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EU Taxonomy is a classification system for defining economic activities that are 

environmentally sustainable. It works aligned with the European Green Deal in which target 

is to achieve climate neutrality of EU in 2050 as a first continent. The EU Taxonomy 

includes objectives for environmentally sustainable activities and guidance of which actor 

or companies the Taxonomy applies to, and which activities are Taxonomy-eligibility. The 

activities have requirements to achieve Taxonomy-alignment of which life cycle assessment 

is one. 

This thesis was conducted to Valmet and the target is to indicate Taxonomy-alignment for 

LignoBoost which is a process for the extracting lignin from black liquor in Pulp & Energy 

business line. The indicating of the Taxonomy-alignment is based on the LCA and the 

finding out of the life cycle greenhouse gas emission savings of LignoBoost. The study 

covered all life cycle stages from cradle-to-grave, and the impact category considered was 

climate change. The main emissions came from the lignin extraction process and electricity 

use, followed by raw material acquisition, manufacturing, and maintenance. The smallest 

emissions were from transportation and end-of-life. The use of LignoBoost can, however, 

save a significant number of emissions. The Taxonomy-alignment of LCA requires a passed, 

third-party review, to become effective. The life cycle assessment complies with the EU 

Taxonomy and has been reported in accordance with ISO 14067, but a third-party 

verification is still ongoing.   
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EU Taksonomia on luokittelujärjestelmä, jonka avulla määritellään ympäristön kannalta 

kestävä taloudellinen toiminta. Se toimii linjassa Euroopan vihreän sopimuksen kanssa, 

jonka tavoitteena on saavuttaa EU:n ilmastoneutraalius vuonna 2050 ensimmäisenä 

maanosana. EU Taksonomia sisältää tavoitteita ympäristön kannalta kestävälle toiminnalle 

ja ohjeita siitä, ketä toimijoita tai yrityksiä Taksonomia koskee ja mitkä toiminnot ovat 

Taksonomia-kelpoisia. Toiminnoille on asetettu vaatimuksia, joilla pyritään saavuttamaan 

Taksonomian mukaisuus, ja elinkaariarviointi on yksi niistä. 

Tämä opinnäytetyö tehtiin Valmetille ja sen tavoitteena on osoittaa Taksonomian mukaisuus 

Pulp & Energy business linjassa toimivalle LignoBoostille, joka on prosessi ligniinin 

erottamiseksi mustalipeästä. Taksonomian mukaisuuden osoittaminen perustuu 

elinkaariarviointiin ja LignoBoostin elinkaaren kasvihuonekaasupäästösäästöjen 

selvittämiseen. Tutkimus sisälsi kaikki elinkaaren vaiheet kehdosta hautaan, ja tarkasteltava 

vaikutusluokka oli ilmastonmuutos. Suurin osa päästöistä aiheutui ligniinin 

erotusprosessista ja sähkön käytöstä, jota seurasivat raaka-aineiden hankinta, valmistus sekä 

huolto. Pienimmät päästöt muodostuivat kuljetuksesta ja käytöstä poistamisesta. 

LignoBoostin käytöllä voidaan kuitenkin säästää huomattava määrä päästöjä. Taksonomian 

mukainen elinkaariarviointi edellyttää läpäistyä kolmannen osapuolen tarkastusta, jotta se 

tulee voimaan. Elinkaariarviointi noudattaa EU Taksonomiaa ja on raportoitu ISO 14067 -

standardin mukaisesti, mutta kolmannen osapuolen tarkastus on edelleen käynnissä.   
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LCIA Life Cycle Impact Assessment 

LNG Liquefied natural gas 
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NACE Statistical Classification of Economic Activities 

NBR Nitrile rubber 

NFRD  Non-Financial Reporting Directive 

NTCF Near Term Climate Forcers 

OEF Organisation Environmental Footprint 

PCR Product Category Rules 

PEF Product Environmental Footprint 

PEFCR Product Environmental Footprint Category Rule 

PP Polypropylene 

PVDC Polyvinylidene chloride 

PVDF Polyvinylidene fluoride 

RER Europe   

SS Stainless steel 

tkm ton-kilometer 

TR Taxonomy Regulation 

UK United Kingdom 

US United States 
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1  Introduction 

Climate change, the consequence of humans’ activity, is one of the greatest challenges in the 

world. It will cause effects on peoples’ lives and business as well as nature, and it may have 

notable results on availability of resources, economic activity, and human well-being. (ISO 

14067, 5.) Great energy demand due to growing population increases the use of fossil fuels, 

such as coal, oil, and natural gas. The incineration of fossil fuels has impacts on global 

warming which has led to search renewable feedstocks of more sustainable sources. 

(González-González et al. 2022, 5.) According to Valmet - Forward (n.d.c) a way to a carbon 

neutral economy technology has a great role in mitigation of climate change and global 

warming. Espinoza-Acosta et al. (2018, 1423) define that the environmental issues, 

reduction of fossil fuels, and strict environmental safety policies are great drivers for 

industries to become sustainable. For example, many countries have already implemented 

policies and agendas to shift from fossil fuels to renewable energy sources (Bajwa et al. 

2019, 8).  

 

Pulp and paper industry has a major role as an industry globally (Alén 2015, 92; Bajpai 2018, 

1) in which Europe has an important role being the second largest pulp producer. In Europe, 

Finland is one of the largest pulp producers with high pulp production capacity. (Suhr et al. 

2015, 7-10.) The pulp and paper industry, however, meets different challenges relating to 

energy usage, waste generation and pollution of environment (Pathak & Sharma 2021, 31; 

Rullifank et al. 2020, 3 & 7-8). Over the years it has been seen as a major consumer of natural 

resources, especially wood, water, and energy (Suhr et al. 2015, 24). The pulp and paper 

industry contribute to climate change as well as air and water pollution, such as global 

warming, human toxicity, and acidification (Söderholm et al. 2019, 185). The challenge of 

the pulp and paper industry is the developing of technology for reducing impacts on the 

environment (Bajpai 2018, 389).  

 

Many factors have, nevertheless, affected to the reduction of environmental footprint in pulp 

and paper industry. Recycling of paper has been increased, and more highly trained and 
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committed personnel hired. Moreover, technological changes and investments related to 

environmental measures have been made, as well as different environmental and energy 

management systems taken in use. (Suhr et al. 2015, 24.) Stricter environmental 

requirements for example to reduce consumption of energy and water have also been 

established (Pathak & Sharma 2021, 31). From the perspective of bioenergy business, energy 

efficiency is possible to improve, and environmental impacts reduce in different ways 

(Hubbe 2021, 8568). Lignin-derived products have, too, been seen effect for the reduction 

of carbon footprints of products and processes, and increase of usage on renewable-derived 

chemicals, fuels, and materials (Bajwa et al. 2019, 8). Lignin from pulp and paper industry 

has several advantages for usage in comparison with other sources. For instance, it is a 

centralized resource, and it has lower transportation costs to further process. (Senthupathy 

et al. 2022, 3.) 

 

Valmet’s climate program ‘Forward to a carbon neutral future’ involves the targets for 

carbon dioxide (CO2) emission reduction and concrete action for entire value chain. Valmet's 

target of supply chain is to reduce CO2 emission by 20 % and in own operation by 80 % by 

2030 compared to the baseline of 2019. For the customers’ use of Valmet’s technologies, 

the objective is to enable 100 % carbon neutral production by 2030. The other target related 

to use phase is to improve energy efficiency by 20 % in pulp and energy technologies 

comparing also to the baseline of 2019. Achieving of these targets does not however need 

the use of emission compensation by Valmet. The Paris Climate Agreement’s 1.5-degree 

pathway and United Nations Sustainable Development Goals are noticed in climate program, 

and they are aligned between each other. (Valmet - Forward n.d.d.)  

1.1  Objectives and limitations 

The study is performed for Valmet as part of a larger project to expand company’s 

sustainability data towards officially audited life cycle assessments (LCA). The target of this 

thesis is to indicate the alignment of the EU Taxonomy for a product in Pulp and Energy 

Business line. The EU Taxonomy, with the requirements, works on the basis for the study 

and the indicating of alignment is based on the life cycle assessment and greenhouse gas 

(GHG) emission savings. Climate change mitigation and climate change adaptation are the 
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studied target classes. The LCA study supports Valmet’s climate program, and in the future, 

this study can be used for other life cycle assessments. The research questions of the study 

are following:  

• How does the EU Taxonomy affect to the companies?  

• How to perform Taxonomy-based LCA for a large product system?  

 

In this study, the product selected for the life cycle assessment is LignoBoost (LB) which is 

the process that extracts lignin from black liquor (BL) of Kraft pulp mill. The analysis covers 

all the phases of life cycle from cradle-to-grave including raw material acquisition, 

manufacturing, delivery/transportation, use and end-of-life treatment. The environmental 

impact category studied is climate change including direct land use change (dLUC). The 

LCA of LignoBoost is based on the Stora Enso’s Sunila Mill in Finland.  

1.2  Methodology and structure 

This thesis consists of a theoretical and empirical part. The theoretical part is performed as 

a literature review including three main topics related to study, supporting at the same the 

empirical part. First, the background for the EU Taxonomy as well as the Taxonomy itself 

are conducted. Additionally, the effects of the EU Taxonomy to Valmet are examined. Then 

the Kraft pulping process and LignoBoost as well as the process of it are presented. The 

chapter also address the use, benefits, and challenges of lignin. In the last chapter of the 

theoretical part, two different methods for calculating a carbon footprint of product (CFP) 

are discussed and compared. 

 

The empirical part is composed of life cycle assessment based on the ISO standard 14067. 

The LCA is a method for assessing the environmental aspects and impacts during the entire 

life cycle of product, for identifying improving possibilities of environmental performance 

(ISO 14040, V). The ISO 14067 (2018, 9) includes instruction and principles for calculating 

carbon footprint of a product based on the life cycle assessment. The CFP refers to a sum of 

greenhouse gas emissions and GHG removals of a product system (ISO 14067, 9). The 
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carbon footprint of the product is calculated as carbon dioxide equivalents (CO2eq) and the 

life cycle is modelled by SimaPro. The LCA study is reported in accordance with ISO 14067 

consisting of goal and scope definition, life cycle inventory (LCI), life cycle impact 

assessment (LCIA) and life cycle interpretation. Discussion, conclusions, and summary are 

the last chapters presented in the study.  
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2  EU Taxonomy 

The common target of every 27 European Union (EU) Member States is to achieve climate 

neutrality by 2050 as a first continent (European Commission n.d.c). The European Green 

Deal works as a driver for this change in which the purpose is that the EU will be a modern, 

resource-efficient and economy of competitive (European Commission n.d.a). For achieving 

the target of climate neutrality, the States are adhered to reduce emissions by 55 % by 2030 

compared to 1990 levels. As a result of common target, new opportunities for innovation 

and investments are created. (European Commission n.d.c.) According to European 

Commission (n.d.a), the purpose is to achieve competitive and resilient industry, globally. 

 

The European Green Deal aims to improve environment considering biodiversity and 

healthy soil as well as fresh and clean air and water for future generations (European 

Commission n.d.a). Increasing of public transportation (European Commission n.d.a) and 

reduction of CO2 emissions in cars lead emission reduction. The European Commission has 

set high-flying targets for new cars and vans: the target for new cars is to reduce emissions 

by 55 % and for new vans by 50 % by 2030. The target is zero emissions by 2035 from new 

cars. Moreover, collaborating with international partners the emissions in maritime transport 

and aviation are reduced around the world. (European Commission n.d.c.) 

 

The health and well-being of people is purpose to advance by healthy and affordable food 

(European Commission n.d.a) and inequality and energy poverty to tackle by supporting 

vulnerable citizens (European Commission n.d.c). The target of achieving of the climate 

neutrality, creates as well new jobs for example in construction, by increasing of energy 

efficient building (European Commission n.d.a & European Commission n.d.c), and an 

important message is that everyone has opportunities (European Commission n.d.c). For 

reaching the targets of the EU’s climate and energy for 2030, and the aims of the European 

Green Deal the investments should be address to sustainable projects and activities. This 

requires a common language and explicit definition for the term sustainable and that is why 
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the EU Taxonomy is created. (European Commission n.d.d.) In this chapter, the EU 

Taxonomy and how it is affected on Valmet are conducted.  

2.1  Basics of the EU Taxonomy 

The EU Taxonomy is a common classification system of environmentally sustainable 

economic activity. It may help the EU increase sustainable investments and implement the 

European Green Deal. It can also provide adequate definitions for companies, investors, and 

policymakers for which economic activities have been enabled environmentally sustainable. 

(European Commission n.d.d.) The EU Taxonomy can enable the economy of low-carbon, 

resilient, and resource-effective (EU Technical expert group on sustainable financing 2020, 

2). In consequence of companies can become more climate-friendly and they can be 

protected from greenwashing. The security can also be created for investors. The EU 

Taxonomy can enable the mitigation of the fragmentation for the market and shift 

investments where they are needed mostly. (European Commission n.d.d.) 

 

The Taxonomy Regulation (TR) includes six objectives of which two first are climate change 

mitigation and climate change adaptation (European Commission n.d.d) and these are the 

targets that are focused on this study. According to Regulation (EU) (2020/852, 17 & 29) 

the economic activity contributing to the environmental objective related to climate change 

mitigation should significantly contribute the stabilization of GHG emissions by reducing or 

avoiding them or by enhancing the removals of greenhouse gases. The economic activities 

should also, at the same time, be convergent with the long-term temperature aim of Paris 

Agreement. The economic activity contributing to the environmental target of climate 

change adaptation should significantly reduce or prevent the harmful impact of current 

climate or expected future climate. The economic activities should also reduce such adverse 

impacts without risk of increasing the adverse impacts on people, nature, or property. 

