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In 2020, the paper and pulp industry in Sweden contributed 6 % of the total industrial CO2 emissions 

(Naturvårdsverket 2022). Given Sweden’s climate targets of achieving net-zero emissions until 2045, 

implementation of Carbon Dioxide Removal (CDR) technologies is needed (IPCC 2022). According to 

a governmental investigation made in 2020, the CDR technology Bioenergy with Carbon Capture and 

Storage (BECCS) is mentioned as one of the 'complementary measures' needed to reduce the remaining 

15 % that will be required beyond national emission reductions until 2045 (SOU 2020). The paper and 

pulp industry, as well as other CO2 emitting process and base industries, are now looking for ways to 

include BECCS in their strategies to limit their emissions.  

In an interdisciplinary scientific BECCS project (INSURANCE - Utilization of industrial residues for 

an efficient geological BECCS), the two research groups biochemical process engineering and ore 

geology have joined forces together with the packaging company BillerudKorsnäs to cover the entire 

value chain of BECCS, from capture to storage. The project has two main parts 1) to advance the CO2 

capturing technique using a more environmentally friendly CO2 capturing agent (enzymes) together with 

the industry’s own waste streams and 2) to investigate the potential for onshore geological storage of 

CO2 in the Swedish bedrock. In this contribution, the geological storage potential is in focus.   

 

Onshore geological storage through mineral carbonation 

Sites considered ‘optimal’ for CO2 storage through mineral carbonation typically include relatively 

young, porous and unaltered basaltic rocks (McGrail et al. 2017, Oelkers et al. 2008) However, to 

discover the full potential for mineral carbonation as well as its limitations, there is a need of 

investigating a broader range of mafic and ultramafic rocks of different ages (Snæbjörnsdóttir et al. 

2020, Marieni & Oelkers 2018). Requirements for mineral sequestration to be successful includes 

suitable mineralogical and chemical conditions, provision of adequate reactive surfaces in terms of 

porosity and permeability, and the right reservoir pressure and temperature conditions. How reactive the 

reservoir rock will be, and thereby the suitability for CO2 sequestration, is an interplay between all these 

parameters (Oelkers et al. 2008, Snæbjörnsdóttir et al. 2020).  

In this early phase of the project, we are investigating favorable sites with regards to minerology, mineral 

chemistry, textures, primary and secondary porosity. Age, areal extent, and coverage of a varied range 

of the rock types have also been taken under consideration. The Karlsborg paper and pulp plant in Kalix 

in northern Sweden, is the project’s main target area, but lithologies around six other paper and pulp 

plants throughout Sweden will also be investigated for potential implementation of BECCS. Sampling 

and mapping of mafic rock types around the Kalix area took place during August and September 2021. 

The targeted rock units include two intrusive formations, northeast and northwest of Karlsborg, and the 

supracrustal volcanoclastic bedrock underneath the Karlsborg plant. The two intrusions are of 

Svecokarelian age and are dated at ca. 1.88 Ga (Bergman et al. 2015). They derive from the Haparanda 

suite of intrusive rocks (Elming 1985, Bergman et al. 2014). The two rock units studied, have an 

intermediate to mafic composition between diorite and gabbro. Petrographic analysis shows anorthite, 

biotite, muscovite, hornblende, augite and accessory apatite and zircon. Opaque minerals consist of 

ilmenite and magnetite. The metamorphosed supracrustal rocks underneath the Karlsborg plant 

extending southwest towards Storön and the Baltic archipelago belongs to the Karlsborg formation and 

is the lowermost formation of the Kalix Group (Åhman et al. 1990). Rocks from the Karlsborg formation 

consists mainly of banded metabasaltic tuff with locally associated lava flows of similar basic 

composition, appearing, usually, only a couple of meters thick. Preliminary results from the petrographic 

studies from the samples from the metabasaltic tuff show lath-shaped hornblende crystals altering with 



silicate phases of plagioclase and quartz in preferred orientation (Fig. 1). Sericite-altered plagioclase is 

common.  

 

  

 

 

 

 

 

Further investigations of these intrusions are currently being undertaken, and the second mapping and 

sampling season will include six additional sites throughout Sweden. Results from this project will 

enable an evaluation of the CO2 sequestration potential in the different sampled rock units during 

aqueous carbonation experiments that later will be carried out in the project. During these experiments, 

where the capturing and storage sub-projects meet, samples will be tested in a CO2 buffered solution in 

a reactor with geologically realistic pressure/temperature conditions. The experiments are conducted to 

quantify the release rates of divalent metal cations in silicates for different altered and metamorphosed 

rock types.  
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Fig. 1 a) Microphotograph of sample KB2101 (Karlsborg formation) under plain polarized light showing common 

features of the metabasaltic tuff, with banded layers of (darker green) needle-shaped hornblende crystals alternating with 

(lighter) layers of microcrystalline quartz and plagioclase. Opaque phases consist primarily of pyrite. b) Microphotograph 

of sample BG2104 under crossed polarized light from a mafic intrusion northeast of Karlsborg (Haparanda suite) showing 

the gabbro-diorite with larger grains of primarily anorthite and micas. Surrounding the larger grains amphibole occurs 

(primarily hornblende) and the lighter grains are sericite alteration. 
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