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19 billion

2nd

650 000
UK homes

2.08 million

more than 35%12.6 bn USD



Baseload Flexible Intermittent

Coal

Nuclear

Hydro

Gas -> Clean Hydrogen
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Understanding the Challenge

V e h i c l e B a t t e r y  p a r k H y d r o

,600,000 x

H Y D R O G E NH Y D R O G E N N e w  P r o j e c t s  

TESLA 75D Li-Batteries
Norways biggest hydro electrical 

storage -Blåsjøin Australia (129 MWh)

Natural Gas currently provides Europe with 

more than 1500 TWh of flexible energy. 

What is 1500 TWh? 

H 2 1  N o r t h  o f  E n g l a n d



Open 23 October 2018

Despite new technology, there has never 

been an energy transition in the past…

➢ Shifts in primary energy supply has taken 

decades in the past

➢ …but GROWTH in energy demand more than 

outweigh shift between supply sources 

➢ To meet the 1.5 degree target, all energy use 

has to be carbon neutral by 2050!

➢ This cannot be solved by phasing in 

renewables only - it is currently a small fraction

➢ We need to use the entire toolbox to have the 

slightest chance of succeeding



T r a n s p o r t

c o m p l e x i t y   t o  d e c a r b o n i s eE a s y H a r d

P o w e r

I n d u s t r y

H e a t

Natural Gas Reforming 

to Hydrogen with CCS

Multiple technologies to address the challenge

Large Battery

Systems

for Daily Swing

(night-to-day)

Hydro-Power as

Battery for Small

Scale Intermittency

Hydrogen fired CCGTs

Clean Back-Up Power

for Large Scale 

Intermittency 

Hydrogen

Fuel-Cell

Trains

Battery (mostly)

plus Hydrogen

for Heavy Duty

Liquid Hydrogen

and Fuel-Cells for 

long haul Big Ships

Light Industry

powered by

Renewable

Heavy Industry

powered by

Hydrogen from

Natural Gas + CCS

CCS for

Industry

without other

Alternatives

Heat Pumps

For Efficient Use of

Electricity in Homes

Hydrogen for

Large Scale

Seasonal 

Storage

Hydrogen for

Efficient Transfer of 

Energy from Production 

to End-Users





Enable CO2 storage as an effective climate tool for a low carbon future

From words to action



•

•



Open

CO2 Capture Sites

• CO2 captured by Fortum, at Klemetsrud, 

and Norcem, in Brevik, and stored locally 

at their jetties

• Storage volume at each site required to 

account for ship arrival every four days 

plus a buffer for any upsets in the overall 

chain

• Jetty operations are assumed to be by 

capture plant

Ship(s)

• One ship per 

capture site

• 7,500m3 of LCO2

per ship

• Pressure 13-

18barg at 

equilibrium 

temperature 

(approx. -30 ºC)

Onshore facilities

• One jetty for ship mooring

• Tank volume based on ship cargo 

size

• Pump system to provide required 

export pressure

• Evaporator to maintain 

vapour/liquid balance in storage 

tanks during injection

• Heater to inject above pipeline 

minimum temperature

Pipeline

• 110km un-insulated pipeline

• 12 ¼ inch

• Single phase (liquid) CO2

Subsea facilities

• Connecting pipeline, 

umbilical and well(s)

• Water depth ~300m

• Connection for future 

step-out

Umbilic

alConnection

from Oseberg-

field providing power 

and signal from DC/FO 

and fluids through umbilical 

system

Subsea injection

well

• Injection of CO2

into reservoir at 

~2-3000m depth

• Pressure in 

reservoir 

~2-300bar

• Temperature in 

reservoir ~100 ºC

2 x ship
Onshore facilities Pipeline

1 x injection 

well (tbc)

+ pump capacity

+ heater capacity

+ jetty

+ tanks?

+ ship(s)

Capacity (Mt/y)5

1.5

Umbilical system1 x ship

Storage complex

• Planned in the Johansen formation 

south of Troll (“Aurora”) with an 

expected capacity of at least 100 Mt of 

CO2

+ well(s)

Concept overview





Sleipner CCS  
i drift1996

Snøhvit CCS 
i drift 2008

CO2 test senter (TCM) 
i drift 2012

➢ 22 år med driftserfaring

➢ Ca 22 Mill tonn CO2 lagret

Fullskala
demonstrasjons
prosjekt
(2016-2023)

13



The operational experience argument
“We know from 22 years of operations that CCS works”

The geophysical monitoring argument
“We can see where the CO2 is and show it is safely stored”

The regulatory compliance argument
“We can demonstrate regulatory conformance”

The underlying physics of CO2 storage in rock pores
“CO2 is trapped in microscopic rock pores by the same process that has trapped natural gas for 
millions of years”
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Open 23 October 2018

The European potential – understanding the scale

16 |  Northern Lights Project

Europe

1994 facilities

1680 million tons of CO2

Norway

35 facilities

13.6 million tons of CO2

Germany

406 facilities

447 million tons of CO2



Internal 07 January 2019

Provides "open access " to CO2 sources that want to start capturing

17 |  Northern Lights Project

• Hydrogen from natural gas

• Waste incineration (60% biogenic)

• Cement

• Biomass and biofuels

• Steel

• Refining

• Other industry



Internal 07 January 2019

In dialogue with 4 facilities in Sweden

18 |  Document Title

• Preem Lysekil & Gothenburg

• Stockholm Exergi

• Renova Gothenburg

• Plagazi Köping

• Estimated total of 2 MTPA 

capturable CO2

• Several other sites are well 

positioned



Internal 07 January 2019

Swedish potential is large – Equinor and Northern Lights is ready!

19 |  Document Title

• 96 facilities

• 48 MTPA of CO2

• Estimated 37 MTPA of 

capturable CO2 

• Large amounts of bio-

based CO2 emissions
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CCS as enabler for hydrogen production



Equ inor Hydrogen Por t fo l io

H 2 M  - M a g n u m H 2 1  N o r t h  o f  E n g l a n d N e w  P r o j e c t s

• Energy:  8-12 TWh

• Utilise existing gas power plants

• Switch fuel from natural gas to clean H2

• Clean electricity

• Clean back-up for solar and wind

• Launch large-scale H2 economy

• Partners: Nuon and Gasunie

• Energy: 75-85 TWh

• Domestic heating in UK

• Utilise existing gas network

• Synergies with industry/power generation

• Enables H2 to transport later

• Partners: Northern Gas Network and 

Cadent

• Maritime transport – Norway

• Clean Hydrogen Pilot - Norway 

• Ammonia to Power – Japan (6-7 TWh)

• Power and Industry – France with GRT Gaz

• Heat and power – Germany with OGE

• Hydrogen CCU – UK (80-90 TWh) 

• Power and Industry – NL (12-20 TWh)

H Y D R O G E NH Y D R O G E N
N e w  P r o j e c t s  



Key Messages

• Decarbonizing Europe towards 2050 is a major challenge. 

• Renewable solutions are perfect for the carbon-light sectors.

• Heavy industry, heat and flexible power generation require 

large-scale solutions on which we need to start working today

• Hydrogen from natural gas with permanent offshore storage of CO2 offers:

• Low cost – Gas reforming is the most cost effective hydrogen pathway

• Low technical risk - Proven technology in H2 production and CO2 storage

• A clean value chain – The CO2 is returned to permanent offshore storage

• Large scale – The industry has demonstrated a track-record of mega projects

• Hydrogen from natural gas with CCS will establish a robust hydrogen 

infrastructure that green hydrogen can utilize




