

Traditional refinery archetype overview

• Simple refineries are relatively less energy 

intense compared to complex refineries as 

they involve fewer conversion steps to 

upgrade refined oil products. In the simple 

refinery main gas consumption is connected to 

the distillation unit and hydrogen is consumed 

in the hydrotreatment units

• Complex refineries have a relatively high 

energy usage because of their cracking and 

upgrading units. Hydrogen is consumed in the 

hydrotreatment and –cracking units

• In the Carbon Capture (CC) route electricity 

consumption increases more than x2 due to 

electrification and CCS in both archetypes. 

Gas consumption is not declining as 

processes like the SMR unit are still fully 

operational with CCS infrastructure installed to 

reduce related CO2 emissions

• In the green H2 (H2) route gas consumption is 

lowered by the usage of hydrogen as a fuel

439.2 134.8 96.2

-69% -78%

254.5 254.5 145.1

-43%

1

132.7 375.5 311.0

+183% +134%

33.9 33.9
90.9

+168%

Flue SMR Green

2

460.1 460.1
262.3

-43%

390.9
1,105.7 915.8

+183% +134%

1,577.1

484.6 345.0

-69% -78%

63.0 63.0
169.1

+168%

Comments
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Within an international level playing field, the simple refinery archetype 
in NL is expected to be relatively competitive within the NWE market

Source: Strategy& analysis

Simple refinery archetype – cost comparison for serving NWE market (2040)

Simple refinery

Route 1: Carbon Capture Route 2: Green hydrogen

Key messages:

• Due to the high transportation costs of refined products 

for non-NWE refineries the position of the simple refinery 

archetype in NWE will be competitive, despite having 

higher production cost than non-NWE countries

• Relatively level playing field within NWE

Key messages:

• Because of high green H2 costs for NWE, simple refinery 

archetype will face fierce competition from KSA and NG 

but will be relative competitive in the ‘green H2’-route 

compared to other non-NWE countries

• Relatively level playing field within NWE
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4.5 4.5 4.8 5.0 5.5
6.7 6.9

8.0

11.3

0
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7.0 7.6 7.6 8.1 8.3
9.5 9.8 10.1

13.1

Regionally differentiating costs of producing a barrel of refined products and selling into NWE (€/bbl)
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• The presented results take place in the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 

pricing, grid costs and no import tariffs, to 

assess regions' inherent competitiveness

• In this scenario, the simple refinery archetype is 

projected to be relatively cost competitive within 

the NWE market compared to countries as 

Saudi Arabia (KSA), Nigeria and the US, as 

transportation of refined products into NWE is 

relatively expensive

• The cost advantage of being close to the sales 

market largely outweighs the advantage that 

countries as Saudi Arabia (KSA), Nigeria and 

the US have with regards to locally sourced 

crude oil, and lower energy and labour costs

• Within NWE, there are minimal cost differences 

between the Netherlands, Belgium and 

Germany

• In the ‘Green H2’-route, the NWE countries face 

fiercer competition from Saudi Arabia and 

Nigeria, since green hydrogen is projected to be 

cheaper in sun-abundant regions

Comments

1

Transport of crude Energy - Electricity and gas Labour CCS Green hydrogen Transport to NWE
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Complex refinery

Route 1: Carbon Capture Route 2: Green hydrogen

Key messages:

• Fierce competition expected from Nigeria and Saudi 

Arabia due to lower energy, 

• NL slightly more competitive than DE and BE due to 

having lower labour, energy and CCS-costs

Key messages:

• Since green hydrogen is relatively expensive to produce 

in NWE, the NL complex refinery archetype struggles to 

compete with KSA and NG

• NL is more competitive than DE and BE due to having 

lower green hydrogen costs

In an international level playing field, the complex refinery archetype is 
expected to face fierce competition from Nigeria and Saudi Arabia

Source: Strategy& analysis

Complex refinery archetype – cost comparison for serving NWE market (2040)
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10.0 10.0 10.7

13.9

Transport of crude Energy - Electricity and gas Labour CCS Green hydrogen Transport to NWE
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Regionally differentating costs of producing a barrel of refined products and selling into NWE (€/bbl)

2 • The presented results take place in the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 

pricing, grid costs and no import tariffs, to 

assess regions' inherent competitiveness

• In this scenario, similarly to simple the refinery 

archetype, the complex refinery archetype is 

projected to be relatively competitive within the 

NWE market but to face fierce competition from 

Nigeria and Saudi Arabia

• While refineries from Nigeria and Saudi Arabia 

have the advantage of locally sourced crude oil 

and lower energy and labour costs, the NWE 

countries have the advantage of not bearing 

any costs for transporting the final product 

(when selling into NWE)

• In the ‘Green H2’-route, the NWE countries face 

even fiercer competition from Saudi Arabia, 

Nigeria and Brazil, since green hydrogen is 

projected to be cheaper in sun-abundant 

regions

Comments
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Since we assume a relatively high level of decarbonisation by 2040, 
CBAM has relatively limited impact on NL refineries’ competitiveness

Source: Strategy& analysis

Sensitivity analysis: Less effective (-50%) CBAM

Regionally differentiating costs per barrel processed (€/bbl), 2040

Scenario Route 1: Carbon Capture Route 2: Green H2
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Less-effective 

CBAM (-50%)

• If CBAM is not fully effective, EU refineries face higher 

CO2-costs than non-EU competitors, harming the 

competitiveness of EU refineries

• Especially complex refineries’ competitiveness is 

harmed if CBAM proves to be ineffective as these are 

more CO2-intensive than simple refineries

• As we assume the archetypes to have achieved 

relatively high CO2-reductions by 2040, the impact of 

CO2-cost (differences) is relatively limited

• In reality, the level of decarbonisation between regions 

is expected to differ and effective implementation of 

CBAM will be crucial to prevent EU industry being 

outcompeted by grey production elsewhere
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#2
#3

#3

#4
#3

#3 Sensitivity explained

Context: The goal of the Cross Border Adjustment

Mechanism (CBAM) is to ensure an international level 

playing field for CO2-costs for sales within the EU. As it

will be hard to monitor actual emissions worldwide, 

several experts are sceptical of effective implementation. 

Modelling: In this sensitivity we assume that only 50% of 

non-EU producers’ CO2-emissions are charged the ETS-

price when importing into the EU.

Comments

51

#2 #3



Future of refining NL

Strategy&

October 18, 2024

If the costs of transporting refined products equals that of crude oil, NL 
refineries will face fiercer competition from non-NWE refineries

Source: Strategy& analysis

Sensitivity analysis: Transport cost parity

Regionally differentiating costs per barrel processed (€/bbl), 2040

Scenario Route 1: Carbon Capture Route 2: Green H2
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• Currently, the high shipping costs of refined products 

partially protects NWE-producers from outside 

competition; if transport costs of crude and refined 

products converge, the competitiveness of NWE 

refineries will decrease vis-á-vis non-NWE producers

• The negative impact on competitiveness is relatively 

larger for the simple refinery archetype as 

transportation costs form a relatively larger share of 

regionally differentiating costs due to its lower energy-, 

CO2- and labour-intensity compared to the complex 

refinery archetype

#2 #3

0

5

10

15

DE NL BE KSA NG US IT BR CN
0

5

10

15

KSA NG NL BE DE US BR IT CN

0

5

10

15

KSA NG DE NL BE US IT BR CN
0

5

10

15

KSA NG NL BE US DE BR IT CN

0

5

10

15

20

NG KSA NL DE BE IT US BR CN
0

5

10

15

20

KSA NG NL BR BE DE US IT CN

0

5

10

15

20

NG KSA NL DE US BE BR IT CN
0

5

10

15

20

KSA NG BR NL US BE DE IT CN

#4
#3

#3

#4

#3

#3 Sensitivity explained

Context: Currently transportation costs of crude oil and 

refined products differ as clean bulk shipping (for refined 

products) is on average 50% more expensive due to 

higher handling costs. There are, however, signs that 

this cost gap will decrease in the future due to 

technological advancements.

Modelling: In this sensitivity we assume that the shipping 

costs of crude oil and refined products are equal.

Comments
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If electricity prices in NWE are higher than expected, the competitive-
ness of NL refineries is harmed (esp. complex in the ‘Green H2’-route)

Source: Strategy& analysis

Sensitivity analysis: Higher electricity prices in NWE (+30%)

Regionally differentiating costs per barrel processed (€/bbl), 2040

Scenario Route 1: Carbon Capture Route 2: Green H2
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• If electricity prices turn out to be structurally higher in 

NWE than predicted, NL refineries lose 

competitiveness to non-NWE refineries – as this also 

results in significantly higher green hydrogen prices 

competitiveness is especially harmed in the ‘Green 

H2’-route

• The negative impact of higher electricity prices in the 

‘Green H2’-route is especially felt by complex 

refineries, as these refineries consume relatively more 

hydrogen than simple refineries
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#3 Sensitivity explained

Context: The prices of electricity around the world are 

expected to drop due to more cheap renewable energy. 

However, there are multiple scenarios in which electricity 

prices in NWE will not follow the same worldwide 

decline.

Modelling: In this sensitivity we assume that NWE 

electricity prices will remain 30% higher than the 

assumed electricity prices in the base case. 

Comments
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If Dutch electricity prices are higher than predicted (+20%), the 
competitiveness of NL refineries deteriorates, esp. in Green H2 route

Source: Strategy& analysis

Sensitivity analysis: Higher electricity prices in NL (+20%)

Regionally differentiating costs per barrel processed (€/bbl), 2040

Scenario Route 1: Carbon Capture Route 2: Green H2
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• If electricity prices turn out to be structurally higher in 

NL than predicted, NL refineries lose competitiveness 

to NWE and non-NWE refineries – as this also results 

in significantly higher green hydrogen prices 

competitiveness is especially harmed in the ‘Green 

H2’-route
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#3 Sensitivity explained

Context: The prices of electricity around the world are 

expected to drop due to more cheap renewable energy. 

However, there are multiple scenarios in which electricity 

prices in NL will not follow the same worldwide decline, 

e.g. higher grid fees in NL

Modelling: In this sensitivity we assume that NL 

electricity prices are 20% higher than assumed in the 

base case, while that for other countries remain equal
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The competitive position of NL refineries does not change significantly if
CCS costs harmonise across regions

Source: Strategy& analysis

Sensitivity analysis: CCS cost parity

Regionally differentiating costs per barrel processed (€/bbl), 2040

Scenario Route 1: Carbon Capture Route 2: Green H2
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• As CCS-costs are a relatively small component of total 

regionally differentiating costs, harmonising CCS costs 

across regions has a relatively limited impact on NL 

refineries’ competitiveness

• Moreover, CO2 capture costs make up the largest part 

of total CCS costs. Since these cost depend on 

technology and are already considered constant 

across regions, harmonising transport and storage 

costs only leads to limited changes in CCS costs
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#3 Sensitivity explained

Context: Currently, the costs of CCS differ internationally 

due to varying transport and storage costs of CO2. As 

these costs are mainly determined by available 

infrastructure, costs might harmonise once governments 

around the world start investing in CCS-infrastructure.