(Regulation (EU) 2020/852, 17 & 29-30.) The other four objectives of TR are the sustainable 

use and protection of water and marine resources, the transition to a circular economy, 

pollution prevention and control, and the protection and restoration of biodiversity and 

ecosystems. (European Commission n.d.d.) 
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The Taxonomy Regulation involves financial market actors which offer products of financial 

in the EU, large companies under the Non-Financial Reporting Directive (NFRD) who are 

required to provide a non-financial statement, and the EU and Member States which set 

public measures, standards or labels for green financial products or green bonds. (EU 

Technical expert group on sustainable financing 2020, 26.) Valmet is identified to belong 

under the NRFD directive, and therefore the EU Taxonomy applies Valmet. According to 

European Commission (n.d.b) NFRD includes the rules for sustainability reporting and in 

2024 new directive, the Corporate Sustainability Reporting Directive (CSRD) will enter into 

force replacing the NFRD directive. The CSRD directive will modernize and strength the 

rules of social and environmental related to the reporting (European Commission n.d.b). 

Currently, the NRFD directive is in force and the reporting is done according to it. 

2.2  The effect of the EU Taxonomy to Valmet  

For fulfilled the criteria for being subordinate of the EU Taxonomy, Valmet has recognized 

having activities under three different categories, covering the Taxonomy-eligibility. One of 

these activities is LignoBoost belonging to Pulp and Energy category and the study focuses 

on it. According to Commission Delegated Regulation (EU) (2021/2139, 48 & 188) LB 

fulfils the criteria mentioned in activity 3.6 of ANNEX I and ANNEX II. ANNEX I concerns 

the climate change mitigation and ANNEX II climate change adaptation. The activity 3.6 

Manufacture of other low carbon technologies includes the manufacture of technologies that 

are aimed to significantly reduce greenhouse gas emissions. If the technologies address 

significant GHG emission savings in comparison with technology, product, or solution of 

the best available technology (BAT) on the market the Taxonomy-alignment must be 

indicate with life cycle assessment. The LCA shall be calculated by using Commission 

Recommendation 2013/179/EU or, alternatively, ISO 14067:2018 or ISO 14064-1:2018, and 

the GHG emission savings of life cycle must be verified by an independent third party. 

(Commission Delegated Regulation (EU) 2021/2139, 48 & 188.)  
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The issues related to the best alternative technique of LignoBoost may cause critique. The 

reason for this is that there is no BAT existing for LignoBoost in the current market. That 

may raise questions, such as how to know if the best available technology is used in this 

study or what BAT means if there is no information available on customers’ products. On 

the other hand, there might have uncertainties related to the LCA studies based on the ISO 

standard. The commonly thought issue is how to implement LCA if the product is always 

customized for the customer meaning the usage of their specific data. In that case, the 

implemented LCA study is not suitable for similar products as such due to data variety 

between customers. The idea of this LCA study is that it can be used as a BAT in coming 

life cycle assessments of LignoBoost.  

 

For reaching the alignment the following criteria has to be met technical criteria, do no 

significant harm (DNSH) and social safeguards. Technical criteria mean the contribution 

significantly on at least one of the environmental objectives. DNSH includes no harming 

any other five environmental targets, and social safeguards signify complying of the 

minimum safeguards. A Taxonomy-eligible or -aligned activity can either contribute 

towards one of the environmental objectives directly or be an enabling factor. According to 

TR economic activities mean function that significantly affect based on their own 

performance, and enabling activities are economic activities that allow by offering of 

substantial contribution of products and services in other actions. (EU Technical expert 

group on sustainable financing 2020, 2 & 14.) All Valmet’s taxonomy-eligible and -aligned 

economic activities are enabling. 

 

Valmet has objectives to reduce CO2 emissions covering the activity 3.6 for Taxonomy-

eligibility (Valmet 2022, 19) and that is why the Taxonomy-alignment is purpose to prove 

with LCA. Valmet’s (2022, 19) approach for identifying and reporting of sustainable 

economic activities includes five phases: eligibility assessment, substantial assessment, 

DNSH assessment and minimum safeguards assessment as well as KPIs and reporting in 

outcome that are presented in Figure 1.  
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Figure 1. Valmet’s approach to identify and report sustainable economic activities (Valmet 

2022, 19). 

 

In eligibility assessment, economic activities related to activity descriptions and Statistical 

Classification of Economic Activities (NACE) codes of Taxonomy are determined. 

Activities screening based on technical screening criteria occurs in the second phase. DNSH 

assessment is a screening phase for ensuring that Valmet’s operations do not significantly 

harm relevant environmental targets and the screening is performed at a proper level for each 

environmental target. The last phase before reporting, minimum safeguards assessment, 

consists of Valmet’s corporate social safeguards review for ensuring the operating 

instructions, company policies and management systems are consistent with the UN Guiding 

Principles on Business and Human Rights and the ILO Declaration on Fundamental 

Principles and Rights at Work. (Valmet 2022, 19.) 
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3  Pulp mill 

Pulping process converts wood chips to fibrous form (Pathak & Sharma 2021, 34). The most 

utilized pulping processes are mechanical pulping, chemical pulping, and semi-chemical 

pulping (Worku et al. 2023, 5; Rullifank et al. 2020, 2). Mechanical pulping is based on 

physical action when chemical pulping, in turn, needs chemicals. In semi-chemical pulping 

both mechanical and chemical actions are combined. (Rullifank et al. 2020, 2.) The study 

focuses on the chemical pulping and more specifically the Kraft pulping process that is 

presented first. After that, the LignoBoost process is introduced more detailed, including 

Sunila Mill, and the use, benefits, and challenges of lignin are discussed.  

3.1  Kraft pulping process 

Chemical pulping is a process for producing pulp at low yield, about 45-55 %. Although, the 

pulp has high strength properties, its waste treatment and chemical recovery systems are 

costly. In chemical pulping process wood chips are cooked with high pressure and high 

temperature. The pH level is also kept extreme. During the process, chemicals are used to 

separate cellulose fibers for that the most of lignin and part of hemicellulose of wood can be 

removed or solubilized. In consequence, the gained pulp includes plenty of cellulose and 

less hemicellulose and lignin. (Pathak & Sharma 2021, 35.) 

 

Kraft pulping process is the most used chemical process for pulp production (Pathak & 

Sharma 2021, 35; Hubbe 2021, 8586; Alén 2015, 97; Ek et al. 2009, 4) and it produces the 

largest amount of lignin (Doherty et al. 2011, 262). The reason for dominance is that the 

Kraft process has low demands for wood species and wood quality. The recovery of cooking 

chemicals and energy are advantages in Kraft process, as well. (Mboowa 2021, 5; Alén 2015, 

97.) The pulp strength properties in Kraft process are excellent and cooking times short (Alén 

2015, 97). The Kraft pulping process products pulp for market usage and pumped pulp for 

paper mill. The by-products forming from the process are tall oil, turpentine, electricity, and 

steam. (Suhr et al. 2015, 212.)  
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Wood delignification is the preferred goal of pulping (Hamaguchi et al. 2012, 2289). The 

Kraft pulping uses sodium hydroxide (NaOH) and sodium sulphide (Na2S) (Worku et al. 

2023, 6; Pathak & Sharma 2021, 35; Alén 2015, 95; Doherty et al. 2011, 262; Ek et al. 2009, 

4) for separating the fractions of lignin at temperature 150°C-170°C. After pulp extraction 

by lowering the pH, lignin can be recovered from the black liquor. (Doherty et al. 2011, 

262.) The Kraft pulping process consists of fiber line and recovery line (Pathak & Sharma 

2021, 35-36; Mboowa 2021, 5; Hamaguchi et al. 2012, 2290) which can be seen in Figure 

2.  

 

 

Figure 2. Kraft pulping process (Hamaguchi et al. 2012, 2290). 

 

The pulping process starts with timber procurement which includes wood harvesting and 

transport to mill. Before the first phase of fiber line, cooking, the bark of logs is removed. 

(Alén 2015, 92-93 & 95.) Cooking is occurred at temperature 165°C-170°C in which the 

fractions of lignin, wood resins and cellulosic fibers are separated for producing the pulp 

(Pathak & Sharma 2021, 35-36). In washing phase, the pulp is washed for removing of black 

liquor (Pathak & Sharma 2021, 36; Suhr et al 2015, 199) with minimum amount of fresh 

water. The better pulp washing the less bleach chemicals are needed and leads the reduction 

of less effluent. (Bajpai 2018, 389.) After that, the washed pulp is deployed to screening 

(Hamaguchi et al. 2012, 2290) and black liquor to recovery line (Suhr et al 2015, 199; 

Hamaguchi et al. 2012, 2290). In screening phase remaining oversized particles are removed. 

Afterwards screening there might be an oxygen delignification phase in Kraft process in 



22 

 

which lignin content is reduced and bleaching chemical amount minimized. (Bajpai 2015, 

18-19.) Last phases, bleaching and drying, focus on the features of pulp such as brightness 

and color (Pathak & Sharma 2021, 36; Bajpai 2018, 465; Bajpai 2015, 19). 

 

With chemical recovery cycle, in recovery line, the pulping process will be economically 

feasible (Hamaguchi et al. 2012, 2290; Ek et al. 2009, 2). At the evaporation plant the black 

liquor is concentrated to 65-85 % (Hamaguchi et al. 2012, 2290). After that BL is burned in 

recovery boiler where pulping chemicals (Suhr et al 2015, 199; Hamaguchi et al. 2012, 2290) 

and energy are recovered (Suhr et al 2015, 199; Alén 2015, 95). According to Pathak and 

Sharma (2021, 36) about 90-95 % of the pulping chemicals is possible to recover and they 

can be reused in a closed-loop system of pulp production. Hot molten inorganic flow, mainly 

consisting of sodium carbonate and sodium sulphite, is formed from non-combusted fraction 

(Hamaguchi et al. 2012, 2290). The molten is dissolved to get green liquor (Pathak & Sharma 

2021, 41) that is pumped to re-causticizing plant for preparing of white liquor. The white 

liquor can be returned to pulping process. (Hamaguchi et al. 2012, 2290.) As a by-product, 

lime mud is formed which can be burnt to recover lime for reusing it in the causticizing 

process, as well (Pathak & Sharma 2021, 41). 

3.2  LignoBoost 

LignoBoost is a process for extracting lignin from pulp mill black liquor (Valmet - Forward 

n.d.a) and it is completely integrated with the mill (Valmet - Forward n.d.b). The Kraft pulp 

mill including lignin extraction is presented in Figure 3. LB enables the increasing of liquor-

burning capacity in chemical recovery boilers, as well as increase of production, reduction 

of costs and creating of new sources for income (Valmet 2015). Typically, LignoBoost 

consists of approximately 20 tanks with varying materials from highly alloyed steels to 

polymeric material. It also includes about 20-30 pumps of which a few are special pumps. 

The number of pumps increases according to the increase of number of filters and process 

steps. The LB process contains a couple of heat exchangers, two filter presses and a gas 

collection system including scrubber. (Valmet n.d.) Furthermore, most LignoBoost 

deliveries include dryer (Karlsson & Wallmo, e-mail 16 May 2023).  
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Figure 3. LignoBoost in Kraft Pulp Mill (Valmet - Forward 2015). 

 

Originally, the universities and research institutes developed LignoBoost. Later, Valmet has 

commercialized and developed onwards LignoBoost. (Valmet - Forward n.d.b.) During the 

development phase the process was demonstrated in a plant located next to the Bäckhammar 

Mill in Sweden (Vakkilainen & Välimäki 2009, 3). Today that plant is owned and operated 

by RISE (previously Innventia) (Valmet - Forward n.d.a). The world’s first full scale 

installation was built and started up by Valmet in USA at the Domtar Plymouth Mill in 2013 

(Valmet - Forward. n.d.c) and was followed by other plants in Finland, Brazil (Valmet - 

Forward n.d.a), and Germany (Valmet 2023). The capacity of the plant in Stora Enso Sunila 

Mill in Finland is 50,000 (Hugh n.d; STORAENSO n.d.c), and in the USA, 25,000 tons of 

extracted lignin can be produced per year (Hugh n.d). Both plants are built for commercial 

production (Valmet - Forward n.d.a) and sell their lignin as a bio-based product (Valmet - 
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Forward. n.d.c). The LignoBoost plant in Brazil is used for experiments and manufacturing 

of materials and products in a smaller scale (Valmet - Forward n.d.a). 

 

Sunila Mill, being the world’s largest Kraft lignin extraction plant, started the production of 

lignin in 2015 (Hugh n.d; STORAENSO n.d.b; Ratia 2018). Sunila is located in Kotka in 

Southern Finland. The annual capacity of the mill is 375,000 tons of pulp, and 50,000 tons 

of lignin, and it produces softwood pulp, lignin tall oil, and turpentine. (STORAENSO 

n.d.c.) The dry content of the Kraft lignin can be extremely high, even 97 % (Ratia 2018). 

LignoBoost could be a solution to increase pulping capacity if recovery boiler is the limiting 

factor. For example, by removing 25 % of the lignin in black liquor the capacity of boiler 

can be increased 20-25 % more for pulp production. (Valmet - Forward 2015.) The reduction 

of carbon dioxide emissions and replacing of the fossil-based fuels in the mill has been 

enabled by using part of the lignin in lime kiln (STORAENSO n.d.b; Ratia 2018). Some of 

the produced lignin can also be sold as a raw material to other users (Hugh n.d; Ratia 2018). 

