
1 
 

A Spatial-Explicit Price Impact Analysis of 1 

Increased Biofuel Production on Forest Feedstock 2 

Markets: A Scenario Analysis for Sweden 3 
 4 

 5 
Abstract:  6 
 7 
The present paper introduces an integrated spatially explicit framework for assessing price 8 
impact on forestry markets in Sweden. The framework is based on the “soft-link” of a price 9 
determination model, the SpPDM model with the BeWhere Sweden model. The aim is to 10 
analyse the impacts of increased forest-based biofuel production for transportation within the 11 
Swedish context by 2030. To that effect, we develop scenarios analyses based on the 12 
simulations of successive biofuel production targets, under different assumptions concerning 13 
the competition intensity for forest biomass and the use of industrial by-products. The results 14 
suggest marginal impacts on the prices of forest biomass. The average across spatial-explicit 15 
prices varies from 0% to 2.8% across feedstocks and scenario types. However, the distribution 16 
of the spatial-explicit price impacts displays large variation, with price impacts reaching as 17 
high as 8.5%. We find that the pattern of spatial distribution of price impacts follows 18 
relatively well the spatial distribution of demand pressure. However, locations with the 19 
highest price impacts show a tendency of mismatch with the locations of the highest demand 20 
pressure (e.g. sawlogs). This is a counterintuitive conclusion compared to results from non-21 
spatial economic models. The spatial-explicit structure of the framework developed, and its 22 
refined scale allows such results to be reported. Hence, from a policy-making perspective, 23 
careful analysis should be devoted to the locational linkages for forestry markets of increased 24 
biofuel production in Sweden.  25 
 26 
 27 
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1. Introduction 32 
In recent decades, the transition from a fossil fuel-based economy to a biobased economy 33 

has gained much traction in policy circles and in the research community. This has been 34 

motivated by a number of interlinked issues such as reduction of greenhouse gas emissions, 35 

energy security and independence as well as renewable energy targets. In this transition, forest 36 

resources have an increasingly important role to play. The expected increase of the demand 37 

for forest resources will have a direct impact on the forestry sector and on its utilization of 38 

forest resources. For instance, it will affect market prices, profitability, rural employment, 39 

recreation and forest ecology. The transition will also create opportunities to develop, and 40 

invest in, new or improved value chains using forest resources, such as biorefineries [1]. 41 

Specifically, it is thus important to understand how the expected increase in the demand for 42 

forest product will affect its price level and competitive situation. Moreover, since forest 43 

resources typically are bulky and spatially distributed over large areas, their utilization are 44 

often associated with high transportation costs. This suggests that possible price and 45 

allocation effects from a demand increase are local (or regional) in its character. Thus, an 46 

appropriate analysis needs a spatial dimension. The purpose of this paper is to assess spatially 47 

the implications on the forest markets, in terms of changing prices and allocation patterns, 48 

from an introduction of large-scale production of transportation biofuel using forest biomass 49 

as feedstock. 50 

An integrated model approach is developed and applied on Sweden. Sweden is a good 51 

case study since it is a pioneer in terms of early adoption of renewable energy, especially 52 

bioenergy, and is relatively well endowed with forest resources. For example, the share (level) 53 

of biomass of total energy supply has increased from 11 percent in 1983 (52 TWh) to 25 54 

percent in 2015 (134 TWh) [2]. It has also been suggested that the annual bioenergy demand 55 

might increase by 40 TWh in 2030 and by over 60 TWh in 2050, taking into account demand 56 

for industrial use, heat and electricity generation, and as feedstock in the production of 57 

transport biofuels and chemicals [3–6]. However, large parts of the projected demand increase 58 

originates from new supply chains (fully or partly) that currently do not exist in Sweden.  59 

In terms of industrial consumption of forest resources, the pulp and paper industry 60 

together with the sawmill industry account, on average, for almost the entire roundwood 61 

consumption (roughly equally divided between them). Only 8 percent of the harvested 62 

roundwood is used for other purposes [7]. Moreover, the net felling of roundwood in 2016 63 

amounted to 74.8 million m3 solid, of which 47 percent was sawlogs, 43 percent was 64 

pulpwood and approximately 10 percent was fuelwood [8]. Fig. 1 illustrates the spatial 65 
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distribution of the net felling. As we can observe, net felling volumes availability is lower in 66 

the southern regions of Sweden, especially along the coastal lines; whereas in the northern 67 

regions, availability is high in volumes terms, especially in the mid-northern regions. 68 

 69 
Fig. 1. County-level spatial distribution of 3-year average net felling (in million m3 standing 70 
volume, m3sk, for the period 2014-2016) and current demand1 (in million m3 solid, m3f) 71 
Data source: https://www.skogsstyrelsen.se/statistik/statistikdatabas/ (Last accessed 72 
1/18/2018) 73 
  74 

Recent empirical literature has focused primarily on model development characterized by 75 

system approaches to the analysis of value chains. The focus of such models spans a number 76 

of themes that covers issues related to procurement costs of forest feedstocks, transportation 77 

logistics, optimal localization of biorefineries, etc. [9–11]. Another development in the 78 

literature is the explicit treatment of the spatial dimension. To this effect, most modelling 79 

efforts used geographical information system (GIS)-based models that explicitly account for 80 

the spatial dimension [12–17], and/or a hybrid approach that uses a techno-economic routine 81 

of cost-minimization of the whole value-chain, all the while incorporating the spatial 82 

dimension explicitly [11,18–23]. In Sweden, a number of studies have been carried out, which 83 

focused primarily on a spatially-explicit harvest cost model and/or hybrid models as discussed 84 