Modelling: In this sensitivity we assume that the total 

costs of CCS have become equal across all regions.
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The competitive position of both NL refinery archetypes deteriorates 
significantly if multiple sensitivities are combined in one scenario

Source: Strategy& analysis

Sensitivity analysis: Combined impact scenario 

Regionally differentiating costs per barrel processed (€/bbl), 2040

Scenario Route 1: Carbon Capture Route 2: Green H2
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• If multiple negatively impacting factors happen 

simultaneously (ineffective CBAM, high grid costs, 

CCS cost parity) the competitiveness of Dutch 

traditional refineries deteriorates substantially

• Dutch competitiveness is especially harmed in the 

‘Green H2’-route as in this scenario electricity prices 

are a more important driver of competitiveness
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#3 Sensitivity explained

Context: Multiple previously analysed sensitivities could 

affect the archetypes simultaneously. Thus, unlike past 

sensitivity analyses that considered impacts separately, 

this one combines them.

Modelling: In this sensitivity we assume that: CBAM is -

50% less effective, transport costs have reached parity, 

NL refineries have 20% higher electricity cost and the 

total costs of CCS have become equal across all regions
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Simple refinery

Route 1: Carbon Capture Route 2: Green hydrogen

Key messages:

• The US is expected to be dominant for serving the US 

market due to (partially) locally sourced crude oil, and the 

advantage of facing no costs for transporting final 

products

Key messages:

• The NL simple refinery archetype remains uncompetitive 

in the US market in the ‘green H2’-route because it faces 

higher green H2 costs on top of higher labour, CO2 and 

crude transport costs

The simple refinery archetype in NL will struggle to be competitive on 
the US market, mainly due to high transportation costs

Source: Strategy& analysis

Simple refinery archetype – cost comparison for serving the US market (2040)
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Regionally differentiating costs of producing a barrel of refined products and selling into NWE (€/bbl)

Transport of crude Energy - Electricity and gas Labour CO2 CCS Green hydrogen Transport of final products to USA

1 • The presented results represent the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 

pricing, grid costs and no import tariffs, to 

assess regions' inherent competitiveness in 

the US market

• The US simple refinery archetype is expected 

to be the most competitive for selling into the 

US market due to locally available crude oil, 

low energy costs and proximity to its sales 

market

• Contrary to the NWE in 2040, the US has no 

national CO2-pricing and subsequent CBAM. 

Therefore, international differences in CO2-

costs exist. Since the EU’s CBAM does not 

correct for exports, EU producers face an 

additional cost disadavantage due to EU ETS

Comments

Competitiveness on the US market
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Complex refinery

Route 1: Carbon Capture Route 2: Green hydrogen

Key messages:

• The overall higher production costs on top of 

transportation cost of refined products will make it difficult 

for NL refineries to compete on the US market

• NL is slightly more competitive than DE and BE due to 

having lower labour, energy and CCS-costs

Key messages:

• Since green hydrogen is relatively expensive to produce 

in NWE, the NL complex refinery archetype struggles to 

compete with non-NWE countries

• NL is more competitive than DE and BE due to having 

lower green hydrogen costs

The complex refinery archetype in NL will struggle to be competitive on 
the US market, mainly due to high transportation costs

Source: Strategy& analysis

Complex refinery archetype – cost comparison for serving US market (2040)
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Regionally differentiating costs of producing a barrel of refined products and selling into NWE (€/bbl)

2 • The presented results represent the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 

pricing, grid costs and no import tariffs, to 

assess regions' inherent competitiveness in 

the US market

• The US complex refinery archetype is 

expected to be most competitive for selling 

into the US market due to locally available 

crude oil, low energy costs and proximity to its 

sales market

• Contrary to the NWE in 2040, the US has no 

national CO2-pricing and subsequent CBAM. 

Therefore, international differences in CO2-

costs exist. Since the EU’s CBAM does not 

correct for exports, EU producers face an 

additional cost disadavantage due to EU ETS

Comments

Competitiveness on the US market
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Harder to quantify is the locational advantage that NL refineries have 
over Belgian & German inland refineries - offering additional flexibility

1) Sources: Concawe (2024), Link; Eurostat, Link; VCI (2021), Link; CCNR (2022), Link; OECD (2021), Link; Fuels Europe (2022), Link

Locational strength of the Dutch refinery sector

= Navigable Inland waterway

= Crude oil pipeline

= Refined products pipeline

= Pipeline for both

= Refinery

= Large seaport

= Chemical cluster

Legend

= CCS storage capacity

= CCS pipeline

Bremen

Hamburg

Antwerp

Cologne

Rotterdam

Frankfurt

Gelsenkirchen

Ludwigshafen

Porthos

Aramis

North Sea

CommentsDutch locational advantage within the Northwestern European market

• The NL refinery sector has a strong position in serving

the NWE market because of their flexibility in adapting

to changing demand (due to the ongoing large-scale

electrification and decarbonisation in Europe). More 

specifically, they are:

‒ Connected to the port – have access to

international markets by sea and when needed

without incurring additional inland transport costs)

‒ Connected with inland demand through waterways

and cluster integration – are either fully or partially

integrated with the Rotterdam & Antwerp industrial

clusters and are connected with inland demand

pockets (in DE) through established supply chains

over waterways and pipelines
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https://www.concawe.eu/refineries-map/
https://ec.europa.eu/eurostat/databrowser/bookmark/70a6d4b5-cc35-4d03-95c2-37513eda6ab8?lang=en
https://chemicalparks.com/fileadmin/user_upload/220111_Chemieparks_in_Deutschland_DE_1221.pdf
https://inland-navigation-market.org/chapitre/2-freight-transport-on-inland-waterways-2/?lang=en
https://www.oecd-ilibrary.org/docserver/390dd28d-en.pdf?expires=1719922155&id=id&accname=guest&checksum=D4BA2FD05C481B035CB3BB1D8EFB7E69
https://www.fuelseurope.eu/uploads/files/modules/documents/file/1657720977_CJTrqd4bepwkLl8B4yb1SqlPWxVfqvvCRRksqZSm.pdf
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Process1 TRL level Typical feedstocks used Products

Transesterification 9

Virgin vegetable oil (first-generation)

Used Cooking Oil (Annex IXB)

Animal fats (Annex IXB)

Fatty Acid Methyl 

Esters (FAME)

Dry milling + 

Fermentation
9 Starch and sugars (crops-based) Bioethanol4

Hydrotreatment 9

Virgin vegetable oil (crops-based)

Used Cooking Oil (Annex IXB)

Industrial fats (Annex IXB)

Oil waste & residues (Annex IXA)

Hydrotreated 

Vegetable Oil (HVO)

Pyrolysis + 

Hydrotreatment
6-9 Lignocellulosic crops (Annex IXA) Biodiesel & Biogasoline

Gasification + Fischer 

Tropsch
6-9

Lignocellulosic crops (Annex IXA)

Biowaste (Annex IXB and IXA)

Secondary agro & industrial waste (Annex IXA)

Biodiesel & Biogasoline

Gasification + 

Methanol synthesis
6-9 Lignocellulosic crops (Annex IXA) Biomethanol

Enzymatic hydrolysis 

+ Fermentation
7-9

Lignocellulosic crops (Annex IXA)

Agricultural residues (Annex IXA)
Bioethanol

Hydrothermal 

liquefaction (HTL) + 

hydrotreatment

5-8 Wet biomass (seaweed & algae) (Annex IXA) Biodiesel & Biogasoline

Considering the current market and the EU policy direction, six types of 
biorefinery production processes are used for further analysis

Source: Strategy& analysis; 1) Non-exhaustive list of biorefining production processes; 2) Used Cooking Oils; 3) Cap for eligible amount of biofuel counting towards 

EU Target in RED III; 4) Ethanol biorefineries also produce large quantities of feed and protein as feedstock for cattle, Biogenic CO2 and small volumes of corn oil;

Selection of biorefinery production processes

• Currently, the most developed types of biofuels are 

FAME & HVO both produced from crops and UCO2 

and Bioethanol produced from Crops

• Meanwhile, the EU’s Renewable Energy Directive 

(RED) III includes biofuel targets for member states 

that indicates a clear policy direction towards biofuel 

production from Annex IXA-type feedstocks (mainly 

lignocellulosic-based, e.g. wood-materials) and 

away from:

‒ Biofuels from food and feed crops (first-

generation): limited to 2020 levels and/or increase 

no more than 1% point3

‒ Biofuels from Annex IXB feedstocks (e.g. UCO 

and animal fats): limited to 1.7%3 of total energy 

use in transport sector

• Based on the current biofuel landscape and policy 

direction we have included more mature processes 

(crops- and UCO-based) and developing 

technologies (lignocellulosic-based)

• We selected an HVO-producing biorefinery 

(hydrotreatment) over a FAME-producing biorefinery 

(transesterification) since HVO is a perfect 

substitute for regular fuels while FAME can only be 

blended up to max. ~10% with regular diesel

Comments

Used for further analysis
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Six stand-alone biorefinery archetypes are analysed further – 1 crops-
based, 1 UCO-based and 4 lignocellulosic-based biorefineries

Source: Strategy& analysis

Overview of biorefinery archetypes

Feedstock

Lignocellulosic 

biomass

Wood materials, 

algae, ind. waste 

intermediate crops 

etc.

Annex IXA of 

RED III

Assumption across 

archetypes:
50% B-wood

50% wood chips

Waste vegetable 

oils (UCO) 
Annex IXB & IXA of 

RED III

Production processes

Food crops 

(corn)

1

Archetype 5: Pyrolysis process

Archetype 6: Fischer-Tropsch process

Archetype 8: Fermentation process

Archetype 7: Methanol synthesis

Archetype 4: Hydrotreatment process

Archetype 3: Fermentation process

Pyrolysis

Gasification

Gasification

Enzymatic

Hydrolysis

Hydro-

treatment

2

3

4

5

6

Treatment

Fischer-Tropsch

Fermentation

Methanol synthesis

Distillation 

Advanced biofuels

(drop-in fuels)

Ethanol (advanced)

(to-blend fuels)

Methanol (advanced)

(to-blend fuels)

Advanced biofuels

(drop-in fuels)

HVO (advanced)

(drop-in fuels)

Isomerization/

cracking

Dry milling Fermentation
Ethanol (crops-based)

(to-blend fuel)

• In the remainder of the chapter, we analyse the 

future cost competitiveness of six biorefinery 

archetypes: one corn-based biorefinery 

producing ethanol, one UCO-based biorefinery 

producing HVO and four lignocellulosic-based 

biorefinery producing different endproducts

• We base the costs of these archetypes on 

stand-alone biorefineries and do not perform a 

seperate analysis for co-processing (blending 

bio-feedstock with crude oil in traditional 

refineries) 

• Although the primary benefit of co-processing 

lies in the reduced need for capital 

expenditures, it does not lead to significantly 

lower operational expenses, meaning that an 

international cost competitiveness analysis 

would generally yield results comparable to 

those of a stand-alone biorefinery

• For biorefineries archetypes such as corn 

fermentation-based plants, co-processing of 

lignocellulosic feedstock is an option currently 

pursued by the industry, however this technical 

option has not been included in this study 

Comments

62



Future of refining NL

Strategy&

October 18, 2024

The archetypes’ energy- and cost profiles used for the cost 
competitiveness analysis are based on public sources