3.2.1  Lignin extraction 

The LignoBoost technology of Valmet enables safe treatment of all flows which are related 

to extraction of lignin. The most important included flows are black liquor, filtrate return 

liquor, wash water, chemicals, and process gas which can be seen in Figure 4. The patented 

LB process consists of two steps: precipitation and purification. By dividing the process into 

two phases it permits to optimize the conditions in each stage. It also enables to produce 

lignin with extremely high quality and provides multiple options to adjust the characteristics 

of the lignin. (Valmet - Forward n.d.b.)  
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Figure 4. LignoBoost process (Valmet - Forward. n.d.b). 

 

The target of the precipitation phase is separating of lignin from black liquor. Part of the 

black liquor is taken out from the evaporation, and it is sent to LignoBoost process. (Valmet 

- Forward n.d.b.) The BL is cooled (Valmet 2015) and the pH is lowered with CO2 and gas 

which are returned from the purification phase of the process, to precipitate lignin. The 

precipitated lignin is separated from the liquor with a filter press and crude lignin is formed 

as an output. (Valmet - Forward n.d.b.) 

 

After precipitation and filtration, lignin needs to be purified. The crude lignin is resuspended 

with water and sulphuric acid (H2SO4) to lower the pH. The pH lowering step releases 

hydrogen sulphide (H2S) and CO2 gases that are recovered to the process. (Valmet 2015.) 

The collection of gases reduces the consumption of CO2 in first phase as well as the lignin 

extraction operating costs (Valmet - Forward n.d.b). Lignin is then separated in another 

filtration step using a filter press and finally washed using pure acidic water (Valmet 2015). 

Lignin lean black liquors and filtrate from filtrations are returned back to the mill’s 

evaporation plant and the washed lignin is dried before packaging (Valmet - Forward n.d.b). 

According to Vakkilainen & Välimäki (2009, 13) with the minimum load of the boiler about 

50 % of lignin can be removed from black liquor. 
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3.2.2  Use, benefits, and challenges of lignin 

Lignin with lignocellulosic biomass of 15-30 wt% is the second most abundant natural 

biopolymer after cellulose (Senthupathy et al. 2022, 2; Xu & Ferdosian 2017, 1-2). Lignin 

consists of three main units p-coumaryl, coniferyl, and sinapyl alcohol called also 

monolignols. Three monomers p-hydroxyphenyl (H), guaiacyl (G), and syringyl (S) function 

as a building block of monolignols. (González-González et al. 2022, 1; Espinoza-Acosta et 

al. 2018, 1423; Sixta 2008, 31; Zevallos Torres et al. 2020, 5-6.) The monomers affect the 

chemical reactivity of lignin in different wood species, tissues, and cell wall layers (Sixta 

2008, 31). Lignin appears in two forms: native lignin and technical lignin. Native lignin is a 

natural polymer which does not exist merely in nature rather it is always part of the 

lignocellulose. Technical lignin, being the most of studied lignin, is either extracted from 

biomass or recovered from the by-product of industry. Kraft lignin is the most important 

source from industries. (Chio et al. 2019, 234.) 

 

Lignin is a complicated polymer of plant origin binding the cellulose and hemicellulose 

between each other by giving the stiffness and resistance of rotting to wood (STORAENSO 

n.d). It is sustainable, renewable (Xu & Ferdosian 2017, 7), and bio-based material made 

from sustainably managed forests (STORAENSO n.d.b). Lignin can be seen as a promising 

source for renewable aromatics and polymers (Xu et al. 2021, 33) due to abundant 

availability, low price and reinforcing capability (Xu & Ferdosian 2017, 55). It is fossil-free 

and can be used for replacing fossil-based phenols and binders (STORAENSO n.d.b). From 

the industrial perspective lignin is a valuable feedstock (González-González et al. 2022, 3) 

and it will be used in construction, automotive, plastics, pharmaceuticals, and coatings 

(STORAENSO n.d.b). Due to its structure lignin can also be used as a feedstock for the 

energy, fuel, chemical, and materials (Xu et al. 2021, 33), such as bioplastics, biofuels, 

biopesticides, and fertilizers. Lignin is also possible to benefit in food industry for packaging 

and food products as a functional ingredient by converting it to polymers. (González-

González et al. 2022, 3-5.) 
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Currently, lignin is mostly used for heat and power generation of recovery boilers in mills 

(Bajwa et al. 2019, 3; Xu & Ferdosian 2017, 2) due to its high sulphur content (Doherty et 

al. 2011, 262). STORAENSO (n.d.b) also burns lignin in lime kiln instead of fossil fuels in 

Sunila Mill. Lignin also has large potential for other different usages. According to 

STORAENSO (n.d.b) lignin can be used in the production of biodegradable polymers or 

polymer blends, and bio-asphalt. In the future lignin has also potential to be used in carbon 

fibers (STORAENSO n.d.b; Zevallos Torres et al. 2020, 14) and carbon for energy storage 

(STORAENSO n.d.b). In binders and adhesives most petroleum-derived compounds and in 

carbon fiber market oil-based raw material polyacrylonitrile (PAN) can be replaced by lignin 

(Hugh n.d). For instance, by using the lignin-derived carbon fiber in automotive industry 

vehicle weight can be reduced and fuel economy improved at the same lowering the carbon 

footprint of transportation sector (Bajwa et al. 2019, 8).  

 

Lignin can also have a major role in circular economy in the future promoted by 

technological support and policy actions. The goal of lignin valorization in circular economy 

is to integrate the whole process fitting the principle of circular bioeconomy. The concept of 

circular economy based on lignin is promising because its applications are mainly restricted 

to energy sources. Later, it will also expand, for instance for production of pharmaceutics 

and biopolymers. (Garlapati et al. 2020, 7 & 9.) In circular energy the greatest potential for 

lignin use are agricultural and forestry residues (Senthupathy et al. 2022, 3) from the use of 

biopesticides, fertilizers, bioremediation agents, and dispersants (González-González et al. 

2022, 5).  

 

From the perspective of circular economy, STORAENSO (n.d.a) has focused on promoting 

a solution of replacing graphite with lignin based hard carbon in lithium-ion batteries. 

Transportation is rapidly becoming electrification and that is why Stora Enso has created 

Lignode® which is bio-based hard carbon. Lignode® for example, enables more quickly 

charging and discharging of anode with better performance at lower temperatures. And as 

lignin can be extracted from cellulose fiber production as a by-product, all lignin-needed 

processes do not require harvesting of new trees. The solution of using lignin in batteries 
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will provide battery industry to become more sustainable and effective. (STORAENSO 

n.d.a.) 

 

González-González et al. (2022, 3) estimates that the potential of lignin to replace fossil-

based resources will lead decreasing the dependency of non-renewable resources. The 

extensive availability of lignin biomass and aromatic nature have enabled the sustainable 

production of biofuels. By improving the efficiency of valorization processes energy crisis 

and environmental contamination can be reduced. One way to improve the valorization 

efficiency is process-incorporating to an integrated biorefinery. (González-González et al. 

2022, 3.) 

 

Developing of transformation processes to achieve specific physical and chemical properties 

are, however, challenges in lignin valorization (Zevallos Torres et al. 2020, 7). The efficient 

valorization of lignin includes several barriers related to asymmetrical structure, 

heterogeneity, low reactivity, and structural tenacity (González-González et al. 2022, 3). 

There are also many challenges in lignin valorization with respect to fuels, chemicals, and 

materials. Concerning fuels lignin has great molecular weight, high S content for Kraft lignin 

and low energy content. For chemicals, the degrading of lignin demands high temperature. 

The products of lignin degradation are also extremely complicated which make the target 

chemicals purification costly. Lignin has considerably lower strength compared to synthetic 

polymers directly used for materials because of its molecular weight. (Xu et al. 2021, 33.) 
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4  CFP calculation method 

Commission Delegated Regulation (EU) (2021/2139, 48 & 188) determines that the LCA 

should be calculated according to Commission Recommendation 2013/179/EU or, 

alternatively, ISO 14067:2018 or ISO 14064-1:2018. In this chapter two of this methods, 

Commission Recommendation 2013/179/EU, and ISO 14067:2018 are presented and 

compared.  

4.1  ISO 14067 and Commission Recommendation 2013/179/EU 

The ISO standard 14067 defines the principles, demands and instruction for calculating the 

carbon footprint of a product in a way being at the same time coherent with LCA standards 

ISO 14040 and 14044. The target of the CFP study is to calculate the potential effect of 

product to global warming in CO2eq by quantifying all GHG emission during life cycle of 

product. The ISO 14067 focuses only on climate change impact category including direct 

land use change. The CFP should include all fossil and biogenic greenhouse gas emissions 

and removals as well as all the GHG emissions and removals that are result of dLUC and 

they shall be documented separately in the CFP report. The same qualifies for aircraft GHG 

emissions. If biogenic carbon is calculated it should not be included in CFP rather it shall be 

documented separately, as well. The study of CFP involves the four stages of LCA which 

are goal and scope definition, life cycle inventory, life cycle impact assessment and life cycle 

interpretation. The CFP considers the whole life cycle of a product, and the phases are raw 

material acquisition, manufacturing, delivery/transportation, use and end-of-life treatment. 

The study should take into account all GHG emissions and removals affecting the CFP over 

the life cycle of product and double counting of GHG emission and removals should be 

avoided. (ISO 14067, 9, 19-21 & 34.) 

 

The Commission Recommendation 2013/179/EU is a method for measuring and 

communicating of products and organizations life cycle performance. It includes a guidance 

for calculating Product Environmental Footprint (PEF) and Organization Environmental 

Footprint (OEF). (Commission Recommendation 2013/179/EU, 1.) According to 
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Commission Recommendation (2013/179/EU, 11) PEF address the measurement of the 

environmental performance of good or service considering the whole life cycle. Its purpose 

is to reduce the environmental impacts of goods and services throughout the life cycle. The 

PEF also exhibits the method for modelling the material and energy flows, emissions and 

waste streams related to environmental impacts of product. The PEF study encases all 

meaningful environmental impacts, health effects, threats of natural resources and burdens 

on society. Using PEF requires the following principles: relevance, completeness, 

consistency, accuracy, and transparency. (Commission Recommendation 2013/179/EU, 11 

& 13-14.) 

 

Additionally, to the PEF guide, the PEF calculation also contains Product Environmental 

Footprint Category Rules (PEFCRs) that assign elaborate technical guide for conducting 

PEF of a specific category of product. PEFCRs provide an essential extension and 

complements for the general guide of PEF study. PEFCRs have to be aligned with existing 

international Product Category Rule (PCR) guidance documents. PCRs include different 

specific guidelines and requirements related to Type III environmental declarations. The 

requirements that are more specific in PEFCR than PEF guide shall be fulfilled. 

(Commission Recommendation 2013/179/EU, 14-17.) At the moment, the PCRs do not yet 

exist for Valmet product.  

4.2  Comparison of methods 

Both the ISO 14067 and the Commission Recommendation 2013/179/EU are based on life 

cycle thinking and the target audience of communication are Business to Business (B2B) 

and Business to Consumers (B2C). The ISO 14067 mostly observes the ISO 14040, and it is 

principally used to provide information to customers, but it is also used for performance 

tracking. The PEF study is commonly used for both internal and external applications. 

(Commission Recommendation 2013/179/EU, 92-106.) 

 

Functional unit is measurable and defined clearly in the ISO 14067. In PEF study the 

following aspects shall be taken into account when determining the functional unit: the 



31 

 

function/service and its magnitude, the duration of lifetime as well as the expected quality 

level. Reference flow in PEF study shall be defined related to functional unit considering 

collected quantitative inputs and outputs. In the case of cut-off criteria, the ISO 14067 has 

no guidance for that and in PEF, cut-off is not allowed. (Commission Recommendation 

2013/179/EU, 93-94.) 

 

System boundaries according to the ISO 14067 includes all life cycle stages from raw 

material acquisition to the end-of-life. This enables both cradle-to-grave and cradle-to-gate 

analyses. Cradle-to-grave analysis includes all the phases of life cycle and cradle-to-gate 

phases from raw material extraction up to the gate of manufacturing. Delivery, use and end-

of-life treatment are excluded in cradle-to-gate analysis. The system boundary of PEF 

includes supply chain related processes in relation with unit of analysis consisting of 

foreground and background processes. The foreground processes mean processes of which 

the information of product life cycle is available directly and the background processes the 

information is not directly possible. Cradle-to-grave is the expected approach in PEF or if 

PEFCR specifies other it can be used. (Commission Recommendation 2013/179/EU, 58 & 

93-94.) 

 

The ISO 14067 provides principles for calculating GHG emissions of product and the most 

preferable approach is avoid allocation. The PEF study, instead, includes perspectives from 

both attributional and consequential approaches of modelling. (Commission 

Recommendation 2013/179/EU, 96.) Attributional LCA aims to describe all physical flows 

of life cycle and its subsystems that are relevant in an environmental way. Consequential 

LCA, in turn, aims to describe how the flows of environmentally relevant will change as a 

result of potential decisions. (Ekvall 2019.) Climate change, including dLUC, is the only 

impact category the ISO 14067 address and it considers all GHG emissions. The PEF, in 

turn, views 14 midpoint impact categories and it uses the LCIA methods that are the default 

setting of provided midpoint. (Commission Recommendation 2013/179/EU, 95.) 