                                                 
1 The current demand is obtained from the BeWhere Sweden model for the business-as-usual (BAU) scenario, 
which represent current use of forest biomass across sectors (possible to add reference to this run?). 

https://www.skogsstyrelsen.se/statistik/statistikdatabas/
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above [24–26]. However, most studies lack any feedback to forestry markets. Hence, the main 85 

objective of the paper is to introduce explicitly feedback-links to forestry markets in the 86 

context of highly disaggregated spatial models for forest value-chain optimization. We first 87 

test our modelling strategy within the Swedish context. The main contribution of our 88 

modelling framework lies in the ability to map out the distributions of price impacts at very 89 

refined spatial scales, which would provide valuable insights about their heterogeneous nature 90 

based on the scenarios adopted for supply availability, demand pressure, etc. 91 

We organize the paper as follows. In Section 2, we discuss the scenarios adopted in the 92 

analysis, with a detailed description of key data inputs. In Section 3, we extend the discussion 93 

to the analytical framework adopted in the analysis by discussing model structure and 94 

integration. In Section 4, we present the results of the simulations and analyse the key factors 95 

driving them. We conclude in Section 5 with key findings and potential areas of further 96 

investigation. 97 

 98 
2. Data and materials 99 

Currently, bioenergy features prominently in Swedish energy and environmental policy-100 

making and represents a cornerstone in the long-term strategy of decoupling the economy 101 

from fossil fuels and achieving greenhouse gas emissions reduction targets[27]. Forest-based 102 

biomass is the major source of feedstocks in the biofuel production in Sweden owing to its 103 

rich forest endowments.  104 

For the spatial assessment the price impact and changing allocation patterns on forest 105 

feedstocks from an introduction of large-scale production of transportation biofuel, a set of 106 

plausible future scenarios need to be outlined. The scenarios included in the analysis represent 107 

the projected demand schedule for forest feedstocks in Sweden under incremental biofuel 108 

production targets by 2030. The scenarios are constructed based on a combination of different 109 

assumptions about biofuel production targets, demand from the forest industries and the use 110 

of by-products in the biofuel production process. Table 1 summarizes the set of selected 111 

scenarios for the analysis. 112 

  113 
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Table 1  114 
Summary of scenarios characteristics 115 
Scenario driver Scenario description 
I) BAU 1. 0 TWh of biofuel production for transportation 

II) Biofuel demand 
 

1. 5 TWh of forest-based biofuel production for transportation 
2. 10 TWh of forest-based biofuel production for transportation 
3. 20 TWh of forest-based biofuel production for transportation 
4. 30 TWh of forest-based biofuel production for transportation 

III) Competition intensity 1. Low (current demand from forest-based industries) 
2. High (20% increase of demand from forest-based industries 

compared to Base scenario) 
IV) Biomass supply 1. Supply assessment for 2030, based on current forestry practices 

V) Industrial by-product use 1. No-Use (industrial by-products cannot be used for biofuel 
production) 

2. Use (industrial by-products can be used for biofuel production) 
Source: Authors' adaptation 116 
 117 
2.1. Business-as-usually (BAU) 118 

The business-as-usual (BAU) scenario refers to the current status-quo in terms of demand 119 

for the forest biomass, which includes the demand from all traditional users (e.g. forest 120 

industries, district heating, etc.). The base year for the BAU scenario is 2015. The analysis 121 

includes four variants of the BAU scenario, depending on the competition intensity for the 122 

forest biomass (“Low” and “High”) and the use of by-products (“Use” and “No-Use”) (Table 123 

1).  124 

 125 
2.2. Biofuel demand 126 

The biofuel demand scenarios capture the potential increase in demand for forest biomass 127 

stemming from increased production of transportation fuels. As such, the analysis includes 128 

four biofuel production-driven demand scenarios, with the objective to investigate the market 129 

price implications for increased biofuel production on forestry markets.  130 

 131 
2.3. Competition intensity 132 

An increasing level of transportation biofuel production using forest feedstocks is in 133 

direct competition with traditional uses of forest feedstocks from the forest industries. Lately, 134 

the increasing interest in forest conservation and recreational usage has further intensified the 135 

competitive situation. Studies have pointed to the potential that exists in Sweden with respect 136 

to use forest feedstocks for bioenergy, in general, and for biofuels, in particular [25,28,29]. 137 

One study has shown that an increased bioenergy production will not cause a major disruption 138 

in the supply of forest feedstocks to the forest industries [30]. However, other studies have 139 



6 
 

shown that increasing competition intensity for forest feedstocks will affect their allocation 140 

across different uses [26,31–33]. Many factors will affect the competition intensity for forest 141 

feedstocks. For instance, the demand for forest feedstocks is projected to increase, driven 142 

primarily by emerging and developing countries.  143 

 144 
2.4. Biomass supply 145 

Sawlogs, pulpwood, harvesting residues2 and stumps were considered from final felling 146 

and thinning. The supply potential for each assortment was estimated based on a modelled 147 

harvesting potential scenario from the Swedish Forest Agency’s forest impacts assessment 148 