NOTE: Input and output numbers should not be compared across archetypes due to varying energy and volume densities of biomass and refined products between archetypes; *) No direct grid

electricty consumption, however merchant hydrogen amounts of 2.1 kt/year; Source: Strategy& analysis; 1) Susmozas et al. (2024). Economic and environmental assessment of the retrofitting of 

a first-generation ethanol plant; expert input 2) Lorenzi et al. (2019), Integration of high-temperature electrolysis in an HVO production process using waste vegetable oil, Link; 2) PBL OTP model 

SDE++(2024) (2021 for pyrolysis plant), (Link); 3) AdvanceFuel (2020) ‘Conversion Technologies of lignocellulosic biomass to advanced fuels (link)

Energy- and cost profiles per biorefinery archetype

Corn-based UCO-based Lignocellulosic-based biofuels

Ferment-

ation1

Hydro-

treatment2

Pyrolysis

Blue H2

Pyrolysis

Green H2

Fischer-

Tropsch

Methanol 

Synthesis

Ferment-

ation

E
n

e
rg

y

Residual gas/heat 

(mln m3/year)
31.1 2.7 11.3 10.6 73.2 78.5 105.2

Grid electricity 

(GWh/year)
413.6 47.2 2.4 -* - 66.7 -

Fossil CO2-emissions 

(kt/year)
63.0 0 0 0 0 0 0

C
o

s
ts

CAPEX (mln.€) € 165.0 € 56.6 € 105.6 € 87.7 € 244.2 € 263.7 € 314.7

Fixed O&M (mln€/y) € 14 € 4.5 € 3.2 € 2.6 € 14.6 € 15.8 € 15.8

Variable O&M (mln€/y) € 3.1 € 3.1 € 0.7 € 0.6 € 9.6 € 10.0 € 11.7

In
p

u
t

Processing capacity 

(ktonnes/y)
526.8 46.7 81.0 81.0 412.0 433.6 498.2 

Feedstock • Corn
• Used 

cooking oils 

• Woodchips (50%)

• B-wood (waste) (50%)

O
u

tp
u

t

Yield % (we/we) 53% 95% 61% 61% 47% 46% 37%

Output (barrels/year) 1,519,937 320,593 103,321 103,321 388,696 967,589 580,737

Output products • Bio-ethanol • HVO
• Bio-gasoline

• Bio-diesel

• Bio-

methanol

• Bio-

ethanol

Source Susmozas(2024) Lorenzi (2019) PBL (2021) OT-Model PBL (2024) OT-Model

3 5b4 5a 6 7 8
• Per biorefinery archetype we 

constructed an energy and

cost profile to be analysed

based on public sources and

expert input

• Since lignocellulosic-based

biorefining is still being

developed, energy profiles and

estimated costs might change 

substantially towards 2040, 

e.g. CAPEX is expected to

decrease with ~30% between

2020 and 20403

Comments
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https://www.researchgate.net/publication/331808252_Integration_of_high-temperature_electrolysis_in_an_HVO_production_process_using_waste_vegetable_oil
https://www.pbl.nl/sde/datasets-sde-en-sce
http://www.advancefuel.eu/contents/publications/advancefuel-conversion-v2.pdf
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Given an international level playing field, NL crops-based biorefineries 
are expected to face fierce competition from outside EU

Source: Strategy& analysis; 1) Eastern European countries are expected to be competitive too due to low feedstock and labour prices, but these countries have not been 

included in the scope of this study. 2) In both countries there are at the moment (2024) no corn-based fermentation plants producing bio-ethanol in operation

Crop-based fermentation biorefinery – cost comparison for serving NWE market (2040)

Crop-based fermentation (bio-ethanol)

Key messages:

• The crop-based fermentation biorefinery archetype producing bio-ethanol is most cost competitive in Brazil and the 

USA as these countries have the lowest feedstock (corn) price

• Within Northwestern Europe, NL is marginally more competitive because it has slightly lower labour and electricity 

costs than GE and BE
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• The presented results take place in the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 pricing, 

grid costs and no import tariffs, to assess regions' 

inherent competitiveness

• In this scenario, regional cost competitiveness of 

corn-based biorefineries is mainly driven by 

international differences in the corn price, which 

gives US and Brazil a relative cost advantage

• Despite facing higher feedstock costs than European 

producers, Saudi Arabia is projected to be relatively 

competitive in the Northwestern European market 

because it has lower energy and labour costs

• Within Northwest Europe, cost differences are 

expected to be relatively small, with the Netherlands 

having a slight cost advantage over Belgium and 

Germany due to lower labour costs, and nearly 

identical costs to Italy1

• In reality, the current ethanol market is characterised 

by substantial import tariffs that (partially) protect 

European producers from competitors from outside –

international differences in import tariffs could put 

some countries’ bioethanol producers at a 

competitive disadvantage

3

Crop-based biorefinery

CommentsRegionally differentiating costs of producing a barrel of ethanol and selling into NWE (€/bbl)

Analysis excludes import tariffs
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Given an international level playing field, NL UCO-based biorefineries 
are expected to face fierce competition from outside EU (mainly China)

Source: Strategy& analysis; 1) Transport & Environment (2024) (link)

UCO-based biorefinery archetype – cost comparison for serving NWE market (2040)

UCO-based hydrotreatment (HVO)

Key messages:

• The HVO-producing biorefinery archetype faces intense competition from non-NWE countries as they face lower 

feedstock and energy costs – CN is dominating the market due to having the lowest CAPEX and feedstock costs

• There is a relatively level playing field within NWE, but NL is slightly more competitive due to lower labour costs
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• The presented results take place in the 'Level playing 

field' scenario, where there are no international 

disparities in energy taxes, CO2 pricing, grid costs and 

no import tariffs, to assess regions' inherent 

competitiveness

• In this scenario, cost competitiveness of UCO-based 

biorefineries is mainly driven by international 

differences in feedstock, labour and construction 

costs 

• Since UCO-based biorefining is relatively more 

energy- and labour intense than crude oil refining, and 

these are relatively expensive in Europe, NL is 

projected to face fierce competition from China, 

Saudi, Nigeria and Brazil – contrary to traditional 

refineries, transportation of final products is only a 

small cost component

• Within Northwest Europe, cost differences are 

expected to be relatively small, with the Netherlands 

having a slight cost advantage over Belgium and 

Germany due to lower labour costs, and nearly 

identical costs to Italy

• In reality, the EU announced significant import tariffs 

(up to 36%) for Chinese bio-diesel as an anti-dumping 

measure1, protecting the European biorefining 

industry

4

UCO-based biorefinery

CommentsUnit costs of producing a barrel of refined products and selling into the NWE market (€/bbl)
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Analysis excludes import tariffs

https://www.transportenvironment.org/articles/eu-hits-chinese-biodiesel-with-anti-dumping-measures
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Pyrolysis Fischer Tropsch

5.a Blue hydrogen 5.b Green hydrogen

Key messages:

• China has a cost advantage, due to 

low construction and feedstock costs

• Netherlands has a slight cost 

advantage within NWE due to slightly 

lower labour and CCS costs

Key messages:

• China has a cost advantage, due to 

low construction and feedstock costs

• NL is more competitive than DE & BE 

due to lower green hydrogen and 

labour costs

Key messages:

• China and Nigeria have a cost 

advantage due to low construction, 

feedstock, energy and labour costs

• Within NWE, NL has a slight 

advantage due to lower labour costs

CCS
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NL is expected to face stiff competition for lignocellulosic-based biofuel 
biorefinery archetypes (vis-à-vis CN, NG & US) while serving NWE

Source: Strategy& analysis; 1) Saudi Arabia is excluded from the lignocellulosic-based biorefinery analysis since there are no studies on the production costs of this type of 

biomass included in Lorenzi et al. (2019) which we use as a source for international biomass price differences.

Lignocellulosic based-biorefinery archetype – cost comparison for serving NWE market (2040)
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• The presented results take place in the 

'Level playing field' scenario, where there 

are no international disparities in energy 

taxes, CO2 pricing, grid costs and no import 

tariffs, to assess regions' inherent 

competitiveness 

• Producing biofuels from lignocellulosic 

biomass is an energy- and labour intensive 

production process due to the impurities 

and low-energy density in the feedstock

• Since Europe has relatively high prices for 

energy, labour and lignocellulosic biomass, 

it is projected that NL producers will face 

strong competition from non-EU producers

• Especially China is projected to be 

dominant due to having the lowest 

construction costs (CAPEX)

• Within NWE, cost differences are relatively 

small, with NL having a slight advantage 

due to lower labour, CCS and green 

hydrogen costs

Green 

H2
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Lignocellulosic-based biorefinery

CommentsUnit costs of producing a barrel of refined products and selling into the NWE market (€/bbl)
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NL is expected to face stiff competition for ligno.-based biorefineries 
producing blend-in fuels (vis-à-vis CN, NG, US & BR) while serving NWE

Sources: Strategy& analysis; 1) The production costs of bio-methanol and bio-ethanol cannot be easily compared as they produce different end products with different energy 

densities; 2) Saudi Arabia is excluded from the lignocellulosic-based biorefinery analysis since there are no studies on the production costs of this type of biomass included in 

Lorenzi et al. (2019) which we use as a source for international biomass price differences.

Lignocellulosic based-biorefinery archetype – cost comparison for serving NWE market (2040)

Methanol Synthesis1 Fermentation1

Key messages:

• The bio-methanol market is expected to be dominated 

by China and Nigeria due to low CAPEX, energy and 

labour costs; NL is relatively uncompetitive due to 

having high feedstock, energy and labour costs

• Within NWE there is a relatively level playing field

Key messages:

• The bio-ethanol market is expected to be dominated by 

China and Nigeria due to low CAPEX, energy and 

labour costs; NL is relatively uncompetitive due to 

having high feedstock, energy and labour costs

• Within NWE there is a relatively level playing field
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• The presented results take place in the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 pricing, 

grid costs and no import tariffs, to assess regions' 

inherent competitiveness

• Since lignocellulosic-based biorefineries producing 

blend-in fuels are relatively energy- and labour 

intensive, NL is expected to face stiff competition 

from countries that face lower energy- and/or labour 

costs (such as China, US, Nigeria and Brazil)

• Especially China is expected to be dominant 

because it has the lowest construction costs 

(CAPEX)

• The transportation costs of refined products into 

NWE are a relatively small part of regionally 

differentiating costs (contrary to traditional 

refineries), and therefore do not serve as a 

protection for local producers 

• Within NWE, cost differences are marignal, with NL 

being slightly more competitive due to having slightly 

lower labour costs

CAPEX (incl. CoC) Biomass O&M (incl. labour) Electricity and/or gas CO2 Transport to NWE

N/A2 N/A2

7 8

CommentsUnit costs of producing a barrel of refined products and selling into the NWE market
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Category Scenario Regionally differentiating costs per barrel produced (€/bbl), 2040

Crop-based 

(Fermen-

tation)

Level playing 

field

Feedstock price 

parity

UCO-based 

(Hydro-

treatment)

Level playing 

field

Feedstock price 

parity

Lignocellu-

losic-based

(Pyrolysis1)

Level playing 

field

Feedstock price 

parity

If biomass prices converge globally, NL’s competitiveness for crop-based 
biorefining deteriorates, while that for ligno-based improves

Source: Strategy& analysis. 1) The displayed results are those of the pyrolysis archetype using green hydrogen

Sensitivity analysis: Feedstock prices are equal across regions

• If biomass prices converge reaching global parity 

(equal prices globally), the competitive position of the 

lignocellulosic biofuel production in NL slightly 

improves, since that feedstock is the most expensive 

in EU in the base case – nonetheless, NL still faces 

stiff competition from non-EU producers

• Since international differences in UCO-prices are 

relatively small in the base case, the impact of this 

sensitivity for HVO-production is relatively limited
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Comments

Sensitivity explained

Context: International differences in competitiveness is 

partly the result of differences in feedstock costs. If

biofuel production is uncompetitive in NL, producers 

might close their business decreasing demand for

biomass. Biomass prices could therefore drop and

become similar to prices in non-EU countries.