 

Avoiding of allocation in the ISO 14067 adopts the ISO 14044 and it should be done by 

system expansion or subdivision of process. If this is not possible, physical relationships, 
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such as mass or energy, should be used for distributed between products or functions. If the 

distribution with physical relationships is not feasible, other relationships, such as economic 

value, can be used for partition. In PEF study the hierarchy is followed, and it is applied for 

all problems related to multifunctionality. The hierarchy is almost similar compared to ISO 

14067. First system expansion or subdivision is done if possible. If not, allocation shall be 

based on the physical relationships, and it can be done by substitution. The third option is to 

use allocation that is based on other relationship. (Commission Recommendation 

2013/179/EU, 99-100.) 

 

In both studies the removals and emissions of fossil and biogenic sources shall be reported 

separately. In ISO 14067 the Intergovernmental Panel on Climate Change (IPCC) guidelines 

are used for dLUC. GHGs from dLUC in PEF also follow the default values table of IPCC 

but the emissions should be targeted to goods or services after land use change for 20 years. 

In accordance with ISO 14067 carbon storage has to be reported separately whereas it is not 

included in PEF calculation. The emissions off-setting is excluded in both assessments. 

(Commission Recommendation 2013/179/EU, 101-103.) 

 

The reporting of the ISO 14067 is more comprehensive compared to Commission 

Recommendation 2013/179/EU including only summary, main report, and annex as a 

minimum demand. The ISO 14067 has additional demands for third party reporting in 

addition to general requirements adapted from the ISO 14044. There are some differences 

how to interpret the results. For instance, the ISO 14067 report shall include completeness, 

sensitivity, and consistency checks that are for one optional in PEF study report. The 

uncertainty of results should be managed in some way in the reports, according to both 

studies. (Commission Recommendation 2013/179/EU, 104-106.) 
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5  Life Cycle Assessment 

This chapter addresses the empirical part of the study which is life cycle assessment. To 

fulfil the Taxonomy-alignment of LignoBoost the LCA methodology is required considering  

the GHG emissions savings, and the study is conducted in accordance with ISO standard 

14067. According to ISO 14067 (2018, 20) and ISO 14040 (2006, V) the LCA consists of 

four phases: goal and scope definition, life cycle inventory, life cycle impact assessment and 

life cycle interpretation. The goal and scope definition includes the definition of the 

objectives and boundaries in study and LCI consists of data collection and calculation. LCIA 

performs the environmental impacts of climate change and method for the impact assessment 

as well as the evaluating of potential environmental impacts. In interpretation phase the 

results are interpreted. (ISO 14067, 15, 20-37.) 

5.1  Goal and scope 

The goal of the study is to analyze the LCA of LignoBoost and to find out its GHG emissions 

savings of the life cycle. Aim is to meet the Taxonomy-alignment requirements. The data is 

based on the Sunila Mill delivery, and the environmental impact category studied is climate 

change including direct land use change. The LCA study is done to Valmet, and customers 

as well as different departments of Valmet, such as sales, sustainability team, marketing and 

engineering are the intended audience. The LCA is part of the Master’s thesis, and it will be 

public. The study is based on the EU Taxonomy and reported in accordance with ISO 

standard 14067. The software used for LCA modelling is SimaPro by PRé Sustainability.  

 

The studied product system in this life cycle assessment is LignoBoost which is part of the 

pulp mill in Finland. More specifically LB is process for extracting lignin from black liquor. 

In this study the user of LignoBoost is Stora Enso in the Sunila Mill. The expected lifetime 

of LignoBoost is 25 years and the functional unit is 1 ton of produced lignin. System 

boundaries include all phases from cradle-to-grave that are raw material acquisition, 

manufacturing, delivery/transportation, use and end-of-life treatment which can be seen in 
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Figure 5. The CFP calculation includes raw materials, components, fuels, technology, 

process, and project delivered by Valmet.  

 

 

Figure 5. System boundary of product system. 

 

5.1.1  Cut-off criteria and data quality requirements 

The cut-off criteria chosen in this LCA study is mass-based. According to ISO 14044 (2006, 

9) study must include all inputs that are more than a defined percentage in a cumulatively, 

from the mass input of a modelled product system. The cut-off criteria of this study is less 

than 1 % of total weight of equipment and at the same time these are not allowed to be more 

than 5 % of total weight of LignoBoost. In addition to cut-off criteria the LCA study 

coverages data quality requirements that are presented in Table 1. The data quality 

requirements include the estimations related to data. The analysis on meeting them is 

interpreted in the interpretation phase. 
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Table 1. Data quality requirements of the LCA study. 

Data quality requirements 

Time-related 2014-2015 and after 

Geographical Europe 

Technology Not applicable 

Precision Usage of specific values from the project 

Completeness Minor amount estimations allowed 

Representativeness Implementing of LCA related to existing plant 

Consistency The same study methodology both sensitivity analysis 

Reproducibility Usage of Valmet’s internal systems 

Sources of the data Based on the internal data when applicable 

Uncertainty of the information Avoiding of uncertainty 

 

The estimated time period for the representative of CFP calculation is at least 10 years. The 

reason for this is that the calculation is done for ten years old product and the equipment is 

still the same nowadays. LignoBoost technology uses today same materials and consists of 

similar components. A difference for future LignoBoost is that this LB of Sunila was 

constructed in an existing building which had an impact to how steel structures were made 

(Kirjanen, e-mail 17 August 2023). 
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5.1.2  Assumptions 

The database used in this life cycle assessment study is EcoInvent 3.9.1. The precise values 

of inputs and outputs have been conducted in SimaPro but for the confidentiality reasons 

they are not published in this report. 

 

EcoInvent only includes three datasets for steel that are chromium steel 18/8, low-alloyed 

steel and unalloyed steel. The properties between stainless steels (SS) are quite similar 

between each other so the material for SS, chromium steel 18/8, used from EcoInvent 

database is same for all stainless steels. The same qualifies with all low-alloyed steels and 

unalloyed steels. There was no information available related to supplier of steels, therefore 

the datasets selected are general Global, market-based sets. The material dataset for 

polyvinylidene fluoride (PVDF) was not exist in EcoInvent database so the polyvinylidene 

chloride (PVDC) was used as a proxy data. Natural rubber and nitrile rubber (NBR) are 

assumed as a similar material between each other, so the material selected in EcoInvent 

database was synthetic rubber for both. Motors of equipment are modelled based on the 

Environmental Product Declaration (EPD) of ABB motor. The dataset for electronics is 

selected to be ‘Electronic component, passive’ because the type of electronics was not 

known, for example if it is cable or transistor or some other electronic component.  

 

Equipment is mainly manufactured by subcontractors and the precise information related to 

manufacturing was not available. Therefore manufacturing has been modelled according to 

general ‘Metal working average’ -processes. Some of the subcontractors were contacted but 

they were not able to gather the requested information. Metal working average -datasets are 

mainly also selected to be transformation-based which means the manufacturers assemble 

the equipment themselves and there is no need for additional transport during manufacturing. 

Part of the manufacturing processes are selected as a marked-based processes due to 

uncertainty of subcontractors’ actions. 

 



37 

 

In transportation phase, the transportation of materials to the manufacturer is considered by 

selecting the market-based processes for materials. Transportation of equipment to the 

customer, Sunila Mill, is taken into account. Transportation is mainly road transport, but a 

few ocean cargos and air traffic are also noticed. EURO 4 trucks and container ships as well 

as aircraft of long haul are used in modelling. EURO 4 trucks were chosen as they are 

commonly used vehicles, and the container ships and long-haul aircraft were the best option 

for long distances. The vehicles are selected based on the weights of equipment. 

Transportation distance to the customer has been chosen to be the longest of the route options 

due to uncertainty of used routes. The distances by road routes are estimated with Google 

Maps, by cargos with Sea-Seek and by aircraft by Lentolaskuri. The end-of-life stage is 

modelled based on the materials used in the equipment.  

 

LignoBoost does not consume any steam, but some amount of medium pressure (MP) steam 

and secondary condensate are used for heat of dryer gases. Both MP and secondary 

condensate as well as dryer gases are taken from mill. (Wallmo, e-mail 27 June 2023.) The 

maintenance during lifetime is hard to estimate due to complexity of product system and 

long lifetime. It is, however, estimated based on the recommended spare parts for 

predetermined number of years. (Wallmo, Teams 12 June 2023.) The modelling of 

maintenance is done according to material. 

5.2  Life Cycle Inventory Analysis 

In this chapter data collection and calculation as well as reliability of data are presented. LCI 

includes validation of data and it relating to functional unit. Refining of the system 

boundaries, sensitivity analysis and allocation are also investigated in this chapter. The data 

collection consisted of gathering data from Valmet related to Sunila case as well as from 

EcoInvent database and literature.  
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5.2.1  Data collection 

The primary data used in this study was all the available documentation of Sunila case from 

the years 2014-2015 when project was implemented. The data was gathered from internal 

systems by combining different forms of data, such as PDF and excel documents and 

drawings. Internal data has also been gathered from project team members of Sunila delivery 

by discussions, e-mails, and conversations in Teams. Some data was also gathered from 

subcontractor. Secondary data was collected from SimaPro, more closely from EcoInvent 

database version 3.9.1, and literature. Literature sources consist of for example EU 

Regulations and ISO standards as well as the websites of companies and articles to bring 

additional value for the study.   

 

LCI datasets of materials from SimaPro are selected to be market-based because they include 

the transportation of raw materials, to simplifying the estimations. The processes have been 

selected to be market-based or transformation-based depending on if the information of 

subcontractors’ operations is available. The datasets from SimaPro are chosen to represent 

Finland or European Union when it was possible to make selection. If no regional dataset 

was found, Global equivalent was selected. The materials and processes used for modelling 

are presented in Appendices 1 and 2. 

 

Part of the weights of hand valves has been estimated by the project team member in a 

following way: weight of valves for instrument connection 1 kg/pc and hand and check 

valves 5 kg/pc. 25 % of hand valves was missing material information and they have been 

assumed to be made of stainless steel since most of the known material used in hand valves 

was SS. To simplify the estimation related to the materials of control on/off valves, they 

have been assumed to be made of same material as pipes, and the calculation is based on the 

material shares. Data of tanks included 145 kg missing material which is excluded due to 

being less than cut-off criteria. Tanks also have small amount of siniteflon, and agitators 

have cylon black both being under cut-off criteria, less than 1 % of total weight, and thus 

excluded.  
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5.2.2  Data reliability 

The data is based on the plant in operation and thus it is reliable. The data and assumptions 

are level in accordance with the goal and scope of this study. The results of this study can be 

used as scientific references for other studies. The results include the scope of this study as 

well as assumptions that should be taken into consideration when reviewing them. 

5.2.3  Data calculation 

The primary data consisted of precise values related to data, and they have been used in this 

study. For confidentiality reasons these values are not published, rather instead, the input 

values of the equipment are performed in percentages for interpretation of the results. The 

values are conducted to represent the whole lifetime of LignoBoost and the relation to 

functional unit is considered in the results. Table 2 presents the most significant input data 

of equipment. The equipment might include other inputs as well but the shares of them are 

minor and thus, not seen in this table.  

 

Table 2. Inputs of the equipment of LignoBoost. 

Equipment Input Value [%] 

Tanks 
Steel 99  

FeZn 1  

Agitators 
Steel 46  

Motors + Gearboxes 54  

Pumps 

Stainless steel 43 

Motors 53 

Electronics 4 

Piping 

Stainless steel 95.1 

Zinc 4.8 

Plastic 0.1 

Hand valves 
Stainless steel 72  

Iron 28  
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Control on/off valves Stainless steel 100 

Safety valves Stainless steel 100 

Temperature transmitters Electronics 100  

VPA Filter press 1  

Steel 76 

Iron 7 

Plastic 13  

Electronics 1 

Motors 3  

VPA Filter press 2 

Steel 76 

Iron 7 

Plastic 13  

Electronics 1 

Motors 3  

Off-gas carbonator Steel 100  

Moist Lignin Handling 
Steel 98 

Motors 2 

Heat exchangers Stainless steel 100 

Vacuum system 
Stainless steel 88 

Motor 12 

Steel structure Steel 100 

Piping of Dryer Steel 100 

Equipment of Dryer 
Stainless steel 97 

Motors 3 

Steel structure of Dryer Steel 100 

 

Energy consumption during the assembly of LignoBoost is taken into consideration by 

selecting building construction process in SimaPro and modified it to represented Finland. 

The process consists of diesel and electricity, and the calculation of climate change impact 

is based on the land area of LignoBoost. The estimated land area for LignoBoost is 350 m2 

(Wallmo, e-mail 5 September 2023), and the modified process is Building, hall, steel 

construction {FI}| building construction, hall, steel construction | Cut-off, U. 
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The content of motors is estimated based on the EPD of Cast Iron Process Performance 

Induction motor by ABB. Electrical steel is low-alloy steel and other steel is estimated to be 

stainless steel, as well as plastic polypropylene (PP). The motor content of the EPD also 

included less than 3 % of other material but it is excluded due to missing information of this 

material. Its share has been divided between other materials. The shares between materials 

are estimated based on the value ranges of the EPD. The material content of motor is shown 

in Table 3.  

 

Table 3. Material content of motor according to EPD of ABB (ABB 2023).  

Material Estimated content [% / kg] 

Aluminium 2.5 

Cast iron 43 

Copper 9 

Electrical steel 34 

Other steel 11 

Plastic 0.5 

 

Transportation 

The distances to the Sunila, estimated by Google Maps, Sea-Seek and Lentolaskuri are 

presented in Table 4. Vehicles are also presented in table below in which it can be seen that 

most of the equipment are transported by trucks. Some equipment include transportation of 

ocean freight with container ships and part of the hand valves are transported by air freight 

with long-air haul. There is different number of distances relating to some equipment due to 

various manufacturing location. The relation of values to the functional unit are taken into 

consideration in results. 

