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Abstract 
An important step when developing new processes and products is upscaling, i.e., taking 
the innovation through the lab-, pilot-, and demo-scale stages. During the demo-scale 
stage, important strengths and weaknesses in what you are trying to develop are revealed, 
clearly defining the challenges you face. The LignoCity Initiative invites R&D&I 
participants to contribute to the fields of lignin separation, lignin upgrading/purification, 
and lignin applications by helping define and create an open innovation site for upscaling 
new ideas. The place offering these opportunities is the same site where the LignoBoost 
process was demonstrated. It provides a very flexible environment where different 
processes or unit operations along different lignin value-chains can be up-scaled. The 
region and municipality where the site is located, as well as the regional university and 
local, regional, national and international companies are involved as partners in the 
LignoCity Initiative. This initiative is part of the Swedish Testbed Programme, which is 
financed by Vinnova (Sweden’s Innovation Agency).  
 
Introduction 
Called “Testbed Sweden,” it is one of the main focus areas supported by the Swedish 
government as part of the Swedish Industrial Strategy – “A Smart Industry”. The 
LignoCity Initiative is one of the existing testbeds within the Environmental Technology 
topic, a part of “Testbed Sweden”. The initiative serves the need for infrastructure to 
upscale processes for lignin separation, purification and modification, and/or lignin-based 
products/applications. The aim is to facilitate the transition from research results to 
commercial activities. The Testbed Programme is expected to strengthen the innovation 
system by: 
 creating cooperation platforms between innovators/suppliers and users/customers 

during technology development  

 giving users/customers the opportunity to influence the technology development early, 
thus maximizing value to customers and increasing competitiveness between suppliers. 

 reducing time between development phases and shortening communication routes  

 increasing exchanges among research, industry and society and broadening 
involvement in the development process 

 reducing uncertainties by spreading costs and risks among various partners, which 
stimulates companies to join and contribute in early stages of development and 
increases access to capital 

The Environmental Technology topic is one part of the Testbed Programme, and it 
contains twenty-three different Environmental Technology Testbed projects.   

We intend to develop the existing infrastructure of LignoCity, as well as a concept for how 
to open up the facility for more users. The objective is to create a center or “makerspace” 
where ideas for successful commercial development, brought in by a customer, are further 
developed. The hardware, existing equipment, and business model are tailored to meet the 
needs of these specific projects.     
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Examples of lignin refining (valorization) routes where the testbed infrastructure can 
facilitate development of biobased alternatives are: transportation fuels, bulk chemicals, 
special chemicals (i.e., phenol formaldehyde replacement and asphalt emulsion additives) 
and materials (i.e., carbon fibres, activated carbon, carbon black, batteries, capacitors and 
other carbonized lignins).  

The testbed programme, environmental technology 
VINNOVA is of the opinion that export of Swedish environmental technology (products 
and services) has a potential to grow in many sectors. Example of such sectors are building 
of the sustainable society, sustainable transportation, environmental protection 
technologies, advanced materials, sustainable use of natural resources, renewable energy, 
energy efficiency and eco-cyclic system solutions. An improved extended and efficient test 
infrastructure would most certainly contribute to achieve a stronger eco-technology 
innovation- system and more new successful products, services and companies within the 
sector.   

Access to qualified test and verification opportunities within the framework of open 
testbed services will give innovators, entrepreneurs and producers the possibility to test 
possible solutions in a realistic environment, with feedback from potential users and 
customers (if applicable).  

Due to ambiguities about the technology, scalability, customer interest, business model, 
production conditions, etc., company support, venture capital and other private financing 
fail to arrive in the commercialization phase. In such cases, risks are considered to be too 
big. It is expected that we can reduce these risks through collaboration and use of open 
competition-neutral testbeds. The development costs and risks could then be shared among 
many participants.  

Development of and growing activities in testbeds are also expected to contribute to new 
directions in research and new interfaces among academia, industry and society. A testbed 
offers expertise, i.e., access to multiple people and many perspectives, competencies, and 
specific roles in the innovation system. Less lead time between development steps and 
shorter communication distances between participants are expected to result in more 
effective and faster innovation.  
 
Testbed Definitions 

There is no generally accepted and clear-cut definition of the testbed concept. Vinnova so 
far uses the general definition: “A testbed is a physical or virtual environment where 
companies, academia, and other organizations can collaborate for development, testing and 
introduction of new products, services, processes or organizational solutions within 
selected areas”.  

Three different types of testbeds are defined as: 

1. A “laboratory” where specific properties, functions and performances are tested in 
an isolated and controlled environment.  

2. A “constructed/simulated user environment” for tests at system-, process- and 
product-level where the test environment offers/simulates realistic, but still isolated 
and controlled, conditions. 

3. A “real user environment” where technology is tested by the operators and in the 
environment where it is aimed to be used – “Reality Test Beds.” 
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Testbeds can be geographically distributed, mobile and built using combinations of 
different resources. Testbeds can combine the different types described above (1-3).  

Environmental Technology Innovations projects include all types of innovations leading to 
significant and demonstrable steps towards sustainable growth: 
 when the innovation reduces the negative consequences to the environment,  
 increases the tolerance to negative environmental effects or  
 uses natural resources more effectively and responsibly,  

all while stimulating economic growth. 
 