Modelling: In this sensitivity it is assumed that the price

of the feedstock is equal globally.
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Category Scenario Regionally differentiating costs per barrel produced (€/bbl), 2040

Crop-based 

(Fermen-

tation)

Level playing 

field

Higher electricity 

costs in NL 

(+20%)

UCO-based 

(Hydro-

treatment)

Level playing 

field

Higher electricity 

costs in NL 

(+20%)

Lignocellu-

losic-based

(Pyrolysis1)

Level playing 

field

Higher electricity 

costs in NL 

(+20%)

If Dutch electricity prices are structurally higher than predicted
(+20%), NL’s competitiveness within Northwest Europe deteriorates

Source: Strategy& analysis. 1) The displayed results are those of the pyrolysis archetype using green hydrogen

Sensitivity analysis: Higher electricity costs in NL due to grid fees/taxes (+20%)

• In the scenario where NL refineries have 20% higher 

energy costs the Lignocellulosic biorefinery archetype 

will face more competition from non-NWE countries

• As energy cost make up about 15% to 20% of the total 

cost structure a national increase in energy costs will 

harm the level playing field for Dutch refineries in 

respect to their NWE competitors

• In this scenario non-NWE biorefineries will be able to 

export more of their production to the NL market, 

replacing supply of domestic produced biofuels for 

imported ones

Sensitivity explained

Context: In the future, higher energy prices in NL could 

be caused by higher grid fees due to large scale grid 

investments and/or higher taxes harming the 

international level playing field.

Modelling: In this sensitivity we assume NL electricity 

prices to be 20% higher than predicted.

Comments
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Category Scenario Regionally differentiating costs per barrel produced (€/bbl), 2040

Crop-based 

(Fermen-

tation)

Level playing 

field

Higher electricity 

costs in NWE 

(+30%)

UCO-based 

(Hydro-

treatment)

Level playing 

field

Higher electricity 

costs in NWE 

(+30%)

Lignocellu-

losic-based

(Pyrolysis1)

Level playing 

field

Higher electricity 

costs in NWE 

(+30%)

If NWE electricity prices are structurally higher than predicted (+30%), 
NWE’s competitiveness globally will deteriorate

Source: Strategy& analysis. 1) The displayed results are those of the pyrolysis archetype using green hydrogen

Sensitivity analysis: Higher electricity costs in NWE (+30%)

• In the scenario where NWE refineries have 30% higher 

energy costs the Lignocellulosic biorefinery archetype 

will face a loss of competitiveness in the NWE market

• As energy cost make up about 15% to 20% of the total 

cost structure an increase in energy costs will harm the 

level playing field for NWE refineries in respect to their 

non-NWE competitors

• In this scenario non-NWE biorefineries will be able to 

export more of their production to the NWE market, 

replacing supply of domestic produced biofuels for 

imported ones

Sensitivity explained

Context: In the future, higher energy prices in NWE could 

be caused by higher grid fees due to large scale grid 

investments and/or higher taxes harming the 

international level playing field.

Modelling: In this sensitivity we assume NWE electricity 

prices to be 30% higher than predicted.

Comments
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Category Scenario Regionally differentiating costs per barrel produced (€/bbl), 2040

L
ig

n
o

c
e

ll
u

lo
s

ic
-b

a
s
e
d

1

Pyrolysis

(Green 

h2)

Level playing 

field

Higher yield 

(+15% points)

Fischer 

Tropsch

Level playing 

field

Higher yield 

(+15% points)

Fermen-

tation

Level playing 

field

Higher yield 

(+15% points)

The competitive position of NL biorefinery archetypes barely changes if
yields improve as a result of technological advancements

Source: Strategy& analysis. 1) Results for other pathways do not deviate significantly, therefore placed in appendix; Strategy& Analysis

Sensitivity analysis: Higher yield (+15 perc. points)

• Due to technological advancements, it is expected that 

current biorefineries using newer techniques will 

increase their yield; therefore, this sensitivity does not 

apply for the already matured HVO pathway

• In theory, if yield improves, the costs related to energy 

and feedstock decline per barrel produced, benefitting 

countries that have higher energy- and feedstock costs 

(such as NL)

• However, as every region benefits from yield 

increases, this relatively larger advantage for NL is not 

enough to lead to an improved position in the 

competitive merit order
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Sensitivity explained

Context: Current yields of biorefineries processing ligno-

cellulosic biomass are between 37% and 61% whereas 

those using more traditional techniques to process oil-

based biomasses reach yields of 95%. Therefore, future 

improvements of yields of new techniques are expected.

Modelling: In this scenario we assume the yield of 

lignocellulosic biofuel production to be 15 percentage 

points higher than current yields
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Category Scenario Regionally differentiating costs per barrel produced (€/bbl), 2040

Crop-based 

(Fermen-

tation)

Level playing 

field

Combined impact 

scenario

UCO-based 

(Hydro-

treatment)

Level playing 

field

Combined impact 

scenario

Lignocellu-

losic-based

(Pyrolysis1)

Level playing 

field

Combined impact 

scenario

The competitive position of NL biorefinery archetypes deteriorates 
significantly if multiple sensitivities are combined in one scenario

Source: Strategy& analysis. 1) Results for other pathways do not deviate significantly, therefore placed in appendix

Sensitivity analysis: Combined impact scenario

• If multiple negatively impacting factors happen 

simultaneously (ineffective CBAM, high grid costs, 

feedstock cost parity) the competitiveness of Dutch 

biorefineries deteriorates substantially

• Dutch competitiveness of Crop-based archetype is 

especially harmed as in this scenario electricity and CO2 

costs are important elements within the cost structure of 

this archetype

• The competitive position of the UCO-based hydrotreatment 

archetype is relatively robust as feedstock costs are the 

largest cost share and are already globally alike (except for 

China)

• Lignocellulosic based archetypes require large quantities of 

energy making them vulnerable to energy price increases 
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Sensitivity explained

Context: Multiple previously analysed sensitivities could 

impact the archetypes at the same time. Therefore, as in  

previous sensitivity analyses only one impact at the time 

is assumed whereas in this sensitivity they are combined.

Modelling: In this sensitivity it is assumed that the price of 

the feedstock is equal globally, CBAM is only 50% 

effective and electricity prices in NL are 20% higher
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Refineries can recycle plastic waste into refined products (such as 
naphtha, fuels and bitumen) through plastic pyrolysis

Source figure information: Plastics Europe (link) & Expert input; 1) In addition to studied technique of pyrolysis other chemical recycling techniques are: gasification, 

depolymerisation and dissolution; 2) JRC Technical Report (2023) ‘Environmental and economic assessment of plastic waste recycling’ (link)

Plastic recycling

CommentsPlastic waste processing techniques produce various inputs for industry

Plastic 

waste 
(HDPE, 

LDPE, 

PET, PVC, 

PS etc)

Mechanical 

recycling 

(palletisation)

Chemical 

recycling 

(pyrolysis)1

Energy recovery 

(incineration)

Input Processing Output products

Recycled plastic 

pallets/granulate

Chemical industry 

feedstocks and 

fuels

Electricity & heat

Quality

Pure plastics

Contaminated/

mixed plastics

In study

Industry

Consumer 

products

Petrochem-

ical industry

Industry and 

households

• Next to decarbonising traditional refineries and 

producing bio-alternatives, the refinery sector could 

engage in chemical recycling to support in targeting 

the increasing problem of excessive plastic waste as 

part of its future

• Chemical recycling is the process of converting 

plastic waste by changing its chemical structure and 

turning it back into substances that can be used as 

raw materials for the manufacturing of plastics or 

other products

• One method of chemical recycling is plastic pyrolysis, 

in which plastic waste is rapidly heated in the 

absence of oxygen to produce oils and gasses which 

can be utilised as feedstock by the petrochemical 

industry to produce new plastics and/or the 

production fuels for transportation 

• In principle, mechanical recycling is preferred over 

chemical recycling due to its lower CO2-footprint, 

however for more contaminated and/or mixed 

streams of plastic waste that cannot be mechanically 

recycled, chemical recycling is preferred over 

incineration or landfills2
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Price of plastic waste will be a key driver of competitiveness for a 
chemical recycling plant – this remains highly uncertain

1) OECD (2022) (link)

Plastic waste management

Chemical recycling

Comments

• Competitiveness of plastic pyrolysis plants will for 

a large part be driven by differences in feedstock 

(plastic waste) prices. According to experts, this is 

currently ~1/3rd of the operational costs of a plastic 

pyrolysis plant

• However, plastic waste price developments are 

highly uncertain as this market is still in 

development and prices/availability will largely 

depend on the level of sophisticated plastic waste 

management of a country and the availability of 

necessary infrastructure

• Currently, large international differences exist in 

terms of national plastic waste management 

practices. Europe, incl. the Netherlands, has a 

relatively sophisticated plastic collection network 

which is not present in many other parts of the 

world e.g., Nigeria, Saudi Arabia or USA – each 

having high landfill & mismanagement rates

• If countries fail to effectively manage plastic waste, 

their plastic pyrolysis plants will prove to be 

uncompetitive despite potential cost advantages 

regarding energy, labour and CAPEX

Large international differences exist in the level of sophistication of plastic waste management
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Regionally differentiating costs per barrel produced (€/bbl), 2040

Plastic pyrolysis

C
h

e
m
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a
l 
re

c
y
c

li
n

g

Level playing 

field

Higher electricity 

costs in NL due 

to grid/tax (+20%)

Higher electricity 

costs in NWE 

(+30%)

CBAM (50%) 

ineffective

Multiple impact 

scenario

If all countries face similar plastic waste (feedstock) prices, NL could 
face fierce competition from Saudi, Nigeria and China

Plastic pyrolysis archetype data inputs: residual gas/heat 22,603,029 m3/year, grid electricity 84,216,198 kwh/year, CO2 emissions 32,864 tonnes/year, CAPEX €300.0 

million, fixed O&M costs €21.2 million/year, variable O&M costs €25.1 million/year, Processing capacity 168,000 tonnes/year, Feedstock type HDPE & PP Source:

