
SYSTEM ANALYSIS AND BIOECONOMY

Short presentation



SYSTEM ANALYSIS

ÁA system is a general set of parts, steps, or components 

that are connected to form a more complex whole.
ïA computer system contains processors, memory, electrical pathways, a 

power supply, etc.

ï An economy is a system made up of markets, transactions, actors, 

institutions, regulations, etc.

ÁSystems analysis is a problem-solving method that 

involves looking at the wider system, breaking apart its 

parts, and figuring out how it works in order to achieve a 

particular goal.



SYSTEM ANALYSIS

ÁAn explicit formal inquiry carried out to help decision-

makers identify a better course of action and make a 

better decision than otherwise would have been made.



BIOECONOMY

Á The bioeconomy is the production, utilization and conservation of biological 

resources, including related knowledge, science, technology, and 

innovation, to provide information, products, processes and services across 

all economic sectors aiming toward a sustainable economy 

(Global Bioeconomy Summit, 2018).

Á Biobased economy, bioeconomy or biotechonomy refers to economic 

activity involving the use of biotechnology in the production of goods, 

services, or energy from biological material as the primary resource base 

(Wikipedia). 

ï An important aspect of the bioeconomy is understanding mechanisms and processes 

at the genetic, molecular, and genomic levels, and applying this understanding to 

creating or improving industrial processes, developing new products and services, and 

producing new energy.



B4E METHODS AND TOOLS

ÁTechno-economic assessments

ÁProcess integration

ÁLife-cycle analysis (LCA)

ÁGeographic information system (GIS)

ÁComputable general equilibrium modelling (CGE)

ÁSpatial modelling
ïOptimal localisation of production facilities

ï Spatial interaction of feed-stock markets

ï Ecosystem services and optimal feed-stock extraction



B4E RESEARCH ACTIVITIES AND AREAS

Á Cover all aspects of the complex bioenergy value chain from 

feed-stock to end-user.

Á Evaluate new technologies for the refining of bioresources.

Á Develop and assess new biomass value-chains for increased 

profitability, efficient use and achieving political objectives.

Á Facilitate industrial restructuring by introducing new technologies 

in system solutions.

Á Include results from other platforms into a holistic system 

analysis in order to study and assess wider system 

consequences of their implementation.



RESEARCH GROUPS

ÁTo provide relevant, holistic and exhaustive answers, 

systems analysis emanating from a multidisciplinary 

perspective is needed

ïResearch groups from all three partner universities (LTU, SLU 

and UmU).

ïEngineering, natural science and social science.

ï27 researchers (incl PhD students) are involved in the platform 

(at last count).



TODAYS PRESENTATIONS

Á Bioeconomy and market impacts: Assessments of new 

technology and forest management systems ïRobert Lundmark 

Á Life cycle assessment in bioeconomy: Completed, ongoing and 

future studies ïKrishna Upadhyayula

Á Drop-in fuels via thermochemical conversion of black liquor: 

Combining increased pulp capacity with biofuel production ï

Elisabeth Wetterlund

Á Efficient and sustainable bioenergy production from Swedish 

forests ïTommy Lundgren



BIOECONOMY AND MARKET IMPACTS

Assessments of new technology and changing 

forest management systems 



FOREST FEED-STOCKS

ÁSpatially distributed (regional markets)

ÁHeterogeneous (many products and services)

ÁHigh complexity (several areas of use)

ÁDistinct institutional settings (e.g.,)

ïStructure of forest owners

ïProcurement procedures

ïForestry act



RESEARCH QUESTIONS

ÁWhat effect will new technology have if integrated in their 

applicable system?

ïThe effect could e.g., be the overall system performance 

(technical and economically), climate impact, cost or resource 

efficiency or investment options.

ÁHow will the effect of new or changing policy instruments 

ripple thru the system?

ÁHow will improved forest management and silviculture 

practices resonate on feed-stock utilisation?



SYSTEM PERSPECTIVES

Market approach Sector approach
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SECTOR APPROACH

(DISAGGREGATED)



LKAB ïIRON PELLETS PRODUCTION
Three mills and two technologies
ÁLKAB Malmberget
ï Straight-Grate ïLiquid fuel

ï Requires 55 kWh/ton iron pellets

ï 9 million tons from pyrolysis oil

ÁLKAB Kiruna and Svappavaara 
ï Grate-kiln ïSolid fuel

ï Requires 72 kWh/ton iron pellets

ï 17.9 million tons from torrefied materials

ÁAssumption
ï No co-firing

ï Separate results for each feed-stock

ï Results are compared baseline (i.e., no 
wood in LKAB process)

ï Torrefaction process takes place 
regionally

Type of fuel Process
Input

feedstock

LKAB input 
requirement 

(kg/ton output)