 

 

 



42 

 

Table 4. Distances to customer (Google Maps 2023; Ekokumppanit 2023; Sea-Seek 2023). 

Equipment Distance to customer [km] Vehicle 

Tanks 314 Truck 

Agitators 314 Truck 

Pumps 2 / 150 Truck 

Piping 499 Truck 

Hand valves 147 / 6093.3 + 134 Truck / Aircraft + Truck 

Control on/off valves 147 Truck 

Safety valves 71.2 / 270 + 1117 + 134 Truck + Cargo + Truck 

Temperature transmitters 154 Truck 

VPA Filter press 1  184 + 193 + 330 Truck + Cargo + Truck 

VPA Filter press 2 184 + 193 + 330 Truck + Cargo + Truck 

Off-gas carbonator 13.7 + 82 + 134 Truck + Cargo + Truck 

Moist Lignin Handling 459 Truck 

Heat exchangers 136 Truck 

Vacuum system 150 Truck 

Steel structure 54.9 / 441 Truck 

Piping of Dryer 499 Truck 

Equipment of Dryer 
275-1440 + 1117 +134 /  

2-147 

Truck + Cargo + Truck / 

only Truck 

Steel structure of Dryer 54.9 / 441 Truck 

 

Use 

Total electricity consumption of LignoBoost including dryer over lifetime is estimated to be 

187.5 GWh (Wallmo, e-mail 27 June 2023). The Annual report 2022 of Stora Enso states 

the company to be 63 % self-sufficient on the electricity it uses. This assumed to be the case 

for Sunila Mill as well. Fuel sources of self-sufficient electricity are gathered from the 

Annual report 2022 of Stora Enso which can be seen in Table 5. The fuel distribution, in 

addition to the sources presented in table below, also includes 3 % of other fossil which is 

divided equally between coal, gas, and oil, due to missing information of its source. The 
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remaining 37 % of electricity consumption is assumed to be taken from the National Grid of 

Finland. (STORAENSO 2022, 68-69.) The dataset selected to represent of biomass is 

electricity, sulfate pulp production, from softwood instead of hardwood because the 

softwood is used in Sunila (STORAENSO n.d.c). The dataset of conventional power plant 

related to natural gas is selected instead on combined cycle power plant due to higher impacts 

on climate change. The general datasets of electricity for coal, oil, and peat are selected in 

this study. 

 

Table 5. Fuel sources of self-sufficient electricity (STORAENSO 2022, 69). 

Fuel source Share [%] 

Biomass 85 

Coal 6 

Gas 4 

Oil 4 

Peat 1 

 

The lignin extraction process is also included in the LCA study as it has an economic value 

and as it affects to the use phase of the equipment. The process of lignin extraction is created 

to SimaPro with the usage of precise input and output values, and they are conducted to 

represent 1 kg of produced lignin. For the confidentiality reasons these values cannot be 

published in this report. The input flows are black liquor, CO2, H2SO4, and water, and the 

outputs from the process are lignin, wash water and filtrate which is recovered back to 

evaporation plant (Wallmo, e-mail 27 June 2023). The wash water and filtrates are assumed 

to be wastewater as there was no process water -dataset in SimaPro. The material flows of 

LignoBoost process are presented in Figure 6.  
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Figure 6. Material flows of LignoBoost process (Wallmo, e-mail 28 June 2023). 

 

The material dataset for black liquor did not exist in SimaPro, so it has been considered as a 

co-product from sulphate pulp and the used dataset is 'Sulfate pulp, bleached {RER}| sulfate 

pulp production, from softwood, bleached | Cut-off, U'. The pulping process produces 1.9 

kg black liquor per kg of pulp (Wallmo, e-mail 9 October 2023). The energy needed to 

produce the black liquor is calculated based on the net caloric heat value of black liquor and 

lower heating value of wood chips because the producing of black liquor need more wood. 

The Equation 1 presents the calculation methodology for energy of black liquor. 

 

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 [
𝑘𝑔

𝑘𝑔𝑝𝑢𝑙𝑝
] ∗

𝑛𝑒𝑡 𝑐𝑎𝑙𝑜𝑟𝑖𝑐 ℎ𝑒𝑎𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 [
𝑀𝐽

𝑘𝑔
] =

𝑒𝑛𝑒𝑟𝑔𝑦 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 [
𝑀𝐽

𝑘𝑔𝑝𝑢𝑙𝑝
]   (1)  
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where the amount of black liquor is 1.9 kg/kg of pulp, and the net caloric heat value of black 

liquor is 14.2 MJ/kg (Wallmo, e-mail 14 August 2023). 

 

The calculated energy value of black liquor is 27 MJ/kg of pulp. With the Equation 2 the 

needed energy of wood chips to produce black liquor is calculated. The needed energy is 

1.42 kg/kg of pulp, and this is added to dataset of ‘Wood pellet, measured as dry mass 

{RER}| market for wood pellet, measured as dry mass | Cut-off, U.’ 

 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 [
𝑀𝐽

𝑘𝑔𝑝𝑢𝑙𝑝
]

𝑙𝑜𝑤𝑒𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑤𝑜𝑜𝑑 𝑐ℎ𝑖𝑝 [
𝑀𝐽

𝑘𝑔
]

=

𝑛𝑒𝑒𝑑𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 [
𝑘𝑔

𝑘𝑔𝑝𝑢𝑙𝑝
]    (2) 

 

where lower heating value of wood chip is 19 MJ/kg (Ea Energy Analyses 2018, 2). 

 

The allocation between pulp and black liquor is calculated based on the economic allocation. 

By multiplying the amount of produced black liquor with the net caloric heat value of black 

liquor the energy value of BL is found with the Equation 1. Wallmo (e-mail 12 October 

2023) states, that in the Sunila case 84 % of black liquor is needed to produce steam in the 

pulp production and the left 16 % goes to production of electricity for sales. Conversion of 

black liquor into steam needs to go through a recovery boiler and a steam turbine (Wallmo, 

e-mail 9 October 2023). By considering all of these factors the electricity amount of black 

liquor is 0.615 kWh/kg of pulp. The calculation procedure is presented in Equations 3 and 

4. 

 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 [
𝑀𝐽

𝑘𝑔𝑝𝑢𝑙𝑝
] ∗

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐵𝐿 𝑡𝑜 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 [%] = 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑠𝑎𝑙𝑒𝑠 [
𝑀𝐽

𝑘𝑔𝑝𝑢𝑙𝑝
]  (3) 
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𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑠𝑎𝑙𝑒𝑠 [
𝑀𝐽

𝑘𝑔𝑝𝑢𝑙𝑝
] ∗ 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑏𝑜𝑖𝑙𝑒𝑟 [%] ∗

𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 [%] = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐵𝐿 [
𝑀𝐽

𝑘𝑔𝑝𝑢𝑙𝑝
] 

(4)  

 

By multiplying the actual electricity amount of black liquor with the price of electricity the 

value of black liquor can be find out. All needed and calculated values with references are 

presented in Table 6.  

 

Table 6. Economic value of black liquor.  

Black liquor Value Source 

Produced from pulp 1.9 kg/kg of pulp Wallmo, e-mail 9 October 2023 

Net caloric heat value of BL 14.2 MJ/kg Wallmo, e-mail 14 August 2023 

Amount of BL to heat 84 % Wallmo, e-mail 12 October 2023 

Amount of BL to electricity 16 % Wallmo, e-mail 12 October 2023 

Efficiency of recovery boiler 65 % Wallmo, e-mail 12 October 2023 

Efficiency of turbine 85 % Wallmo, e-mail 12 October 2023 

Actual electricity amount of 

BL 

0.615 kWh/kg of 

pulp 
Calculated 

EU average price in the 

second half of 2022 
0.22 €/kWh Eurostat 2023 

Value of BL 0.135 €/kg pulp Calculated 

 

The price for kraft softwood pulp is calculated based on the EU average price in the second 

half of 2022. The value of pulp price has been converted to €/kg of pulp with the valuation 

of 13 October 2023 and the values are presented in Table 7.  
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Table 7. Economic value of pulp. 

Pulp Value Source 

EU average price in the 

second half of 2022 

1450 USD/t Fastmarkets 2023 

1.37743 €/kg pulp 
US Dollar to Euro conversion: Xe 

Currency Converter, 13 October 2023 

 

The economic allocation is based on the average market values of black liquor 0.135 €/kg of 

pulp and pulp 1.37743 €/kg of pulp. The relation of these values assigns the economic value 

of black liquor is 9 % and of pulp 91 %. The possible environmental benefit of LignoBoost 

usage considering the carbon footprint of LignoBoost, avoided emissions in burning black 

liquor, and avoided emissions due to lignin usage in the case study is also examined as a part 

of the impact assessment. 

 

Maintenance is considered according to recommended spare part lists of equipment and 

modelled by material. The equipment which have spare part lists are agitators, VPA Filter 

presses 1 and 2, moist lignin handling equipment, dryer, pumps, safety valves, heat 

exchangers, and vacuum system. The spare parts are changed either once per year, every 

second year, every fifth year or once during lifetime depending on if they are used during 

commissioning or usage and based on the duration of the parts. Maintenance is modelled as 

an own life cycle. 

 

End-of-life 

End-of-life is modelled based on the materials, and the shares of treatment methods has 

gathered from Tilastokeskus statistics of Finland because the waste is handled in Finland. 

The used data presented in Table 8 is from 2021 for being the latest available reported data. 

Almost all metal is recycled, most of the plastic goes to incineration and all electronics is 

handled as an electronic waste.  
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Table 8. End-of-life treatment based on the materials (Tilastokeskus 2023). 

Material 
Recycling 

[%] 

Incineration 

[%] 

Combustion 

[%] 

Landfilling 

[%] 

Electronic 

waste [%] 

Metal 99.9 - - 0.1 - 

Plastic 15 83 1 1 - 

Electronics - - - - 100 

 

5.2.4  Sensitivity analysis 

Sensitivity analysis is also included in the study, and two different types of analysis are 

conducted. The first analysis is implemented related to the weight, due to the uncertainty of 

data. The analysis is conducted for piping because it is one of the most significant parts of 

the LignoBoost and it has greatest uncertainty concerning to the weights. The purpose is to 

examine how much the uncertainty of piping weight affects to the results and total outputted 

emissions. The estimated weight variation of piping is assumed to be +/- 20 %. 

 

The second analysis covers the comparison of electricity. In this modelling the used 

electricity is the ratio 63/37 meaning 63 % is self-sufficient electricity and the rest 37 % is 

taken from the Finnish National grid. In this analysis the intention is to compare how the 

total emissions of LignoBoost will change if LignoBoost is 100 % self-sufficient or if it uses 

100 % grid electricity. 

5.2.5  Allocation 

In this LCA study, the economic allocation is used to determine the amount of black liquor 

from the pulp production process. The calculation is based on the electricity prices of black 

liquor and pulp. The calculation of economic allocation is presented in chapter 5.2.3 Data 

calculation. 
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Otherwise, in this LCA study the allocation was not needed. LignoBoost has clear sets of 

equipment and they have supplied as sets. LignoBoost consists of several different 

equipment and there are existing lists for all equipment. As a result, there was either no need 

for subdivision of process, or system expansion to avoid allocation because the structure of 

modelling is done according to equipment.   

5.3  Life Cycle Impact Assessment 

In this chapter, the environmental impact categories with units, the assessment method and 

the results of the study are presented. As the study follows the ISO 14067 the selected impact 

category is climate change, including direct land use change, and the purpose is to calculate 

potential climate change impact of each greenhouse gas. According to Ecochain (2023) 

climate change impact category consists of both fossil and biogenic resources as well as 

direct land use change. For determining the impact on climate change global warming 

potential (GWP) is used considering the GHG’s (Ecochain 2023).  

 

Burning of fossil fuels releases carbon, which otherwise would be locked up in the ground 

(IEA Bioenergy n.d). Biogenic emissions are involved in natural carbon cycle. They are also 

formed from different usages of biological matter, such as combustion, harvest, digestion, 

fermentation, decomposition or processing of it. Trees, plants and soil are general feedstocks 

of biogenic emissions due to absorption of carbon during their life cycle. (Clare 2021.) 

Biogenic emissions are result from already absorbed carbon, so the biogenic emissions do 

not increase the amount of carbon in atmosphere, such us fossil ones (Clare 2021; IEA 

Bioenergy n.d). For that reason, biogenic carbon can be considered preferable over fossil 

carbon (Clare 2021).  

 

Climate change takes into account all greenhouse gases of which the three main ones are 

carbon dioxide, methane (CH4), and nitrous oxide (N2O). CO2 almost covered 80 % of all 

GHGs in the EU in 2021 and the share of methane was more than 12 %. The man-made 

gases, called fluorinated greenhouse gases (F-gases), are used in industry. Their global 

warming potential is often much higher than CO2. F-gases include hydrofluorocarbons 
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(HFCs) representing approximately 90 % of F-gases, perfluorocarbons (PFCs), sulphur 

hexafluoride (SF6), and nitrogen trifluoride (NF3). Totally, F-gases were covered about 2.5 

% of the EU’s GHGs in 2021. (European Parliament 2023.) 

5.3.1  Method for impact assessment 

The used assessment method in this study is IPCC 2021. The Intergovernmental Panel on 

Climate Change by the United Nations regularly assess the climate change scientific basis 

and impacts, and future risks related to it. IPCC also estimates different adaptation and 

mitigation options of climate change (IPCC n.d). Potential climate change impacts for 

GHG’s are calculated by the 100-year GWP as a unit of kg CO2 equivalent per kg emission. 