Strategy& Analysis

Plastic pyrolysis archetype – cost comparison for serving NWE market (2040)
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Transport to NWE
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• The results in the top row take place in the 'Level 

playing field' scenario, where there are no 

international disparities in energy taxes, CO2 

pricing, grid costs and no import tariffs, to assess 

regions' inherent competitiveness

• If differences in feedstock availability and prices 

are not considered, NL plastic pyrolysis plants are 

projected to face fierce competition from Saudi 

Arabia, Nigeria and China as energy and labour 

costs are lower compared to NL

• Within Europe, the Netherlands has a slight cost 

advantage for supplying to the Northwestern 

European market compared to Germany, Belgium 

and Italy. For Germany and Belgium because of 

lower labour costs and to Italy due to lower 

transportation costs
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For future competitiveness, an international level playing field, stable 
policy, competitive prices and successful decarbonisation are required
Conditions for future competitiveness

Conditions for future competitiveness and policy implications Rationale

Caution with national sticks (as they might lead to 

reduced competitiveness and carbon leakage)

Effective implementation of the Carbon Border 

Adjustment Mechanism (CBAM)

1

2

Cost increases due to unilateral implementation of national sticks such as national CO2-pricing can lead to 

a decrease in Dutch refineries’ competitiveness and carbon leakage

To ensure an intl. level playing field, a successful CBAM will be crucial as carbon costs become more 

significant; even when succesfully implemented, the current design will not provide protection for exports

In order to succesfully execute decarbonisation projects, refineries require sufficiently trained technical 

personel

Permitting & licensing related matters to be 

adressed in a timely manner

Sufficient access to technical know-how within 

the sector

Future competitiveness of refineries will be affected by the timely realisation of permitting and licensing to 

succesfully decarbonise and mitigate rising CO2 costs

An 

international 

level playing 

field

Other 

precondit-

ions for 

decarbon-

isation

9

10

Competitive electricity prices
Access to competitive electricity prices will be an increasingly important driver for future competitiveness 

as refineries’ electricity consumption increases due to decarbonisation

Competitive natural gas prices

Competitive tariffs for the electricity grid

Although natural gas use will decline, its prices remain important because: (1) they will still influence 

electricity prices in the mid-term, and (2) refineries will remain using natural gas while decarbonising

The future competitiveness of refineries will be affected by relative grid cost differences across regions, 

especially as electricity consumption will increase as a result of decarbonisation

Competitive prices for CO2-transport and storage
For refineries that apply CCS as part of their decarbonisation strategy, relative cost differences across 

regions for the transport and storage of CO2 will affect future competitiveness

For refineries that apply green hydrogen as part of their decarbonisation strategy, relative cost differences 

across regions for its transportation will affect future competitiveness
Competitive prices for green hydrogen transport

3

4

5

6

7

Competitive 

transport 

and storage 

prices

Competitive 

energy 

prices

Stable and predictable climate and energy 

policies and regulations

Stable and 

predictable 

policies
8

Given that the majority of decarbonisation and biorefinery capacity investments are directed towards 

assets with lifespans >15 years, consistent and predictable policies will encourage such investments
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Since Dutch refineries are projected to face fierce competition, policies 
to ensure an international level playing field are key
Condition for competitiveness: an international level playing field

Condition for 

competitiveness
Rationale

Concrete (policy) 

implications
Explanation

An international 

level playing field 

with regards to 

energy and climate 

policy

• The cost competitiveness analysis shows 

that the Netherlands is relatively 

competitive for traditional refinieries and 

some type of biorefineries (crops/UCO), but 

it will face competition from the Middle 

East, West-Africa and its neighbouring 

countries (Belgium and Germany)

• Lignocellulosic-based biorefining in the 

Netherlands is expected to face fierce 

competition due to high labour, energy, 

feedstock and capital investment costs –

especially when compared to China

• The sensitivity analyses shows that as the 

market is characterised by small 

international cost differences, factors 

negatively affect the level playing field (e.g. 

higher costs due to national policy, an 

ineffective CBAM) can seriously harm 

Dutch refineries’ competitive position

• To ensure future competitiveness (or not 

harm it further), climate(-related) policies 

should be internationally harmonised – if 

not globally, at least at NWE (/EU) level

Caution with national 

sticks

• Unilaterally imposed policy sticks harm Dutch industrial 

competitiveness if not followed by competing countries

• For example, be cautious with unilateral CO2-pricing to ensure a level 

playing field within EU ETS

• In addition, national sticks might lead to carbon leakage

Drive effective 

implementation of the 

Carbon Border 

Adjustment Mechanism 

(CBAM)

• An effective CBAM for refinery products is needed to ensure a level 

playing field with regards to CO2-costs for serving the EU market

• The first phase of CBAM will not include refinery products, policy 

makers should pursue its inclusion and ensure effectiveness going 

forward

• CBAM does not protect refineries in export markets; global 

harmonisation of carbon policy remains important

1

2
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Stable and predictable policies and competitive energy prices will affect 
the future competitiveness of refineries

1) ABN Dutch wind and solar investments falling short from 2030 target, link; 2) Zakeri et al. (2023) The role of natural gas in setting electricity prices in Europe’;

Condition for competitiveness: stable and predictable policies and competitive energy prices

Condition for 

competitiveness
Rationale

Concrete (policy) 

implications
Explanation

Competitive 

energy prices 

(electricity and 

natural gas)

• Energy prices will remain an 

important driver of international 

competitiveness of refineries, 

especially in the case of the 

implementation of green hydrogen 

• The Netherlands faces a 

competitive disadvantage in 

current energy prices (due to 

facing higher natural gas prices), 

which is likely to decrease 

towards 2040 but will remain to 

some extent (due to having less 

solar available than for example 

the Middle East and Africa)

Competitive 

electricity prices

• The supply of renewable electricity needs to increase fast to match the rapidly growing 

demand due to decarbonisation (e.g. green hydrogen, CCS and electrification)

• NL has set ambitious targets for renewable power requiring €38bln investment of 

which a €5bln investment gap has been calculated due to insufficient profitability for 

private investors. For instance, recent price drops and rising costs have made offshore 

wind investments less profitable1

Competitive 

natural gas prices

• Although renewables make up an increasing share of the Dutch energy mix, the 

electricity price is still set for more than 80% of the time by natural gas2

• Due to variability in sun and wind, it is expected that natural gas will remain an 

important determinant of electricity prices going forward

• In addition, as decarbonisation will take time, refineries’ competitiveness will remain 

dependent on natural gas usage going forward (for example for blue hydrogen)

3
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Competitive infrastructure prices (for electricity, gas, CO2 and green 
hydrogen) is an important driver of refineries’ future competitiveness

1) TenneT Investeringsplan Net op land 2024-2033 (link); 2) TNO (2024) ‘Evaluation of the levelised cost of hydrogen based on proposed electrolyser projects in the 

Netherlands’ Appendix B (link)

Condition for competitiveness: Competitive transport and storage prices 

Condition for 

competitiveness
Rationale

Concrete (policy) 

implications
Explanation

Competitively 

priced access to 

transport and 

storage infra-

structure

• For refineries to 

successfully implement 

decarbonisation, they need 

access to transportation 

and storage for CO2, 

electricity, and green 

hydrogen that is also cost-

competitive

• The costs of constructing 

and operating the 

infrastructure required are 

high, and might lead to 

significant transport costs 

for Dutch refineries

• Future competitiveness will 

partly depend on how 

infrastructure costs in the 

Netherlands compare to 

those in other regions

Competitive tariffs for the 

electricity grid

• Grid costs form a substantial part of total energy costs, and competitive prices are 

therefore required for future cost competitiveness of refineries

• As refineries decarbonise, grid costs will become an increasingly important driver of 

competitiveness since the additional electricity consumption will largely need to be 

imported while a large share of current gas consumption comes from residual gases 

(over which no grid costs are paid) 

• Due to wider decarbonisation of society, investments of €40 bln. are needed by 

TSOs/DSOs in the next 10 years to complete over 700 projects1, and grid charges are 

projected to increase significantly in the coming years as a result

Competitive prices for 

CO2-transport and 

storage

• In most of refineries’ decarbonisation plans, CC(U)S plays an important role, either 

applied to an SMR to produce blue hydrogen or on other parts in the refinery process

• To be cost competitive in a decarbonising world in which CCS applied, competitively 

priced transport and storage is required

Competitive prices for 

green hydrogen transport

• Application of green hydrogen, as feedstock and/or fuel, could have an important role 

in the decarbonisation of refineries

• The competitiveness of refineries that will apply green hydrogen as part of their 

decarbonisation strategy will be affected by relative differences in hydrogen grid tariffs 

across regions2

• As significant capital expenditures (>1.5bln) are projected for the construction of the 

national hydrogen backbone, grid charges might turn out to be significant

5

6

7
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Future competitiveness will also depend on other preconditions, such as 
timely access to permits and available qualified personel

1) Porthos (2024) (link); 2) ACE terminal (2023) (link); 3) Uniper H2 plant (2024) (link); 4) HR Praktijk (2022) ‘Werkgevers vinden het moeilijk om kandidaten met de 

juiste ervaring te vinden’ (link); 5) McKinsey & Company (2024) ‘Netherlands advanced: Building a future labour market that works (link)

Condition for competitiveness: Preconditions for decarbonisation

Condition for 

competitiveness
Rationale

Concrete (policy) 

implications
Explanation

Stable and 

predictable policies

• Given that the majority of 

decarbonisation and 

biorefinery capacity 

investments are directed 

towards assets with lifespans 

>15 years, consistent and 

predictable policies will 

encourage such investments

Stable and 

predictable climate 

and energy policies 

and regulations

• Companies need predictable and consistent policies to be able to make long-term 

investments, currently changes in subsidies, taxes, regulations and requirements are 

causing delays in refineries’ investment plans

• An example of a recent policy shock was the announced increase in the Dutch CO2-

levy to €216/tCO2 by the outgoing cabinet just before the end of their term, which was 

not adopted by the new cabinet

Other preconditions 

for decarbonisation 

to be in place

• For refineries to mitigate the 

costs related to increasing 

CO2-prices and stay 

competitive, all other 

preconditions need to be in 

place to allow them to do so

• To allow for decarbonisation, 

current bottlenecks need to 

be resolved (e.g. permitting, 

licensing, qualified personel)

Permitting & 

licensing related 

matters to be 

addressed in a timely 

manner

• Currently, several decarbonisation projects get delayed or cancelled due to permitting 

and licensing issues; mainly around nitrogen (e.g. Porthos1), unclear EU regulations 

(e.g. Ace terminal for H2 import2) and/or subsidy requirements (e.g. Uniper H2 plant3)

Sufficient access to 

technical know-how 

within the sector

• Large decarbonisation projects related to CCS, green hydrogen, energy efficiency 

and electrification will require highly-qualified personel

• The Netherlands currently faces a tight labour market with 54% of employers 

struggling to attract new employees, especially for technical personel4

• Labour shortages are projected to rise substantially from 110 vacancies per 100 

unemployed people in 2024 to 390 vacancies by 2030, making finding sufficient 

qualified personel an increasing challenge for refineries5

9

10
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Archetype Simple refinery