(SKA 15) [34] (“Today’s forestry” scenario). Details can be found in the Supplementary 149 

Material.  150 

 151 
2.5. Industrial by-product use 152 

Forest-based industrial by-products3 in the form of wood waste from paper and pulp 153 

plants and sawmills represent a significant source of energy supply in Sweden. Overall, 154 

forest-based bioenergy represents approximately 18 percent of the total energy supply in 155 

Sweden [35]. The district heating sector (CHP) is a major user of industrial by-products in the 156 

generation of electricity and residential heating, where forest-based fuels constitute almost a 157 

third of the total fuel use [36]. In addition to this, sawmill chips constitute an important raw 158 

material source in the pulp and paper industry, where almost a quarter of the total feedstock 159 

volume consists of sawmill chips [7]. In recent years, the transportation sector has emerged as 160 

a potential new driver of demand for forest biomass (including forest by-products) due to 161 

increased usage of biofuels, which could lead to a changed allocation of by-products between 162 

sectors. To this effect, we include two scenarios related to the use/no-use of forest by-163 

products in biofuel production. The case is thus assumed binary in that either the by-products 164 

are released to the market at a fixed price, or they are fully utilized internally, and thus not 165 

available for other users (in this case, biofuel production). 166 

 167 
3. Method and model integration 168 

                                                 
2  Harvesting residues refer to logging residues, typically leftover branches, stem tops, etc., from logging 
operations, i.e. thinning or final felling. They are mostly pre-treated with chipping and transferred to roadstide 
stations for transportation via truck. Energy production is the largest consumer of logging residues. 
3 Forest-based industrial by-products refer to industrial chips, sawdust, shavings, trimmings and bark. They are 
supplied in fixed proportions from processes of production within the forest industries. They represent an 
important raw material in the forest industry value-chain, especially for the production of wood-based panels 
(i.e. medium-density fiberboard (MDF), high-density fiberboard (HDF), etc.) and wood pellet production. 
Increasingly, industrial by-products are being used an energy feedstock as well.  



7 
 

We develop an integrated-spatially explicit framework for the analysis of the impacts of 169 

increased biofuel production from forest biomass on feedstock prices in Sweden. The 170 

integrated modelling approach consists of two parts. In the first part, the optimal location and 171 

spatial forest feedstocks demand is determined under a set of exogenously given feedstock 172 

prices using the BeWhere-Sweden model. In the second part, the spatial-explicit feedstock 173 

demand changes are used in the spatial price determination model (SpPDM) in order to derive 174 

spatial price changes [37]. As such, the integrating framework relies on a “soft-link” between 175 

the SpPDM and the BeWhere Sweden models, which relies primarily on data exchange 176 

between the two models with respect to key variables of interest. 177 

 178 
3.1. The BeWhere Sweden model 179 

The BeWhere Sweden model is an energy system model based on mixed-integer linear 180 

programming (MILP), with the aim to investigate forest-based value-chain design and 181 

localization of biorefineries. Model details and techno-economic model input data can be 182 

found in [38].  183 

The model optimizes the total system cost for new biorefineries as well as competing 184 

industrial forest biomass demand. The system cost to be minimized is defined as the industrial 185 

feedstock procurement cost (i.e. feedstock and transport cost) and biofuel production costs, 186 

which includes feedstock cost, transport costs, and cost of conversion. The model is spatially 187 

explicit in a sense that it runs at the gridcell level. This is achieved through the division of 188 

Sweden into half degree gridcells (in total 334 gridcells), which is used to express the forest 189 

biomass supply, the harvest cost and demand. Competing industries as well as potential 190 

biofuel production facilities are modelled explicitly.  191 

The biofuel production plants can either be localized as stand-alone plants, or integrated 192 

at existing industrial sites (host plants). Integration is considered regarding (1) potential 193 

utilization of industrial by-products as feedstock for biofuel production, and (2) heat 194 

integration, where surplus heat from the biofuel production process is utilized to meet heat 195 

demands in industrial processes or district heating systems. Competing industrial feedstock 196 

uses are considered, i.e., competing demand from the forest industry (sawmills, pulp and 197 

paper industry, pellets production) and the stationary energy sector (heat and electricity 198 

production). All available forest biomass assortments except sawlogs, as well as industrial by-199 

products (in certain scenarios, see Section 2.5) are assumed technically possible to utilise as 200 

feedstocks for biofuel production. 201 
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Details on considered biofuel production technologies and the possible forest feedstocks 202 

assortments that can be used by the different technologies are presented in the Supplementary 203 

Material. Fig. 2 gives an overview of the main biomass flows in the BeWhere Sweden model. 204 

 205 

 206 
Fig. 2. Schematic overview of main biomass flows in BeWhere Sweden. 207 
Source: Wetterlund E et al. (2017)[38] 208 
Dashed lines represent residue flows, while solid lines represent virgin biomass flows. “Forest biomass - Stemwood” includes 209 
both sawlogs and pulpwood from thinning and final felling, “Forest biomass - Residues” includes harvesting residues from 210 
thinning and final felling and stumps from final felling. 211 
 212 
3.2. The spatial price determination model (SpPDM) 213 

