A

NORTHERN
WOODHEAT

N

lig)

Wood fuel supply chain
modelling in Iceland using GIS

Bernd Méller

Agricultural University of Iceland

=
Department of Development and Planning .

Aalborg University, Denmark

Overview

« Introducing supply chain modelling

* Problems related to wood fuel supply analysis
« Concepts and model framework

» The issue of data

* The GRASP Ice biomass resource model

e Preliminary results

e Conclusions and perspectives

The case area

10 445 kmZ2in total
~54 km? "forest”

~270 heated rural buildings
~2 800 inhabitants
2 towns with district heat /
19% below 440 m
81% above 440 m

Hallormsstadur
Forest

Geothermal, micro hydro or wood?
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The concept of supply cost modelling

« Resources are limited, distributed and of low density.

« Distance to resources result in transport costs.

¢ Costs increase with distance from supply to demand point.

« Distances increase with demand and supply exhaustion.

« High-cost, low-density resources make each element of the
cost chain important.

« For each location and demand, a marginal cost of supply

can be computed using GIS.
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Problems

« Wood resources are unknown in time and space.

* Elements of cost chain are not identified.

* Consumers and markets are unknown.




These processes from forest to wood
fuel have a geographical dimension:

» Forest resources
— Biomass increment, recoverable resources
— Afforestation scenarios

« Forest resource processing

— Felling, forwarding, chipping, storage, road
transport etc.

« Energy end use
— Heat and fuel demand outside geothermal areas
— Market assessment based on supply cost analysis.

Decision for at spatial model

« The geographical dimension and scale of this
project is important.

« A large proportion of the project is data
collection and processing.

« Data and methodical uncertainties favour semi-
quantitative methods.

« Maps may be a better media for dissemination
and information.

Data

* General topographical data: IS 50 digital vector
maps (1:50.000)

« Several forest mapping projects
« Registers on properties and buildings

¢ Questionnaire on energy use and private
afforestation

« Various empirical data and information

The problem with Icelandic forest maps

. Forests and shrubs in IS 50
Map detail from -

Hallormsstadur [ Forest Service map
Forest [ watural biren theme 1

* At least three
different forest maps
exist, but none of
them is spatially
precise, complete or
up to date.

 Public forests are
generally better
mapped than
privately raised
forests
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Forest data il A
« Forest mapping in f‘ @
Hallormsstadur forest: i % ‘H‘%
— Total mapped 620 ha «g 4 «%
— Birch forest 187 ha £ L &"
— Other forest: 336 ha & " !
— Unspecified: 97 ha '
« Year of plantation not fi
recorded for 55% of area. Pens 4 Birch /
« Species not registered for , ' notelreh
56% of area. i

» Grey areas on the maps
to the right do not contain
descriptive data.
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Energy demand and building data

* No geographical reference for single buildings
(no unique address keys).

« National property records include basic physical
building data.

* We work on locating energy demand manually,
by means of:

— Topographical digital maps of buildings
— Digital land records
— Common sense.
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Other data for modelling energy use

« Public property register: building volumes (m3),
age, outer wall materials, land parcel number
(geographical reference).

« Utilities’ consumer records for electricity
consumption: possible?

« Empirical composite model:
— Questionnaire data
— Public property register
— Map of degree-days

Questionnaire

» Sent to 120 out of ca. 300 farms in the case
area; 36 replies of which 7 are anonymous: not
entirely representative.

* No simple correlation of energy demand to
building size.

* No correlation of electric heating costs to
electricity demand.

Biomass growth & accessible resources

« Area mapping in a 1 ha raster data model
« Assumed/recorded species, age etc.

« Two ways to model standing volumes and
annual biomass increment:

— As a function of stand characteristics
— Using growth curves
« Assumed thinning and rotation ages.

* Assumed shares of recoverable biomass.