Description

A refinery that only includes a 

distillation unit, optionally with some 

additional processing units such as 

catalytic reforming and 

hydrotreating

Processing capacity 150,000 barrels per day

Energy profile 2024 2040 (CC) 2040 (H2)

Natural and 
refinery gas
(mln m3/year)

Electricity 
(GWh/year)

Hydrogen1

(kt/year)

CO2 emissions2

(kt/year) 439.2

135.0 96.1

-69% -78%

A simple refinery distils light crude oils into end products with no or 
limited additional processing units

1) Flue hydrogen coming out of the reforming unit is calculated by taking an average 4,3% of reformer feed as hydrogen output; 2) The indicated emission reduction is 

compared to 2024 and does not reflect EU goals (which are based on 1990)

Archetype: Simple refinery

Input 

products

Input products End product mix

Product Total yields from crude (kbb/d)

Gas

Light

Middle

Heavy

Specialty

5

38

72

36

0

End 

products

Separation

H2

Reforming

Hydrotreating

Treatment

Atmospheric 

distillation

• A simple refinery is only

capable of processing lighter

crude oils but is relatively

less energy- and CO2-

intensive than complex 

refineries

• The simple refinery

archetype represents what is 

typically classified as a 

‘topping refinery’, which only

includes a distillation unit, 

and a ‘hydro-skimmer’, which

includes some additional

processing units to process

more sour crude oil types 

and/or produce a wider range 

of products

254.5 254.5
145.1

-43%

= certain part of configuration = optional part of the configuration

1

132.7
375.4 310.9

+183% +134%

33.9 33.9
90.9

+168%

Flue SMR Green

Crude type Total (kbb/d)

Light & sweet

Light & sour

Heavy & sweet

Heavy & sour

107

28

9

6

60%

6%

30%

4%

5%

48%

25%

24%

0%

CommentsSchematic display of production process
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Crude type Total (kbb/d)

Light & sweet

Light & sour

Heavy & sweet

Heavy & sour

A complex refinery is able to process heavy crude oils through several 
conversion steps into lighter refinery products

1) Flue hydrogen coming out of the reforming unit is calculated by taking an average 4,3% of reformer feed as hydrogen output, Additional SMR hydrogen production 

is calculated by multiplying the average percentage of Dutch refinery SMR relative to flue hydrogen production by the production of reformer hydrogen, SMR in 2040 

is considered to produce blue hydrogen due to CCS; 2) The indicated emission reduction is compared to 2024 and does not reflect EU goals (based on 1990)

Archetype: Complex refinery

Archetype Complex refinery

Description

A complex refinery has a wide 

range of processing units that can 

handle the heaviest crude oils and 

produce high-value products such 

as aromatics, olefins and chemicals

Processing capacity 150,000 barrels per day

Energy profile 2024 2040 (CC) 2040 (H2)

Natural and 
refinery gas
(mln m3/year)

Electricity 
(GWh/year)

Hydrogen1

(kt/year)

CO2 emissions2

(kt/year)

Input 

products

Input products End product mix (yield)

Product Total yields from crude (kbb/d)

Gas

Light

Middle

Heavy

Specialty

12.0

42.0

78.0

22.5

7.5

End 

products

• A complex refinery includes

conversion steps through

which it can process heavier

crude oils into lighter products

• The most important 

conversion step is cracking, 

where larger hydrocarbon

molecules are broken down 

into smaller ones

• An optional addition to

cracking is coking (or 

alternatively, sulphur de-

asphalting and gasification) in 

which heavy residual oil is 

heated without oxygen to

produce valuable byproducts

such as petroleum coke –

coking maximises the yield

from heavy crude oils

= certain part of configuration = optional part of the configuration

2

Thermal cracking

Fluid Catalytic Cracking

Hydrocracking

Separation ConversionTreatment

Atmospheric 

distillation

Vacuum 

distillation

H2

Reforming

Hydrotreating

Isomeration
H2

Coking / SD & gasifier

460.1 460.1
262.3

-43%

390.9
1,105.6 915.7

+183% +134%

1,577.1

484.6 345.0

-69% -78%

63.0 63.0
169.1

+168%

Flue SMR Green

SMR

H2 H2

29%

5%

16%

50%

8%

52%

28%

15%

5%

CommentsSchematic display of production process

43.5

24.0

7.5

75.0
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Product Total yields

Bio-ethanol (m3)

DDGS / protein (kt)

Biogenic CO2 (3
rd 

party use) (kt)

241,670m3

Biomass type Kilotonnes

Corn

The crop-based fermentation biorefinery archetype produces bio-
ethanol through a biochemical process

Sources: Archetype’s profile based on Susmozas, et al. (2024) ‘Economic and environmental assessment of the retrofitting of a first-generation ethanol plant’ 

adjusted according to expert input; 1) Emissions are calculated based on the assumed calorific value of the natural gas (35.80 MJ) and corresponding emission 

factor (2.024kg/m3); 2) Distiller’s dried grains with solubles (DDGS) is a protein concentrate that is used as animal feed (alternative to soybeans)

Archetype: Fermentation (crops)

Input products End product mix

• The crop-based bio-ethanol 

archetype processes starch 

(corn) into various end 

products, including bio-

ethanol, DDGS2 (protein rich 

animal feed) and biogenic CO2

• Bio-ethanol is mainly sold as a 

blend-in fuel, DDGS2 serves 

as animal feed, and biogenic 

CO2 is used in agriculture, 

industry, and food production

• The archetype’s energy profile 

is based on a current Spanish 

bio-ethanol plant, outlined in 

Susmozas et al. (2024) 

adjusted based on expert 

input

• In 2040, we assume the plant 

to be partially decarbonised 

because of energy efficiency 

measures (-15% energy need) 

and the introduction of e-

boilers (-70% of CHP and gas 

boiler usage)

E
n

d
 p

ro
d

u
c
ts

Bio-

ethanol

Bio-

mass

Archetype         Fermentation process

Description

A corn-based fermentation plant 

converts corn into ethanol, 

animal feed and CO2 through a 

biochemical process covering 

dry milling, fermentation, 

distillation and centrifuge (for 

DDGS)

Processing capacity 526.8kt

FTE 75

Cost & energy profile 2040

Capex € 165,000,000

Fixed O&M costs (NL) € 14,836,800

Variable O&M costs € 1,932,840

Natural gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Fossil based 
CO2 (kt/year)

3

31.1

526.8

In
p

u
t 
p

ro
d

u
c
ts

CommentsSchematic display of production process

143kt

165kt

413.6

63.01

Grid 

electricity

Bio-genic 

CO2

Dry Milling

CHP + 

boilers

Liquefaction & 

fermentation

Distillation & 

dehydration

Centrifuge / 

Drying
DDGS2

Processing plant

Natural 

gas

Heat and electricity

E-boilers

Grid 

electricity

Heat
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Product Total yields (barrels/year)

HVO 320,593

Biomass type %

Used Cooking Oil

The hydrotreatment-based biorefinery produces HVO using hydrogen 
to deoxygenate Used Cooking Oil (UCO) to biofuel

Sources: Strategy& Analysis; Lorenzi et al. (2019), Integration of high-temperature electrolysis in an HVO production process using waste vegetable oil, Link; 

NOTE: Reported energy usage numbers are net figures, in reality the majority of biorefineries make use of grid connections and external energy to start-up their

processes

Archetype: Hydrotreatment 

Input products End product mix

• The reference case involves

a production facility where

the process is self-sufficient

as energy in the form of heat 

is extracted from hydrogen

production and production

process by heat exchangers

and electricity is imported

from the grid

• In the hydrotreatment

process, oxidated oils are 

deoxygenated using

hydrogen and isomerized to

upgrade the hydrocarbons to

end-user criteria for fuel

• The plant does not emit

fossil-based CO2 emissions; 

only biogenic CO2 which

originates from the carbon 

absorbed by plants during

their growth

E
n

d
 p

ro
d

u
c
ts

100%

HVO
Bio-

mass

Pre-

treatment
Hydro-

treatment

Isomerization/

cracking

Hydrogen 

production

Archetype         Hydrotreatment process

Description

A hydrotreatment plant converts 

biomass into HVO through a 

hydrogenation process; 

pretreatment, hydrotreatment, 

and isomerization

Processing capacity 46,720 tonnes per year

Energy efficiency 95%

Cost & energy profile 2040

Capex € 56,611,212

Fixed O&M costs (NL) € 4,516,559

Variable O&M costs € 3,051,431

Residual gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Fossil-based 
CO2 (kt/year)

4

2.68

47.20

0.00

100%

In
p

u
t 
p

ro
d

u
c
ts

Electricity

Heat

H2

CommentsSchematic display of production process
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Product Total yields (barrels/year)

Bio-gasoline

Bio-diesel

Biomass type %

Wood chips

B-wood (waste wood)

Archetype Pyrolysis process

Description

A fast pyrolysis biorefinery 

converts biomass into bio-oil 

with hot sand. Biomass is 

pretreated and pyrolyzed, 

producing bio-oil, gas, and char

Processing capacity 81,000 tonnes per year

Energy efficiency 61%

Cost & energy profile 2040 - CCS 2040 - Green H2

Capex € 105,623,127 € 87,692,602 

Fixed O&M costs (NL) € 3,168,693 € 2,630,778

Variable O&M costs € 718,848 € 596,817

Residual gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Merchant 
hydrogen

(kt/year)

The pyrolysis-based biorefinery produces pyrolysis oil, which through 
treatment and distillation gets processed into biofuels
Archetype: Pyrolysis

5

11.4

2.4

0.0

Input products End product mix

• The archetype of a pyrolysis 

plant derives pyrolysis oil 

which requires further 

upgrading through 

hydrotreatment

• The hydrogen required for 

the upgrading process can 

be provided through two 

routes:

– CCS route: In the first 

pathway natural gas is 

used for hydrogen 

production; emissions are 

off-set through a CCS 

installation 

– Green hydrogen route: 

Direct sourcing of green 

hydrogen requiring no 

hydrogen production 

(SMR) unit resulting in 

lower capex & gas and no 

electricity costs

In
p

u
t 
p

ro
d

u
c
ts

58,893

44,428

50%

50%

E
n

d
 p

ro
d

u
c
ts

Drying & 

milling

Pyrolysis 

reactor

Separa-

tion

CHP

Residual gas

HP Steam

Heat

Hydrogen

production

(SMR)

Pyrolysis 

oil

Natural 

gas

Hydro-

treatment
Distillation

Bio-

gasoline

Bio-

diesel

Green 

hydrogen

Green H2 routeCCS route

Bio-

mass

Electricity

57%

43%

10.6

0.0

2.1

Conden-

sation

Char

burner

Sources: Strategy& Analysis; PBL OTP model SDE++ (2021), (Link)

CommentsSchematic display of production process
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Product Total yields (barrels/year)

Bio-gasoline

Bio-diesel

Biomass type %

Wood chips

B-wood (waste wood)

The Fischer-Tropsch-based biorefinery produces drop-in biofuels 
through gasification and FT-synthesis

Sources: Strategy& Analysis; PBL OTP model SDE++ (2024), (Link); NOTE: Reported energy usage numbers are net figures, in reality the majority of 

biorefineries make use of grid connections and external energy to start-up their processes