The price determination in the SpPDM model occurs through the interaction of demand 214 

and supply. However, the difference lies in the fact that the demand and supply are explicitly 215 

spatial, and markets are delineated by product and geographical location. The same half-216 

degree gridcell representation of Sweden as in the BeWhere model is used. Fig. 3 217 

conceptually outlines the framework adopted in the SpPDM model. A detailed discussion of 218 

the SpPDM model is provided, along with a detailed technical discussion of the distance-219 

decay framework for estimating demand pressure in[37]. 220 

First, supply curves are constructed that characterize the supply potential associated with 221 

each market (i.e. gridcell) and resource (step 1) by the 2030 horizon. Second, using a merit-222 
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order framework, the cumulative supply is calculated from low to high cost based on spatial 223 

supply and harvest cost for the resources analysed (step 2). Third, the total demand associated 224 

with every market for each resource is determined using a distance-decay framework, which 225 

aims to evaluate the degree of spatial interaction across locations (step 3). Finally, the 226 

determination of equilibrium prices are made by juxtaposition of the supply curves and the 227 

estimates of the total demand at the gridcell level (step 4). Price impacts are derived as 228 

percentage changes from the BAU scenario for which a calibrated price vector is generated. 229 

This procedure is applied for every scenario included in the analysis.      230 

 231 

 232 
Fig. 3. Conceptual outline of the SpPDM model 233 
Source: Ouraich and Lundmark (2018)[37] 234 
 235 
3.3. Model linkage 236 

The model linkage occurs at multiple levels. The first level is represented by the spatial 237 

structure used in the models. Indeed, both models are run at similar spatial scales for the 238 

whole of Sweden. The second level is represented by the data exchange between the BeWhere 239 

Sweden and the SpPDM model. The same data for the availability estimates of forest biomass 240 

and procurement costs at the gridcell level are used in both models. However, within the 241 

context of the SpPDM model, the latter is used to build the gridcell-specific supply curves 242 

(Fig. 3). Additionally, we obtain estimates of demand from BeWhere Sweden at the gridcell 243 
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level, and which serve as input data to estimate equilibrium prices for different scenarios. 244 

Hence, the SpPDM model uses the data from the BeWhere Sweden model as input data in the 245 

simulations conducted. The third level is the exchange of model results from the SpPDM 246 

model to the BeWhere Sweden model. As previously argued, the SpPDM model estimates 247 

price impacts at the gridcell level, which can be used to update the procurement cost data used 248 

in the BeWhere Sweden model. This feedback loop in terms of price impact estimates can be 249 

used to investigate the robustness of model results from the BeWhere Sweden model. 250 

However, in the current analysis, we stop at the first and second level of model linkages since 251 

we aim at analysing the impacts on forestry markets. 252 

 253 
3.4. Input data description and calibration of forest feedstocks supply 254 

The data covers four types of harvested forest feedstocks: sawlogs, pulpwood, harvesting 255 

residues (i.e., branches & tops) and stumps. Moreover, the type of harvest operation, i.e. final 256 

felling and thinning, further identifies the data.  257 

The estimates for the spatial feedstock availability and harvesting costs were obtained 258 

from Lundmark et al. (2015) [29] (cf. Section 2.4). Using biomass functions for tree growth, 259 

estimates for availability at the plot level were estimated using the input information from the 260 

SFI. The supply potential represents the economically feasible harvest level by 2030. 261 

Subsequently, the estimates were aggregated on the 0.5 x 0.5 degree spatial grid. The 262 

harvesting costs for the feedstocks were estimated based on a bottom-up approach using 263 

calibrated productivity functions for forest machinery (e.g. single-grip harvesters and 264 

forwarders) [38]. Fig. A1 and A2 (Appendix) summarize the spatial distribution of the 265 

availability and the cost of forest biomass respectively, with Table 2 summarizing the 266 

aggregated supply potential for each assortment. 267 

  268 
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Table 2  269 
Aggregated modelled biomass supply and average modelled prices. Note that the prices are 270 
expressed as supply point prices (roadside, industries, import harbours, etc.), excluding 271 
transport costs. 272 
Biomass assortment Supply potential [TWh/y] Average price [EUR/MWh] 
Biomass from forestry operations   
Sawlogs 89 23 
Pulpwood 69 15 
Harvesting residues 31 15 
Stumps 16 22 
Forest-based industrial byproducts   
Sawmill chips 25 11 
Low-grade by-products 23 10 
Other woody biomasses   
Waste wood 5.1 10 
Wood pellets Unrestricted a 30 
aThe modelled domestic production amounts to 8.1 TWh, and in addition to this, pellets can be imported with no restriction. 273 
Source: [11,24,25,39] 274 
 275 

An important assumption pertaining to the construction of regional supply curves is the 276 

transportation distance that defines the extent of the market supply for the 𝑖𝑖𝑡𝑡ℎ  gridcell. A 277 

distance matrix is used based on actual road and/or rail transport distance on inter-gridcells 278 

distance. Based on simulations from the BeWhere Sweden model, it has been determined that 279 

for each 𝑖𝑖𝑡𝑡ℎ gridcell, supply of forest biomass can be acquired around a radius of 270 km. Fig. 280 