Todays Testbed Initiatives – Environmental Technology 

Twenty-three different full-scale testbed initiatives are active today (2016) under the topic 
“Environmental Technology.” These initiatives are spread geographically throughout 
Sweden and also among many different sectors and types (see above). Figure 1 indicates 
where the different testbeds are located and the short names indicate the main focus.   

 

Figure 1. Fullscale testbed initiatives in Sweden active in the field of environmental 
technology (dated:2016). 
 
The LignoCity testbed 

The Testbed Project was developed and proposed thanks to a broad newly established 
collaboration initiated by Innventia, Nordic Paper and Paper Province. The purpose of the 
LignoCity Initiative is to create a centre where ideas are brought together and 
opportunities for commercial development are identified and supported. Lignin from kraft 
pulp production and other sources, for example from ethanol and sugar production, can be 
separated and processed at the plant. The project involves 18 industrial and public players, 
including Karlstad University and the municipality of Kristinehamn (Figure 2).  
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Figure 2. Project partners within the LignoCity Testbed Project. The project duration is 
January 2016 to December 2017 and the total budget is MSEK 12.5 (MUSD 1.5). 
 

The Testbed Project operations are based at Bäckhammar, the site of RISE LignoCity 
Demo AB (former “LignoBoost Demo AB”) facility. This is the platform. The personnel 
at the infrastructure include one site manager and four experienced operators, who make 
continuous production of lignin possible. The RISE LignoCity Demo AB rents the 
buildings (operational space) and pays for black liquor, steam, pressurized air and water, 
which is supplied by Nordic Paper’s pulp mill. The process streams, e.g., filtrates, are 
returned to the pulp mill. It is also possible to truck black liquor into the infrastructure 
from other pulp mills due to available storage capacity and a flexible tank system, as well 
as existing connections and space for receiving and delivering of liquids.    

The main equipment consists of: 
 Two parallel precipitation lines where CO2(g) is added and tank volumes for 

maturation of the precipitation, with the aim to improve filtration properties 

 Two parallel vacuum belt filters for dewatering of lignin 

 One chamber press filter from Metso Minerals for filtration, washing & dewatering 

 Different storage tanks for chemicals and tank volumes for the process operation 
including receiving/delivering of liquids 

 Computerized process control system in a separate control room including a limited 
laboratory 

 Lignin storage building, lignin silo, separate hall for receiving raw materials and 
delivery of products. 

Examples of additional equipment usually rented for different studies are a pilot scale 
membrane filtration unit with ceramic membranes, pilot scale centrifuge and a powder 
dispergator pump loop, etc.  
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Examples of intended Testbed Project development include the following services: 
 Tailored lignin produced for a customer in large quantities (several tonnes) – wet or 

dry, 

 Lignin production for R&D projects actively operating within the infrastructure, or 
in other ways connected to the infrastructure, 

 Process development of lignin production to meet the demands from “add-on” 
processes where lignin is refined into high-value applications/products and 

 Upscaling of refining (further valorization) processes within or connected to the 
infrastructure. 

The development of the infrastructure is focused on different ways to produce tailored 
lignins from different sources for use in different value chains. RISE Bioeconomy operates 
several other testbeds and tries to find interfaces between some of them. One example is 
The Carbon Fibre Lab (Figure 3) where lignin from the LignoCity Initiative Platform is 
used to develop melt-spun, lignin-based carbon fibres. 
 

 
 
Figure 3. The Carbon Fibre Laboratory is a testbed infrastructure that cooperates with 
the LignoCity Testbed where lignin samples can be prepared.   
 
 

What Does the LignoCity Initiative Offer? 

The LignoCity Initiative offers help in the upscaling phase. The expectation is that the 
time to market for ideas will be shortened. One option is to place and operate equipment in 
the LignoCity site, another option is that the LignoCity team participates in the upscaling 
phase, providing knowledge and tonne-scale production of lignin wherever the upscaling is 
located. It is possible to produce large amounts of lignin (thousand tonne scale if needed) 
with different quality specifications. The main focus in the LignoCity Initiative is to 
promote new lignin applications, but different new lignin separation unit operations and 
processes are of course other possible upscaling collaboration activities.   

Another important part of the LignoCIty Initiative is that we can share good contacts with 
the local and regional authorities, including companies. This is important when the first 
commercial operation is established. The LignoCity Initiative network reaches of course 
also outside the Värmland region. 
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Summary 
 Testbeds are expected to strengthen the innovation system through: 

– Creating cooperation platforms between innovators/suppliers and 
users/customers during technology development  

– Giving users/customers the opportunity to influence the technology 
development early, thus maximizing value to customers and increasing 
competitiveness between suppliers. 

– Reducing time between development phases and shortening communication 
routes  

– Increasing exchanges among research, industry and society and broadening 
involvement in the development process 

– Reducing uncertainties by spreading costs and risks among various partners, 
which stimulates companies to join and contribute in early stages of 
development and increases access to capital 

 Bio-economy R&D&I, upscaling, commercial initiatives and expectations from society 
are brought together in the LignoCity Project Initiative.  

 It is important to facilitate the up-scaling phase for lignin applications and products. 
The LignoCity testbed is available and expected to serve as a bridge into a commercial 
phase. 

 Typical topics where this specific testbed can serve and reduce time to market: 
– Improved lignin separation processes 

– Measurement & control connected to processes & products 

– Lignin valorization into applications/products 
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