Archetype: Fischer-Tropsch

Input products End product mix

• The Fischer Tropsch 

synthesis reaction allows the 

site to be self-sufficient as 

the excess heat and rest 

gases are used for both 

steam and electricity 

production

• The plant does not emit 

fossil-based CO2 emissions 

but biogenic CO2 which 

originates from the carbon 

absorbed by plants during 

their growth

• The bio-gasoline and bio-

diesel produced through this 

process can be used in 

existing ICEs with little or no 

modification

117,605

274,412

50%

50%

E
n

d
 p

ro
d

u
c
ts

Air 

separation 

unit

Residual gas

Air

Bio-

gasoline

Bio-

diesel

Bio-

mass

30%

70%

Product 

upgrading

Oxygen

Archetype         Fischer-Tropsch process

Description

A Fischer-Tropsch (FT) plant 

processes biomass feedstock, 

converts it to syngas via fluidized 

bed gasification, and synthesises 

fuels using the FT process

Processing capacity 412,000 tonnes per year

Energy efficiency 47%

Cost & energy profile 2040

Capex € 244,240,000

Fixed O&M costs (NL) € 14,640,000

Variable O&M costs € 9,600,000

Residual gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Fossil-based 
CO2 (kt/year)

6

73

0

0

Pre-

treatment
Gasi-

fication

Cycloning 

& TAR 

cracking

Filter & 

syngas 

treatment

Fischer 

Tropsch 

synthesis

CHP
HP steam 

& electricity

In
p

u
t 
p

ro
d

u
c
ts

CommentsSchematic display of production process
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Product Total yields (barrels/year)

Bio-methanol 964,990

Biomass type %

Wood chips

B-wood (waste wood)

The methanol-biorefinery produces methanol through gasification and 
methanol synthesis

Sources: Strategy& Analysis; PBL OTP model SDE++(2024), (Link)

Archetype: Methanol Synthesis

Input products End product mix

• The reference plant utilises

steam to dry biomass and

generate raw syngas in a 

gasifier. The syngas is then

cleaned, maximising

hydrogen production

• Due to the lower energy 

content per litre of methanol, 

the process produces a 

greater number of barrels 

compared to the Fischer 

Tropsch-based gasification

process

• As a result of the chemical

composition (and high 

oxygen content) of Bio-

methanol, it can only be used

as a blend with conventional

fuels in the majority of ICEs

E
n

d
 p

ro
d

u
c
ts

Air 

separation 

unit

Air

Bio-

methanol

Bio-

mass

100%

Oxygen

Pre-

treatment
Gasi-

fication

Archetype         Methanol synthesis

Description

A biomethanol plant converts 

biomass into methanol through 

pretreatment, gasification to 

syngas, syngas cleaning, then 

methanol synthesis

Processing capacity 433,613 tonnes per year

Energy efficiency 46%

Cost & energy profile 2040

Capex € 263,665,612

Fixed O&M costs (NL) € 15,833,270

Variable O&M costs € 9,999,960

Residual gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Fossil-based 
CO2 (kt/year)

7

78

67

0

50%

50%

Cycloning 

& TAR 

cracking

Filter & 

syngas 

treatment

Methanol 

synthesis

Product 

upgrading

Residual gas

CHP
HP steam 

& electricity

Electricity 

from grid

In
p

u
t 
p

ro
d

u
c
ts

CommentsSchematic display of production process
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Product Total yields (barrels/year)

Bio-ethanol 579,624

Biomass type %

Wood chips

B-wood (waste wood)

The fermentation-based biorefinery produces bioethanol from 
lignocellulosic biomass using a biochemical process

Sources: Strategy& Analysis; PBL OTP model SDE++(2024), (Link); NOTE: Reported energy usage numbers are net figures, in reality the majority of 

biorefineries make use of grid connections and external energy to start-up their processes

Archetype: Fermentation (lignocellulosic) 

Input products End product mix

• The reference case involves 

a production facility where 

the process is self-sufficient 

as energy is extracted via 

lignin combustion and 

electricity generation takes 

place with the resulting 

steam

• In the fermentation process, 

sugars are converted into 

bioethanol by various 

microorganisms

• The plant does not emit 

fossil-based CO2 emissions; 

only biogenic CO2 which 

originates from the carbon 

absorbed by plants during 

their growth

E
n

d
 p

ro
d

u
c
ts

100%

Bio-

ethanol

Bio-

mass
Pre-

treatment
Hydrolysis & 

fermentation

Distillation & 

dehydration

Lignocellulo-

sic ethanol 

storage

Archetype         Fermentation process

Description

A bioethanol plant converts 

biomass into ethanol through a 

biological process; pretreatment, 

enzymatic hydrolysis, and 

fermentation

Processing capacity 498,166 tonnes per year

Energy efficiency 37%

Cost & energy profile 2040

Capex € 314,717,320

Fixed O&M costs (NL) € 15,774,340

Variable O&M costs € 11,673,681

Residual gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Fossil-based 
CO2 (kt/year)

8

105

0

0

Electricity

50%

50%

CHPIn
p

u
t 
p

ro
d

u
c
ts

CommentsSchematic display of production process
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Product Total yields (tonnes/year)

Pyrolysis gas1

Hydrotreated 
distillates2

38,102

114,668

Biomass type %

PP/HDPE

The plastic pyrolysis archetype converts plastic waste into oils and 
pyrolysis gas suited for fuel and plastic production

Sources: plastic pyrolysis archetype: Kulas et al, 2023, Economic and environmental analysis of plastics pyrolysis after secondary sortation of mixed plastic waste (link), Hydrotreater 

archetype: Lorenzi et al, 2019, Integration of high-temperature electrolysis in an HVO production process using waste vegetable oil (link), expert input used to convert hydrotreater 

feedstock to plastic pyrolysis oil, 1) mix of hydrocarbons C1-C6, primarily propane and butane; 2) mix of hydrocarbons C4 to C15, naphtha, gasoline, jet fuel; Strategy& Analysis

Archetype: Plastic pyrolysis

Input products End product mix

• The plastic pyrolysis 

archetype converts pre-sorted 

plastic waste (PP/HDPE) 

through a process of thermal 

decomposition into a mix of 

recycled hydrocarbons 

(gasses and distillates) which 

can be used as a fuel or to 

create new, second-life plastic 

products

• The production process meets 

its gas-requirements from the 

feedstock, as 19% of the 

created gasses are burned to 

generate heat, resulting in 

CO2-emissions 

• From the produced output the 

pyrolysis gasses can be sold 

as refined products similar to 

methane, propane and butane 

whereas the distillates can be 

sold as drop-in fuels (gasoline, 

jet fuel and diesel) and input 

for petrochemical industry 

(naphtha)

E
n

d
 p

ro
d

u
c
ts

25%

Pyrolysis gas 

and 

hydrotreated 

Distillates

PP/

HDPE
Dissolution Pyrolysis Condensing

Hydrotreat-

ment

Archetype         Plastic pyrolysis

Description

A plastic pyrolysis plant converts 

plastic waste into fuels and 

inputs for plastic production 

through a process of thermal 

decomposition

Processing capacity 168,000 tonnes

Energy efficiency 94.2%

Cost & energy profile 2040

Capex € 300,000,000

Fixed O&M costs (NL) € 21,198,932

Variable O&M costs € 25,088,033

Residual gas 

(mln m3/year)

Electricity from 
grid (GWh/year)

Fossil-based 
CO2 (kt/year)

9

23

84

33

100%

Combustion 

furnaceIn
p
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p
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d

u
c
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CommentsSchematic display of production process

75%

Heat

GasHeat
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Simple refinery assumptions related to energy intensity per process step

1) Range available from literature (PBL, decarbonisation options for the Dutch Refinery sector MIDDEN report (2020) (link), Energy star and EU JRC study)

Energy intensity of simple refinery

Electricity usage Gas and steam

Conversion step
Unit electricity consumption, 

kWh/barrel1
Barrels processed/day 

and as % of total

Total electricity 

usage/day, 

2024 (kWh)

Unit gas & steam 

consumption, m3/barrel1
Barrels processed/day 

and as % of total

Total gas usage/day 

(m3)

Atmospheric distillation 150,000 (100%) 98,226 150,000 (100%) 446,597

Vacuum distillation - - - -

Reformer 16,500 (11%) 51,774 16,500 (11%) 133,691

Hydrotreater(s) 52,500 (35%) 229,195 52,500 (35%) 146,801

FCC - - - -

Alkylation - - - -

Thermal cracking/ visbreaking - - - -

Hydrocracking - - - -

Deasphalting - - - -

Coking - - - -

Hydrogen SMR - - - -

Total/year (2024) N/A 132.718.281 N/A 254.480.992 

Total CC (2040) -69.3% CO2 reduction, +182.9% electricity usage b/w ’24-40 375.403.138 -69.3% CO2 reduction, +0.0% gas usage b/w ’24-40 254.480.992 

Total H2 (2040) -78.1% CO2 reduction, +134.3% electricity usage b/w ’24-40 310.939.973 -78.1% CO2 reduction, -43.0% gas usage b/w ’24-40 145.103.520

0.4

5.1

4.5

4.0

10.5

6.2

3.5

1.9

13.6

54.6

3.1

1.5

3.1

0.3

27.3

0.7

4.4

10.5

5.0

10.4 11.6

1.5

3.4

0.1

2.4

3.0

72.4

3.3

3.1

8.6

4.7

3.9

14.9

7.1

4.1

0.1

217.3

8.1

2.8

14.9

2.3

5.4

3.1

X = X =

X350 X350
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https://www.pbl.nl/uploads/default/downloads/pbl-2020-decarbonisation-options-for-the-dutch-refinery-sector-3659_0.pdf#:~:text=The%20main%20decarbonisation%20options%20are,feedstocks%20and%20waste%20heat%20utilization.
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Complex refinery assumptions related to energy intensity per process 
step

1) Range available from literature (PBL, decarbonisation options for the Dutch Refinery sector MIDDEN report (link), Energy star and EU JRC study)

Energy intensity of complex refinery

Electricity usage Gas and steam

Conversion step
Unit electricity consumption, 

kWh/barrel1
Barrels processed/day 

and as % of total

Total electricity 

usage/day, 

2024 (kWh)

Unit electricity consumption, 

m3/barrel1
Barrels processed/day 

and as % of total

Total Gas 

usage/day (m3)

Atmospheric distillation 150,000 (100%) 98,227 150,000 (100%) 446,597

Vacuum distillation 60,000 (40%) 18,008 60,000 (40%) 146,040

Reformer 16,500 (11%) 51,774 16,500 (11%) 133,691 

Hydrotreater(s) 92,250 (62%) 402,729 105,000 (62%) 257,950 

FCC 11,250 (8%) 39,905 15,750 (8%) 16,707

Alkylation 1,500 (1%) 15,757 1,500 (1%) 22,384 

Thermal cracking/ visbreaking 9,000 (6%) 45,430 18,000 (6%) 21,026 

Hydrocracking 37,500 (25%) 388,813 31,500 (25%) 202,789 

Deasphalting 1,500 (1%) 2,251 1,500 (1%) 5,036

Coking 9,750 (7%) 30,594 9,750 (7%) 671 

Hydrogen SMR 851 (1%) 23,231 851 (1%) 61,676 

Total/year (2024) N/A 390.850.682 N/A 460.098.370

Total CC (2040) -69.3% CO2 reduction, +182.9% electricity usage b/w ’24-40 1.105.549.072 -69.3% CO2 reduction, +0.0% gas usage b/w ’24-40 460.098.370