4 summarizes the supply curves at the national level for Sweden, by type of forest biomass 281 

and by harvesting operation. Generally, the availability is higher under final felling compared 282 

with thinning; and with lower costs. The exception is for pulpwood where the availability is 283 

slightly larger under thinning, albeit with higher harvesting costs. These aggregate findings 284 

remain valid when investigating the regional supply curves at the gridcell level. 285 

 286 

 287 
Fig. 4. National supply curves for forest feedstocks in Sweden by 2030 288 
Source: Authors' calculations 289 
 290 
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4. Results and discussion 291 
 292 
4.1. Demand impact 293 

Table 3 (or Fig. 5) summarizes the results for the aggregate demand for forest feedstocks 294 

under different assumptions concerning the biofuel production targets as simulated by the 295 

BeWhere Sweden model. The low/high rows refer to the competition intensity and the use/no-296 

use rows refer to the ability to use industrial by-products in the biofuel production. The 297 

demand change for industrial by-products and wood chips from sawmills are not included in 298 

the results. In the scenario settings where they can be used in the production of biofuels (the 299 

‘Use by-products'’ scenarios), the demanded quantity hits the upper boundary of what is 300 

available of the two feedstocks (24.9 and 23.5 TWh per year for chips and by-products, 301 

respectively) already in the lower biofuel production target levels and does not change across 302 

scenario settings. 303 

As Table 3 (or Fig. 5) suggests, the demand of forest feedstocks, for obvious reasons, 304 

generally increases with a more stringent biofuel production target. Analysing the interaction 305 

between the level of competition and the stringency of the biofuel targets reveals interesting 306 

observations. Under the low competition scenario, pulpwood and harvest residues, especially 307 

from thinning operations, primarily meet the demand for forest biomass. For sawlogs and 308 

stumps, demand increases only marginally under the most stringent biofuel production 309 

targets, and especially for final felling operations. For instance, demand for pulpwood from 310 

thinning increases by 13.5 TWh (or by 67 percent) when use of by-products is allowed under 311 

the 30 TWh production target in comparison with the BAU. The increase is even larger under 312 

the no-use by-products scenario where demand increases by 16.5 TWh (or by 101 percent). 313 

Similarly for harvesting residues from thinning, demand increases by 6.4 TWh (or by 160 314 

percent) when by-products use is allowed, and by 5 TWh (or by 92 percent) under the no-use 315 

by-products scenario for the 30 TWh scenario compared to the BAU. 316 

 317 
 318 
 319 
  320 
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 321 

Fig. 5. Total forest feedstocks demand by biofuel production target and scenario type (in TWh yr-1) 322 
Source: BeWhere Sweden simulations323 
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When comparing the structure of the demand between the low and high competition 324 

intensity scenarios, the results are in stark contrast. First, we observe that demand for sawlogs 325 

and stumps experience a substantial increase. For example, the demand of sawlogs would 326 

increase by 6.5 TWh (or 123 percent) for thinning and by 2.2 TWh (or 3.1 percent) for final 327 

felling when by-products use is allowed under the 30 TWh biofuel production target 328 

compared to the BAU. The results for stumps exhibit higher magnitudes, where demand 329 

increases by 13.5 TWh for the 30 TWh biofuel production target. The large percent change 330 

increase is driven by the low magnitude of the demand under the BAU scenario, and which 331 

does not exceed 0.05 TWh. For pulpwood, the demand increase is marginal; whereas for 332 

harvesting residues, the magnitude is much lower compared to the low competition scenario. 333 

The explanation of the dynamics can be found by comparing the structural change in demand 334 

when moving from low to high competition intensity, in light of the supply availability and 335 

structure for the harvest cost. Indeed, under the high competition scenario from the forest 336 

industries, a tightening in the market supply for pulpwood can be observed, driven by that 337 

demand hits the maximum availability. A similar trend is observed for harvesting residues. 338 

This argument is supported by the ratio of total demand to total availability for pulpwood 339 

from final felling that is tight, even under the low competition scenario, as suggested by 340 

demand-to-supply ratios above 0.9 (Table A1, Appendix). A similar trend is observed for 341 

pulpwood from thinning, albeit at lower magnitudes for low biofuel production targets, but 342 

which increase fast under the more stringent targets. Finally, comparing the incidence of the 343 

use or no-use by-products in the biofuel production, we observe that the demand is marginally 344 

larger under the no-use by-products. This can also be illustrated by the ratio of demand-to-345 

supply (Table A1, Appendix). Moving from the use to no-use by-products scenarios, we 346 

observe that the ratios are relatively lower; which suggests that allowing by-products into the 347 

biofuel production mix alleviates some of the pressure on forest feedstocks markets. 348 

Fig. 6-8 illustrates the spatial distribution of the forest feedstocks demand from final 349 

felling and thinning operations, respectively. It appears that the demand is concentrated 350 

primarily in the southern, and to a lesser extent, the middle regions of Sweden, for all the 351 

types of feedstocks. The distribution pattern is wide and covers a large span of the geographic 352 

area. In the northern regions, most of the demand is concentrated along the coastal line. Under 353 

increasing biofuel production targets, the spatial pattern does not change drastically. 354 