The GWP 100 illustrates the climate change impacts that are shorter-term and reflects the 

warming rate. (ISO 14067, 36.) The unit of the climate change impact category in IPCC 

2021 method is kg CO2eq (Ecochain 2023). 

 

The characterization factors of IPCC consist of four factors. They will include carbon cycle 

response but no dinitrogen monoxide forming indirectly from nitrogen emissions. Radiative 

forcing which consists of following Near Term Climate Forcers (NTCF) emissions: nitrogen 

oxides (NOx), carbon monoxide (CO), volatile organic compounds (VOCs), black carbon 

(BC), organic carbon (OC), and sulphur oxides (SOx) is not taken into account. The 

characterization factors do not also consider indirect effects of CO emissions. (SimaPro 

2023, 48.) 

5.3.2  Carbon footprint of LignoBoost 

The results are scaled in relation to functional unit meaning the unit is kg CO2eq/ton of 

produced lignin, and they include fossil, biogenic and dLUC greenhouse gas emissions, as 

well as the emissions from aircraft transportation. The sensitivity analysis is also considered 

for the impact categories of fossil, biogenic and dLUC. There might be some changes made 

in the scope of the study conducted, which can have impacted on the results. For example, 

the energy used during assembly of LignoBoost was not known, rather it was taken into 

account by selecting ready assembly process for LB which was scaled to represent Finland. 
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By finding out the correct amount of energy consumed during assembly might affect to the 

results. Same applies for manufacturing of the LB's equipment in which energy 

consumptions were not known. Transportation of raw materials was considered by selecting 

of market-based processes so these do not include real distances or transport types that might 

have minor effect on the results. In addition, the assumptions related to materials selection 

might affect for their own part to the results. Maintenance is modelled based on the 

recommended spare parts therefore the amount of these can vary and thus, could affect to 

the final environmental impacts. Additionally, some of the change intervals of spare parts 

are based on estimations. 

 

Totally, LignoBoost consists of 96.8 % of metals, 1.2 % of plastics, 1.8 % of motors, and 

0.2 % of electronics. The shares of weights from the LB's total weight between the equipment 

are presented in Table 9 in which it can be seen that the dryer has the largest weight, 

consisting of own piping, equipment, and steel structure. Steel structure of LignoBoost 

covers a little bit over quarter. Other significant equipment are tanks, piping, VPA Filter 

presses 1 and 2 as well as moist lignin handling equipment.  
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Table 9. The shares of equipment in total weight. 

Equipment Share of total weight [%] 

Tanks 5.9 

Agitators 0.5 

Pumps 1.4 

Piping 4.6 

Hand valves 0.4 

Instruments and Automation 0.2 

VPA Filter press 1 4.6 

VPA Filter press 2 4.6 

Off-gas carbonator 0.4 

Moist Lignin Handling 6.7 

Heat exchangers 0.5 

Vacuum system 0.04 

Steel structure 25.8 

Dryer 44.4 

 

Maintenance of LignoBoost is considered as an additional life cycle in the LCA model. It 

includes raw materials, manufacturing, transport to the customer and end-of-life for 

recommended spare parts of the equipment. These impacts are not included in other life 

cycle stages of LignoBoost, nor the weights of the spare parts are taken not consideration in 

the previous table. 

 

Total GHG emissions 

Total emissions of climate change impact are presented in Figure 7. The biggest climate 

change impacts come from the use phase accounting more than 99 % of the total emissions. 

Use phase consists of electricity consumption, causing 7.6 % of the emissions, lignin 

extraction process with the share of 92 % and maintenance that share is 0.4 %. The phase of 

raw material acquisition is the second largest cause for total emissions with the share of 0.6 

% followed by manufacturing with the share of 0.3 %. Less than 0.5 % of the emissions is 

caused by transportation and the end-of-life stage. 
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Figure 7. Climate change impact of LignoBoost. 

 

There is significant difference on how the emissions have been divided between fossil, 

biogenic, dLUC and aircraft emissions. Fossil-based emissions, with the share of 98.09 %, 

account the greatest amount of the emissions. Biogenic emissions covers 1.34 % and direct 

land use change 0.57 % of total emissions. The share of aircraft emissions only covers 0.003 

% from the total emissions. 

 

Fossil GHG emissions 

Most of the fossil GHG emissions, more than 91 %, are caused by use phase by lignin 

extraction process which can be seen in Figure 8. Electricity covers about 7.5 % of the 

emissions followed by raw material acquisition, maintenance, and manufacturing. The most 

emission contributing materials are chromium steel 18/8 Global (GLO) and low-alloyed steel 

(GLO) with the share of 89 % of the fossil emissions by materials. Metal working, average 

for steel product manufacturing of Europe (RER) and (GLO) as well as metal working, 
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average for metal product manufacturing (RER) processes have the main impacts for 

emissions from the perspective of manufacturing. These three processes accounts 99 % of 

the fossil emissions of processes. Transportation to customer and end-of-life have minor 

impacts on fossil GHG emissions. 

 

 

Figure 8. Fossil GHG emissions. 

 

Biogenic GHG emissions 

Clearly the greatest contributor of biogenic GHG emissions is also lignin extraction process  

with the share of about 96 % which is seen in Figure 9. Electricity with the share of nearly 

3 % is the second most causer of biogenic emissions followed by manufacturing, with the 

share of 0.8 %. The three most contributor processes are metal working, average for steel 

product manufacturing of (RER) and (GLO), as well as metal working, average for metal 

product manufacturing (RER), and their share is 99 % of biogenic emissions caused by 

processes. The shares of raw material acquisition, maintenance, transportation and end-of-
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life cover less than 5 % of biogenic emissions. Chromium steel 18/8 Global (GLO) covers 

77 % of the biogenic emissions of materials. 

 

 

Figure 9. Biogenic GHG emissions. 

 

Direct Land Use Change GHG emissions 

From the Figure 10, it can be seen that almost 100 % of the direct land use emissions are 

caused by use phase. Lignin extraction process contributes about 93 % and electricity more 

than 7 % of the emissions. The share of maintenance is 0.05 % and rest of the life cycle 

phases covers less than 1 % of dLUC emissions. The clearest contributor of materials is 

chromium steel 18/8 (GLO) with the share of 74 % of dLUC emissions caused by materials, 

and from the side of the manufacturing, metal working, average for steel product 

manufacturing of (RER) and (GLO), as well as metal working, average for metal product 

manufacturing (RER) are three largest processes that have impacts on formation of dLUC 

emissions. Their share is 99 % of the emissions of processes.  
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Figure 10. dLUC GHG emissions. 

 

Aircraft transportation GHG emissions 

Aircraft GHG emissions are formed from the transportation to customer. The aircraft is used 

for transportation of some of the hand valves in a long-haul, and the dataset used is 

‘Transport, freight, aircraft, long haul {GLO}| transport, freight, aircraft, dedicated freight, 

long haul | Cut-off, U.’ Almost all emissions are fossil-based which can be seen in Figure 

11. Biogenic emissions and dLUC emissions, each, covers 0.01 % of the total aircraft 

emissions. 
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Figure 11. Aircraft GHG emissions. 

 

5.3.3  Potential environmental benefit of LignoBoost  

By integrating LignoBoost to the part of the pulp mill the positive environmental impacts 

can be achieved. Without LB black liquor is incinerated as a part of pulping process which 

will cause the emissions as coal is being burnt. The coal content in 1 kg of black liquor is 

35.6 wt% (Wallmo, e-mail 14 August 2023). In accordance with the SFS-EN 15804 (2012, 

38) the effect of coal incineration can be estimated in a following way: "1 kg of biogenic 

carbon is equivalent to 44/12 kg of CO2". As the biogenic carbon is in question, its 

environmental burden as well as benefit are both zero. The black liquor burning process is 

modified from municipal incineration of waste wood by changing the amount of the biogenic 

carbon to represent the amount in the black liquor. The electricity of processing has also 

been changed to represent Finnish electricity.  
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The burning of black liquor produces heat as an end-product which is considered as an 

avoided product to bring the benefit from this process. Kotka Energy uses biofuels, such as 

chips and barks, as a fuel (Kotkan Energia n.d) so the selected dataset to represent heat 

production is ‘Heat, district or industrial, other than natural gas {FI}| heat and power co-

generation, wood chips, 6667 kW, state-of-the-art 2014’. The consumed heat is calculated 

by multiplying the amount of black liquor with the net caloric heat value of black liquor 14.2 

MJ/kg in dry solids (Wallmo, e-mail 14 August 2023) and with efficiency of 70 % (U.S. 

Department of Energy 2020, 3). During the lifetime of 25 years more than 17,000 kilotons 

of black liquor is fed into LignoBoost (Wallmo, e-mail 28 June 2023). 

 

The benefit of LignoBoost usage comes from the use of the extracted lignin. Most of the 

lignin is burnt in lime kiln replacing of liquefied natural gas (LNG), in Sunila Mill. Natural 

gas is imported from Russia and the used dataset for that is ‘Natural gas, high pressure 

{RoE}| natural gas, high pressure, import from RU | Cut-off, U.’ The dataset selected to 

represent the burning of lignin is ‘Heat, district or industrial, natural gas {Finland}| heat 

production, natural gas, at industrial furnace >100kW | Cut-off, U’. The burning process is 

modified from the general process of ‘Heat, district or industrial, natural gas {Europe 

without Switzerland}| heat production, natural gas, at industrial furnace >100kW | Cut-off, 

U’ by changing the import of LNG from Russia, and electricity to represent Finnish 

electricity. The benefit is created from the usage of extracted lignin as a fuel for lime kiln 

instead of the LNG. This process takes into account the ratio between lignin and LNG, and 

the biogenic carbon emissions. The coal content in 1 kg of lignin is 65.2 wt% (Wallmo, e-

mail 14 August 2023). The incineration is estimated in a same way than was in black liquor 

with the factor of 44/12 kg of CO2 (SFS-EN 15804, 38). The amount of lignin to replace 

natural gas is calculated based on the lime production. Values needed for calculation are 

presented in Table 10. 
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Table 10. Values for calculation the benefit of lignin usage. 

 Value Source 

Lime consumption 0.283 ton of lime/ton of pulp 
Wallmo, e-mail 16 October 

2023 

Pulp production 375,000 ton/a STORAENSO n.d 

LNG consumption 181 m3 LNG/ton of lime 
Wallmo, e-mail 16 October 

2023 

Net calorific value of 

LNG 
36.0 MJ/m3 Ecoinvent 3 

Heating value of lignin 26.3 MJ/kg 
Wallmo, e-mail 14 August 

2023 

Lignin production 50,000 ton/a STORAENSO n.d 

 

Lime production per year is calculated with the presented Equation 5 by multiplying lime 

consumption with pulp production.  

 

𝑙𝑖𝑚𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 [
𝑡𝑜𝑛𝑙𝑖𝑚𝑒

𝑡𝑜𝑛𝑝𝑢𝑙𝑝
] ∗ 𝑝𝑢𝑙𝑝 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 [

𝑡𝑜𝑛𝑝𝑢𝑙𝑝

𝑎
] =

𝑙𝑖𝑚𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 [
𝑡𝑜𝑛𝑙𝑖𝑚𝑒

𝑎
]    (5) 

 

By multiplying the calculated amount of lime production with natural gas consumption the 

amount of natural gas needed in a year is found, and this is the amount the lignin needed to 

replace LNG. The amount is converted to energy unit of MJ by multiplying it with the net 

calorific value of LNG. The needed energy amount for LNG and lignin is the same. The 

calculation is presented in Equation 6. 

 

𝑙𝑖𝑚𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 [
𝑡𝑜𝑛𝑙𝑖𝑚𝑒

𝑎
] ∗ 𝐿𝑁𝐺 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 [

𝑚𝐿𝑁𝐺
3

𝑡𝑜𝑛𝑙𝑖𝑚𝑒
] ∗

𝑛𝑒𝑡 𝑐𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐿𝑁𝐺 [
𝑀𝐽

𝑚3] = 𝐿𝑁𝐺 𝑛𝑒𝑒𝑑𝑒𝑑 [
𝑀𝐽

𝑎
]  (6) 
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By dividing the needed energy amount with the heating value of lignin the needed lignin 

amount is found to replace LNG. Equation 7 presents the calculation method. As a result, 53 

% of the total lignin production capacity is used in lime kiln. The rest 47 % of the extracted 

lignin is used in R&D for developing processes. There is, nevertheless, no accurate 

information where lignin is used in R&D. 

 

𝐿𝑁𝐺 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 [
𝑀𝐽

𝑎
]

ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑙𝑖𝑔𝑛𝑖𝑛 [
𝑀𝐽

𝑘𝑔𝑙𝑖𝑔𝑛𝑖𝑛
]

= 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑛𝑒𝑒𝑑𝑒𝑑 𝑙𝑖𝑔𝑛𝑖𝑛 [
𝑘𝑔

𝑎
]  (7) 

 

Positive environmental impacts, carbon handprint, can be achieved by using extracted lignin 

instead of LNG as a fuel in lime kiln. Potential environmental benefit of LignoBoost is 

calculated in a following way with Equation 8.  

 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑓𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡 𝑜𝑓 𝐿𝑖𝑔𝑛𝑜𝐵𝑜𝑜𝑠𝑡 +

𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑖𝑛 𝑏𝑢𝑟𝑛𝑖𝑛𝑔 𝑏𝑙𝑎𝑐𝑘 𝑙𝑖𝑞𝑢𝑜𝑟 +

𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑑𝑢𝑒 𝑡𝑜 𝑙𝑖𝑔𝑛𝑖𝑛 𝑢𝑠𝑎𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑎𝑠𝑒 𝑠𝑡𝑢𝑑𝑦 =

 − 𝑘𝑔 𝐶𝑂2𝑒𝑞     (8) 

 

From the equation above the carbon footprint of LignoBoost and avoided emissions in 

burning black liquor causes emissions and on the contrary, the avoided emissions due to 

lignin usage in the case study will save the emissions. As a result, more than 500 kg 

CO2eq/ton of produced lignin can be saved by replacing LNG with lignin in lime kiln fuel 

meaning the carbon handprint of LignoBoost usage is greater than its carbon footprint. 