Total H2 (2040) -78.1% CO2 reduction, +134.3% electricity usage b/w ’24-40 915.707.312 -78.1% CO2 reduction, -43.0% gas usage b/w ’24-40 262.345.303
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https://www.pbl.nl/uploads/default/downloads/pbl-2020-decarbonisation-options-for-the-dutch-refinery-sector-3659_0.pdf#:~:text=The%20main%20decarbonisation%20options%20are,feedstocks%20and%20waste%20heat%20utilization.
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Electricity1, 

€/kWh
Gas2, €/m3

Fixed O&M costs 

incl. labour, NL 

index3

WACC,

NL index4 CAPEX, NL index5

Feedstock

Lignocellulosic

€/tonne6

UCO

€/tonne7

Corn      

€/tonne8

Country 2040 2040 2040 2040 2040 2040 2040 2040

Netherlands

Belgium

Germany

Italy

USA

Nigeria

China

Brazil

Saudi Arabia

Energy prices, bio-feedstock & bio-refining related fixed cost 
assumptions

1) EU 2024 electricity prices retrieved from ember-climate.org; USA electricity 2024 (link); Nigeria electricity data 2024 (link); China electricity 2024 (link); Brazil electricity 2024 (link); All 2040 electricity prices retrieved from ESMAP 

(2020), Global Photovoltaic Power Potential by Country, Washington DC: World Bank; 2) EU 2024 gas prices retrieved from; NL (link), BE (link), DE (link), IT (link); US 2024 gas (link); Nigeria 2024 gas (link); China 2024 gas (IEA 

2023, global energy and climate model documentation); Brazil 2024 gas (link); 3) SDE++ Onrendabele-Topmodel, PBL (link); 4) WACC based on PBL and NYU Stern’s adjusted default spread (both from 2024); 5) CAPEX based

on the IHS/S&P global Engineering and Construction cost Index may 2024 ; 6) PBL OTP model SDE++(2024), (Link), Regional correction of PBL prices by refional factors from ‘Cost of ligno-cellulosic biomass production for

bioenergy: A review in 45 countries (2022)’, JP Domingues et al.; 7) Feedstock cost calculated by: Price = UCO FOB China (€859.23/tonne; link) + transportation costs (dirty bulk; not shown in table); 8) Grainsprices (link)

Price assumptions per region (1/2)

Energy cost drivers

1.00

1.34

1.10

0.74

0.99

0.05

0.29

0.20

0.39

1.00

1.01

1.00

1.01

1.01

1.03

1.01

1.02

1.01

Biorefinery specific cost drivers 

1.00

1.00

1.00

0.97

0.99

0.91

0.54

1.07

1.00

0.06

0.06

0.06

0.05

0.05

0.03

0.05

0.04

0.03

0.18

0.18

0.18

0.18

0.11

0.07

0.21

0.34

0.06
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66.2

66.2

66.2

66.2

44.4

44.4

44.4

36.3

889.0

889.0

889.0

886.7

892.5

889.8

859.2

890.2

883.6N/A

208.8

208.8

208.8

208.8

163.7

337.2

312.9

167.7

229.7

https://www.eia.gov/outlooks/steo/data/browser/#/?v=21&f=M&s=&start=201901&end=202512&map=&linechart=ESICU_WSC&id=&ctype=linechart&maptype=0
https://nerc.gov.ng/wp-content/uploads/2024/06/PHED_June-2024.pdf
https://www.ceicdata.com/en/china/electricity-price-36-city
https://www.globalpetrolprices.com/Brazil/
https://www.barchart.com/futures/quotes/TG*1/historical-prices?orderBy=contractExpirationDate&orderDir=asc&page=2
https://www.barchart.com/futures/quotes/TG*1/historical-prices?orderBy=contractExpirationDate&orderDir=asc&page=2
https://www.barchart.com/futures/quotes/GVV22/historical-prices?orderBy=contractExpirationDate&orderDir=asc&page=2
https://www.barchart.com/futures/quotes/XLY00/historical-prices?orderBy=contractExpirationDate&orderDir=asc
https://www.eia.gov/dnav/ng/hist/n3035us3m.htm
https://www.linkedin.com/pulse/impact-new-pricing-natural-gas-nigerian-domestic-rjb2c/
https://www.globalpetrolprices.com/Brazil/
https://www.pbl.nl/sde/datasets-sde-en-sce
https://www.pbl.nl/sde/datasets-sde-en-sce
https://www.spglobal.com/commodityinsights/PlattsContent/_assets/_files/en/productsservices/market-reports/biofuelscan-02202020.pdf
https://grainsprices.com/markets/futures/2024-06-15
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CO2
1, €/tCO2 Green H22, €/kg Pre-combustion CCS, €/tCO2

3 Post-combustion CCS, €/tCO2
3

Country 2040 2040 2040 2040

Netherlands

Belgium

Germany

Italy

USA

Nigeria

China

Brazil

Saudi Arabia

CO2, CCS and Green H2 price assumptions in 2040 per region

1) 2024 prices retrieved from ember-climate.org, 2040 based on PBL ‘Klimaat en Energieverkenning 2021’ (link); 2) Breyer & Fasihi (2020) Baseload electricity and hydrogen supply based 

on hybrid PV-wind power plants, Journal of Cleaner Production, Volume 243; 3) Average cost price of pre- and post-combustion on existing installations, gaseous transport (PBL, link) & 

Smith et al (2021) (link)& Expert input

Price assumptions per region (2/2)

Decarbonisation cost drivers

0.0

0.0

0.0

0.0

0.0

228.6

228.6

228.6

228.6

3.6

3.8

4.2

3.8

3.2

2.5

2.5

2.7

2.3

102.5

115.3

128.5

120.5

97.6

122.5

105.6

105.6

97.6

147.9

160.7

173.9

165.9

143.0

167.9

151.0

151.0

143.0
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https://www.pbl.nl/uploads/default/downloads/pbl-2022-klimaat-en-energieverkenning-4838.pdf
https://www.pbl.nl/system/files/document/2024-03/pbl-2024-eindadvies-sde-plus-plus-2024-5040.pdf
https://www.sciencedirect.com/science/article/pii/S1750583621001195#:~:text=CO2%20transport%20and%20storage%20costs%20vary%20regionally.,storage%20costs%20in%20some%20regions.
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Shipping costs of crude oil are calculated based on the share of crude 
imported by refineries (in a particular country) from different regions

1) Data retrieved from Eurostat Comext database for 2023; 2) Data retrieved from EIA (link); 3) Data retrieved from trademap.org (link); 4) Data retrieved from 

trademap.org (link); 5) Data retrieved from trademap.org (link); 6) Shipping rates based on Argus (link) and Platts (link)

Crude oil per country by origin

Percentage of total crude oil imported/produced

Weighted 

average 

transport 

cost6

Country
Euro/barrel

Netherlands1 € 1.43

Belgium1 € 1.43

Germany1 € 1.59

Italy1 € 1.49

USA2 € 0.33

Nigeria3 € 0.00

China4 € 2.65

Brazil5 € 0.39

Saudi Arabia € 0.00

• The table left shows the

weighted average

transportation costs of crude

oil for different regions (based

on aug ’23 – feb ’24 average

freight prices) 

• Only shipping costs for

importing crude oil from

outside the region have been 

included; crude sourced

regionally is considered to

have zero transportation 

costs

• Self-producing countries have 

relatively low costs (Nigeria, 

USA, Brazil, Saudi Arabia), 

while importing countries

have relatively high costs

(EU, China)

Comments

3.9%

3.7%

3.4%

14.1%5.9%10.5%23.8%15.4%4.7%25.6%

14.1%5.9%10.5%23.8%15.4%4.7%25.6%

10.8%15.6%19.7%19.5%27.1%

20.4%30.3%12.4%10.4%21.2%

7.1%5.7%84.4%

3.4%

17.8%8.5%48.8%9.4%

100.0%

9.4%73.8%5.1%

100.0%

9.4%

Northwest EU

North Africa

West Africa

NA & Caribbean

South America

Central Asia

Middle East

South-East Asia

Russia
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Data 

marked 

confidential 

https://www.eia.gov/totalenergy/data/annual/index.php
https://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1%7c566%7c%7c%7c%7c2709%7c%7c%7c4%7c1%7c1%7c1%7c2%7c1%7c2%7c2%7c1%7c1
https://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1%7c156%7c%7c%7c%7c2709%7c%7c%7c4%7c1%7c1%7c1%7c2%7c1%7c2%7c2%7c1%7c1
https://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1%7c076%7c%7c%7c%7c2709%7c%7c%7c4%7c1%7c1%7c1%7c2%7c1%7c2%7c2%7c1%7c1
https://www.argusmedia.com/en/solutions/products/argus-tanker-freight
https://www.spglobal.com/commodityinsights/en/products-services/shipping/dirty-tankerwire
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West Africa 

shipments

Our assumptions on maritime shipping prices lead to a ratio of 1.4 to 1.6 
for transportation costs of refined products v/s crude oil

Source: Strategy& analysis based on S&P global, Argus maritime shipping cost reports (2023-24), corrected based on maritime trade expert input; The shipping costs

shown on this page are based on a ship size of 160 kton capacity (Suezmax).

Maritime shipping prices

The range shown 

above is based on 

differences between 

travel routes globally

252015105 300

252015105 300

Clean tankers €/tonne

Dirty tankers €/tonne

Km x1000

Km x1000

Cost ratio between 

shipping of refined 

products & crude oil

1.64

1.39

1.53

High

Avg.

Low

Key drivers and reflections

Shipping of refined products (via clean tankers) is more expensive (at least

1.4x depending on the time period chosen for historical price analysis) than

shipping crude oil because the value of the shipped product is higher, 

requiring greater care and higher quality requirements – thereby higher

handling costs for the same route (holding size constant)

Price driver(s) Comments
Demand for crude or 

refined products

Higher demand leads to more ships being demanded

This could lead to scarcity in shipping capacity and in turn 

higher prices

Availability of 

shipping capacity

Ship size

Bigger ships cost lesser due to economies of scale but 

are less versatile in their usage due to size constraints of 

docking areas of ports

Travel distance
Price increases with distance, but scale effects are also 

observed

Port fees
In some regions, like West Africa, extra port fees are 

charged which are not included in the base shipping rate

Loading & unloading 

costs

Loading & unloading is handled at the port however, 

some ports are not able to accommodate Suezmax ships 

or larger, they will face extra fees to be discharged at sea

Fuel & labour costs
As crude oil prices rise, bunker fuel prices will also rise, 

leading to higher shipping costs

Product handling 

costs

Higher value products (e.g., refined products) cost more 

to transport as they require more careful handling

West Africa 

shipments
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