However, as the stringency of the biofuel target increases, we observe shifts in the locus of 355 

locations exhibiting the highest demand. In terms of the estimated demand pressure, similar 356 

conclusions apply with respect to the spatial distribution of demand (Fig. A4-A6, Appendix).  357 
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 358 
Fig. 6. Spatial distribution of demand for sawlogs from final felling and thinning (in TWh yr-1) 359 
Source: BeWhere Sweden simulations 360 
 361 
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 362 
Fig. 7. Spatial distribution of demand for pulpwood from final felling and thinning (in TWh yr-1) 363 
Source: BeWhere Sweden simulations 364 
  365 
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 366 
Fig. 8. Spatial distribution of demand for harvest residues from final felling and thinning (in TWh yr-1) 367 
Source: BeWhere Sweden simulations 368 
  369 
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4.2. Price impact 370 
The results of the estimation of the total demand pressure show that its spatial distribution 371 

does not differ from the BeWhere Sweden demand results as previously discussed. The spatial 372 

pattern shows that the highest level of demand pressure is located in the southern and middle-373 

regions of Sweden, especially along the coastal line and/or around major urban areas (Fig. 6-374 

8). Subsequently, the total demand pressure estimates at the gridcell level are juxtaposed with 375 

the gridcell-specific supply curve to derive market price equilibrium as previously discussed 376 

(cf. Sections 3.2 and 3.3).  377 

Fig. 9 summarizes the average price impacts across gridcells, i.e. at the national level, for 378 

forest feedstocks under the different biofuel targets and scenario types. The results suggest 379 

that with increasing stringency in terms of biofuel production, prices will increase. However, 380 

we observe that the magnitude of the average price increase depends on the harvest operation, 381 

the competition intensity from the forest industries, and the use or no-use of by-products in 382 

the energy feedstock mix. 383 

For pulpwood and harvesting residues, the results suggest relatively higher average price 384 

impacts, which are increasing with the biofuel production targets, especially under the low 385 

competition intensity scenario. In general, average price impacts are larger for thinning 386 

compared to final felling operations. This is not surprising as demand increases most for 387 

pulpwood and harvesting residues from thinning due to their relatively abundant supply and 388 

low cost structure (Fig. 9). However, for harvesting residues, we observe a reversal of 389 

dynamic for the high competition scenario. Indeed, we observe that price impacts are higher 390 

for thinning, which is driven by the higher demand levels (Fig. 9). Under the low biofuel 391 

production targets, the average price impacts on sawlogs and stumps are negligible. This is 392 

expected since that demand for sawlogs and stumps does not increase so much, especially 393 

under the low biofuel targets. However, when moving from the low to the high competition 394 

scenario, the average price impacts increase for both sawlogs and stumps with increasing 395 

biofuel target stringency. A number of factors drive these results. First, the low supply and 396 

high harvesting cost structure diminishes the economic viability of sawlogs and stumps. 397 

Second, the supply potential from pulpwood and harvesting residues is large enough to satisfy 398 

biomass demand requirements, especially under the low competition scenario. Thus, the 399 

results suggest that resource usage increases most for the cheapest feedstocks. As competition 400 

increases, demand for pulpwood and harvesting residues reaches the cap of potential 401 

availability, which in turn raises the economic viability of sawlogs and stumps as the biofuel 402 
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target increases. This is clearly shown in the development of the demand increment for each 403 

feedstock (Fig. A3, Appendix).  404 

 405 

 406 
Fig. 9. Average price impacts by biofuel target, competition intensity and use/no-use of by-407 
products (in % change from BAU) 408 
Source: Simulation results 409 
 410 

The spatial distribution of price impacts varies across feedstocks and scenarios. In 411 

general, the spatial distribution widens as the biofuel production targets increase. More 412 

specifically, for sawlogs and stumps, the spatial distribution of price impacts is relatively 413 

sparse under the low competition scenario, even when the biofuel target is at its highest point. 414 

This is a direct result of the relative low to no-demand under the low biofuel targets. This 415 

holds true for final felling operations, where harvesting cost is relatively higher. For 416 

pulpwood and harvesting residues, the results suggest that the price impacts are more spatially 417 

distributed compared with sawlogs and stumps. Additionally, for most feedstocks, the price 418 

impacts occur in locations where we observe increased demand pressure (Fig. 10-11). 419 

However, the highest price impacts do not always match the location of the highest demand 420 

pressure. For instance, for sawlogs from thinning, the highest price impacts are located inland 421 

in the northern regions of Sweden. However, the demand pressure is at its highest in the 422 

coastal areas. A potential explanation lies in the nature of the supply-curves. We notice that 423 
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these regions are characterized by relatively low availability and high harvesting costs. Thus, 424 

the supply curves are more inelastic for gridcells in the inland areas.  425 

  426 
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Fig. 10. Spatial distribution for pulpwood from final felling and thinning of demand pressure deviation from BAU (in TWh/year) and price 
impacts (in percent change from BAU) 
Source: Simulation results
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Fig. 11. Spatial distribution for harvesting residues from final felling and thinning of demand pressure deviation from BAU (in TWh/year) and 
price impacts (in percent change from BAU) 
Source: Simulation results
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4.3. Sensitivity analysis 1 
A sensitivity analysis is made with respect to the distance-decay parameters that govern 2 

the spatial interaction across location. More specifically, the impact on the aggregate demand 3 

pressure from changing the values of the parameter determining the intensity of the spatial 4 

interaction (gamma) [37]. Fig. 12 summarizes the results for the sensitivity analysis on the 5 

aggregate demand pressure for harvesting residues from final felling. We observe that as 6 

spatial interaction increases, the distribution of aggregate demand pressure diminishes. This 7 

result holds for all the feedstocks. 8 

 9 

 10 
Fig. 12. Evolution of the aggregate demand pressure for harvesting residues from final felling 11 
under different assumptions on the level of spatial interaction (in TWh/year) 12 
Source: Authors' calculation 13 
 14 