— National energy statistics

Growth curves for Icelandic trees

(Arnér Snorrason, Icelandic Forest Research, Mégilsa)
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Standing volumes of biomass can be assessed using recorded
growth curves. Some caution is required, as these curves are
based on few samples only and never have been published.

Cost chain modelling
« Inspiration by Finnish costing spreadsheets.
« General idea: to ‘spatialise’ these spreadsheets.

« Mapping of geographical dependencies (locations,
routes, terrain, friction, site-specific costs etc).

* Modelling of resource flow through cost chains.

« Urgently needed: specific production and cost data!




GRASP Ice

Geographical Resource Assessment, Supply and Planning

» Raster-GIS based mapping in a 1-4 ha grid.

« Geoprocessing (raster-based geographical analysis)
automated with ModelBuilder in ArcGIS 9.0 (market-
leading software).

¢ User friendly and consistent model interface for
scenario analysis and continued development.

¢ GRASP core model can be adapted to different
countries and purposes; so far:
— New Zealand (NZ Forest Research Institute, Rotorua)

— Denmark (Aalborg University & Danish Technological
Institute)

GRASP:

ModelBuilder is used
for graphical model
design of flow models
with in/out data and
processes.

GRASP:
model
user
interface

Modelling spatial processes in GRASP

« Growth: by random distribution of age, species
and increment within forest areas.

» Processing: by assigning specific machine and
labour costs to geographical areas.

« Transport and flow: by general assumption that
accumulation of distance accumulates costs
(forwarding and road transport).

« Costs by demand and location: by overlaying
location specific costs and accessible resources.

Cost-supply modelling with GRASP

« The marginal costs of delivered biomass fuel
depend on:

— The geographical density of fuel resources.
— The consumption of fuels at a relative location
of the processing plant.
— The accessibility of resources by road and
terrain.
¢ Cost-supply modelling integrates all aspects in
one geographical model.
« The output is site-specific information on costs
by volumes.

Randomized forests used to
calculate biomass resources.

Discrete forest locations are
replaced with a raster of 1 ha
cell size.

Biomass increment modelled
with growth curves.

Each raster cell holds a
recoverable amount of wood.




GRASP random afforestation model

e |nput:
— Afforestation
areas

— Start year of
afforestation

— Duration of
afforestation

— Or: annual rate
— Growth formula
e Output:

— Biomass volumes
foreach 1...4 ha
cell, year by year.

Road transport costs
from Hallormstadur,
allocated to areas
perpendicular to
roads.

Blue: low costs
Red: high costs

Each raster cell has
assigned a cost value
to the nearest road.

Forwarding costs from
road side, calculated
from terrain-weighted
shortest path
distances from roads.

Blue: low costs
Red: high costs

Each raster cell has
assigned a cost value.

Lakes and steep
gradients are
impassable.

Results

« General maps and statistics of case area
« Forest resource maps & statistics
« Energy end use maps & statistics
« Supply and cost analysis:
— Accessible forest areas by distance
— Forest resources by transport costs
— Supply curves of complete cost chain

— Wood fuel markets assessment

Forest area accessibility from Hallormsstadur
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Road transport costs by demand volumes
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Biomass volumes are assumed to be 3 m3/ha/year for all areas mapped as forest in the
case area, which is far more than the managed forest area.

Road transport costs by total volumes, 2003-2030
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Biomass volumes calculated with incremental function for all areas with afforestation
plans, excl. Hallormstadur. Afforestation assumed to be started in 1990, ending 2010.

GRASP: next steps of development

¢ Improve random seed afforestation model.

« Extend growth curves and annual resource
calculator.

« Develop a model for harvesting, chipping,
thinning etc. operations.

¢ Include demand side.

Conclusions & perspectives

« A flexible modelling framework has been
established for geographical feasibility analysis
of wood fuel supply.

* A method for mapping energy demand has been
sketched.

« Forest and energy consumption data are a
major problem.

* What is needed now is the co-operation on cost
chain modelling and specific cost and production
data.
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