5.4  Life Cycle Interpretation 

In this chapter, the conclusions of the results and the data quality assessment are interpreted. 

Moreover, the results of sensitivity analysis is examined. 
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5.4.1  Conclusions 

Fossil-based emissions covers about 98 % of the emissions, biogenic emissions 1.34 %, 

direct land use change emissions 0.57 %, and the share of aircraft emissions is 0.003 %. 

Most of the emissions, more than 99 %, are caused by use phase and the main causer is lignin 

extraction process followed by electricity. Overall, when considering any of the three-impact 

category, fossil, biogenic or dLUC emissions, lignin extraction process accounts the largest 

emissions of each category, and the share of electricity is the second greatest. The share of 

raw material acquisition is 0.63 % and that of manufacturing 0.33 %, from total emissions. 

Transportation and end-of-life together cause less than 0.5 % of the total emissions. In the 

case of aircraft emissions, most of the emissions are fossil-based. The usage of LignoBoost, 

however, saves the emissions, having greater carbon handprint than carbon footprint.  

5.4.2  Validation of data and plausibility 

The assessment of data quality is summarized in Table 11, and it is done according to SFS-

EN 15804. Data for upstream processes (A1) was gathered from the internal sources and 

systems related to Sunila case. A few estimations was done in the cases where specific data 

was not available. General data by EcoInvent 3.9.1 was used for the datasets of materials 

since the data for transportations of raw materials was not accessible. Data for core processes 

(A3) was no possible to collect therefore general data by EcoInvent 3.9.1 was used for the 

datasets of processes. The distances to the customer were estimated based on the 

manufacturing locations and general data was also used for transportation. Specific data from 

internal sources was used for usage (B1-B7). Downstream waste management data (C3 & 

C4) is based on the regional average treatment of waste in 2019 in Finland. The used datasets 

were general from EcoInvent 3.9.1, but they were selected and modified to represent Finland 

when possible. Further description of the data collected and used for the study is presented 

in Chapter 5.2 Life Cycle Inventory Analysis. 
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Table 11. Data quality assessment of the LCA study (SFS-EN 15804, 59). 

Data quality requirements 

Time-related 

Upstream data, core module & downstream B1-B7: Good (2014-

2015 project time) 

Downstream data C3 & C4: Good (2019 data) 

Geographical 

Upstream data: Good (Europe) 

Core module: Good (Europe) 

Downstream data: Very good (Country specific) 

Technology Not applicable 

Precision 
Upstream data, core module & downstream B1-B7: Good 

Downstream data C3 & C4: Good (2019 data) 

Completeness 

Upstream data: Good 

Core module: Good 

Downstream data: Good 

Representativeness Upstream data, Core module & Downstream data: Good 

Consistency The same study methodology is used for both sensitivity analysis 

Reproducibility Medium for this study 

Sources of the data Mainly project-related 

Uncertainty of the 

information 
Minor uncertainty related to Upstream data 

 

The data is mainly collected from the years 2014-2015 when the project was implemented. 

Downstream data C3 & C4 represent the current day values based on the Statistics of 

Finland. Totally, the data collection process took approximately 7 months. The LignoBoost 

is located in Finland and most of the materials come from Europe. Subcontractors are also 

mainly located in Finland and Europe therefore the most used datasets are general European 
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level datasets. Technology coverage is not applicable because there is not yet existing 

specific technology for the LCA of LignoBoost.  

 

The weight and material data of the upstream and core data as well as for downstream B1-

B7 was gathered from the project-related databases. Downstream data C3 & C4 is based on 

the Statistics of Finland in 2019. 6 % of the total weight was estimated based on the similar 

components of other manufacturers, and estimations of project team member. 145.4 kg of 

the total weight was excluded corresponding the share off 0.01 % from total weight. 

Representativeness covers the geographical coverage, time period and technology coverage. 

The LCA was executed for a product which is part of the existing plant in Finland. Sensitivity 

analysis is considered in this study, and it is consistent with the study methodology. 

Reproducibility of this study is possible with the access of Valmet’s internal systems. Part 

of the data is, however, collected from the project members of LignoBoost and they are not 

available in internal systems. The study is also 10 years old, that brought challenges for the 

data collection, but this LCA study can, nevertheless, be used as a basis for other LB studies. 

Most of the data was found from internal systems of Valmet and project team members of 

LignoBoost. Part of the data, such as sources for electricity was collected from literature. 

Minor part of the data has been estimated and the largest uncertainty is identified to be at 

piping. 

5.4.3  Sensitivity analysis 

This study includes two sensitivity analysis, and they take into consideration the impact 

categories of fossil, biogenic, and dLUC. Aircraft emissions are excluded from these 

analyses because they address the transportation of hand valves. First analysis covers the 

uncertainty of the data, and it is implemented for the weight of piping with the weight 

variation of +/- 20 %. Total weight of piping is about 4.6 % of the total weight. In situation 

where the total weight of piping is 20 % less the total emissions will decrease 0.01 % and 

correspondingly the situation of 20 % larger weight the total emissions will increase 0.01 % 

which can be seen in Table 12. The difference comes from fossil and biogenic emissions in 

which the variation for emission change is +/- 0.01 %. The lowest difference of impact is in 

dLUC emissions with the variation of +/- 0.002 %. As a result, which can be seen from the 
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table below, the uncertainty related to the weight of piping has no significant effect on the 

total emissions of LignoBoost.  

 

Table 12. Sensitivity analysis of piping, weight variation +/- 20 %. 

GWP100 -20 % + 20 % 

Fossil [kg CO2eq] -0.01 % +0.01 % 

Biogenic [kg CO2eq] -0.01 % +0.01 % 

dLUC [kg CO2eq] -0.002 % +0.002 % 

Total [kg CO2eq] -0.01 % +0.01 % 

 

The second sensitivity analysis studies the effects of different sources of electricity. The used 

electricity in this study consists of 63 % self-sufficient electricity and 37 % is from the 

Finnish grid-mix. The used electricity is compared to two different scenarios: electricity of 

100 % self-sufficient and electricity of 100 % from the Finnish grid-mix. The 100 % self-

sufficiency is selected to this comparison due to modern pulp mills are self-sufficient or over 

it in production of renewable energy (Valmet - Forward 2021). The results from comparison 

of electricity scenarios are presented in Table 13. 

 

Table 13. Sensitivity analysis of electricity usage. 

GWP100 100 % self-sufficient 100 % grid-mix 

Fossil [kg CO2eq] -0.2 % +0.3 % 

Biogenic [kg CO2eq] +0.7 % -1.1 % 

dLUC [kg CO2eq] -4.6 % +7.0 % 

Total [kg CO2eq] -0.2 % +0.3 % 

 

From table above it can be seen that the 100 % self-sufficient electricity would be the best 

alternative based on the climate change impact. It has, in this case, 0.2 % lower total 

emissions compared to used scenario of 63/37 electricity ratio. 100 % self-sufficient 

electricity mainly consists of biomass causing more biogenic emissions, instead of fossil 

emissions. In the scenario of 100 % Finnish grid-mix electricity the total emissions are 0.3 
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% bigger than current situation so that would be the worst option to select for electricity 

based on the number of emissions. In both scenarios the effect on fossil-based emissions is 

the lowest and for dLUC the difference is the greatest. In scenario of 100 % self-sufficient 

electricity the dLUC emissions are approximately 5 % lower and in scenario of 100 % 

Finnish grid-mix 7 % greater compared to the normal situation. In conclusion, the electricity 

source has no meaningful significance based on the total amount of emissions. 
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6  Discussion 

In this chapter, the LCA study is discussed in a broader perspective. First, the challenges 

during this study are discussed. After that the material selections are examined more 

accurately. The purpose is to figure out if it is possible to replace some material by less 

emission material. In the last discussion chapter, the consideration is in transportation. 

Although the share of transportation was minor in total emissions, the shares between 

different types of transports were significant. In this section, the focus is on to find out the 

most suitable transport type based on the lowest emissions. The examination of both cases 

is implemented with SimaPro, and the used method is the same IPCC 2021 as earlier in this 

study. In addition, the other inspection related to transportation is made based on the 

emission factors. 

 

In this life cycle assessment, plenty of challenges were faced. As the project is about ten 

years old, there were a lot of gaps in data. Many of the weights were gathered from drawings 

by summing up manually the weight of every single part together and connecting them based 

on the materials. LignoBoost is a huge, complex system so the exact LCA calculation is hard 

to implement. Some of the data must in any case be estimated. Luckily, in this study some 

of the information was possible to get from the project team members of Sunila and therefore 

the estimations are as reliable as is possible. Only a few estimations are based on the internet 

sources used as proxy data. The data collection for this kind of product system like 

LignoBoost is, was the most time-consuming phase, especially when considering the whole 

life cycle from cradle-to-grave. The purpose of the experiences gathered during this study, 

will help the company to improve and streamline the life cycle assessment process as a 

whole. 
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6.1  Materials 

Steel is the most used construction material in LignoBoost but there were also minor 

amounts of other metals used in the equipment. The purpose of this case is to examine 

suitability of different metals as construction material. The examination is based on the 

environmental impacts and the intent is to find out which material is the most suitable when 

considering the climate change impact. In the other words, which material has the lowest 

emissions. The comparison is made between three materials, stainless steel, cast iron and 

aluminium, considering general datasets that produce one kilogram of material. Selected 

materials for the comparison of the climate change impact were: 

• Steel, chromium steel 18/8 {GLO}| market for steel, chromium steel 18/8 | Cut-off, 

U 

• Cast iron {GLO}| market for cast iron | Cut-off, U 

• Aluminium, cast alloy {GLO}| market for aluminium, cast alloy | Cut-off, U 

 

The results show that the most suitable material based on the emissions is cast iron which 

can be seen in Table 14. The biggest emissions are caused by aluminium of which has more 

than three times bigger emissions than cast iron. Stainless steel is placed in the middle of 

this comparison. The table also indicates that there are no big differences between biogenic 

emissions or direct land use emissions. The difference between these three materials come 

from fossil emissions.  

 

Table 14. Comparison of construction materials with the IPCC 2021 method. 

GWP100 Stainless steel  Cast iron Aluminium 

Fossil [kg CO2eq] 4.9365 1.7864 5.6631 

Biogenic [kg CO2eq] 0.0074 0.0012 0.0086 

dLUC [kg CO2eq] 0.0053 0.0013 0.0157 

Total [kg CO2eq] 4.95 1.79 5.69 
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Environmental impacts are, however, not the only aspects that affect the selection of 

materials. According to Valmistajat.fi (n.d) metals have a lot of other properties that should 

be considered such as hardness, strength, and ductile. Metals also have different densities 

that affect for example the weight of metal. Different melting temperatures and heat and 

electrical conductivities have an effect to malleability and use. (Valmistajat.fi n.d.) 

Corrosion is, as well, a significant actor when choosing a proper metal because it affects the 

deterioration of the material (TWI n.d). From the perspective of climate change impacts the 

emissions can be lowered if at least some parts are changed from steel to cast iron 

considering, of course, the suitability of other properties to the situation.  

6.2  Transportation 

Totally, transportation and more precisely transports to customer, only covers 0.2 % of total 

emissions having no notable significance as whole to the climate change emissions. The 

weight of equipment transported by aircraft covers less than 0.5 % from total weight of 

LignoBoost and consequently, its impact is not seen in total emissions. Although the aircraft 

transport has no significant impact on total emissions, it has major share from the emissions 

occurring in transport sector. 20 % of transportation’s CO2eq emissions are formed from 

aircraft transportation which can be seen in Figure 12. The intention of this case is to 

compare selected transport types based on climate change impacts as well as emission 

factors. Furthermore, other properties affecting to the selection of transport type are 

discussed.   
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Figure 12. Transportation to customer. 

 

The examining of the emissions with SimaPro based on the climate change impact is made 

for all used transport datasets in there. Each dataset is freight transport, and the unit used in 

comparison is kg CO2eq/ton-kilometer (tkm). Long haul aircraft distinctly has the greatest 

emissions which can be seen in Figure 13. The lowest emissions, in turn, are caused by 

container ship. Each type of lorry also has lower emissions compared to aircraft and the 

bigger truck the lower emissions. The best transport type based on the emissions would be 

container ship for the long distances. In road transportation, the most suitable option would 

be to select trucks with high loading capacity.  
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Figure 13. Comparison of transport types with the IPCC 2021 method. 

 

About the same results can be seen in Table 15, in which the emission factors for different 

types of freight transports between United Kingdom (UK), United States (US), and other are 

presented. The vehicles in the table are selected to represent the used datasets for 

transportation in SimaPro. Some of the values were given in short-ton miles instead of ton-

kilometers. The conversion factor used to convert short-ton miles to ton-kilometers is 

1.459972 and the conversion is done by multiplying short-ton miles with this factor to get 

ton-kilometers (Grinebiter n.d).  
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Table 15. Emission factors for different types of transports (GHG Protocol 2017). 