However, when evaluating the deviation from the BAU scenario, we observe a reverse 15 

dynamic. Indeed, the distribution of the deviation tends to widen as the spatial interaction 16 

increases, especially under the high competition scenario (Fig. 13). As a result, the price 17 

impacts also tend to increase with increasing spatial interaction (Fig. 14). 18 

 19 



24 
 

 1 
Fig. 13. Evolution of the deviation from the BAU of the aggregate demand pressure for 2 
harvesting residues from final felling under different assumptions on the level of spatial 3 
interaction (in TWh/year) 4 
Source: Authors' calculation 5 
 6 

 7 
Fig. 14. Evolution of the price impacts for harvesting residues from final felling under 8 
different assumptions on the level of spatial interaction (in % change from BAU) 9 
Source: Authors' calculation 10 
  11 
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5. Conclusions 1 
The analysis and results presented in this paper have improved our understanding of the 2 

spatial price impact on forest markets from the introduction of a new high-volume user of 3 

forest biomass, such as large-scale production of forest-based transportation biofuels. The 4 

methodological approach is based in a novel spatially explicit approach for price 5 

determination based on changing demand patterns. The framework is applied to the Swedish 6 

forestry sector. The objective is to investigate the impacts of increased biofuel production by 7 

2030 on market prices for forest feedstocks. 8 

The results show that the feedstock prices will not in general increase that much from an 9 

increased biofuel production. On average, the price increase will not exceed three percent 10 

across the feedstocks in the highest biofuel production target (30 TWh). This implies that the 11 

production of considerable volumes of forest-based biofuel is possible, without significantly 12 

increasing the competition for the feedstock within the Swedish context. It also implies that 13 

the scarcity of the forest feedstocks is not as severe as otherwise might have been the case. 14 

Thus, from a policy perspective, there is no need for market intervention to secure woody 15 

feedstock availability for any particular use or to even-out the argued price effect on the 16 

feedstocks from implemented energy policies. Nonetheless, several studies point to the 17 

potential negative impacts of increased harvest intensity for logging residues and stumps on 18 

biodiversity preservation and forest growth [40–42].   19 

Second, the results of the analysis suggest that policy-making should focus on the 20 

locational linkages of price impacts. Overall, the spatial distribution of price impacts matches 21 

well the spatial pattern of increased demand pressure. However, we observe also that the 22 

highest price impacts do not always match up with locations where demand pressure is 23 

highest. This implies that the severity of the competition effect will tend to be more localized, 24 

and is affected by local conditions in terms of availability of woody materials and costs. Thus, 25 

a special consideration must be given to the spatial character of the potential impacts of policy 26 

mandated production targets in the context of biofuel production from spatially 27 

heterogeneously distributed resources such as forest feedstocks. 28 

Finally, there are potential routes in which the analysis could be extended further that 29 

merit mention. First, an important insight that emerges from the results relates to the impact 30 

of coarse spatial aggregation on model simulations. The current analysis uses a relatively 31 

coarse spatial aggregation based on 0.5 x 0.5 degree gridcells. Thus, the analysis could 32 

potentially be improved by utilizing a finer spatial scale, especially in what pertains to the 33 

characterization of availability of woody biomass. Second, the analysis focused solely on the 34 
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demand-side dynamic of increased use for woody biomass from biofuel production. However, 1 

we could also consider the supply-side dynamics by taking into consideration different 2 

scenarios about availability of woody biomass, which is affected by climate change impacts, 3 

environmental policies of forest preservation, etc. 4 

  5 
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Appendix 1 
 2 

 3 
Fig. A1. Spatial availability of forest feedstocks by harvest operation (in TWh yr-1) 4 
Source: Lundmark et al., (2015)[29] 5 
 6 

 7 
Fig. A2. Spatial harvest cost of forest feedstocks by harvest operation (in TWh yr-1) 8 
Source: Lundmark et al., (2015)[29] 9 
 10 
 11 
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Fig. A3. Demand increments for forest biomass as deviation from the BAU scenario by competition intensity and by biofuel target (in TWh yr-1) 
Source: Authors' calculation
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Table A1 
Ratio of total supply to total demand for forest biomass by scenario type and biofuel production target  

  Final felling (TWh) Thinning (TWh) 
 Biofuel target Sawlogs Pulpwood Harvesting 

residues Stumps Sawlogs Pulpwood Harvesting 
residues 

L
ow

/U
se

 b
y-

pr
od

uc
ts

 BAU (0 TWh) 0.83 0.96 0.71 0.00 0.01 0.59 0.37 
5 TWh 0.83 0.97 0.74 0.00 0.01 0.66 0.45 
10 TWh 0.83 0.97 0.79 0.00 0.01 0.71 0.53 
20 TWh 0.83 0.98 0.88 0.00 0.01 0.88 0.81 
30 TWh 0.85 0.99 0.95 0.16 0.01 0.99 0.97 