Solidfuels

Torrefied (TR) 

Pulpwood 
(PW)

24

Dry chips (DC) 14

Wood chips 
(WC)

29

Sawdust (SD) 29

Bark (BK) 28

Harvesting 
residues 
(GROT)

22

Wood pellets 
Wood pellets 

(WP)
13

Liquid fuel
Fastpyrolysis 

(FP)
PW / SD/ 

GROT
15



EXAMPLE: 

PRICE EFFECT ON GROT

ÅIf LKAB implement new technology 

according the input specification on the 

previous slid, the regional price effect 

on harvesting residues (grot) will be 

between +3 to +19 percent.
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MARKET APPROACH

(AGGREGATED)



SPATIAL PRICE DETERMINATION MODEL

ÁSpatial pricing of multi-market heterogeneously 

distributed resources

ÁProduct delineation is based on resource categorisations, 

while the geographical delineation is based on a system 

of 334 two-dimensional quadratic shaped gridcells

ÁEach gridcell represents a separate market, where 

transactions between the resource suppliers and users 

can occur.



SUPPLY SIDE

Á The on-site supply is derived 

based on a bottom-up 

approach using gridcell-

specific resource availability 

and extraction costs for each 

type of resource

Á Different forest management 

and silviculture practices can 

be implemented and 

evaluated



SUPPLY SIDE

Á The spatial structure of the 

supply is captured by 

aggregating the on-site 

availability with that of ὲ
adjacent gridcells, creating a 

supply area for each gridcell

Á Policy instruments and 

regulations can be 

implemented and assessed



SUPPLY SIDE

Á Each gridcell has a single 

observed availability per type 

of resource and a unique 

extraction cost associated 

with that availability. 



DEMAND SIDE

Á Two demand concepts: Site 

demand and demand 

pressure which are added to 

an aggregate demand per 

resource in each gridcell.
ï The site demand is representing the 

demanded quantity of a resource by 

all the users in a specific gridcell. 

ï The demand pressure is measuring 

the spatial interaction across gridcell 

with a site demand.

Á Implementation of new 

technology can be 

represented by changing site 

demand patterns 



DEMAND SIDE

The estimation of the demand pressure is based on a 

distance-decay framework (monotonically decreasing with 

distance).
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Decaym,l: Spatial interaction coefficient between source 
location m and destination location l

A: Constant of spatial interaction at the source location 

ɾ: Spatial interaction intensity parameter

Dm,l: Transportation distance between m and l

Dmax: Maximum transportation distance
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EQUILIBRIUM CONCEPT

Á The market price determination is 

given by the intersection of the 

aggregate demand and the 

regional supply curve.

Á Profitability for forest owners to 

supply feed-stock can be 

assessed (locational cost 

advantages)

Á Market impact (price and 

quantities) is the main area of 

assessment



EXAMPLE OF RESULTS



SUMMARY

ÁThe method can be used for a wide range of applications 

assessing spatial heterogeneously distributed resources, 

e.g., forest and agricultural resources. 

ÁThe method can be used to assess direct policy options 

and their implications on market conditions. 

Á It allows the modelling of a wide range of pricing 

behaviours, especially when considering the interaction 

of competitive policies.



INTEGRATED SYSTEM APPROACH



INTEGRATED SYSTEM ANALYSIS

Á BeWhere Sweden is a techno-economic, 

geographically explicit optimisation model 

that is used to analyse localisation of 

energy conversion facilities in Sweden.

Á SpPDM is an economic spatial price 

determination model developed in the 

project, which is used to analyse price 

effect from changing demand or supply 

patterns.

Á GLOBIOM is a global bio-physical land-

use model covering the forest and 

agricultural sector used to capture 

international trade with forest 

bioresources.



PULPWOOD FINAL FELLING ï10TWH

Supply Demand  Price (%change)





WORKSHOP

How can new or improved technological 

solutions be integrated and assessed from a 

system perspective?



WORKSHOP

ÁDevelopment and/or comparisons of complete or parts of 

value chains/processes, but also larger systems (cities, 

regions, countries etc)

ïWhat is the performance of the system/product?

ïHow is the system affected by changes in the surrounding? 

How is the surrounding affected by changes in the system?

ïMethod and system boundaries set depending on research 

questions and how the results will be used



WORKSHOP

Á The first step in solving a problem that involves a system is 

analyzing that system. This involves breaking it down into the 

parts that make it up, and seeing how those parts work together. 

Á Sometimes figuring out how a system works can involve turning 

off parts of the system and seeing what happens, or changing 

parts of the system and seeing what the result is. 

Á If you change what goes into a system, how does it change what 

comes out?