Vehicle 
Other 

[kg CO2/tkm] 

UK 

[kg CO2/tkm] 

US 

[kg CO2/tkm] 

Road Vehicle-HGV-Rigid-Engine 

Size 3.5 - 7.5 tons 
0.43 0.66 0.43 

Road Vehicle-HGV-Rigid-Engine 

Size 7.5 - 17 tons 
0.43 0.41 0.43 

Road Vehicle-HGV-Rigid-Engine 

Size >17 tons 
0.43 0.20 0.43 

Watercraft-Shipping-Large 

Container Vessel (20000 tons 

deadweight) 

0.07 0.01 0.07 

Air-Long Haul 0.61 0.61 2.23 

 

When comparing road, water, and air transportations based on their emissions factors, 

aircraft has the largest emissions. Only exception is the UK of which the emission factor of 

air-long haul is lower than the truck of size 3.5-7.5 tons. Otherwise, it can be seen in table 

above that air-long haul is the worst option for selection of transport type. The lowest 

emission factor is in large container ship in each implementation meaning it has the lowest 

emissions. Bigger size trucks are also better options to transportation instead of aircraft.  

  

The other characteristics such as delivery time and cost can also play significant role when 

selecting suitable transport type in addition to environmental friendliness. Many actors 

prefer fast deliveries whereupon air freight is the best choice. By selecting air freight instead 

of ocean freight, the goods can arrive in a matter of days rather than weeks. Air freight is, as 

well, more reliable, and safer than ocean but its capacity is lower and costs higher. It can be 

four times more expensive in comparison with ocean freight. Air freight has also some 

restrictions for hazardous goods that depend on the national laws, and regulations of airlines. 

(Freightos n.d.) 
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The transportation of raw materials was covered by selecting market-based datasets in this 

study to simplifying the estimation. The lowering of their emissions can also be affected. It 

would be important to acquire raw materials as near to the production facility as possible in 

order to minimize the emissions of transports. By favoring local production close to the 

customer, the emissions are also lower as the distance to the customer is at its minimum. 
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7  Conclusions 

LignoBoost has positive impacts on the pulp mills with integration of them. LB provides 

new potential for increasing of pulp production and reducing of costs. The main benefit of 

LignoBoost is, however, the creating of new income source and the widened product 

portfolio that is brought by lignin. Nowadays, lignin is mostly used for heat and power 

generation of recovery boilers in mills. The LignoBoost technology with the focusing on the 

lignin extraction provides a lot of opportunities for usage of lignin effecting positive climate 

impacts. Reducing of the carbon footprint of a manufactured product is the main advantage 

of lignin.  

 

The extracted lignin is possible to use to replace fossil fuels for decreasing the emissions. In 

the pulp mills, replacing of fossil fuels CO2 reduction can be achieved by burning part of the 

lignin in the lime kiln. Lignin can also be sold as a raw material to other various industrial 

sectors such as construction, automotive, plastics, pharmaceuticals, and coatings. Due to its 

structure, it is suitable feedstock for the energy, fuel, chemical, and material production. 

Lignin can, for example, be used for replacing the graphite of lithium-ion batteries and in 

manufacturing of biodegradable polymers and bio-asphalt. In the future, lignin will play in 

an important role in circular economy of the pulp and paper industry. It has a great potential 

in many applications. One potential usage for lignin is in agricultural and forestry residues 

from the use of biopesticides, fertilizers, bioremediation agents, and dispersants but it can 

potentially also be used in the production of pharmaceutics and biopolymers. 

 

The usage phase of the lignin extraction process was the greatest contributor of emissions. 

There are, however, several other options to reduce climate change impacts of LignoBoost 

by Valmet. Selection of materials is one way to lower emissions. As LignoBoost totally 

consists of almost 97 % of metals the emissions can be reduced by changing the materials to 

cast iron whenever possible, based on the results of the comparison between stainless steel, 

cast iron, and aluminium. Of course, other characteristics such as hardness, strength, density, 

as well as corrosion, must be taken into account when selecting the most suitable material.  
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The selection of transport type also matters the number of total emissions. When comparing 

the used transport datasets of this study, it was noticed that aircraft in a long haul had the 

greatest emissions and container ship the smallest emissions. In the situation of trucks, the 

bigger truck the lower emissions. Therefore, the best option for long distances would be 

ocean transport. The same result was achieved both by comparing datasets in SimaPro and 

by comparing the emission factors of transport types. There are also many other 

characteristics that will affect the selection of transport type, as was with materials. Delivery 

time is one of the greatest aspects that has impact on the selection. Cost, reliability, and 

safety are also significant factors. With local production and acquiring of raw materials as 

near production as possible the emissions of other transportation can be reduced. 

 

The use of Lignoboost will create potential environmental benefit which can be achieved by 

substitution of materials  that have harmful impacts for environment with extracted lignin of 

LB. In the case of this study the use of LignoBoost will save more than 500 kg CO2eq/ton 

of produced lignin when extracted lignin is used in the lime kiln instead of liquified natural 

gas. The benefit will, however, be larger when the lignin value chains for higher value 

products are in place. This includes usage, recycling and finally also burning and energy 

production. 
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8  Summary 

The target of this thesis was to indicate the alignment of the EU Taxonomy for LignoBoost 

which is a product in Pulp and Energy Business line. The indicating of the alignment required 

life cycle assessment and GHG emission savings of life cycle. The studied classes of the EU 

Taxonomy were climate change mitigation and climate change adaptation. The theoretical 

part of the thesis was performed as a literature review including background information for 

empirical part. The presented subjects were EU Taxonomy, Pulp mill, and CFP calculation 

method. The EU Taxonomy was the base for implementing this LCA study and it presented 

the reasons and methods for doing this LCA. In the pulp mill chapter, Kraft pulping process 

and LignoBoost process were introduced as well as the benefits of extracting lignin from the 

black liquor. The calculation methods of carbon footprint were also introduced and 

compared for finding the proper method in this LCA in the last chapter. 

 

The empirical part was composed of the life cycle assessment based on the EU Taxonomy 

and the methodology of ISO 14067. The product system studied was LignoBoost which is 

process for extracting lignin from pulp mill black liquor integrated in Sunila Pulp Mill. The 

analysis included all phases from cradle-to-grave including raw material acquisition, 

manufacturing, delivery/transportation, use and end-of-life treatment. The studied impact 

category of the LCA was climate change including direct land use change, and both fossil 

and biogenic emissions were examined. Aircraft transportation emissions were also 

investigated.  

 

Most of the emissions were caused by the usage phase of the lignin extraction process 

together with electricity. More than 98 % of total emissions were fossil-based because the 

usage of fossil-based electricity and the usage of steel in process equipment. The magnitude 

of the largest emission causer between raw materials and processes differed between the 

impact categories of fossil, biogenic and dLUC. Transportation and end-of-life had the 

lowest emissions in each category. By changing the electricity to renewable sources as well 

as the right selections of material and transport type the total emissions can be reduced. The 
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use of LignoBoost can also create potential environmental benefit by substitution of 

materials that have harmful impacts for environment with extracted lignin of LB. In this 

case, the carbon handprint of LignoBoost was greater than carbon footprint of it. 

 

The main target of this thesis, identifying of the Taxonomy-alignment of LignoBoost, 

remains open. The EU Taxonomy, in addition to implementing of LCA, requires a third-

party review which must be passed related to GHG emission savings for that the Taxonomy-

alignment will be proved and come into force. The LCA was done based on the EU 

Taxonomy and reported according to ISO 14067, but the third-party review is, at the 

moment, ongoing. There might become minor corrections from the review which affect the 

results in their own part. This life cycle assessment can, however, be used as a BAT to other 

LCA studies of LignoBoosts when the review is completed.   
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Appendix 1: The used SimaPro materials of the study. 

Material Last updated 

Steel, chromium steel 18/8 {GLO}| market for steel, 

chromium steel 18/8 | Cut-off, U 
4 June 2020 

Steel, unalloyed {GLO}| market for steel, unalloyed | Cut-

off, U 
4 June 2020 

Steel, low-alloyed {GLO}| market for steel, low-alloyed | 

Cut-off, U 
4 June 2020 

Polyvinylidenchloride, granulate {RER}| market for 

polyvinylidenchloride, granulate | Cut-off, U 
14 June 2018 

Tetrafluoroethylene {GLO}| market for tetrafluoroethylene 

| Cut-off, U 
15 June 2018 

Polypropylene, granulate {GLO}| market for 

polypropylene, granulate | Cut-off, U 
20 December 2022 

Zinc {GLO}| market for zinc | Cut-off, U 20 December 2022 

Cast iron {GLO}| market for cast iron | Cut-off, U 20 December 2022 

Titanium {GLO}| market for titanium | Cut-off, U 25 August 2022 

Aluminium, cast alloy {GLO}| market for aluminium, cast 

alloy | Cut-off, U 
20 December 2022 

Copper, cathode {GLO}| market for copper, cathode | Cut-

off, U 
5 August 2022 

Synthetic rubber {GLO}| market for synthetic rubber | Cut-

off, U 
20 December 2022 

Electronic component, passive, unspecified {GLO}| market 

for electronic component, passive, unspecified | Cut-off, U 
20 December 2022 

Sulfate pulp, bleached {RER}| sulfate pulp production, 

from softwood, bleached | Cut-off, U 
8 September 2022 



1 
 

 

Carbon dioxide, in chemical industry {GLO}| market for 

carbon dioxide, in chemical industry | Cut-off, U 
3 June 2020 

Sulfuric acid {RER}| sulfuric acid production | Cut-off, U 12 August 2020 

Water, deionised {Europe without Switzerland}| water 

production, deionised | Cut-off, U 
9 July 2019 

Heat, district or industrial, natural gas {Finland}| heat 

production, natural gas, at industrial furnace >100kW | 

Cut-off, U 

29 August 2022 

Natural gas, high pressure {RoE}| natural gas, high 

pressure, import from RU | Cut-off, U 
20 September 2022 
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Appendix 2: The used SimaPro processes of the study. 

 

Process Last updated 

Electricity, medium voltage {FI}| market for electricity, 

medium voltage | Cut-off, U 
6 August 2015 

Electricity, medium voltage {RER}| market group for 

electricity, medium voltage | Cut-off, U 
20 December 2022 

Electricity, high voltage {RER}| sulfate pulp production, from 

softwood, bleached | Cut-off, U 
8 September 2022 

Electricity, high voltage {FI}| electricity production, hard coal 

| Cut-off, U 
18 April 2019 

Electricity, high voltage {FI}| electricity production, natural 

gas, conventional power plant | Cut-off, U 
27 June 2018 

Electricity, high voltage {FI}| electricity production, oil | Cut-

off, U 
27 June 2018 

Electricity, high voltage {FI}| electricity production, peat | 

Cut-off, U 
27 June 2018 

Heat, district or industrial, other than natural gas {FI}| heat 

and power co-generation, wood chips, 6667 kW, state-of-the-

art 2014 | Cut-off, U 

20 December 2022 

Metal working, average for steel product manufacturing 

{GLO}| market for metal working, average for steel product 

manufacturing | Cut-off, U 

2 August 2011 

Metal working, average for steel product manufacturing 

{RER}| metal working, average for steel product 

manufacturing | Cut-off, U 

2 August 2011 



2 
 

 

Metal working, average for metal product manufacturing {GLO}| 

market for metal working, average for metal product 

manufacturing | Cut-off, U 

2 August 2011 

Injection moulding {GLO}| market for injection moulding | Cut-

off, U 
2 August 2011 

Blow moulding {GLO}| market for blow moulding | Cut-off, U 2 August 2011 

Building, hall, steel construction {FI}| building construction, hall, 

steel construction | Cut-off, U (modified) 
20 December 2022 

Black liquor, untreated {FI}| treatment of BL, untreated, 

municipal incineration | Cut-off, U (modified) 
30 October 2015 

Transport, freight, lorry 3.5-7.5 metric ton, EURO4 {RER}| 

transport, freight, lorry 3.5-7.5 metric ton, EURO4 | Cut-off, U 
7 March 2019 

Transport, freight, lorry 7.5-16 metric ton, EURO4 {RER}| 

transport, freight, lorry 7.5-16 metric ton, EURO4 | Cut-off, U 
7 March 2019 

Transport, freight, lorry 16-32 metric ton, EURO4 {RER}| 

transport, freight, lorry 16-32 metric ton, EURO4 | Cut-off, U 
25 August 2022 

Transport, freight, lorry >32 metric ton, EURO4 {RER}| transport, 

freight, lorry >32 metric ton, EURO4 | Cut-off, U 
25 August 2022 

Transport, freight, sea, container ship {GLO}| transport, freight, 

sea, container ship | Cut-off, U 
12 June 2018 

Transport, freight, aircraft, long haul {GLO}| transport, freight, 

aircraft, dedicated freight, long haul | Cut-off, U 
2 June 2021 

Steel and iron (waste treatment) {GLO}| recycling of steel and 

iron | Cut-off, U 
18 June 2013 

Waste plastic, mixture {FI}| treatment of waste plastic, mixture, 

municipal incineration | Cut-off, U 
25 November 2021 

Mixed plastics (waste treatment) {GLO}| recycling of mixed 

plastics | Cut-off, U 
30 October 2015 

Municipal solid waste (waste scenario) {GLO}| Treatment of 

municipal solid waste, open burn | Cut-off, U 
18 June 2013 



2 
 

 

Municipal solid waste (waste scenario) {Europe without 

Switzerland}| Treatment of municipal solid waste, landfill | Cut-

off, U 

14 May 2018 

Waste electric and electronic equipment {GLO}| market for waste 

electric and electronic equipment | Cut-off, U 
20 December 2022 

Wastewater, average {Europe without Switzerland}| treatment of 

wastewater, average, wastewater treatment | Cut-off, U 
23 September 2022 

  