L
ow

/N
o-

U
se

 
by

-p
ro

du
ct

s BAU (0 TWh) 0.83 0.95 0.81 0.00 0.01 0.48 0.51 
5 TWh 0.83 0.96 0.85 0.00 0.00 0.54 0.59 
10 TWh 0.83 0.96 0.90 0.00 0.00 0.59 0.69 
20 TWh 0.83 0.98 0.93 0.02 0.00 0.82 0.89 
30 TWh 0.84 0.99 0.96 0.28 0.01 0.97 0.97 

H
ig

h/
U

se
 

by
-p

ro
du

ct
s BAU (0 TWh) 0.95 0.99 0.88 0.00 0.38 0.99 0.82 

5 TWh 0.96 1.00 0.92 0.06 0.41 0.99 0.91 
10 TWh 0.96 1.00 0.95 0.17 0.46 1.00 0.95 
20 TWh 0.98 1.00 0.98 0.57 0.69 1.00 0.98 
30 TWh 0.98 1.00 0.99 0.85 0.84 1.00 0.99 

H
ig

h/
N

o-
U

se
 

by
-p

ro
du

ct
s BAU (0 TWh) 0.95 0.99 0.89 0.00 0.35 0.99 0.85 

5 TWh 0.95 1.00 0.93 0.08 0.40 0.99 0.93 
10 TWh 0.96 1.00 0.96 0.21 0.40 0.99 0.96 
20 TWh 0.97 1.00 0.98 0.70 0.55 1.00 0.99 
30 TWh 0.98 1.00 0.99 0.91 0.83 1.00 1.00 

Source: Authors' calculations 
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Fig. A4. Spatial distribution of demand pressure for sawlogs from final felling and thinning (in TWh yr-1) 
Source: SpPDM model simulations  
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Fig. A5. Spatial distribution of demand pressure for pulpwood from final felling and thinning (in TWh yr-1) 
Source: SpPDM model simulations   
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Fig. A6. Spatial distribution of demand pressure for harvesting residues from final felling and thinning (in TWh yr-1) 
Source: SpPDM model simulations   
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Table A2 
Average price impacts for forest biomass in percent change from the BAU (0 TWh) 

  Final felling Thinning 

  Sawlogs Pulpwood Harvesting  
residues Stumps Sawlogs Pulpwood Harvesting  

residues 
 Biofuel 

target max min max min max min max min max min max min max min 

L
ow

/U
se

 b
y-

pr
od

uc
ts

 5 TWh 0.00 0.00 1.37 0.00 1.12 0.00 0.00 0.00 0.00 0.00 3.61 0.00 4.87 0.00 
10 TWh 0.00 0.00 1.33 0.00 2.33 0.01 0.00 0.00 0.00 0.00 3.61 0.00 4.87 0.00 
20 TWh 0.58 0.01 1.66 0.00 2.22 0.01 1.20 1.20 6.90 4.82 6.56 0.00 4.87 0.02 
30 TWh 0.92 0.01 3.06 0.00 6.53 0.00 3.13 0.04 0.00 0.00 6.56 0.00 4.87 0.02 

L
ow

/N
o-

U
se

 
by

-p
ro

du
ct

s 5 TWh 0.18 0.18 0.93 0.00 1.33 0.00 0.00 0.00 0.00 0.00 3.61 0.00 2.16 0.00 
10 TWh 0.18 0.03 1.30 0.00 2.05 0.00 0.00 0.00 0.00 0.00 3.61 0.01 2.36 0.00 
20 TWh 0.18 0.03 1.54 0.00 2.35 0.00 2.05 0.30 0.00 0.00 6.56 0.01 2.51 0.00 
30 TWh 0.39 0.01 3.18 0.00 3.73 0.00 3.56 0.00 0.39 0.39 6.67 0.01 3.92 0.00 

H
ig

h/
U

se
 

by
-p

ro
du

ct
s 5 TWh 0.85 0.04 1.76 0.00 0.88 0.00 2.73 0.01 4.72 0.00 1.82 0.00 1.19 0.00 

10 TWh 1.63 0.00 1.51 0.00 2.26 0.00 3.56 0.00 5.45 0.00 2.40 0.00 1.35 0.00 
20 TWh 2.03 0.00 2.10 0.00 2.93 0.02 4.33 0.09 5.70 0.05 1.82 0.00 2.03 0.00 
30 TWh 2.03 0.00 2.01 0.00 4.86 0.00 11.30 0.09 6.37 0.05 2.69 0.00 3.16 0.00 

H
ig

h/
N

o-
U

se
 

by
-p

ro
du

ct
s 5 TWh 0.77 0.00 1.76 0.00 8.45 0.00 2.48 0.04 5.45 0.02 1.82 0.03 4.87 0.00 

10 TWh 0.89 0.00 1.76 0.00 2.10 0.00 3.23 0.05 5.45 0.01 1.82 0.00 2.18 0.00 
20 TWh 2.03 0.00 1.95 0.01 3.18 0.00 4.87 0.09 6.06 0.02 1.82 0.00 2.18 0.01 
30 TWh 2.03 0.00 2.31 0.01 3.84 0.02 6.60 0.09 6.41 0.30 2.40 0.00 2.54 0.01 

Source: Authors' calculations 
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